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PRETACE.

A cENTURY has nearly elapsed since the brain was for the first
time made the object of physiological research, with the aid of
the then newly discovered science of chemistry. Dut the attempt
remained isolated at the time, and was renewed only at long
intervals, mostly by inquirers who had no cohesion and little
sympathy with each other, and particularly had no paramount
object in the prosecution of such an inguiry. Now and then an
eminent chemist just touched the problem, to leave it soon after
he had recognised its inherent difficulties, During the last twenty
years only were more frequent attempts made to approach the
knowledge of the chemistry of the brain; but these results were
so little satisfactory, that inquirers could not even think of pro-
ceeding to quantitative investigation of normal relations, much
less of studying pathological phenomena, It was under such un-
promising conditions that I undertook, about twelve years ago,
to make some researches on this subject for the then Medical
Department of the Privy Council. The progress which I was
able to report in 1874 was sufficiently great to ensure acquiescence
in the continuance of my efforts on the part of the former authority
and subsequently of the Local Government Board, to whom the
functions with regard to the administration of the Parliamentary
grant for researches in aid of pathology and medicine, previously
exercised by the Privy Couneil, were transferred. It soon became
evident that the physiological inquiries, which had been intended
as -an introduction to pathological ones, would occupy far more
time than had been anticipated. However, as the information
grew, as the discoveries multiplied in number and gained in pre-
cision, no hesitation could be felt in following up the researches
to a decided issue. Thus I came to trace the foundations of the
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chemical constitution of the brain, the ontlines of which I have
the honour of laying before the medical profession and the general
scientific public in the shape of the present treatise. The work
is a systematic consolidation of all the researches on the subject
which have been laid before Parliament in the Annual Reports of
the Medical Officer of the Privy Council and Local Government
Board respectively. The matter of the work is therefore public
property, and under these circumstances I think it my duty to
specially avow my responsibility for its contents.

I should not be surprised if some readers were, at the first
clance, to think the subject recondite and its treatment heavy.
Descriptiens of complicated chemical processes are necessarily
tedious to those who have no practical concern in their repetition
or even knowledge, By some they will probably be treated with
the consideration which Hellenic literature received before the
Renaissance, and which has been recorded in the sentence: ‘ Greea
sunt, non leguntur.’ But I would beg all readers to take into
patient consideration that I had to write a highly technical work
on a most difficult subject, and to endeavour to make it accept-
able, in such a form as it practically counld have, to anatomists,
physiologists, and pathologists, as well as to that principal part of
the medical public which is engaged, like myself, in the practical
pursnit of the profession.

However, to all readers who will enter upon the consideration
of the subject with the intention of adding it to their previous
stock of knowledge, I can promise the enjoyment of some intel-
lectual pleasure. They will find the brain to be the most diver-
sified chemical laboratory of the animal economy; they will find
such numbers and varieties of hitherto unknown and most remark-
able chemical principles taking part in such complicated chemical
structures and processes, that the explanation of the mental
phenomena, and of their aberrations under the influence of
disease, seems much less difficult than it appeared before these
discoveries.

I have not in this treatise entered upon any pathological con-
siderations, although I have in several smaller publications shown
the bearings which some of my discoveries have upon the practical
study and treatment of diseases. Thus I have shown the morbid
alteration of the nerve-marrow in locomotor ataxia, and the
occurrence of a kind of glycohemia to be intimately connected
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with patholytic changes in substances of the group of cerebrosides.
I could go further and unfold, e.g., a chemical connection between
the funetion of the liver and that of the brain, opening views into
the pathology of the future and illuminating, though only with
the disappointing brevity of an electric spark, regions as dark as
those of general paralysis and melancholy. But I have (in early
stages of my work) formed the resolution never to propound a
generalisation on any subject before having proved the validity
of all data obtainable by observation or experiment. And I must
say that I have not yet found any subject in chemical biology
on which, governed by that resolution, I should have liked to
proceed to generalisation.

The principal reason for this abstention is the circumstance that
the data or so-called facts available in chemical biology are as yet
too incomplete, and therefore unsunitable for connected treatment
except with the aid of hypotheses. This circumstance also affects
the present treatise, and I have taken care to point out to the
reader cases where my information was partial, or where no data
at all were as yet available. In order, however, that the reader
may not, from this avowal, come to an erroneous conclusion
regarding my own estimate of the value of the researches com-
mumnicated in this treatise, I undertake to assure him that they
are of fundamental importance, and that all further developments
in chemical neurology must start from them as a basis. I say this
in view of the records of the work of all those who have grappled
with the problem before me, and in kindness to all who may like
to deal with it hereafter.

The literary discussions on subjects of brain chemistry which
have taken place during the last few years, and in which T was
obliged to take an active part, have had such an issue that I was
happily enabled to exclude all controversy from the pages of my
treatise. I have moreover endeavoured throughout to confine
my matter to the narrowest space compatible with clearness of
description and aceuracy of demonstration, and it is owing to this
resolution that I have omitted not only references to historical
literature, but multifarious details of analytical fizures, the repro-
duetion of which would have enlarged the size and enhanced the
price of the work without any corresponding advantage to the
greater number of readers. Those, however, who value such
matters will find a complete history of research in brain chemistry
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detriment of the science of which, even by a short connection,
their names have become permanent ornaments.

I am in hopes that several of the discoveries made on the brain,
and communicated in this treatise, will be able to shed some light
upon other subjects in biological chemistry, which are at present
little understood. I have indicated some of my ideas on that
subject in a few pages appended to the division on cerebral
phosphatides, which give a short, comparative eonsideration of
other phosphatides of the animal body.

Phosphatides are the centre, life, and chemical soul of all
bioplasm whatsoever, that of plants as well as animals. Their
chemieal stability is greatly due to the fact that their fundamental
radicle is a mineral acid of strong and manifold dynamicities.
Their varied functions are the result of the collusion of radicles
of strongly contrasting properties. Their physical properties are,
viewed from a teleological point of standing, eminently adapted
to their functions. Amongst these properties none are more
deserving of further inquiry than those which may be described
as their power of colloidation, Without this power no brain as
an organ would be possible, as indeed the existence of all bioplasm
is dependent on the colloid state.

I was preaching in the desert when, in 1866, I advanced the
hypothesis, based upon numerous and deep investigations, that
the fall of temperature in the collapse-stage of cholera, far below
the normal, is dne to the destruction of the colloid state in
myoplasm, produced by the direet influence of the disease-cause.
Now, in 1884, we can demonstrate to the eyes that there are
bacteria or microzymes which have the power of liquifying
colloids, while there are others which have not got that power.
That the phosphatides may be capable of being affected by the
former is very probable, particularly when it is observed how in
cells bacteria congregate and multiply in close proximity to the
nuelei.  Now so-called softening of the brain consists in the first
place merely in the loss of the colloid state on the part of a smaller
or larger portion of nerve-marrow. The bacilli of tubercle may'
effect such a softening; but others may have the same power.
The next stage after the fluidification is patholysis, the splitting
up of the liberated immediate prineiples into their proximate
nuelei, the same as those which we obtain hy chemolysis. The
two processes, the one in cholera, and the other in softening of
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the brain, illustrate the acute and chronie form of loss of colloida-
tion and of patholysis under the influence of microzymes.

Some phosphatides of the brain probably permeate the nenro-
plasm in a non-colloid dissolved liguid state, e.g., amidomyelin ;
and this body has the remarkable property that while perfectly
soluble in water, and non-colloid at the ordinary temperature and
at temperatures approaching that of the animal body, it becomes
colloid at temperatures between the normal and the highest fever
heat. 1t is not impossible that some such change may be the
canse of death in many febrile conditions, and in many cases of
death from exposure to excessive heat, in which no adequate
mechanical lesion can be discovered.

A few further examples may suffice to indicate some of the
lines on which the practical consideration of diseases of the brain
by the aid of its chemistry will, at least in the first instance, have
to proceed. Many kinds of headache are probably due to intra-
eranially brewed chemical poisons, or to poisons carried from the
body to the brain by the blood, whether fermented in the hody,
or like aleohol, morphia, and fusel oil, formed out of the hody.
From such occasionally produced effects to the constant produe-
tion of similar effects by a continued zymosis, be it now caused
by organised or unorganised ferments, is not a great step. Many
forms of insanity are unguestionably the external manifestations
of the effects upon the brain-substance of poisons fermented within
the body, just as,the mental aberrations accompanying chronic
alcoholic intoxication are the accumulated effects of a relatively
simple poison fermented out of the body. These poisons we
shall, T have no doubt, be able to isolate after we know the
normal chemistry to its uttermost detail. And then will come in
their turn the erowning discoveries to which all our efforts must
ultimately be directed, namely, the discoveries of the antidotes to
the poisons, and to the fermenting causes and processes which
produce them,

THE AUTHOR.

11, PEMBROKE GARDENs, W,
February, 1854,
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A TREATISE

ON THE

CHEMICAL CONSTITUTION OF THE BRAIN.

I
INTRODUCTION.

TuE following work is a contribution towards a system of chemical
statics of the brain, and treats in the first instance of brain matter
as a whole, without separating white from grey matter ; it isolates
and scrutinises the several chemical constituents of nerve-matter,
and endeavours, by the study and consideration of the peculiari-
ties of each, and their combination, to obtain sufficient insight
into normal and abnormal chemical functions to enable us in time
to guide or to correct them.

It is thus found that this apparently so simple nerve-marrow,
or neuroplasm, is a compound and mixture of a large number of
heterogeneous principles arranged in such a manner as to vanish
completely from appearance as chemical individuals ; the com-
pounds so interpenetrate each other that the resulting material is
apparently homogeneous, during life completely so, when seen
with high powers of the microscope, and although in death the
homogeneity partly vanishes, yet even the appearance of the
cylinder axis cannot be utilised chemically at present, and the
isolation and recognition of any ingredients is entirely dependent
upon most eircumstantial chemical proceedings.

During these proceedings the first striking fact which meets
the inquirer is that neuroplusm contains abundance of water.

This, in conjunction with the peculiar manner in which the water
: 1
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is contained, engenders a mobility of ultimate particles within
certain limits of movement. It also gives penetrability by liguid
diffusion, while excluding porosity and its eapillary effects ; by
which means a ready nutrition by diffusion in one direction, and
ready cleansing from the effete crystallisable products of life in
another, are ensured. Consequently the brain as a whole is
essentially made up of colloid matter, and may be compared to a
colloid septum, on the ome side of which is arterial blood and
cerebroepinal fluid of the ventricles, on the other side, however,
is eerebrospinal fluid of the arachnoideal space and venous blood.
It follows from this that the large amount of water present in the
hrain is not there, so to say, mechanically only, like water in a
sponge, and capable of heing pressed out mechanically, but is
chemieally combined as colloid hydration water, or better, wafer of
colloid edion.

All soft organs of the body contain about three quarters of
their weight of colloidation water, fixed within the organised
limits of cells and fibres of all kinds. Cells and fibres are thus
apparently not very different in respect of their mechanical con-
dition from brain matter. Indeed, the difference is less in the
manner of the condition than in the agents by means of which
the condition is brought about. It is in effect mainly by the
number and nature of these agents that brain matter is distin-
guished from other colloid tissues. It contains a considerable
amount of an albuminous hase. Whether this is distributed in
the form of sheaths to fibres of nerve marrow, or whether it is
laid into hollow spaces between the fibres, and acts as a cement—
whether it is wixed or combined chemically with the rest of the
matters constituting nerve marrow—must be discussed later. It
may be present in all forms, but does not seem to be present in a
liguid unattached form, as in serum. It appears that the bearing
of soluble albumen when placed in presence of some of the pecu-
liar brain matters changes from that which it ordinarily observes,
no doubt by an influence of these brain matters amounting almost
to combination. The bearing of albumen in the brain being thus
seen to be governed by the matters peculiar to the brain, the
present rezearches have in the first instance not been directed
upon the condition and nature of the albumen in the brain, but
upon the peculiar matters which seem not only to govern the
albumen, but by their manifold chemical affinities assist promi-
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nently in producing its singular mechaniecal arrangements, chemical
funection, and sensory and volitional action and reaction.

It is not asserted that these matters, or any of them, occur exelu-
sively in brain matter, but being present in the nerves, they
consequently can be extracted from all sensitive or contractile
tissnes, They, or some of them, also ocenr in aggregations of
loose eells, such as the blood-corpuseles and pus-corpuscles ; others
are present in serum, and others again in secretions, such as bile ;
but the quantities in which these bodies are met with in parts
and matters other than those of the nervous system is very far
less than that in which they oceur in the nervous system.

The great quantity of these matters occurring in the brain
forms three groups ; the members of one contain at least five,
sometimes six, elements, amongst which is phosphorus ; hence
they may be termed rHOSPHORISED BODIES. The members of
the second group contain four elements, amongst them nitrogen,
but no phosphorus, and therefore are termed NITROGENISED
poDIES, The members of the third group contain only three
elements, carbon, hydrogen, and oxigen, present also in the other
two groups, but neither phosphorus nor nitrogen, and may be
termed OXIGENISED BODIES,

The group of the PHOSPHORISED BODIES contain the phosphorus
in the form of phosphoric acid combined with from two to five
organic compound radicles. As the. earliest known body of this
group, lecithin, yielded its phosphorie acid mainly in combination
with glycerol, as glycerophosphoric acid, it was supposed that the
phosphorised bodies, of which a number were theoretically
admitted to exist, were constituted like the fats, by combination
of compound organic radieles with the radicle of glycerol, in other
words, that they were ethers of the alcohol glycerol, and con-
tained the phosphoric acid as an inserted, and not as a funda-
mental radicle. But as we now know at least one phosphorised
principle from the brain which does not contair: any glycerol, and
does therefore not yield, on chemolysis, any glycerophosphoric
acid, but phosphoric acid merely without any attached organic
vadicle, we thereby obtain a new insight into the chemical consti-
tution of the phosphorised substances altogether, and are under
the necessity of subjecting their theory to a revision. According
to the result of this revision the phosphorised substances are not

glycerides at all, as commonly defined, and have nothing in
1—-2
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common with fats considered as glycerides, except that some of
them contain certain fatty acids also present in fats, while they
differ in physical and chemical properties widely from fats. In
accordance with this new knowledge, 1 have termed the phos-
phorised substances phosphatides, that is to say, substances which
are similar to (but not by any means identical with) phosphates,
on the assumption that their basal or principal joining radicle is
that of phosphorie acid, and that in this aeid one, two, or three
molecles of hydroxyl may be replaced by radicles of alcohols,
acids, or bases, and that to a molecle formed by three such sub-
stitutions there may yet be attached, either by substitution of an
element in a radicle itself already substituted (side-chain), or by
addition with elimination of water from the added radicle, a
fourth radicle, and that thus bodies of the following typical
formulae may be produced :

Phosphoric Aeid.
- HO (Hydroxyl).
. (Phosphoryl) OP i HO (Hydroxyl).
phoryl) (Hydroxyl)
| HO (Hydroxyl).

Nonnitrogenised Phosphatide.

ExampLE : Kephalophosphorie acid.
- Kephalyl.
Stearyl.

(Phosphoryl) OP
Ii_ Glyceryl.

Nitrogenised FPhosphatide.

ExAMPLE : Lecithin,
f Oleyl.
(Phosphoryl) OF = Margaryl.
Glyceryl.

Neuryl.
Dinitrogenised Phosphatide.

ExamrrLe : Amidomyelin,
i' Acid radicle.
(Phosphoryl) OF - Alcohol radicle.
- | Alkaloidal or basic radicle (substituted).

Alkaloidal anhydride (attached as side-
chain),
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The bodies to which the foregoing formule may be applied
contain the phosphorised radicle once, and may therefore he
termed monophosphatides ; but there are present in the brain and
other protoplastic centres, bodies whizh contain the phosphorised
radicle twice, and which may therefore be described as diphospha-
tides ; the immediate principle representing this subgroup contains
about seven per cent. of phosphorus, and may perhaps be consti-
tuted according to the following formula :

Dinitrogenised Diphosphatide.
EXAMPLE ; Assurin,

Acid radicle. i 'I Acid radicle.
Aleohol radicle. PO—OP -’ Aleohol radicle.
Alkaloidal radiele. | | Alkaloidal radicle.

I shall not in this place dilate upon the nonnitrogenised phos-
phatides, of which I have given a produet as an example, although
there are probably two such immediate prineiples contained in
that part of the spirituous brain extract which is conveniently
termed the buttery matter ; hbut I shall at once pass to a short
consideration of the mononitrogenised monophosphatides, of
which lecithin is the earliest known, and was, before the institu-
tion of my researches, the only one of which any closer know-
ledge existed.

In this subgroup nitrogen is to phosphorus in the proportion of
one atom to one atom, a relation to be expressed by the formula
N :P=1:10Of the educts of the brain four species with all their
varieties belong to this subgroup, namely, the lecithins, kephalins,
parvamyelins, and myeling ; a product also may be alluded to,
obtained from a dinitrogenised educt by the loss of a nitrogenised
radicle, namely, sphingomyelic avid. This latter contains no glycerol ;
the lecithins, and kephalins, and paramyelins probably contain
glycerol, and yield glycerophosphorie acid; of the myelins, the
constitution in this particular respect has yet to be ascertained.

Lecithin, originally obtained from and named after its occur-
rence in eggs, is only with diffienlty evolved from the brain, on
aceount not only of the many stages of the processes necessary
for its isolation, but also on account of its readiness to decompose
under certain conditions. This tendency is greatest in the
presence of hydrochloric acid and platinie chloride, with which
lecithin readily combines. It ceases almost entirely when lecithin
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is combined with cadmium chloride, and the compound is dried.
In the free state and in concentrated solutions, it has an apparently
spontaneous tendency to change and assume colour, due no doubt
to the known tenderness of the oleyl radicle by which it is
characterised ; but the tendency to apparently spontaneous lysis
into proximate nuclei is not so great as is supposed by maost
authors, and can now be almost entirely obviated by the improved
processes for its isolation, which T shall have to deseribe below.,
It is, however, the most easily decomposable member of this
group, and this lability furnishes a valuable key to the explana-
tion of many changes in the sick body, which may arise, or have
been proved to arvise, from its decomposition. I have not hitherto
found reason to suppose that there is a dinitrogenised lecithin
present in the brain ; but in view of the dinitrogenised educts
which will be deseribed, the possibility of this cccurrence must
not be lost sight of.

I have given the explicit formula of the lecithins considered
as phosphatides under the chapter relating to them ; the con-
tracted formule are :

Oleo-palmite-glycero-neuro-phosphatide = C,,H NPO,.
Oleo-margaro-glycero-neuro-phosphatide = C,,H_ NPO,.
Oleo-stearo-glycero-neuro-phosphatide = C, H, NPO,.

Of the second lecithin, there have been analysed the following
salts :

Cadmium chloride salt - - CH NPO,+CdCl,.
Hydrochlorate - - - - C,H,NPO,+ HCL
Hydrochlorate platino chloride - 2(C H, NPO,+HCI)+ PtCl,.

In the chemolyses the oleic, margaric, palmific, and stéaric acids
were isolated, oleic acid characterising the phosphatide ; stearic
acid was always present in very small quantities only ; it was
probable that of stearic acid the two isomers discovered in these
researches may sometimes be present in lecithins. Regarding the
reputed identity of margaric and palmitic acid, I still entertain
some doubts, which have been rather increased than diminished
by the discovery of the isomers alluded to. Besides these acids
the lecithins always yielded glycerophosphoric acid and neurin.
A specimen obtained from cadmium chloride salt soluble in cold
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lienzol, was recently analysed and found to answer to the fore-
zoing description.

As the lecithin species is characterised by the presence of the
radicle of oleic acid, so the leplhalin species is characterised by
the presence of the radicle of a peculiar acid, to which I have
given the name of Lephalic avid.  This acid is even more changeable
than oleie, and imparts its quality to all the compounds in which
it is present. The change in these cases seems to be either
acquisitive, e.g. by accession of oxigen, or intramolecular, e.g. by
transposition of atoms, but does not appear to lead to lysis into
proxim:ate nuclei so easily as in the case of lecithin, The second
fatty acid radicle in the case of the prineipal kephalin is stearyl,
other radicles oceurring only in extremely small quantities. The
members of this subgroup vary in the amount of oxigen which
they exhibit on analysis, in a manner so as to be apparently sharply
characterised thereby. But this variability of the constituent
oxigen may be transitional, and, on the whole, this remarkable
feature, which none of the other phosphatides exhibit, requires
much further investigation before it is adducible to any very
precise theory.

A kephalin mav therefore be defined as kephalo-stearo-glycero-
nenro-phosphatide, and represented by the formula

- C.H, 0, (kephalyl)

op . lf‘ I[ g{st.e wryl) '

: { [“ H (J (glyceryl) ,‘
LGHH\ (neuryl)

= H, NPO, + aq.

To be a kephalin a phosphatide must contain the vadicle
kephalyl, or a homologue, which governs most of the properties of
the compound ; its Pt:uuliﬂ.r properties prevail over those of the
second acid.

A kephalin with palmityl, C,;H,,0,, in place of stearyl, would
have the summary formula, C,,H..NPO, + aq. ; a kephalin with
margaryl, C,;H,,0, would be C,,H. NPO, + aq. If there were
several homologous kephalic acids, such as some analyses seem to
indicate, then for a kephalyl of formula C.H, 0O, combined with
cither stearyl, margaryl, or palmityl, the foregoing formule would
have to be increased by CH, each, so that the most complicated
kephalinmight contain 44 atoms of carbon, Noneof these hypotheses
explain either the deficiency of hydrogen or the excess of oxigen
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(namely, as compared to the theory derived from chemolysis) in the
various kephalins and their compounds which have been analysed,
and of which the following is a synopsis :

Kephalin (empirical formula)- € H. NPO
Kephalin, perhaps - - - C.Hg ’\-TPU +’=H 0.
Kephalin cadminom chloride - C ,H-r.“\ PUH + CdCL,,
T h{n{l{msmmt’es par tIHI]J m watery lmﬂcnts}
ephalin hydrochlorate pla- ! . '
7 tinum chloride - < OB NP0, +HOUNFERE
Kephalin with amido- kepha]m ] { *.,HH,E -
X PCJ

(mixture) . g
Oxykephalin cadmium thm nlc & J,J{f-rﬁ PO, +{_‘di_l
Peroxykephalin - - =T LHHJ.NFU
Peroxykephalin, diplumbie - CH,, P]JEINPU'L
Kephaloidin - - - =g, H-.J"'\rPD
Oxykephaloidin cadminm } 3(C,,H.,NPO, )+ CdCl,.

chloride - - -

There is little doubt of the existence of a dinitrogenised
kephalin, termed amidolephalin, which was mixed to the extent
of one-third nearly with a preparation of kephalin met with in
the course of the researches. This body is less soluble in ether
than kephalin, It is probably constituted analogously to the
amidomyelin deseribed in a speeial chapter. But as this amido-
kephalin has not been finally examined, I am unable to give any
further data concerning it.

Of the decomposition products of kephalin by chemolysis, I
have already mentioned kephalophosphoric acid, under the non-
nitrogenised monophosphatides. Keplalic acid is the prineipal
chemolytic product of the proeess, in which the phosphatide is
almost entirely severed. All its salts are soluble in ether and in-
soluble or little soluble in aleohol. It assumes, in the free state
or in combination, a brown colour, from which it has not yet been
possible to free it by any known process. The formule which
can be constructed for the acid vary between € H,,0, and
C-H. 0, or C.H,,0, and C-H,,0,. They are mainly derived
from barium salts, which contain from 18-28 per cent. to 2005 per
cent. Ba. in some cases 19-29 per cent. to 19-89 per cent. Ba,
The kephalates of barium, of caleinm, and of lead, are brown
precipitates,

Another chemolytic product of kephalin is sfearic acid, of
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melting-point 695 ; this was examined in the free state, and as
barium and lead salt.

Stearic acid - - - O H O,
Borium stearate - - 20, H,.0,)Ba.
Lead stearate - - 3(CH,0,)Pb.

Glycerophosphoric acid was isolated from kephalin as lead salt,
caleium salt, C,H.CaPO,, and in the new form of acid calcium salt,
C;H,;,CaP,0,,; as barium salt, C,H.BaPO,; this could be
obtained crystallised, monohydrated, and as aleoholohydrate, in
which latter state one molecle of acid glycerophosphate of barium,
composed similarly to the acid caleium salt, contained at least
three molecles of aleohol and six of water.

Kephalin further yielded wewrin and another base, perhaps
derived from the former. The second base in amidokephalin was
not ascertained.

The third subdivision of this subgroup is represented by
paramyelin, a phosphatide which contains probably glyeeryl,
neuryl, and an oleo-cholide radicle hitherto unknown. It strikes
with oil of vitriol and sugar syrup an immediate deep purple
colour ; the mixture of acids obtained by chemolysis with barita
does the same in a more intense manner. Paramyelin is a white,
firm, solid body, crystallising from boeiling spirit in plates and
needles. It combines with cadmium chloride, and the solubility of
this compound in hot benzol, and its insolubility in cold benzol,
afford facilities for the isolation of the body. A specimen of
cadmium chloride salt from human brain gave on preliminary
analysis C,H, NPO, + CdCl,; another from oxbrain,
CH, NPO, + CdCl, Tt is not maintained that these com-
pounds were unitary and did not contain an admixture of a small
quantity of one or more principles similar to paramyelin, ie.,
paramyelins differing from each other in the item of the second
acid radiele. Paramyelin also forms a hydrochlorate platino-
chloride salt.

While lecithin and paramyelin  exhibit mainly alkaloidal
functions, and kephalin shows alkaloidal and acid functions on a
wide area, the fourth subdivision or species of the mononitrogen-
ised monophosphatides, the myelins, exhibit mainly acid properties,
The representative myelin iz a firm compound, and combines with
lead like a dibasic acid ; that is to say, admits a didynamic atom
of lead in place of two atoms of hydrogen. On the other hand, it
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does not combine with cadminm chloride as do lecithin, kephalin,
paramyelin, amidomyelin, and sphingomyelin. This peculiarity
seems to indicate a peculiar constitution, of which, without ex-
haustive chemolyses, no account can be given, but which may be
such as to necessitate the separation of myelin from the other
three members of the subgroup, and its allocation to a subgroup,
of which it would be the peculiar representative. Myelin and its
compounds on analysis have yielded the following formule ;

Myelin in lead salt - - - CpH NPO,,.
Myelin free - - - - G HNP
Myelin lead - - - - G HPhNFO

There may, perhaps, be myelins varying in carbon from 39 to 44
atoms.

I now come to the subgroup of dinitrogenised monophosphatides, of
which I had given a preliminary notice in my researches of 1874
under the name of amidomyelin and apomyelin, but of which the
former has been isolated only lately, while the latter has been
more fully investigated, and classified with a body isolated and
investigated under the name of sphingomyelin. Amidomyelin
completely bore ont the theory of the composition which I had
assigned to certain compounds of mixtures of brain-educts with
platinum and cadminm chloride ; out of such mixtures amido-
myelin on the one, and lecithin and paramyelin on the other hand,
were isolated first as compounds, afterwards in the free state,  1f
any argument were needed to justify the analyses of the mixtures
alluded to, analyses to which no fairminded inquirer would attribute
any other character than that of reconmoitring proceedings, the
success which has been induced by their results would be suffi-
cient. Apomyelin was found to be a genuine educt and imme-
diate principle of the brain.

Of amidomyelin I have, therefore, practically proved the existence
and individuality by direct isolation and analysis. But I have
not had time to ascertain anything about its constitution by
chemolysis of the pure substance. There are, however, some data
available for a preliminary view of at least some of the radicles
likely to be met with in the body, in a research on the chemoiytie
products of a cadmium precipitate, which in the relative research
I have described as the principal cadmium salt.

Amidomyelin is analogous to sphingomyelin and apomyelin in
this, that it contains two atoms of nitrogen upon one atom of
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phosphorus ; these two atoms of nitrogen are disposed in two
different radicles, and influence the charvacter of the compound so
" that it presents itself as a diacidic base, or a dipolar alkaloid. In
the latter quality it combines with cadmium chloride in two ratios,
the fully saturated compound, which is that most commonly ob-
tained, containing a little more than 30 per cent. of cadmiumchloride.

Amidomyelin has been proved to exist in five forms, one of
isolation, four of combination.

Amidomyelin - - - - L JHe:NFO,,

Amidomyelin hy drnr_hlnmta - - H 1"- L0, "+ HCL

Amidomyelin monocadminm chloride - [‘ H N [“{].,+{“[1L]

Amidomyelin dicadmium chloride 4 II ‘v. PO, +2(CdCL).

Amidomyelin hydrochlorate p]:].tlmlm ‘{L,4[-]~Hh\ P’U + HCT)
chloride - - - - + P'tCl,

The second subgroup of the diamidated monophosphatides in-
cludes sphingomyelin and apow:yelin,  Sphingomyelin has been
much studied and chemolysed, and has given not only the funda-
mental information upon which the hypothesis of the phosphatides
is based, but also the first knowledge of a number of compound
radicles new to science. It is not maintained that the knowledge
of the bodies, acids, alkaloids and aleohols, in the shape of which
they appear after chemolysis of the principle, is definitely roungled
off. For in its prosecution, conditions of the nutmost diffienlty anid
complexity were met with, arising mainly from homology and
isomerism.  Thus one produet was a fatty acid of the composition
expressed by the formula C, H, 0, being the third isomer of stearic
acid discovered in my researches, sphingostearic acid, fusing at 577,
therefore at almost the same interval below, as the second isomer
of stearic acid, namely, newrostenric acid, fusing-point 84°, fuses
above the fusing-point of ordinary stearic acid, which latter melts
at 69-5°% It is evident from this that heneceforth a fatty acid
from the brain can be diagnosed neither by its elementary com-
position alone, nor by its melting-point alone, but that a know-
ledge of both is required to approximately fix its nature; an
aceurate diagnosis requires the knowledge of all physical and
chemical properties and of reactions. More particularly a mere
melting-point determination of a sample of fatty acid from the
hrain has, by itself, no diagnostic value whatever, and particularly
can no longer be used in the attempt to make out, by the well-
known tables of Heintz, the guantities of different ingredients in
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mixtures of which ecertain melting-points are supposed to he
accurate exponents.

How wonderfully the phenomenon of isomerism complicates
brain research and biological research in general will become still
more apparent by the following. Another product of the
chemolysis of sphingomyelin is an aleohol, sphingol, of the
empirical formula C H, O, or €, ;H, 0, which, on the supposition
that the latter formula expressed its atomic weight, would be the
Sourth isomer of stearic acid.

A third product of the chemolysis of sphingomyelin is an
alkaloid closely resembling the sphingosin of the cerebrosides,
C-H,.NO,, but showing a little more carbon and hydrogen, so as
to answer to the formula C, H, NO, To these three radicles, a
molecle of neuryl, C.H,,0, is yet attached, so that on the basis
of its chemolysis we are able to attribute to sphingomyelin three
somewhat different formula of constitution, in each of which three
terms are certain, while of the remaining two terms one is eertain
as regards its percentic composition, but uncertain as regards its
atomic weight : while the other, namely the second nitrogenised
radiele, is not yet sufficiently well defined to afford much aid to
synthetical ealeulations. The smallest formula gives a total of
C,.H,,, N, PO, while the largest leads to a formula with 61 Carbon ;
but all empirical formuls for sphingomyelin, which we shall have
to consider below, lead to the necessity of assuming the presence
in the free body of a few atoms of water, which are not accounted
for by the sum of the products of the chemical eleavage.

It is certain that the smallest formula just given, and which is
almost identical with the formula for apomyelin formerly given, is
only a type, and that there are varieties in which either the
alkaloid or the fatty acid, or the aleohol differ from those just
formulated probably by — +CH,, or — 4+nCH, The increase in
CH, of the alkaloid obtained by chemolysis beyond the quantities
demanded by the formula of sphingosin may be due to the admix-
ture of a small quantity of a body being a compound of sphingol,
(', Hy,0,, and sphingosin, C.H, NO, ; total, C,;H, NO,+H,0.
If all these data are constant, then we cannot doubt that the
limits of error are confined hetween very small dimensions.

The typical sphingomyelin crystallises well in microscopical
plates, combines with cadminum chloride in two ratios, the com-
pounds being crystalline, and gives up one nitrogenised radicle
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on limited chemolysis, namely the loosely hound neurin, C.H ,NO,
leaving an acidd which contains all the phosphorus of the sphin-.
gomyelin together with half the original nitrogen, and in which,
therefore, N : P=1:1. The formula of the acid, a produced
mononitrogenised monophosphatide, from the ., sphingomyelin
is C N, NPO,,, and its name may be sphingomyelic acid.

The following is a synopsis of the bodies belonging to this
subgroup and their compounds and chemolytic products :

Edusts.
Sphingomyelin (ox) - - = £ C,_,,H ,m\ PO, + H,0,
Apomyelin (]m:m} - - - CoH  N.PO,.
Sphingomyelin (theory from chcnmh sif-:}t,ﬂl'il N PU_+..H 0.
Sphingomyelin cadmium chloride - €, H,N i’U +L“d£l

0, dicadmium chloride - {‘ HMI\ Pf}m-{- 2(CdCl,).

Derivates by Chemolysis,

Sphingomyelic acid - - - - CH,NPO,.
Sphingosin =~ - - - - - E‘ -H..NO,.

Base (as sulphate) - - - - t 11 NO,)+H,S0,.
Gphingol-=: . = - Sarin ﬁm{’J or CH, 0,
Sphingostearic acid {m ] ’fu Yo s - f ‘, 1.0

Neurin - - - e %IHN{]
Nitrogenised pmﬂll[." - . L0 1 08, [ N
Phosphorie acid - - - - H,PO,

The diamidated phosphatides yield hydrochlorates which erys-
tallise from anhydrous solvents in the presence of excess of acid in
exquisite form and purity ; but they are not stable in the pre-
sence of watery reagents, and yield hydrochloric acid to solvents
at every recrystallisation, so as to become almost free from the
acid by mere repetition of this process.  When the hydrochlorates
are produced from the cadmium salts, they are of course mixed
with double the quantity of hydrochloric acid necessary for
neutral salts; and at this point great care is required so to
manage the necessary warming of the mixture, that the salt may
be formed without any very great part of it being chemolysed
under the influence of the redundant hydrochloric acid.

The diphosphatide to which I have already alluded, in which
N:P=2:2, and to which I have given the name of assurin (from
the Assyrian God), has in its platinum chloride compound the
formula C, H,N,P,0,. It is at present the most phosphorised
hody of this elass known, while one of the least phosphorised,
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relatively to the nitrogen, is a phosphatide educed from the bile

~as a crystallised platinum chloride calt in which N : P=4:1,
and which has a formula by which it is characterised as a tetra-
polar alkaloid, the four hasic poles corresponding to the four
nitrogenised radicles with which the body is endowed.

Thus I have shown that the phosphorised educts of the brain
are a class of bodies with numerous genera, each genus having
again speeies and varieties; that they are of greatly varying chemi-
cal construction and function, and that they are so distributed as
to show that they are specifically concerned in the most intimate
parts and processes of protoplasmic life.

The presence of water diminishes the number or avidity of
affinities in all phosphatides ; it combines itself with these bodies
in a peculiar manner, by which they show their character as
colloids, and it afterwards dissolves them, some in a perfect, others
in a peculiar and imperfect manner. When this hydrie eolloida-
tion is at a maximum, the tendencies to decomposition seem to he
at a minimum. The watery solutions do not decompose in
stoppered bottles for many months ; only after six months some
specimens so kept showed signs of decomposition or putrescence.
It seems therefore that water satisfies some of those affinities, and
what 15 most remarkable, its influence inereases and diminishes
with the mass which is present and capable of acting, so that it
displaces, when in quantity, other combinants, but when these
other combinants prevail, water is itself displaced, and the colloid
state instantly disappears. In the dilute watery solutions of the
phosphorised bodies therefore almost every reagent soluble in
water, when added in a certain excess, produces a precipitate,
which contains the reagent in combination. But when water, or
any watery solvent capable of dissolving the combined reagent, is
brought in contact with the compound, the compound imme-
diately dissociates ; the reagent passes into the water, pari pussu
as the phosphorised body passes into the hydrated colloid state,
and if the influence of the water is continued by renewal, the pro-
cess terminates by a complete separation ; the phosphorised body
is again free and pure, and swells and dissolves as at first,

The reagents with which the phosphorised bodies are thus able
to combine, and from which they are dissociated by water, are
acids, alkalies, and salts. The phosphorised bodies therefore
possess alkaline affinities (for acids), acid affinities (for alkalies),

e
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alkaloid affinities (for salts); all those affinities are overcome by
water in quantity, but the affinities for water are overcome by
some metallic oxides, such as of lead, copper, manganese, iron,
and even to a slight extent by lime and potash; these latter
compounds are dissociated only by strong mineral acids, and the
compounds can then be dialysed out. All other combinants
separated by water alone can be completely removed from the
phosphorised substances by dialysis on vegetable parchment,

We have therefore here a diversity of affinities such as is not
possessed by any other class of chemical compounds in nature at
present known ; and the exercise of these affinities heing greatly
influenced by the mass of reagent, and the mass of water which
may be present, the interchange of affinities may produce a per-
fectly incalculable number of states of the phosphorised and
consequently of brain-matter. This power of answering to any
qualitative and quantitative chemical influence by reciproeal
quality or quantity we may term the state of lnbile equilibrinm ; it
foreshadows on the chemical side the remarkable properties which
neuroplasm exhibits in regard of its vital functions.

From this it also follows that neuroplasm (if only as charac-
terised by the phosphorised bodies) must yield ohedience to every,
even the slizhtest external chemical influence, which may reach it
by way of the blood. It must take up metals, acids, salts, alka-
lies, and alkaloids presented by the blood ; it ean retain only
oxides when the serum is again free from the combinants; a
watery serum will wash the brain, a more watery one will make
it swell and displace mechanically within physiologieal limits
what it can ; a still more watery ene will make the brain dropsieal
and produce some of the conditions of mechanical pressure on the
brain.  All these processes are the necessary consequences of the
affinities of the phosphorised substances, and these being known,
the phenomena could be predicted, if they were not sutficiently
known as phenomena, though hitherto destitute of an explanation.
Thus the so-called brain-fungus, the continued protrusion of brain-
matter through apertures of the skull produced by mechanical
injuries, may in certain cases find a physical explanation in
simple excessive hydration of the phosphorised (and nitrogenised)
principles, producing general intra-eranial pressure.

These few examples show that the acquisition of chemical
statics leads almost necessarily and very easily to chemwieal dyna-
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mics of the brain ; and these will in their turn furnish data for
physiological and pathological conclusions. But these deducive
arguments must be most sparingly and cautiously used, until the
statics are in a state of perfection and completeness. To argue
too far from incomplete data would, seeing the history of biolo-
gical chemistry during the last thirty years, be a deplorable error.

The NITROGENISED NONPHOSPHORISED substances of the brain
imitate in many respects, but with little intensity, the properties of
the phosphorised. Thus some have the affinity for water to the
extent of swelling to gelatinous masses, but they do not go to the
state of apparent solution, and do not pass paper filters under any
pressure. Some are insoluble in ether, cold benzol, cold alechol,
some soluble ; all dissolve in hot benzol or aleohol, and are depo-
sited on cooling almost entirely. Therefore as compared to the
phosphorised bodies, their chemical character is slight solubility ;
from their hydrated colloid state they are also reduced to a more
compact and combined one by many acids, alkalies, and salts, and
they retain many oxides in combination. Water has the same
dissociating influence upon these as upon the compounds of the
phosphorised principles. The nitrogenised bodies are all firm
compounds, and do not easily oxidise or decompose.  Their
atoms show very little tension ; but they possess substitution
poles, where hydrogen is replaceable by metalloids, or compound
radicles ; their compounds with salts, oxides, or acids, are so un-
stable as not to admit at present of quantitative definition.

This group includes six great subgroups, of which the first
four have a great number of features in common, while the two
last subgroups are dissimilar to the former, and much more
simple as regards chemical constitution,

The first subgroup is that of the cerebrosides, or bodies which
contain a peculiar sugar, cerebrose, in which different radicles of
acids and alkaloids (it is mot known whether of alcohols also, in
some cases) are inserted. Thus, of plrenosin, C H. NO;, the
definition and formula of constitution are the following :

Nenrostearo-Sphingoso-Cerebroside,

( Fatty acid radicle
Saccharoid radicle | €' H, O, (Neurostearyl),

(' ,;H,,0, (cerebrosyl) Alkaloid radicle
l{','“H:HN{}E (Sphingosyl).

B —



INTRODUCTION, 17

The derivates by chemolysis and synthesis of produets are the
following :— Cereliose, a erystallised sugar, isomer of glucose, and
like this dextrorotatory, reducing copper solution, and tasting
sweet, of formula C H 0, ; Newrostearic acid, an isomer of stearic
acid, fusing at 84°, of formula C,H,0,; Newrostearic ether,
C,,H,,0, or (C,H,)C,H,0, produced during chemolysis of
llh'l‘ﬂllﬂ-ﬂlll in aleohol by sulphurie aecid, ean be distilled unchanged
in vacuo ; Sphingosin, an alkaloid, C.H, NO,; as sulphale,
2(C,;H, ,NO,)H,S0,, insoluble in absolute aleohol ; or hydio-
chlorate, C.H, NO,HCI, soluble in water ; Psychosin, C,,H, NO.,
being the cercbroside of sphingosin, a body having alkaloidal
properties, but less pronounced than those of sphingosin ; Fsfhe-
sin, & compound of sphingosin and neurostearic acid less water,
C, H,NO,. TUnder the influence of heat phrenosin yields a
caramel, C ;H- NO,, by the loss of four molecles of water; by a
similar reaction psychosin also yields a ecaramel of the formula
C, H,.NO, ; these caramels are brown, insoluble in spirit, soluble
in ether,

Synopsis of cevebrosides and devivates :

FPhrenosin (eduet)- - - =0, H. N

Derivateby dehydration ; caramel - {‘ H \(J

Derivate by suhﬁtlmtmn Nitrited { L“thh U ay O
phrenosin nitrate - - L H {\U JINO,+HNO,.

Derivates by cleavage (chemolysis) and synthesis of products -

{‘erebrose - - < . - { I-[P,{’JlI

Neurostearie acid - . _ 2 o H [}

Ditto ether - - - - - I] mﬂ or (C,H,;)C  H.,.0..
Sphingosin =% e R Y {‘ i
Ditto sulphate - - - - ’{l'._‘ ..H \U a) -+ H,80,.

Ditto hydrochlorate - - =t H "\l'} + HCI.

Psychosin - - - - - i‘d,.H "’Eﬂ-

Caramel of psychosin - - = i H -\'{}

The second cerebroside, and accompanying phrenosin, is
kerasin, a body crystallising in microscopic filamentous masses.
which are very voluminous, and enclose mechanically great
volumes of spirit. Although the knowledge of this body has
been greatly advanced lately by the discovery of processes for its
separation from sphingomyelin, and more particularly from a hody
which T shall describe later under the name of lrinosin, yet cir-
cumstances did not allow me to finally fix by chemolysis its
rational constituticn in the same mauner as this has been done

2
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for phrenosin.  Kerasin may, like phrenosin, comprise a number
of analogously constituted bodies, of which the most probable
formule are :

Edunets :

Kerasin - - - - - CaHNO,
Ditto - - - - - L“‘, q HM,‘IU ;
Ditto - - - - - CH,NO,

Products by ehemolysis :
Psychosin (as sulphate) - B - ’\{}.)+H S0,
Cerebrose - o 3 : S B B A
Fatty acids of the formula - - LTHH.‘,EU:,

Both kerasin and phrenosin are neutral bodies, and do not com-
bine with acids, alkalies, and salts in stoichiometric proportion.

The cerebrinacides, or cerebrin bodies which combine with lead
and other bases, are as yet little known. They will yet require
long and important researches, not only because they are numerous,
but more particularly becanse they ocenr mixed with a elass of
sulphurised bodies, of which I give a preliminary sketch below, It
is probable that the first cerebrinacide to be considered—namely,
cerebrinic avid—may be a cerebroside, in which three hydroxyls are
replaced (in phrenosin and kerasin only two hydroxyls are thus
replaced), two by fatty acid radicles, one by an alkaloid radicle.
The fact that cerebrinic acid beecame dehydrated like phrenosin
under the influence of heat, assumed a brown colour, lost its solu-
hility in spirit, and aequired a new solubility in ether—in short,
that it became changed in the same manner as a saccharide is
changed when it passes into a caramel—supports this surmise.
Whether others of the cerebrinacides are cerebrosides can at pre-
sent be neither asserted nor denied. Several of the cerebrinacides
which have been isolated, such as spherocerebrin and the (accord
ing to quantity) principal cerebrinacide, are distinguished from
the cerebrosides and cerebrinie acid by their containing a much
larger proportion of oxygen than these bodies. The following is
a synopsis of these bodies as far as they arve isolated, together with
their preliminary empirical formulse :

Uerebrinie acid

[

¢, H,.NO,.

Caramel of cerebninic acid - - O H N0,
Spherocerelirin - - - . e B E O
(erebrinacide, principal - - L& W 0

There are a number of subordinate cerebrinacides waiting for
closer investigation.
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Of the cerebrosulphatides 1 have hardly done more than demon-
strated the existence. No representative body has been isolated
to the extent of being free from phosphorus and cerebrinacide ;
indeed, it must remain a question whether there are not bodies
which contain sulphur and phosphorus at the same time. The
most coneentrated preparation of cerebrosulphatide which I have
suceeeded in produecing contained 4 per cent. of sulphur.

We now progress to the consideration of an entirely new series
of. bodies, which are so constituted, and exhibit such properties,
that they may perhaps be deseribed as nifrogenised fuls ov amidy.
lipotides. Although they occur mixed with the cerebrosides, never-
theless they are at onee demonstrated not to be such by the low
amount of oxygen which they contain. OFf these, the first is
bregenin (from the Low German © bregen,’ head or brain), which is
easily soluble in cold ether, erystallizes, and has the formula
U, H, NO,, The second one is krinosin (from the Greek word for
hair, the wavy crystals resembling a mass of tangled long hair),
C H-.NO,, inzoluble in cold, easily soluble in boiling ether.
Homology of these two bodies, which is suggested by a comparison
of the formula—

Bregenin - - - - G L
Krinosin - - - - 2o O H N0

may net be assumed, as the one with the higher number of carbon
atoms fuses at a much lower temperature than the one with the
lesser number of carbon atoms,

Of the group of alkaloids oceurring in the brain, hyporanthin and
its compounds were known to science, but isolated with greater
precision from brain, particularly by the aid of phosphomolybdic
acid. The following bodies were produced and analysed :

Hypoxanthin - - - - CGHNO -

Ditto hydrochlorate - - g H N,O -+ HCl+ H,0.
Ditto with platinum chloride - 2(C,H,N,0 + HCl)+ P,
Ditto nitrate - - - - - C,HN,0+HNO,

Ditto with silver nitrate - - E‘ H I\ D +:11-NU

Ditto with silver - - - H h U-{-; o,

The other alkaloids contained in the brain are either much more
complicated or more simple than hypoxanthin. I have distin-
guished these, pending further inquiry, the second allaloid as
gladiolin, and the fhird allaloid as fennysin ; and regarding them
little more can be stated than the methods by which they were
99
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isolated, and the elements of which they seem, empirically, to be
composed :

sladiolin (second alkaloid) €, .H, N O,

Thitho: Hydroallorats: ebld | - , |
l G]lr:lﬂ'l-:l:}derﬂﬂ -Dm e- e {. l ( 15H313N1105+HLI + Aul ];1.

Tennysin (third alkaloid) CH.NO.

The amidoacids and amides, represented by lewcin and allied prin-
viples, and {fyrosin, bodies otherwise well known in science, were
isolated from healthy brzin for the first time in the course of
these researches :

Leucin - - - - CH,NO,
Tyrosin - - - - C,H,,NO,.

['rew was isolated from Dbrain and cerebrospinal fluid, particu-
larly in disease. In cases of cholera I found that the cerebrospinal
Huid contained as much urea as healthy human urine—namely,
about 2 per cent.

The group of exigenised nonnilrogenised prineiples consists mainly
of alcohols and erganic acids. The alcohols have very slight com-
bining powers. The most prominent of these, as regards both
quantity and appearance, is cholesferin.  Diseovered originally in
human gallstones, and erroneounsly believed to be a fat, this prin-
ciple received the inappropriate name which hides its significance
and character. Insoluble by itself in water, it is probably dis-
solved in neuroplasm by means of the phosphorised substances.
Itz bearing is therefore governed, and its rdéle determined to a
oreat extent, by these matters. But its intrinsie chemical dynamis
is probably also independent to some extent, as its atomic weight
is very high. As an alechol it is monodynamie, and if it did
combine with aeid radieles, naturally would therefure give rise to
one class of ethers only. If such compounds exist in the brain,
they must be in a state of high atomic tension, and fall to pieces
by the mere fact of the application of solvents,

Some data seem to point to the existence of a second aleohol
hy the side of cholesterin, and isomeric or homologous to it, but
the hypothesis lacks definite proof. I have sometimes found
cholesterin fusing at 137°, the point at which some earlier writers
supposed cholesterin always to fuse. But since the fusing-point
of the principal cholesterin is certainly 145° the lower fusing-point
of 137" may belong to an isomer or homologue, and this I propose
to term phrenosterin,
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The bodies which may conveniently be considered as forming the
stbgroup of earbohydrates ave inosile, the isomer of dextroglucose,
discovered in and bearing its name from muscle, and glyragen,
discovered in the liver and other organs. It has seemed to
me that the inosite from human brain was somewhat different
from that of the ox; at least, while the latter easily gave acom-
pound with euprie oxide of the formula C H,,0,+ 3Cu0 + 3H,0,
the former gave no such precise combination, and reacted in a
peculiar manner. Some have supposed inosite to be the material
from which, by a post-mortem metabolism, the lactic acid of the
brain took its origin. But since it has been shown by others that
inosite by ferments yields ordinary zymolactic acid, whereas, as 1
have shown, the lactic acid of the brain is always and exclusively
the optically active paralactic or sarkolactic acid originally dis-
covered in flesh, this apprehension has become obsolete,

The names and formule of the bodies belonging to this sub-
group are the following :

Cholesterin, m.p. 145° - - O, H,0.

Phrenosterin, n.p. 137" - = = G HL O (1)

Inosite - - - - - C.H0,.

Ditto tricuprie trihydrate - C;H,,0; + 3Cu0 + 3H,0,

The subgroup of the nonnitrogenised organie acids is represented
by at least four different principles—jformic, sarkolactic, succinic,
and a tribasic acid which may perhaps be termed oryglyceric,
Formic acid is present in such small quantity only that it can just
be recognised in the distillate by reactions. But sarbolaclic acid
oceurs in quantities up to 1 per mille of the fresh brain substance.
It was thus possible to subject this body to a more intimate study,
and deseribe its properties with great precision. Swuccinic acid was
separated and identified in a satisfactory manner. The fourth
acid, exyglyceric, was isolated and studied mainly by the aid of its
silver salt. The following is a synopsis of these acids, their for-

mule, and some of their compounds :

Formie acid - - - - CH,0,.

Sarkolactic acid LSS L BT

Ditto zine salt, hydrate - - Zn(C,H.0,),+(H,0),
Ditto caleium salt, anhydrous - Ca(C,H,0,),.
Suceinie acid - - - = i HO
Oxyglycericacid . - - - CHO,

T
%
-

ds

=

Ditto silver salt, tribasic -
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The albuwminous substances of the brain may be considered as
nitrogenised sulphatides, inasmuch as sulphur is an essential con-
stituent ; if bodies like casein were present in brain, as has been
supposed by some inquirers, they might, like the easein of milk,
be true aitrogenised sulphatide-phosphatides ; if connective tissue
were’ present, it would perhaps come under neither definition.
These substances are as yet very little known, for they could be
exarpined with advantage only after all the substances described
in the foregoing pages were known and could be separated. But
in this process the albuminous bodies undergo such important
alterations that the diffienlty of their study 1s thereby only altered
in kind, but not diminished in amount. With due consideration
to this cireumstance, they were in the first instance studied by
chemolysis, and have vielded very remarkable results. The deri-
vates by chemolysis included the following :

Albuminol - - . - C H,,NO,. (1)
Volatile sulphurised ln:n]:, - -
Ammonia and compound am- |
monias - - : ' - NH,
Carbonic acid - - - €O,
Fatty acid - - - =L ] e

Oxalic acid - - - - - (C,H,0,.
Phosphorie acid - - - - H;i’b;.
Sulphurous acid - - - - 80,
Acetie acid - - - - - CH, 5
Leucein - - - ICH, N0
: Second alkaloid - C ;H,, N, O..
=L Do. copper compound - L:nll.;_,g[ 1";\ RIS

; Thinl alkaloid - - ————
{Jemm - - -- CH,,NO,.
Nitto copper com mund mono- | o - .
cuprie l;]]lllﬂllﬂln : - } 2(C;H,,NO,)Cu.

Gilyeolencin, isomer of ]r:uun - C;H,;NO..

The ecupric compound is also
isomeric with the cuprie eom- ; 2(C,H,,NO,)Cu.
pound of lenein = e f

Tyrosin - - - C,H,,NO,.

Tyrosin mereurous n:hlnndc mcr-] . "
curic oxyde - - - 2(C,H,,NO, + HgCl)+ HgO.

With this list the number of produects is by no means exhausted.
Only few quantations have as yet been made, so that the materials
for drawing any conelusion regarding the constitution of the albu-
mingus substances of the brain are not yet to hand.
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The inorganic ingredients ox mineral substances of the brain arve
distributed amongst its juices and solid ingredients in a very re-
markable manner, as will be discussed more fully below. These
hodies were formerly studied by means of analyses made on
materials obtained by combustion of the brain as a whole. This
proceeding had two sources of fallacy connected with it, which
~ greatly diminished the value of its resnlts. In the first place, the
phosphorie acid produced by the destruction of the phosphatides
(in which, of course, phosphoric acid is in ergunic combination)
was calenlated as mineral phosphoric acid, it heing found partly
in eombination with bases, partly free, Owing to its being in
excess over the whole of the saturating power of the bases, it ex-
pelled all volatile acids, such as carbonie, and sulphurie, and
chlorine, and was not even itself entirely preserved from the re-
dueing influence of the glowing charcoal, which volatilized a
portion of it as phosphorus. This inconvenience was only partially
avoided by the use during cembustion of canstic baryta or barium
nitrate. In fact, by no method as yet proposed could the sulphur
or phosphorus in ovganic combination be kept separate from that in
inorganic combination. Some progress has, however, been made
by the separation of the soluble eduets from the insoluble ones,
and from the interstitial juices ; and as each of these complex sub-
stances retains mineral matters peculiar to itself, while the phos-
phatides can be almost completely excluded by precipitation with
acid from their solution or suspension in water, it is feasible to
obtain, by a minimum of three sets of analyses, some insight into
the nature and distribution of the mineral ingredients of the
brain. I enumerate the elements which enter into their com-
position :

Metals - sodinm, potassinm (ammoniumj, ealeinm, magnesium,
iron, manganese, copper.

Metallpids - chlorine, sulphur, phosphorus, carbon, oxygen,
hydrogen, fluorine.

There is met with at almost all steps of the separation of the
ingredients of white matter, a substance distinguished by fusibility
and insolubility in boiling aleohol, which was named sfearoconofe,
and regarding which a few explanatory notes may properly be
ziven in this place. 'When white matter is placed into a quantity
of hot aleohol, most cholesterin and lecithin and some cerebrin
dissolve ; but the other phosphorised and nitrogenised matters
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immediately fuse into a plaster-like mass, which is then practically
insoluble in boiling aleohol. There is therefore here an attraction
produced by the fused state which removes the solubility of some
of the ingredients of the mass in aleohol. When the principal
matters soluble in ether—i.e., the kephalins—are now extracted,
the fusibility is diminished, and some of the cerebrins dissolve
more freely in hot aleohol. Stearoconote, however, still forms,
and is now a reaction mainly of the myelins and the cerebrosides.
When all the myelins are separated from the cerebrin group of
hodies, their power of forming stearoconote is depressed to a
minimum, but not entirely removed. The myelins by themselves
also retain this tendency of forming a fused mass insoluble in
boiling aleohol, which in the text has been termed a tendeney to
stearoconotise. The phenomenon seems to be compound, and not
simple, and to consist in essence in a dehydration without attendant
change in quantities of atoms of other elements. For I have found
that some stearoconote free from phosphorus could, by treat-
ment with benzol and a little hydrochloric acid, be transformed
into a soluble substance, which on elementary analysis was found
to have the same empirical composition as the stearoconote from
which it was made. In this case no separation of a base from the
substance could be proved to have taken place. In other cases it
was found that the stearoconote obtained its solubility in aleohol
without the intervention of aeids, by standing in benzol, in which
it is easily soluble. In a third class of cases the stearoconote re-
gained its solubility in boiling spirit by prolonged treatment with
hot or boiling water. Again, in other cases it was probable that
the stearoconote was really a compound of some nitrogenised body
with a mineral base, and bodies resembling the stearoconotes in
some respects, but not in all, were produced by adding bases to
solutions of the cerebrin series. On the whole, then, *stearo-
conote” does not seem to be a chemical individnal differing from
the other bodies described, but a function of several bodies, which
pass into that state by a molecular change, which change can be
made to retrograde into the originally soluble condition,

The function is a result of chemical and physical influences
acting simultaneously (alcohol and heat), and is apparently not
obtained by either influence separately. Stearoconote seems,
therefore, a produet, and not an educt ; but it is indirectly im-
portant, as showing that there is some peculiar attraction or
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mutual influence between the bodies of the two great groups. In
white matter where those brain-principles are all mixed together
nearly in their original proportions (only lecithin being much
diminished in quantity), the above influence has its highest in-
tensity. The function diminishes with inereased separation—i.e.,
increased purity of eduets. It is entirely lost in some of the
educts, when they are in the pure state ; thus pure kerasin could
by no means be made to yield any stearoconote. But it remains
with others, particularly myelin, paramyelin, and sphingomyelin
in the pure state, and is evoked when they are subjected to the
inflnence of heat in the presence of a quantity of aleohol insuffi-
cient to dissolve the whole of the material before it has had time
to fuse. Onece fused, it seems to resist solution, even after re-
peated powdering to increase the surface for the action of aleohol,
to the extent of being rather destroyed than dissolved.

In the phenomenon just described we observe as the main result
diminished or suspended solubility —that is to say, suspension of
the lowest form of chemieal attraction. In a phenomenon now to
be pointed out, we perceive however, on the contrary, the produc-
tion or elicitation of a solvent power of a kind hitherto quite
unknown in animal chemistry. Some of the phosphorised bodies,
when combined with certain metals or metallie salts, in the pre-
sence of ethylic ether, and whether dissolved in it or not, cannot
be separated from these metals by hydrothion. The dissolved
compounds assume the colour of the respective sulphide, and re-
main dissolved ; the compounds insoluble in ether immediately
pass into solution when the hydrothion gas s passed through the
mixture. Thus, cadmium chloride compounds dissolve with a
canary-yellow colour ; platinum chloride compounds with a dark

“brown colour ; lead compounds with a red or blackish-red colour.
The compounds can be partially or entirely precipitated by water,
or aleohol, or ammonia, ete. They contain, in addition to the
phosphorised body, in the cases of ehlorides, chlorine and sulphur,
besides metallic sulphide ; in the case of metals like lead, metallic
sulphide and sulphur. Their complication places them at present
beyond the reach of stoichiometric treatment.

When once thus combined with sulphur (or hydrothion) and
metallic sulphide, or with these and chlorine in addition, and pre-
cipitated and isolated, the phosphorised bodies can by no means
ordinarily at hand be again obtained in the free state. The com-
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pounds with metals of the phosphorised bodies can be decomposed
by hydrothion only while suspended in water or spirit ; the pro-
duct, a mixture of metallic sulphide with the respective body,
must then be extracted by a suitable solvent.

The obstacles which these extraordinary properties of the
chemical prineiples of the hrain throw in the way of chemieal
procedure are vperfectly indescribable.  To use a simile from
military life, the biologist who attacks his problem in front is
beater off at all points; he can only conquer it by flanking on
long and eirenitons routes, and by the use of instruments of
warfare which are either new or superior to those hitherto in
nse,

These difficulties increase with every step which leads nearer to
the consummation of the purpose, and are greatest at the point
where the isolated chemical individuals are to be freed from the
last traces of admixed impurity. The very peculiarities of the
prineiples described are mostly negations of the properties ordin-
arily relied upon as eriteria of chemical purity. On this matter [
have repeatedly dilated in the text, and given expression to
apprehensions as well as to considerations calenlated to remove
them. As the difficultics arose they were followed out experi-
mentally, one by one, step by step, to the exhaustion of the
known means at hand, or of the new means that conld be devised
in the time. But it must be left to the future to increase, if
possible, both the means of produeing, and also the eriteria for
insuring, that absolute purity of ultimate educts which is the con-
dition of certainty in chemical seience, :

It is therefore not asserted that the absolute limits of the
subject have anywhere been reached ; but it is confidently he-
lieved that its entirety has been explored in such a manner that
fundamental truths cannot have eseaped observation, and that
what remains to be done is essentially of the character of detail,
which, however vast by multiplicity it may become, will not alter
the broad outlines which this investigation has led me to state.

While, then, there may be some degree of uncertainty as to the
abzolute purity of some of the principles involved, there can be
none as to their striking individuality ; and as regards this, the
positive evidence of their peculiar and distinctive qualities is so
strong that the fact of their not uniformly answering to certain
other criteria is, in my opinion, quite insignificant.
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By the researches embodied in this treatise the brain is shown
to be the most diversified chemical laboratory of the animal hody ;
it is shown that all other organs, even when the results of their
chemical action, be they destined to take a centripetal or centri-
fugal course, are added to them, are relatively much more simple
and very much less specific in their chemieal constitution than the
organs producing and eondueting nerve-power,
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IT,

METHOD PURSUED FOR THE ISOLATION OF
IMMEDIATE PRINCIPLES.

Preparation and  Comminution of DBraintissue.—Anyone who
would proceed to an extensive chemical investigation of the brain
should procure, in the perfectly fresh state, and with the perfect
freedom from disease which are indispensable, such a supply of
material from the human subject as will suffice for his purpose.
Human brains are not only relatively the largest in size, but also
the richest in specific ingredients, and therefore the most advan-
tageous objects of inquiry. But they are, under ordinary eircum-
stances, difficult to obtain, and therefore for large and more
general inquiries ox brains may be used. Five such brains weigh
on an average 1,780 g, or eight weigh six pounds. They are
washed once and freed from clotted blood. They are next care-
fully skinned, the arachnoid and pia mater being removed by
means of fine anatomical forceps. When the brains are entire
they may be skinned in the ordinary anatomical manner, which
employs two pairs of forceps, worked simultaneously and anta-
gonistically by both hands of the operator. When, however, the
brains are much broken up, each piece must be held in one hand
while being freed from membranes with the other. The skinned
parts are again rinsed in water, and then placed in water for a
short time ; next placed upon a sieve to drain, and then sub-
merged in methylated alcohol of 85 per cent. by weight in volume
strength, previously purified by distillation over tartaric acid.
(Gireat care is necessary to supply a sufficient amount of alcohol,
so that the brains may be quickly dehydrated and hardened.
For if the alcohol is too dilute, or becomes too dilute by being
insufficient in quantity, the brains remain soft and unworkable,
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and decompose with a fetid odour. For the same reason all
brains, before submersion in aleohol, must he broken np, orsliced
into small pieces, so that they can be easily penetrated by the
aleohol. This is required even when strong alechol is used, as
this is liable to harden the onter shell merely, and leave the inside
of the brain to soften and decompose.

The washing and submersion in water probably remove small
quantities of extractives and soluble salts, besides the blood, and
must therefore be carried out with care. The solutions so ob-
tained are thrown away, but the aleoholic solutions in which the
brains have been hardened ave purified from albumen by heiling
and filtration, freed from spirit by distillation, and evaporated to
the consistence of extracts on the water-bath. They are to be
considered as water-extracts, and are mostly free from specific
brain substances, and only yield extractives and salts and other
matters, which will be deseribed in the relative chapters.

When the brains are well hardened in the aleohol, which fre-
quently requires the repeated removal of the watery spirit and
substitution of fresh strong spirit, they are passed through a
rotary mineing machine, and the minced portions are again mixed
up with strong aleohol. This pulp is now worked through a very
fine hair sieve, having 144 meshes to the square inch, and each
of the twelve strands of hair erossing the square inch in one diree-
tion, being composed of eight single horse hairs ; the sieve stands
upon a glass-receiver in such a manner that it cannot move, and
no matter which passes the sieve can be lost.  The trituration on
the sieve is effected by a strong civeular brush, which is rubbed
over the sieve by the hands of a workman. When passed
through the sieve the brain is in the state of a very fine pulp or
puride, and is ready for extraction. All other modes of commi-
nution which have been recommended are less useful than the
foregoing ; they are either inefficient or slow and laborious ; in
particular, trituration in a mortar with a pestle is very inefficient.
All methods of comminution which do not reduce the brain to the
finest possible pulp, or smooth paste, must be rejected, as from
imperfectly comminuted brains the immediate principles are
necessarily most imperfectly extracted.

Extraction of Braingulp and Sepavation of Allwminous or Insoluble
Matter, White Matter, Buitery Matter, Last Oily Matter, and Ultimate
Watery Mother-liguor.—The smooth paste of brain-matter is now
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mixed with a considerable amount of aleohol of 85 per cent., and
heated in a well-tinned large saucepan over a gas lamp by a star-
burner or any other heat source, while being stirred with a wooden
rod without intermission. When it has reached the temperature
of 70° the mixture is removed, and immediately poured on a
filtering cloth stretched and tied over the top of a large earthen-
ware jar or pan. The filter is covered with a wooden cover.
When the liquid has percolated, the pulp is removed from the
cloth with a flat spoon, and again placed in the saucepan, mixed
with spirit, heated to 70° while being stirred, and again placed
upon the same filter as hefore. This operation is repeated in all
about five times, when the brain-matter is exhansted of all matters
which aleohol at that temperature will dissolve. The matter is
now tied up in the cloth and pressed in a serew-press. It comes
out as a solid, somewhat elastic cake of alluminous or insoluble
mafler, of which the analysis and description will be given in a
future chapter. In my earlier experiments [ arrested the heating
at 45°, because it has been so frpquentl_',' stated that when brain-
matters are heated beyond they decompose. But sinee I know
the bhehaviour of the isolated brain-matters, I have come to con-
sider this statement as unfounded. Moreover, there is a consider-
able quantity of cerebrin-like matter in brain which is not at all
dissolved by spirit at 457, but is taken up by boiling spirit, as
has been shown in Ann. Chem. Med. i., 1879, 258, To extract
all this matter it is necessary to boil the albuminous matter with
spirit for many hours in a platinum still, with a condenser attached,
and to repeat this at least from twelve to fourteen times. But
the low heat is certainly convenient, and need not therefore in
the earlier extraction be overstepped. For the same reason a
saucepan of cast-iron, about three gallons capacity, is preferable to
any other vessel of tin or glass. The earthenware jars or pans
should be of a capacity of from twelve to fifteen gallons. I have
found them most useful, and carried on all operations from the
soaking and hardening to the last filtration of the buttery preci-
pitate with their aid.

IWhite Matter,—The aleoholic extracts ave all united, and allowed
to cool during from twelve to twenty-four hours. Inhot weather
the cooling must be assisted by placing the jar in a tub and
siwrrounding it with cold water and ice. The extracts during
cooling deposit a large amount of white crystalline and granular
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precipitafe, which adheres to the sides and covers the bottom of
the vessel, while the aleohol is perfectly clear, though coloured
slightly yellow. The whole is filtered through a cloth stretehed
over a pan, and when the entire precipitate is collected on the
cloth, and has been condensed by stirring with a spoon, the cloth
is removed, tied up, and placed in the screw-press, and all
mother-liguor thus removed. When taken out of the cloth the
precipitate presents itself as a hard white cake, which can be
broken into pieces, and constitutes the particnlar white matter of
Vauquelin, and will in the text be signalised as while malter,
When the abbreviations M. M. -oceur in the deseription of
any preparation, they indicate that the preparation has been
extracted from this white matter. I shall not describe this white
matter any further, nor have I instituted any experiments upon
it snch as Vanquelin made, because it is evidently a very compli-
cated mixture, containing nearly the whole of the substances to
be described as the cerebwosides, stearoconotes, cholesterins,
kephalins, myelins, and lecithins, and small quantities of other
matters. The processes by which these substances may be ex-
tracted will be given lower down, after the description of the
treatment of the aleoholic extract has been completed. Here it
may yet be stated that the white matter can be preserved in
stoppered bottles, in a cool place and protected from light, almost
unchanged for a very long time. In contact with absolute aleohol
it also remains unchanged, thongh gradually yielding a yellow
extract ; but in contact with ether it yields kephalin to the latter,
which is quickly oxidised into a red substance having a green
fluorescence ; this effect seems due to the peroxide of hydrogen
produced during the oxidation of the ether. I have therefore
limited the use of ether to the most necessary operations, and
then canse the substances to pass through these with great
despatch, so that this oxidising effect of the ether is as far as
possible avoided.

Buttery Malter.—The Alcoholic Filtrate from the HWhite Matler is
now placed in a capacious tinned copper, or better platinum still,
and a great part of the aleohol is distilled off. When a certain
degree of concentration has been obtained, which is determired
by experience, the hot liquid is thrown into a pan, and again
allowed to cool, assisted if necessary with cold water or ice. It
now deposits a second quantity of matter, which is less solid and
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more ecoloured than the first, and after filtration remains on the
cloth as a semi-solid plastic substance, to which I have given the
name of the butfery matter. This ean only be freed from mother-
liquor by manipulation with a spoon, and must not be pressed too
hard, as it is liable to pass through the meshes of the eloth. The
buttery matter consists of much cholesterin, lecithin, little myelin,
kephaloidin, and some cerebroside, and small quantities of other
matters ; the substances are therefore qualitatively mainly the
same as in the white matter, but they are present in entirely
different proportions. The buttery matter also keeps well in a
hottle by itself, or in the presence of aleohel, but should also not
be kept long in ether. :

Last Oily Matter.— The Alcoholic Filtrale from the Butfery is again
distilled so long as good spirit passes over and no precipitate
ensies in the fluid. When these conditions are exhansted it is
placed in a large dish on a water-hath and evaporated. At a
certain period oily drops make their appearance, which adhere to
the sides or float in the fluid, and unite to larger round globular
masses. They separate easily while the fluid is hot, but when
the fluid cools they swell, become flaky and distributed in the
fluid, and cannot be filtered. They are best separated while hot
by a separating funnel, to which they adhere, while the fluid sinks
down ; or they may be collected on a paper filter on a hot funnel.
This matter has received in my luboratory the title of the lasf
oily, by which it will be signalised in this essay. It consists
mainly of phosphorised bodies with little cholesterin, and some
peculiar not yet accurately defined matters.

Ultimate Watery Mother-liguor—The Filtvate from Last Oily con-
stitutes the ultimate walery mother-liguor and contains all matters

from the brain which are highly soluble in water, such as the
salts, the extractives, and soluble immediate principles to be
deseribed. This liquid is evaporated on the water-bath to the
consistence of a thin extractive, and placed in bottles until further
examined as will be described. While the preparation acenmu-
lates it is well to keep the extract covered with some absolute
aleohol to prevent the fermation of mould on its surface.

Process for sepavating White Matler info ifs Constituents—The
following process, which for the purpose of abhreviation I will
term ¢ ether process, W.AL,’ yields the cerebrins very quickly and
directly, and leaves little myelin, some paramyelin, and most

P—
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sphingomyelin, with the cerebrins, It also yields kephalin, but
much remains in the mother-liquors.  The myelin, lecithin, and
cholesterin remain in the ultimate motherliguor, and can be
separated only by cadmium or platinum chloride,

The white matter is fully extracted with ether in stoppered
bottles, with the precaution of using the same ether for several
portions of white matter so as to obtain saturated solutions. All
secondary solutions and washings are concentrated by the still,
For this purpose French flasks and a platinum condenser are used ;
the flasks contain spirals of platinum-wire, and pieces of tobacco-
pipe tube strung on platinum-wire. This arrangement prevents
bumping. The whole of the solutions are now exposed in bottles
(stoppered) to a strong freezing-mixture of ice and salt, and the
clear coloured ether is quickly siphoned off the dense white
deposit.  All siphons are of glass tube, with movable caoutchoue
joints, and mounted in eorks, so that they can be applied to the
bottle to be emptied on one side and to the hottle to be filled
on the other side, air-tight, and be started either by blowing
{with the air-bellows) or by suction at the opposite end. The
inner limb of the siphon is so eurved as to be near the side of the
bottle and easily visible ; its end is directed sideways to prevent
an upward rush of deposited matter.

This apparatus gives to the operator full power to start and
arrest the flow of the ether whenever he finds it desirable, and
enables him to regulate the suction-pipe, and so take off the last
portions of ether above the deposit, withont losing much ether
or being molested by it. When the prineipal mother-liquor is
removed, pure ether is thrown upon the deposit, which is again
frozen. The deposit is much less soluble in pure ether than in
the mixture of dissolved matters, a peeuliarity shown by almost
all brain-substances.  The deposit, when dense, frequently forms
a firm cake at the bottom of the bottle, which comes off as a
vound disk. These * first deposits by frost from ether extracts of while
matter’ are separated into sphingomyelin, myelin, and other
matters, as will be described lower down.

When the ether extracts give no further deposits on exposure
to renewed freezing-mixtures, they are treated with absolute
alcohol until all kephalin is precipitated. I the alecohol be
watery, even slightly, say of 80 to 90 per cent. strength, the
deposit contains much cholesterin, particularly if the ether

3
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solution is concentrated. Absolute alecohol should therefore
be always taken as well as absolute ether for these operations ;
many other reasons which will appear in the sequel support this
desideratum to the extent of making it an absolute condition of
perfect success.

The ether-alcohol mother-liquor is now distilled for removal of
the ether, and is then while hot treated with a hot solution of
lead acetate and ammonia as long as a precipitate is thereby
produced.  The precipitate, which contains kephalin-lead,
myelin-lead, and a few other compounds, is filtered off. The
golution is allowed to cool, and deposits more lead [salts and
cholesterin,  The filtered solution is again distilled while carbonic
acid is passed through it. By this means the excess of lead is
precipitated and the ammonia expelled. To the aleoholic filtrate
aleoholic cadmium chloride is now added as long as a precipitate
15 produced, and afterwards a large excess of the same cadmium
chlovide solution. The precipitate is filtered off on a cloth pressed
hard, and immediately placed in ether. A cadmium salt of a
phosphorised matter dissolves, which is not yet very well defined.
(holesterin also dissolves, The greater bulk of the cadmium
chloride precipitate remains insoluble in ether, and consists of
lecithin, paramyelin, amidomyelin, and sphingomyelin, all com-
bined with the metallic chloride. These compounds can be
separated from each other, and the immediate principles can he
isolated from the compounds hy processes to be described.

Treatment of the Bultery Matter —The buttery matter is dissolved
in hot spirit, and completely precipitated with hot ammoniacal lead
acetate, The filtrate is allowed to get cool and deposit more lead
salt and cholesterin, to be separated by ether. The united lead
salts, ete., after exhaustion by ether, are treated with spirit, etc.,
for the isolation of their ingredients, as will be described below.
From the main aleoholic filtrate the excess of lead and ammonia
are removed by a current of carbonie acid and distillation. To
the clear filtvate alcoholic cadminm chlorvide is added in large
excess, and the white precipitate is treated just as the precipitate
from white matter above described. Ether extracts from it
cholesterin and a phosphorised cadmium chloride compound, whiie
the part insoluble in ether is separated by the benzol process into
three or four compounds of lecithin, paramyelin, and amido-
myelin.
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Treatment of the Last Oily Matter.—This is dissolved in hot aleohol
and precipitated by lead acetate and ammonia; the precipitates
formed in the hot fluid, and after its cooling, are eollected and sepa-
rated into their constituents by ether and spirit, ete., as will be
described. The spirit is freed from lead and ammonia by distil-
lation with the aid of a eurrent of carbonie acid. The filtered
aleoholic solution is precipitated with an aleoholic solution of
cadmium chloride added in large excess, and the cadminom com-
pounds are collected and treated as will be deseribed.

Sumnary of Immediate Principles in the crude state or Mixtures
thereof isolated.—We have thus separated the brain into the
following immediate principles or mixtures thereof :

1. First extractives (by soaking alcohol).

2. Insoluble albuminous residue.

3. White matter, containing——

() Kephalin (with varieties and compounds) ;
() Lecithin (with varieties and compounds) ;
Paramyelin (with varieties and compounds) ;
(d) Myelin (with varieties and compounds);
(¢) Amidomyelin (with varieties and eompounds) ;
(f) Cholesterin and phrenosterin ;
(g) Cerebrin mixture, or mixture of cerebr osides, cere-

brinacides, cerebrosulphatides, and a,mldollpc-t.ldcs
containing also sphingomyelin and assurin.
4. Buttery matter, containing —
() Kephaloidin (with varieties and compounds) ;
(b) Lecithin (with varieties and compounds) ;
¢) Paramyelin (with varieties and compounds) ;
(¢) Myelin (with varieties and compounds) ;
(¢) Amidomyelin (with varieties and compounds) ;
(f) Sphingomyelin, assurin, cholesterin and  phreno-
sterin ;
() Cerebrin mixture (very small amount), amidolipotides.
5. Last oily matter—
() Lecithin ;
(1) Paramyelin ;
(¢) Oily lipoid matters, eerebrols.

6. Ultimate watery extracts of brain, containing—
(a) Alkaloids ;
(b) Amidoacids and imides ;
(¢) Carbohydrate ;
(d) Organic acids and salts ;
(e) Inorganic or mineral salts.
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Swinmary and Arrangement in Groups of Immediate Principles.—
~ In the forezoing deseriptions of processes T have, for the purpose of
brevity, spoken of the erude immediate principles which were
isolated as if they consisted of a single body each ; but in the
summary list just given I have added to most of the names of
these compounds an enlarged definition, by which not only the
pure principle, but also rvarielies of it and compounds of it are said
to have been isolated in one and the same operation. This is
strictly the case, as will be seen, for example, in the account of
kephalin hereafter to be given ; but it may be at onee stated that
the pure immediate principle which gives rise to the name con-
stitutes the great bulk of each preparation, that this bulk is
relatively greatly increased by the removal during the process of
purification of matters in chemical combination with a smaller
portion of the immediate principle, and that the varieties are very
similar in type to the principal matter, and whenever they
cannot be separated absolutely their nature and quantity can
be ascertained by very good approximations. Where matters are
so similar in properties as kephalin and kephaloidin, a complete
separation of the entire quantity of each from the other is not
easily effected, but a quantity of each ean be obtained pure from
the other, and from the results obtained by their chemical study
the composition of mixtures in any proportions can be derived.
The immediate principles above enumerated may be arranged in
the following groups :

Grovr oF PuospHoORISED PRINCIPLES OB PHOSPHATIDES.

Subgroup of Mononitrogenised Monophosplatides (N : P=1:1):
Lecithins ;
Kephalins ;
Paramyelins;
Myelins.
(Sphingomyelie acid, a produet. )

Sulgroup of Dinitrogenised Monophosphatides (N : P=2:1):
Amidomyelins;
Amidokephalins ;
Sphingomyelins (Apomyelins).

Subgroup of Dinitrogenised Diphosphatide (N : P=2: 2):
Assurin,




ISOLATION OF IMMEDIATE PRINCIPLES. a7

Sulyroup of Nitrogenized Phosphatide-sulphatide -
Cerebrosulphatide, body from group of cerebrinacides, con-
taining probably phosphorus, nitrogen, and sulphur ().
Subgroup of Nonnifrogenised Monophosphatides
First acid from buttery matter, lipophosphorie acid.

Second acid from buttery matter, butophosphoric acid.
(Kephalophosphoric acid, a produet. )

GroOUP 0F NITROGENISED NONPHOSPHORISED PRINCIPLES.

Subgroup of Cerebrosides -
Phrenosin ;
Kerasin,
Sulgroup of Cerebrinacides -
Cerebrinic acid ;
Sphaerocerebrin ;
Other principles not yet defined.
Subgrowp of Cerebrosulphatides -
Body containing sulphur,
Subgroup of Awmidelipotides, or nifvogenised fols ;
Bregenin ;
Krinosin.
Subgroup of Alkaloids :
Hypoxanthin ;
Second alkaloid, gladiolin ;
Third alkaloid, tennysin.
Subgroup of Amidoacids and Amides :

Leucin and homologous principles ;
Tyrosin ;
Urea.

GRrROUP OF PRINCIPLES COMPOSED OF THREE ELEMENTS ONLY.

Subgroup of Alcohols, nonnifrogenised :
Cholesterin ;
Phrenosterin (7).
Subgroup of Carbolydrafes -
Inosite ;
Glycogen (?).
Subgroup of Organic Acids, nonnitrogenised
Formic acid ;
Sarcolactie acid ;
Suceinie acid ;
Oxyglyceric acid.
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GROUP OF ALBUMINOUS SUBSTANCES.

Subgroup of Nitrogenised Sulphatide-phosphatides -
Plastin ;
Gang]iocjftin, Cytophosphatide (a Nuelein).
Subgroup of Nitrogenised Sulphatides :
Albumen
Collagen.

Group of Inorganic Principles, including both acids and bases,
and salts, either free or in combination with many of the fore-
going organie principles. This comprises :

Sulphuric acid ;
Hydrochloric a,m-:l and chlorine in chlorides ; -

Phoszphorie acid ;
Carbonie acid ;

Potash i

Soda In combination with immediate prineiples,
Ammonia forming their bases, or in combination with
Lime ]}husphﬂm, acid, and attached to immediate
Magnesia principles as 1}hus;1hatea, or in combination
Copper with mineral acids, as free mineral salts in
Iron the juices and extracts.

Manganese

Alumina, silica, fluorine (doubtful). -
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I1I.

GROUP OF PHOSPHORISED PRINCIPLES OR
PHOSPHATIDES.

General Properties of the Phosphorised Principles—This group
comprises kephalin, kephaloidin, myelin, sphingomyelin, assurin,
lecithin, paramyelin, amidomyelin, and their congeners and com-
pounds. All these bodies have certain properties in common,
which point to some similarity in chemical constitution ; by other
peculiarities, again, they are sharply distinguished from each
other. Some are soluble in waler in a cerlain manner and measure,
When they are in the dry state, and are placed in pure water,
they sink to the bottom, and are at once wetted by the water.
Thus their specific gravity is shown to be greater than that of
water, and by this, and the faculty of being wetted, they are
sharply distinguished from the fats or fatty acids, but assimilated
to the soaps, as the older authors correctly stated. When they
have remained in the water for a short time they begin to swell,
to become transparent at the thin margins of the particles, and
covered with a loose layer all over their surface. This on agita-
tion is easily detached, and floats in clonds in the liquid; the
elouds diffuse themselves indefinitely throughout the whole of the
water, and if enough water is present, the mixture is frequently
shaken, and some time is given, the particles of solid matter dis-
appear entirely and form a turbid solution of very peculiar appear-
ance. As will be seen hereafter in particular, these solutions can
by no mechanical means be clarified ; yet they are solutions, and
pass through many layers of the finest Swedish filtering-paper.
Most particles are so small as to be beyond the reach of optical
definition as single particles. They exhibit their presence, how-
ever, by iridescence in the case of myelin and lecithin, and by
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reflecting polavised light in all cases.  These solutions, therefore,
resemble somewhat the cold solutions of soaps, and the emulsions
produced by solid fatty acids with neutral phosphates, the emul-
sion produced by vegetable seeds (almonds) with water, ete. ; but
they differ from milk and emulsion of fats and gum by there being
few particles visible. Moreover, emulsions are supposed to require
the presence of two agents besides water, whereas these brain
substances give this peculiar solution with mere water ; they are not
decomposed, as the soaps are, into acid and alkaline salt, as they
are not salts, but form these solutions in the free and uncombined,
but also in the combined state. I can give no hetter definition of
this peculiar condition than by deseribing it as « slafe of imperfect
or incomplele solution, a stage intermediate between the solid and
the fluid state of matter. Those who do not coincide in this de-
seription may term the solution an ‘emulsion,” if that conveys any
definite idea, or a state of the finest subdivision of particles, with
pecnliar attraction of these particles to water, and consequent re-
pulsion of particles from each other. This latter part of the
question I shall have to consider at greater length when I come
to discuss the dependence of the structure of the brain upon the
chemical and physieal characters of its ingredients. For the pre-
sent purpose it suffices to sum up that these phosphorised bodies
have all an extreme attraction for water, swell in it, and ulti-
mately form a nearly perfect solution. Amidomyelin, when
obtained by dialysis from cadmium chloride salt, forms a perfect
solution, which filters like water, but congeals hy warmth.
Sphingomyelin, when quite pure, contracts again and then sinks
in water, and can be filtered out of it. By this means they afford
good opportunities for mechanical and chemical purification now
to be described.

Deposition of Tmpurities,—The solutions, on standing, deposit
any mechanical impurities, and any cholesterin contained in the
matters dissolving crystallises out and sinks to the bottom. Any
excess of the matters beyond saturation is also deposited, as well
as the less soluble compounds—e.g., sphingomyelin.  If any cere-
brin were with the matters, it would also deposit. All solutions,
therefore, produced as above, and which experience has shown me
should not contain above 1 per cent. of the matters, must he
allowed to stand for a day or two, in order that these insoluble
impurities and admixtures may be deposited. The pure solution
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is then removed with the siphon frem the deposit, the solution is
filtered, and the deposit further exhausted with water,

Filtration of the Watery Solutions of the Phosphovised Muaflers.—
When the solutions are placed on an ordinary filter of paper, a
portion passes by gravitation ; but the pores of the paper gradu-
ally become obstructed, and filtration ceases. It is therefore
necessary to expedite filtration by the aid of pressure. For this
purpose I have constructed a new apparatus, in which a vacuum
draws the liquid to be filtered into a Lollow eylinder surronnded
with paper.

The filter is a hollow cylinder of silver-plate pierced like a fine
sieve, and covered with a six-fold roll of Swedish or Ehenish
filtering-paper, made secure at the top and bottom by a ring of
string, which also runs spirally over the whole paper. This
stands in a glass eylinder, which contains the fluid to be filtered,
and is always kept full by a perpetual siphon, drawing the
liquid from the reserve bottle ; as frequently as the fluid in the
wide upper part of the cylinder sinks below the oblique end of
the air-tube, which is wide and provided with a bulb, air is
admitted, and the siphon acts. The bottle receiving the filtrate
is evacuated of air gradually by means of the air-pump. The
tube which draws the filtered liquid from the cavity of the
eylinder goes to the bottom of the cylinder, se that nearly the
whole of the filtered liquid can at any time be drawn into the
receiver.

Such a eylinder, about a foot long and four inches in cir-
eumference, will, with a pressure of 70 centimetres of mercury,
filter a Winchester quart full of 1 per cent. solution of phos-
phorised matter per day : the more, the purer the substance is;
the less, the more cholesterin it contains. Sometimes only 100 ce.
are filtered per hour. In such a case a coarser filtering-paper
should be rolled over the Swedish, to collect the coarsest particles
and prevent them from getting upon the Swedish paper. After
some hours filtration becomes slow, and nltimately ceases entirely ;
then the paper is found covered with a gelatinous mass of undis-
solved matter and impurities. These may be rinsed off and again
extracted and filtered, but I have mostly found the matter so
smnall in quantity that I have discharged it with the paper. Such
a filter, with two changes of paper per day, may be going night
and day, and, if all corks are air-tight, which is easily effected by
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applying hot paraffin to them, requires very little attention except
a few strokes of the pnmp from time to time. When the sub-
stances previous to their solution in water were very pure, they
left no vestige of cholesterin erystals or of cerebrosides on the
filter. The filtered fluids are still opaque, those from kephalin
more coloured, those from myelin and lecithin of a milky white-
ness with the blue iridescence. When a good filtration had been
effected, a second filtration effected no improvement, and was
quickly accomplished, In this manner all phosphorised matters
used for cardinal preparations were passed through the process of
watery solution and filtration.

The process offers peculiar advantages for each of the three
varieties of phosphorised prineiples. Kephalin scarcely ever re-
tains any cholesterin, but myelin always does, unless it has passed
through the PtCl,, or lead process.

Solubilily of Phosphovised Matters in Ether.—Kephalin dissolves
in this reagent in almost any quantity ; lecithin only less than
kephalin ; but myelin is very little soluble in cold ether, more in
hot ether, and is instantaneously deposited from the ether as it
cools. Sphingomyelin behaves in a similar manner.

Solubility of FPhosphorised Matiers in Alcohol.— Lecithin dissolves
in all proportions in hot absolute alecohol, less in cold ; kephalin is
almost insoluble in cold aleohol, more soluble in hot, almost en-
tirely deposited on cooling ; myelin, paramyelin, amidomyelin,
and sphingomyelin are, however, little soluble in cold aleohol,
largely soluble in hot, and deposited on cooling in a crystallised
state, and in such quantities that the fluid becomes filled with
erystals. It will thus be seen that, while water offers no means
for the separation of these substanees from each other, ether and
aleohol offer great advantages, which have indeed been utilised
in the construction of the method for their separation above

described.

A. SUBGROUP OF MONONITROGENISED MONOPHOSPHA-
TIDES. N :P=1:1.

LECITHINS.

Definition.— Lecithins are phosphorised and nitrogenised imme-
diate principles of brain-tissue and eggeyelks. There are three
varieties known, all containing neuryl, oleyl, glyceryl, and a third

.
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.aeid radicle replacing hydroxyl in the phosphoric acid ; the three
varieties differ as regards the third acid radicle.

Isolation.—Lecithins can be isolated by the following process :
The aleoholic extract of brain-matter from which white matter
has been deposited is concentrated until on cooling it forms the
deposit called buftery. This is isolated by filtration, re-dissolveil
in warm spirit and treated with lead acetate and ammonia as long
as a precipitate is produced, and filtered hot. The filtrate depo-
sits a crystalline mixture of cholesterin, lead salts, and lecithin,
This mixture is again iselated by filtration, dissolved in hot
spirit, and allowed to erystallise again. To the solution filtered
from the first deposit as well as to that filtered from the second
crystals an aleoholic solution of cadmium chloride is now added,
as long as a precipitate is produeed : then half the volnme of the
cadmium chloride solution already used is added to the mixture.
The precipitate is isolated by filtration and dissolved in boiling
spirit ; the solution, filtered hot, is allowed to deposit the salt,
which is then filtered off. This is a mixture of three, maybe
four, compounds, one of lecithin with cadmium chloride, another
of paramyelin with the same salt, a third of amidomyelin, and a
fourth of sphingomyelin with cadmium chloride. The last is, if
at all, present in the smallest quantity ; the lecithin and ami-
domyelin eompounds are present in about equal gquantities, and
constitute the great bulk of the precipitate. The precipitate is
dried in vacno over sulphurie acid (when dried on the water-bath
it becomes coloured), finely powdered and exhansted with ether.
It is again dried and powdered, and treated for the separation of
the several eompounds as follows :

The dry precipitate is suspended in a large volume of anhydrous
benzol and frequently stirred ; kephalin cadmium chloride and
kephaloidin eadmium chloride are extracted at this stage ; the
mixture is then boiled for some time in a water-bath, and a por-
tion of the benzol is removed by distillation, The mixture is
now allowed to stand in a cold place for twenty-four hours, and
then thrown on a filter. The matter remaining on the filter is
subjected to the same treatment with fresh benzol as often as
may be necessary to exhaust it of all matter soluble in eold henzol.
The matter insoluble in cold benzol is now again boiled with
benzol and - thrown on a filter kept hot by a steam-jacket, - A
benzol solution now passes through the filter, which deposits a
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compound on cooling, and keeps little or nothing in solution.
This treatment also is repeated until the inscluble compound
yields nothing to boiling benzol. The cadmium chloride precipi-
tate has thus been separated (leaving the kephalin compounds out
of consideration for the present) into three different matters :

(1) Compound soluble in cold benzol, lecithin cadmium chlo-
ride.

(2) Compound soluble in hot henzol, deposited on cooling,
paramyelin cadminm chloride.

(3) Compound insoluble in benzol, cold or boiling, amidomyelin
dicadmium chloride.

As sphingomyelin is somewhat soluble in cold aleohol, it is to
be expected that a small quantity is present in the mixture of
which the three compounds just defined are the principal con-
stituents. It may be separated from the amidomyelin in the
manner to be described below. But its presence in the cadmium
chloride preeipitate from buttery matter has not been proved ; in
the process of separating the eduets by solvents only i1t remains
mainly if not entirely with the cerebrosides and cerebrinacides,
after the lead process with the cerebrosides only, to one of which,
kerasin, it has a slight chemical affinity. This might explain its
absence from the buttery matter.

Episode concerning the Shifting of Cadmivm Chloride in Mixfures
of Lecithin, Puramyelin, and Amidomyelin during vecrystallisation
from Spirit.—It was observed that precipitates which had been
exhansted with ether, and therefore were free from uncombined
lecithin, after reerystallisation from spirit left some free lecithin
in the mother-liquor, which could be precipitated by renewed
addition of cadmium chloride solution. It had also been observed
that such precipitates containing amidomyelin showed a higher
percentage of cadmium chloride than hefore. Similar data were
also obtained during the treatment and analyses of the platinum
salts.  On the basis of these observations the following hypothesis
was formed. .

Amidomyelin probably combines with cadmium chloride in two
proportions, namely, either with one molecle of this salt, or with
two molecles, thus :

¢, H N, PO, +CdCL, containing 17-90 per cent. CdCl,.
C,He,N,PO, + 2CdCL, containing 30-37 per cent. CdACl,.
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The former has a tendeney to saturate itself in the presence of
lecithin cadminm chloride, C H_ NPO,+CdCl,, containing 19-42
per cent. CdCl,, and during recrystallisation from spirit, or during
suspension in benzol in which the lecithin salt is in solution, takes
up some cadminm chloride from a portion of the lecithin, which
is thereby set free and remains in the spirituons, or as the case
may be, benzol motherliquor. This kind of shifting of the cad-
mium chloride is more likely to occur in anhydrous solvents, or
strong spirit, whereas the dissociation under the influence of water,
complete during the process of dialysis, is partial, particularly in
dilute solvents or edulcorants.

Continuation of the Description of the Piocess.—The solutions in
cold benzol obtained in the process described in the foregoing arve
allowed to stand for some days in the cold and repeatedly filtered.
They are then concentrated, allowed to stand, and filtered again,
until the residual solution rvemains quite clear and free from
deposit. Filtration is absolutely required to prove the absence of
deposits, as these are so transparvent that they easily escape from
observation by the eye.

The concentrated thick benzol solution, which is mostly coloured
and strongly fluorescent, may now he evaporated to dryness, and
the residue further studied. But it is preferable to add to it
absolute aleohol as long as a preeipitate ensues. Time is again
wanted to complete the precipitation. The precipitate is washed
with alechol, dried in vaeno, exhausted with ether, and reerys-
tallised from spirit. Now a portion remains insoluble in boiling
spirit, but the bulk dissolves and is deposited on cooling as a
white mass, which, under the microscope, is seen to consist entirely
of needles arranged radially in stars and balls,

Sepavation of Lecithin from Amidomyelin and Paramyelin when all
are in the free state—All three bodies are precipitated by cadminm
chloride, anil the compounds are soluble in boiling spirit.  When
the mixture is decomposed in one way or another, and the result-
ing free bodies are dissolved in hot spirit, the amidomyelin and
paramyelin separate first in the shape of white leaflets. again on
coneentration ; from the highly concentrated spirit a mixture of
lecithin and little amido- or paramyelin is at last deposited as an
unctuous mass. YWhen this is treated with ether, white amido- or
paramyelin remains insoluble. When the ether solution is dis-
tilled to dryness and the residue treated with absolufe aleohol,
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lecithin disselves, while again some amido- or paramyelin remains
insoluble. The absolute alcohol solution deposits more amido- or
paramyelin on long standing, particularly at low temperatures.
But it is, perhaps, not practicable to obtain perfectly pure lecithin
without a trace of amido- or paramyelin by this process, although
the amido- or paramyelin obtained by it is perfectly free from
lecithin, A specimen of lecithin thus prepared (by dialysis, ete.,
but not separated as CdCl, salt by benzol) gave on analysis 366
per cent. P. and 2-83 per cent. N. The amount of nitrogen
shows that the body contained yet some amidomyelin.

The lecithin, when thus purified as far as possible, gives a white
CdCl, =alt which is soluble in boiling spirit, and when deposited
from it leaves some coloured impurity in solution.

On the mode of separating lecithin from amidomyelin by benzol,
when both bodies are eombined with CdCl, see anfe, and in the
relative paragraph under amidomyelin.  Paramyelin can be sepa-
rated to some extent from amidomyelin by the greater solubility
of its hydrochlorate, but completely only by the solubility of its
cadmium chloride ecompound in boiling benzol, in which amido-
myelin is insoluble.

Properties of Lecithin,—Lecithin is a white crystalline body,
erystallising in thin plates, which when compressed form a wax-
like mass. It is very soluble in spirit, being only deposited when
the solution is extremely concentrated. A slight rise in the tem-
perature causes the erystals to redissolve. When to its cold

‘saturated solution in spirit water is gradually added until a per-
manent considerable turbidity is produced, and when this turbidity
is cleared up by heating, the solution deposits on standing lecithin
in the semi-=solid hydrated state. The solution in 80 per cent.
spirit treated as deseribed left 308 per cent. lecithin on evapora-
tion. The unctuous lecithin under the microscope consists of
balls in coneentric layers. Lecithin is easily soluble in ether.
It is easily soluble in chloroform, and is left on evaporation as
a non-crystalline mass.

It dissolves in oil of vitriol with a yellow colour, and on addi-
tion of thick cane-sugar syrup Raspail's reaction, a purple colour,
is gradually produced, changing slowly into black. The reaction
is due to the oleyl radicle contained in the lecithin.

Compounds of Lecithin.—An alcoholie solution of lecithin is pre-
cipitated by cadmiin chloride ; the white voluminous precipitate,
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amorphous at first, erystallising on standing in the mother-liquor,
is easily soluble in boiling spirit, and deposited on rapid cooling
in white crystalline granules; on slow cooling, acicular erystals
arranged in balls and rosettes are deposited. They are very
uniform and characteristic, and totally different from sphingo-
myelin cadmium chloride. This precipitate is insoluble in cold
and boiling ether, easily soluble in benzol.

Platinum Chlovide Hydrochlorate of Lecithin.—Lecithin is preci-
pitated by an acidified solution of platinum chloride in spirit ;
the voluminous yellow precipitate is easily soluble in ether, and
again precipitated from this solution by absolute aleohol. TIts
formula is 2(C,,H, NPO,)+2HCl+PtCl,, A compound also
oceurs with one HCI only, and another without any HCI, and
containing PtC1, only.

Lecithin is not precipitated by a mixture of lead acetate and
ammonia.

Solubility of Lecithin CACL, Sult in Spirit.—Ten ce. of the 84 per
cent. spirit solution which had deposited a erystallised salt, on
evaporation left 0-0387 g. solid matter. One part of the salt
therefore requires 258 parts of spirit at 17" C. for solntion.

Bearing of the Lecithin CUCI, Salt with Benzol.—When the erys-
tallised salt is placed in pure dry benzol it swells and becomes
transparent, but does not dissolve. If now the mixture be heated
for some time, the salt dissolves without residue, and the clear
colourless solution does not form any deposit on cooling and
standing. This phenomenon is due to hydration of the crystal-
lised salt; during the first boiling with benzol the water is
evolved and passes over with the benzol vapours; when clear
benzol passes over, all salt is and remains in solution.

Lecithin  Hydvochlorate, C H, NPO, + HCL.—The pure white
cadmium chloride compound is suspended in spirit, and the mix-
ture is saturated cold with hydrothion. It is now heated in a
water-bath to boiling while the current of the sulphuretted gas
is continued, until the filtrate is no longer affected by it. The
decomposed matter is thrown on a filter arranged on a steam-
jacket, and the colourless spirit solution of lecithin hydrochlorate
is separated from the cadmium sulphide. The solution deposits
the hydrochlorate as a felted mass of erystals. By slow crystal-
lisation from dilute solutions white erystals are obtained. As the
cadminom chloride yields two molecles of hydrochloric acid, of
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which only one combines with the lecithin, the mother-liquor con-
tains free acid in solution. As this acid decomposes lecithin at
high temperatures, it is not advisable to endeavour to obtain the
lecithin hydrochlorate which remains in solution in the spirit by
evaporation of the latter by heat. It is preferable to extract all
hydrochloric acid from the solution by mercuramin, reprecipitate
the lecithin hy cadminm chloride, and redecompose this by
hydrothion in a minimum of spirit. If it is desired to obtain the
whole amount of lecithin in a given preparation as hydrochlorate,
the body should be nentralised with the acid, and the solution
evaporated in a vacuum over lime and oil of vitriol.

The hydrochlorate crystallises in thin leaflets, to be seen by the
microscope ; they are hexagonal, frequently sancer-shaped, and,
owing to their extreme tenuity, mostly so distorted and crumpled
up that they appear as a cenfused mass of curved needles.

(Human) Lecithin Hydrochlorate—By CdCl, from aleoholie solu-
tion of white matter and buttery. Passed throngh benzol process;
the soluble in the cold part again recrystallised from spirit. The
white salt was decomposed by hydrothion, the solution allowed
to crystallise ; the crystallised mass was reerystallised. Dried in
vacuo to a perfectly white mass which conld be powdered easily.
At 98" it became a little soft, and by prolonged heating somewhat
coloured. It gave on analysis 4-84 per cent. HCI], 2'03 per cent. N,
and 4-29 per cent. P ; therefore, HCl: N :P=1:1:1.

(Ox) Lecithin Cadmium Chloride,

THEORY. _
;ﬁmu. Per ﬂent: Found.
43 C 516 539 N el
84 H 24 1 —_
1N 14 146 1-34 ——
1P 31 324 3-28
50 128 — = iR
1 Cd 112 11471 — —
2 71 742 T s
956
Lecithin @ 773 80-87
Cd Gli 183 19-13
956

C HNPO, + CdCl, At. W. = 942, requires 19-42 per cent. CdCL.
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Cuemorysis oF LeEcrrHIN.—Lecithin, when isolated as platinie
chloride hydrochlorate salt, immediately after isolation begins to
decompose, and completes this decomposition during the steps
necessary for its purification. Its platinum salt, which is in the
first instance soluble in ether, becomes in the air or in the vacuum
speedily covered with oily drops (oleic acid), and the residual salt
is then insoluble in ether. It was upon such changed platinic salt
- insoluble in ether that the following chemolysis was effected :

Water alone was found capable of removing at least some of
the platinic chloride ; hut this treatment was not persisted in, and
the salt was boiled with two molecles of BaH,0, during two hours.
The decomposition was effected very readily, a black precipitate
(of platinum) being formed simultaneously and insoluble barium
salts of certain fatty acids.

The Barium Salts.—These were washed with water, and then
decomposed by hydrochloric acid, in the presence of ether. {; The
ether solution was distilled to dryness, and the residual matter
converted into ammonium soap ; and the latter in its turn was
converted into barium salt once more, and after drying extracted
with much boiling absolute alcohol. The alcoholic extraction was
continued to perfection. The extracts deposited a white salt on
cooling, which was isolated, dried, and analysed; it gave 1955
per cent. Ba. Oleate of barium requires 19-59 per cent. Ba. This
salt was therefore oleate of barium.

The barium salt left undissolved by the aleohol was insoluble
in ether. It was once more decomposed by hydrochloric acid in
the presence of ether, and converted first into ammonium soap,
and again into barium salt. It was now isolated, dried at 100° C.,
and analysed ; it gave 1982 per cent. Ba, and 5776 per cent. C
and 9-86 per cent. H.

Computation of Analyses :

Percentages, AL Wets, Ba=1.
C 5776 4-813 334
H 9-86 0-86 6584
Ba 19-82 ‘144 10
O 12-56 T8 4
—C,H, B0,

This was, therefore, appavently margurafe of bavium.
The Barifa Solution.—The excess of barita was first removed
from the solution by means of carbonic acid, and then nitric acid
4
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was added to strong acidity. In this state the solution was pre-
cipitated by phosphomolybdic acid, and the filtrate reserved. The
precipitate was decomposed by hot barita and concentrated to a
low bulk. The barium which still remained in combination with
the base was carefully removed by the exact amount of sulphurie
acid necessary, and after concentration the resulting solution was
neutralised by HCI and precipitated by aleoholic PtCl. The
platinic compound ecrystallised from water in long prismatic
needles.

The quantity of the platinum salt obtained was very near to
that which should have been obtained if all the nitrogen had
existed in one form in lecithin, and had heen obtained in one
form.

Compulation of Analyses :

Percentages, +At. Wgts. +Pt-1.
C 1802 1576 978
H 468 468 2900
N 463 330 200
0 561 350 2:10
Pt 31-79 ‘161 1-00
Cl 34-37 D68 600

= (C,H,,NO), (HCI), PtCl,.
The filtrate separated from the phosphomolybdic acid precipi-
tate of the base was found to contain glycerophosphoric acid.

The chemolysis of lecithin, therefore, is complete, as there were
obtained :

Oleie aeid - - —LEE A

Margaric acid - = UFH 0,

Glycerophosphorie acid = B BRI

Neurin - - - —U,, H“'\’.' O
Total - - - = (' D E L
Deduct - - = Hy U "entered in chemolysis
Leaves - - = L‘ Hﬁl\l 0, =lecithin.

I have lately chemolysed a specimen of lecithin which had
been as CdCl, salt entirely soluble in cold benzol, and had heen
crystallised from spirit, after several earlier crystallisations had
been removed. It yielded oleie acid, margarie acid, glycerophos-
phoric acid, and neurin. In the course of this chemolysis I
observed that benzol is a better medium than ether for separating

i
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the lead oleate from the lead margarate. This lead process also
yields a purer margarate than the exhaustion with alcohol adopted
above ; but the oleate is again less pure than that deposited from
aleohol.

Note on Oleic Aeid and its Reaclion with Oil of Vitriol and Sugar.—
Oleic acid 1s generally considered to have much affimity for oxigen,
so as greatly to impede attempts to obtain it in a pure state.
This absorption of oxigen is considered and stated to be attended
with the production of a brown colour, and a change in the nature
and properties of the acid.

Pure oleic acid, prepared expressly from oil of almonds, with
the view of comparing it with the oleic acid furnished by lecithin,
showed none of these properties. The potassium, ammonium,
lead, and barium salts were all white, and showed no tendency to
become coloured on exposure. The free acid was also free from
this tendency, and was only very faintly yellow, while its solution
in ether was colourless and did not become brown on exposure.
To prove the purity of the body the barium salt was analysed for
barium, and found to contain 19-73 per cent. as against 19-60 per
cent. required by theory.

Sulphurie acid turned oleic acid yellowish and red, but chloro-
form had no action on the mixture. It gave a solution with acetie
acid which was so turbid that no spectrum could be obtained.

But with sulphuric acid and sugar it immediately turned
purple (with sulphuric acid alone it was yellowish-brown), and the
product dissolved with a splendid purple colour in acetic acid ;
the solution presented the following spectrum :

In the concentrated state it passed red at A, thence a shade
increased to I), then black. A more diluted solution presented
one broad absorption band between D and E. End at G.

The edges of this band shaded off so very gradually that it was
difficult to fix the margins ; this solution was red, but presented
a green fluorescence ; it was not brilliant, and became more turbid
on standing,

Oleic acid in chloroform was now mixed with a drop of sugar
syrup, and then with sulphuric acid ; it immediately became in-
tensely yellow ; on stirring and breathing upon it, it became
purple, but the colour was very dark and mixed with brown.

It was soluble in glacial acetic acid, giving the above spectrum.
Chloroform extracted a splendidly purple matter, leaving a dingy

4—2
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one behind. This solution, suitably diluted and kept anhydrous
by sulphuric acid, passed red to C. Further diluted, there was a
band between (' and D, and another between 1) and G ; blue to C.

Again diluted, band 1 disappeared and band 2 contracted.
Acetic acid solution of same test gave same band. The band
became shaded off near green. Therefore with chloroform it
presented the same spectrum as phrenosin and kerasin, but these
were insoluble in acetie acid, in which the oleie acid test was soluble.

Theory of Lecithins considered as Phosphatides.
{}Ieu-Palmito (zlycero-Neuro-Phosphatide.

mgﬂg
OP - L‘“il_':ﬁi t =C HLNPO,.
[0 Hi
DI{:a-Mmgnm -Glycero-Neuro-Phosphatide.
(CsH30y ]
0111(‘* Ha0: 4 _¢ 1 NpO,
(CH N
Oleo-Stearo-Glycero-Neuro-Phosphatide.
[ G045 ]
OP | u;‘lisﬁ L~ H,NPO,
HL‘,,H“‘#
C 42 504 43 516 44 528
H 83 | B2 84 84 B6 86
o R R |1 1 e 1 14
Py 3k 408 ") 3l 1 31
0O 8 128 8 128 8 128
7h9 T'-T:E 787

The first three radicles in each formula replace a molecle of
hydroxyl each ; but the addition of neurin takes place under cir-
cnmstances which engender the expulsion of a molecle of water
from the neurin itself. The mobility of this molecle of water in
neurin is clearly shown in the course of the synthesis of this base.

2. KEPHALINS.

a. Kephalin.
Purification.—The crude kephalin obtained by the priwary
operations is dried under the air-pump over sulphuric acid. It




PHOSPHORISED PRINCIPLES OR PHOSPHATIDES. 53

must be repeatedly taken out and flattened out in a mortar, and
again dried before it becomes dry and brittle, and can be
powdered. Resolution in absolute ether, reprecipitation by
absolute alcohol, and redrying causes a great improvement, but
also much loss.

The dry substance is then dissolved in pure water, 10 g. in
the litre, and after complete disintegration by agitation in a
stoppered bottle, iz allowed to deposit less soluble salts and im-
purities, decanted or siplioned from these, and then filtered by
pressure as deseribed.

The filtered solution is now treated with enough hydrochloric
acid to effect complete precipitation of all kephalin as hydro-
chlorate, a salt which appears in voluminous flakes, and on
shaking collects on the surface of the liquid. (This precipitation,
like others to be related, affords a good criterion of the previously
dissolved state of the substance.) The mother-liquor is drawn
from underneath the precipitate with a siphon ; fresh water is
poured on the precipitate, and the whole is now placed upon a
paper filter or eloth, and washed with water until it begins to swell
and dissolve. At that point it is found that all HCl is washed out,
and that only pure hydrafed kephalin remains on the filter. This
was expressly proved by analysis in several cases, but more
especially in the following experiment.

Fapulsion of Hydrochloric Acid from Keplalin by Water.—Half a
litre of a weak kephalin solution was precipitated by HCI and
filtered ; the precipitate on filter was placed in 500 ce. of water to
test its solubility, and was found insoluble, but the water con-
tained free HCL It was again filtered, and after the solution had
run through absolute alcohol was blown on the precipitate ; this
became adhesive, and the solution refused to filter. The aleohol
and precipitate were transferred to a beaker, and the whole was
gently warmed in a water-bath to a temperature not much ahove
60°. The precipitate fused, but dissolved very sparingly,
apparently the less the more the alcohol made the precipitate
anhydrous. The aleoholic solution was now filtered off warm,
and the undissolved portion of the precipitate taken up with
ether. The solution so obtained was of a colour resembling
ordinary kephalin in ether, and was poured into the alcoholic
solution. The precipitate which ensued was fawn-coloured,
adhesive, and leathery ; it was isolated, washed with absolute
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alcohol, the mother-liquor being squeezed out of it, then pressed
and dried in air-pump. The whole was analysed for chlorine as
follows. It was heated to dryness in a strong solution of pure
soda, with carbonate and nitre added, and the mass was burned.
The fused mass was dissolved in dilute nitric acid, and the solu-
tion tested with silver nitrate. No precipitate oceurred,
showing that the body obtwined in this process is not a hydrochlovate,
but kephalin in a purified state.

Buases and Salts which ave in combination with Kephalin after Filtra-
tion of its Aqueons Solution.—The solution of hydrochloric acid and
othermatters filtered from the precipitated kephalin was evaporated
to dryness, A portion was then boiled with solution of barita,
when traces of ammonia were evolved. The rest of the residue
was then ignited in a platinum dish to destroy all traces of
organic matter. The ash was slightly molten, and only partially
soluble in water, but easily soluble in water slightly acidified with
hydrochloric acid. The solution was filtered from a trace of
carbon, and treated with excess of ammonia, whereupon an abun-
dant precipitate of eartly salts fell down, and the solution assumed
a deep blue colour. Precipitate and solution were separated by filtra-
tion. The precipitate dissolved readily in a little HCI, forming
a slightly red solution, indieating presence of iron, which was con-
firmed by the sulphocyanide test. In another porticn of the
golution dilute sulphuric acid gave an abundant precipitate of
gypsum, showing presence of calcium. In another portion the
molybdate test showed the presence of phosphoric acid. To the
remaining portion a few drops of ferric chloride were added, then
sodic carbonate nearly to neutrality, and lastly, excess of baritic
carbonate. This mixture was allowed to stand, filtered, and the
iiltrate, freed from excess of barita by sulphuric acid, was again
filtered. The filtrate, after supersaturation with ammonia, gave
a great precipitate with ammonium oxalate, insoluble in acetic
acid, showing presence of much caleium. The filtrate from this
caleic oxalate on coneentration and treatment with ammonia,
ammonium chloride, and sodium phosphate, gave the precipitate
characteristic of magnesium. The precipitate produced by barium
carbonate was boiled with excess of pure soda, and the filtrate
warmed with ammonium chloride, when only a turbidity was
produced, indicating the absence of aluminiwin.

The alkaline filtrate from the foregoing precipitate hy ammonia
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was tested for lime by oxalate, when a considerable precipitate
was produced, showing the presence of lime uncombined with phos-
- phoric acid, and which must therefore have been in combination
with part of the kephalin. The blue solution was again filtered
from caleium oxalate, which had been entirely precipitated, and
acidified with hydrochloric acid. The copper was precipitated by
hydrothion, the filtrate evaporated to dryness, ignited, and the
residue tested for alkalies. This residue was considerable, sur-
mounting in quantity or bulk the bases previously removed. It
was fusible with ease, and on solidification became white and
erystalline, but interspersed with many red particles of ferric
oxide. The fusion showed it to be mainly pofassivin chloride, but
there was also some sodium chloride present, as indicated by the
flame reaction, and the ferric oxide which had escaped precipita-
tion by excess of ammonia.

It is therefore proved that the kephalin obtained by the alcohol
and ether processes, and purification by solution in water and
filtration, consists of kephalin in the free state ; and of kephalin
combined with ammonium, sodium, potassinm, caleinm, iron,
copper, and with caleinm and magnesinm phosphates.

This experience was repeated a great number of times on, in
the aggregate, several hundred grammes of dry kephalin; the
calcinm and potassium salts were always found prevailing greatly
in quantity over the others; none were ever absent. Although
I have not compared the total of the neutralising power of the
bases with the total of the acid-combining power of the kephalin,
by direet quantitative experiment, I am sure that much kephalin
must have been present in the free state, as will appear from
future developments eoneerning the combining and dissociating
powers of this body.

Dialysis of Kephalin.—A solution of 5 g. of erude kephalin vas
dissolved in 500 ce. of water, and formed a white thick liquid,
from which some cholesterin crystallised on standing. It was
then placed on a dialyser of parchment paper. A ftrace of
kephalin passed into the water, but so small was the guantity
that no chemical operation could be undertaken with it

Kephalin does, practically, not dialyse, but acts as a colloid,
and allows its impurities to pass out into the water.

Clarification and Decolorisation of Watery and Ethereal Solutions
of Keplalin.—To a solution of 1 g. kephalin in 100 ce. of water,
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5 ce. of filtered fresh white of egg were added, and the mixture
was heated in a flask in the water-bath ; it remained turbid, and
no separation of coagulated albumin took place. The mixture
had a faintly alkaline reaction. On addition of a drop of acetie
acid to the heated mixture a copious precipitate ensued, which
enclosed both kephalin and albumen (the kephalin selution by
itself, cold, is only partially or imperfectly precipitated by the
same acetic acid). By filtration a perfectly clear liquid was
obtained, which was no longer precipitated by barita water or
platinic chlorvide, and not changed by boiling. Consequently, all
albumen and all kephalin were removed together from the solu-
tion, and perhaps in part combined. Cold ahsolute aleohol in
large quantity extracted all or nearly all kephalin from the albu-
men, and on distillation left it perfectly whife. The albumen, on
the other hand, was, after washing with aleohol and ether, in a
finely divided pulverulent state, and not hard nor horny. This
process is therefore useful for preparing snow-white kephalin,
which must, however, not again be brought into contact with
ether, as that would immediately cause it to become coloured
under the influence of oxidation,

Influence of Aanimal Charcoal on Waler Solution of Kephalin,—
To a solution of 1 g kephalin in 100 cc. of water, 2 g. of pure
animal charcoal were added, the mixture shaken, and then sub-
jected to the vacuum filter. A little fluid passed, which became
at last quite clear. A portion of the last clearest, collected by
itself and tested, was found to be almost pure water; for hydro-
chlorie acid, platinic chloride, barita hydrate, and lead acetate,
produced the very feeblest precipitates only, while the original
solution was made solid by the same precipitants. The animal
charcoal therefore retained the kephalin, and when isolated and
extracted with aleohol yielded it up to that solvent. This ex-
perience, as well as that made with albumen, shows that the
watery solution of kephalin cannot be clarified by these agents, if
indeed they do not show also that the condition of kephalin is
one of suspension and not of true solution. That, however,
charcoal has a special attraction for kephalin, such as it also
exhibits towards other ammonium bases and alkaloids of un-
doubted solubility in water, is shown by the following experiment.

Bearing of Kephalin in Ether with Charcoal.—A concentrated
solution of kephalin in ether was treated with much animal char-
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coal, in order to be decolorised. The object was but partially
obtained. The charcoal, after filtration and washing, was found
to retain much kephalin, which was extracted by hoiling absolute
aleohol, and from this deposited on cooling in a perfectly white
stafe. The solution deposited more on spontaneous evaporation.
- Both were tested and identified as kephalin.

Kephalin therefore can be removed from watery solution by
charcoal and cnrdling albumen, and again extracted from these
substances by hot or cold aleohol in large quantity, and obtained
from these solutions in a perfectly white state.

Ultimate Analysis of Kephalin.—A specimen of highly purified
kephalin was passed through the water-filtration and hydrochloric
acid process ; it amounted to four litres of one per cent. solution,
and after resolution in ether and precipitation by aleohol, left
about 30 g. dry matter. It was thoroughly dried in vacuo over
sulphurie acid, being frequently triturated, and ultimately redueced
to a fine powder. Carbon and hydrogen were determined by
combustion with lead chromate and copper turnings. Nitrogen
was determined by volume, the bichromate and carbonate mixture
heing used for production of carbonic acid gas. FPhosphorus was
determined by evaporating the substance with solution of pure
soda, made from metallic sodinom, mixed with carbonate and
nitre, to dryness, slowly deflagrating, ete., and determining phos-
phorie acid by magnesia method.

Thus were obtained the following percentages and atoms :

Theory.

Found. = by At. Wgt. = by N=1 — : —
Atoms., Per cents.

¢ 6000 500 417 42 C 504 GO-28
H 939 9-39 783 9 H 79 944
N 168 13 1:0 N 14 167
1A iy ‘13 10 15 3l 370
O 2466 154 12-9 130 208 2488

10000
leading to formula C,,H. ,NPO,, =C H, NPO, + 5H,0.

We shall see hereafter that this formula is supported by the
results of the analysis of a number of other preparations, being
partial or complete compounds of kephalin, of which the organic
matter always has the composition of the free substance ; the
results of a series of chemolytic experiments lead to the latter
formula. But the assumption of the presence of five molecles of
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water of hydration brings the constituent hydrogen to so low a
figure that it cannot be explained out of the sum of the chemolytic
products. On the other hand, the assumption of the presence of
five atoms of loosely attached oxygen meets also with theoretical
objections. The difficulty here touched requires evidently ex-
perimental elucidation.

Solubililies of Kephalin.—In water kephalin swells and forms an
emulsion, ultimately an imperfect turbid solution. Its affinity
for water is very great, and the last quantity of water is expelled
from it in the vacuum only with great difficulty and after a long
time. From a watery solution or mixture it cannot be extracted
by ether, as the liquids form an emulsion which persists even after
a portion of the ether has separated from the water. This emul-
sion is very thick, like paste, white like milky water, and practi-
cally unmanageable. When a drop or a few drops of a coneentrated
ether solution are allowed to fall into a test-tube full of water, the
mixture is at once transformed into a white jelly, which is so firm
that the tube can be turned upside down without anything flowing
out of it. Solutions of kephalin in water on standing do not
decompose or become mouldy, even in the course of some weeks.

Cold absolute aleohol dissolves a little kephalin, more on boiling,
and deposits a part on cooling in white flocks. One hundred
parts absolute aleohol at 17° C. dissolve seven parts kephalin ; at
boiling heat of the alcohol nine parts, of which two parts are
deposited on cooling. When an excess of kephalin is boiled with
an insuflicient amount of aleohol, the part which remains insoluble
does not seem to undergo any change, for i retains its solubility
in ether and precipitability by aleohol and other reactions.

In ether kephalin, when not too much hydrated, is highly
soluble ; when dry it is soluble in anhydrons ether in almost any
proportions ; it does not erystallise from this solution, and cannot
be made to deposit as from a mother-liguor. It is precipitated
from the ether solution by an equal or greater volume of aleohol
in white clouds, which combine to clots, and ultimately forms a
firm substance, which becomes at first plastic, and then dries in
vacuo to a hard brittle mass. The ether solution becomes quickly
red in transmitted light, and fluoresces with a fine green colour.
No other phosphorised or other brain ingredient shows this pecu-
liarity except kephaloidin.

A specimen, thrice precipitated from ether by aleohol, and
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when last in ether, exposed during twenty-four hours in ice to a
temperature of 0°, proved soluble in cold benzol, and very soluble
in hot. It formed a yellow solution. A sample in a test-tube
exposed to frost gave no deposit. The addition of aleohol to the
benzel solution produced a slight precipitate, insoluble in excess
of aleohol, but soluble in excess of benzol, and soluble on heating,
Benzol ean therefore not be used, like ether, for the purification

of kephalin.
Reactions of the Agueous Solution of Kephalin.—A 1 per eent.
solution, filtered by air-pressure through three-fold Swedish filter-

paper, was used.

1. Hydrochlorie acid gives a bulky curdy precipitate, slightly
yellow, and after 1solation soluble in ether, nof precipi-
tated by alcohol from its ethereal solution. (In the
filtrate from this hydrochloric acid precipitate platinic
chloride produces the merest opacity.) But from the
ethereal solution of the HCL precipitate alecoholic PtCl,
throws down a precipitate, which is soluble in ether,
and reprecipitated by aleohol.

Sulphurie acid produces a precipitate like that produced
by HCL.

Nitrie acid the same as the previous aeids.

Barita water produces a bulky eurdy preeipitate.

Lime-water produces a similar precipitate, but it does not
separate like the BaH,0O, precipitate.

6. Cadmic chloride induces a curdy precipitate which readily
coalesces,

Zine chloride behaves similar to CdCl,.

Mereuric nitrate produces a dense precipitate, which is in-
soluble in nitric acid, but coloured slightly yellow
thereby, heat being evolved. The precipitate is some-
times rose-red, and in adhesive flakes. Washed and
allowed to stand with water it becomes again white,
ropy, and adhesive, and soft, and on being shaken easily
dissolves in water in the manner of the original kepha-
lin. The mercuric nitrate seems therefore to be separated
by water from kephalin in the same manner as other
salts and acids are.

9. Barium chloride produces a good dense flaky precipitate.
Immediately after isolation it is insoluble in water, in-
soluble in alcohol, but easily soluble in ether, and
apparently reprecipitated by aleohol. This reprecipitated
matter contains barinm, but gives it up again to water.

10. Calcium chloride acts like BaCl.,.

11. Platinic chloride produces a bulky precipitate.

]
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. Ammoniz makes solution a little turbid, but causes no pre-

cipitate.

Platinie chloride mixed with HCl produces a very well-
defined precipitate.

Magnesium chloride canses a very precise immediate preci-
pitate.

Ferrie chloride produces a yellowish turbidity and imperfect
precipitate.

Uranie nitrate produces a white turbidity and imperfect
precipitate.

. Watery bromine produces a bulky, nearly white precipitate,

soluble in caustic potash ; acetic acid added to this again
liberates the precipitate. Chloroform added to this mix-
ture produces a chloroform solution of Br at the bottom,
containing the excess of reagent, and an impracticable
white emulsion on the top.

Cupric nitrate

Cupric chloride | All produce perfeet precipitates of a

C'uprie sulphate greenish-white colour.

Cupric acetate

Mercurie chloride makes the solution very turbid, but pro-
duces no precipitate.

Mercuric acetate causes an immediate complete precipitate.

Silver nitrate, immediate complete precipitate, darkening a
little when exposed to sunlight.

5. Gold terchloride, and a drop of hydrochlorie acid, cause

an immediate ]n*ecl;ntatr- which blackens over ‘m"‘htr
Antimonic chloride produces a very bulky precise white
precipitate.
Stannouns chloride, a white fleky complete precipitate.
Stannic chloride, a precipitate and turbid selution.
Tannin in water, no particular reaction.
Fierie acid, a turbidity, but no manageable precipitate.
Arsenious acid, a precipitate and turbidity.
Arsenic acid, a very complete immediate precipitate.
Phosphorie acid, a very complete immediate precipitate.
Basie lead acetate, a precipitate and very turbid solution ;
no perfect separation.

In none of the foregoing reactions was any artificial heat em-
ployed, but they were all made at the ordinary temperature.

It was found that most of these precipitates could mnot be
washed with water without losing either acid or base, or salt,
with which they were combined. But most of them remained in-
soluble in water until the point of purity was reached, when the
kephalin either dissolved in the pure water, or clogged the
filtering-paper.

R
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Compounds of Kephalin.

Kephalin Cadmium Chloride.—Two litres of a filtered 1 per cent.
solution were precipitated by dilute HCL. The mother-liquor was
drawn off, and the precipitate washed by agitation with water.
The washing-water was again drawn off, and watery solution of
cadmium chloride added, which caused great condensation of the
precipitate. The liquor was again drawn off, and the precipitate
shaken violently with a great quantity of aleohol containing
aleoholic cadmium chloride. Thus the precipitate was condensed
to a viscous mass, from which the motherliquor was drawn off,
and the aleohol entirely removed by eareful manipulation. After
draining, the precipitate was dissolved in ether, and to the ethereal
solution was added aleoholic cadminm chloride cautiously, till a
glight permanent precipitate was perceived. This was removed
by filtration, and the brilliant fluorescent filtrate precipitated by
absolute alecohol. The viscous mass was again drained from all
aleohol by pressure with a glass rod. Redissolved in ether, it
formed a perfectly clear solution, which was reprecipitated by
absolute aleohol, when the compound came down in an almost
pulverulent state. It was thrown on a filter, washed with absolute
alcohol, then removed on a glass dish and placed under a dryer,
then in a vacuum over sulphuric acid, and frequently removed to
be powdered in a mortar, and ultimately finely pulverised. It
was then subjected to elementary analysis. Carbon and hydrogen
were determined by combustion with PLCrO,, and copper turnings.
Nitrogen was determined as gas. Chlorine, cadmium, and phos-
phorus were determined by fusion with caustic soda, nitre, and
carbonate, solution of salts in acid, precipitation of cadmium by
hydrothion, and conversion into carbonate. Chlorine and phos-
phorus were determined in filtrate from cadmic sulphide by the
usual methods. The cadmium and chlorine were in the relation
of Cd:Cl, inasmuch as 4-15 parts chlorine require 6-54 parts
cadmium,

Summary of per cenf. found :

C 53603 |

H 8519 |

N 137 | 8938
P 3-h4

0 2235 J

Ccd 647 =
€l 415 } e

100:00 10000



62 CHEMICAL CONSTITUTION OF THE BRAIN,

("aleulation shows that the kephalin is not completely saturated
with CdCl,; that about four parts out of nine are nuncombined.
For the formula, derived from the organic matter with P as 1,
i.e., C,H.,NPO,, CdCl, yields the equation—

C.H. . NPO,CdCl, CdCl,
i i = ——
1019 = 183 =  1iy = A78h
whereas only 1062 per cent. CdCl, were found.

Dedueting CdCl,, and caleulating per cents. of elements in

organic body, we get—
=+ by At. Wgts. <+ by Pas 1. At Wets,

C 5997 499 416 504

H 953 9-53 794 79

N 1:53 ‘11 10 14

P 396 12 10 31

0 2500 1-56 130 208 ’
836

leading to formula C,H, NPO,,, with an atomic weight of 336,
thus fully sustaining the composition of the free substance.

As 10 parts of CdCl,, supposed to be combined with a molecle
of kephalin, correspond to 59 parts of compound, about 40 per
cent. of the above substance may have been free kephalin.

The very weak chemical affinities of kephalin are here exhibited
in a striking manner ; CdCl, was brought into contact with it at
various periods, and yet could not be retained in ecombination.
This is due to the circumstance that CdCl, eannot be dissolved in
absolute, but only in somewhat watery alcohol ; and even little
water decomposes the compound, and earries the CdCl, away, as
will be shown by speeial experiment hereafter.

Kephalin with Hydvochloric Acid and Platinic Chloride.—About
three litres of 1 per cent. solution, which by the deposition of the
insoluble part and filtration had lost much of the I per cent.
originally dissolved, were treated with a mixture of HCI and
PtCl, in slight excess. A bulky yellowish-white eurdy precipitate
ensued, and rose to the surface ; it was allowed to contract, and
the yellow motherdiquor drawn from beneath it by a siphon.
Absolute aleohol, equal in bulk to the precipitate, was now poured
upon it, and the mixture violently shaken. This caused a further
contraction of the precipitate, indieated by lesser bulk, increase of
the yellow colour, and production of adhesiveness. The aleoholic
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liquid was again siphoned off, and another quantity of absolute
aleohol was now poured on the precipitate, and the mixture
violently shaken. The precipitate thereby became deep yellow,
adhering to the glass, and so contracted that the liquor could be
poured off quite elear. The precipitate was now treated with a
minimum of ether, in which it proved quickly and entirely soluble.
On filtration, nothing whatever remained on the filter. An equal
volume of absolute alecohol was added to the ether solution,
whereby almost the whole of the salt was precipitated. The
latter was freed from mother-liquor by careful manipulation with
a glass rod, redissolved in absolute ether, which gave a brilliant
solution requiring no filtration, and this was rveprecipitated by
absolute aleohol in equal volume, added in a thin stream while
the liquid was being stirred. The mother-liquor was poured off ;
the precipitate, which immediately became brittle and hard on
contact with absolute alcohol, was drained from aleohol and placed
over sulphuric acid in the vacuum.

Another amount of the same body was made from four litres
of a 1 per cent. solution in the same way, with this difference—
that whereas in the first case the precipitate was washed with
aleohol directly, in fhis case two washings with water were carried
out before the application of aleohol. This was done in order to
test the effect of water upon the compound desired to he pro-
duced. It was found that the dry body treated with ether and
aleohol like the first preparation contained only a trace of platinum
and a vestige of chlorine, both elements being too small in
quantity for accurate determination.

Both preparations were therefore united, and it was sought to
combine them with platinic chloride under cireumstances where
the influcnce of water was as much as possible excluded. (It
must be remembered that solid platinic chloride contains six
molecles of hydration water, which it necessarily carries into all
its solutions.) They were dissolved in ether, and an ethereal
solution of P'tCl, was added, then precipitated with absolute
aleohol ; again dissolved in ether, and treatment with PtCl, re-
peated. Ultimately the precipitate was dissolved in pure ether,
reprecipitated by pure aleohol, and dried in vacuo,

Analysis gave 3592 per cent. Pt, and 3-265 per cent. C1. If
the platinum had been accompanied by only as much chlorine as
corresponds to tetrachloride, 2:58 per cent. Cl should have been
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found. By caleulation we find that there is one-fifth of Cl more
than corresponds to this proportion, viz., 1 Pt:5 Cl=3592 Pt:
322 ClL

A compound of the presumable formula :

2(C,,H- NPO,,)+ 2CIH + PtCl, with an atomic weight of 2083
requires 95 per cent. Pt and 102 Cl. Consequently, the platinic
chloride compound comprises about one-third of the kephalin, of
which two-thirds are uncombined.

It is thus seen that although kephalin is most completely pre-
cipitated by PtCl, from its watery solution, yet by the process of
solution and precipitation with solvents in which PtCl, is soluble
most of the PtCl], is extracted from the combination and lost in
the mother-liquors, just as it is almost entirely extracted from the
same precipitate by water. In short, the acids, bases, and metallic
salts which easily combine with kephalin when they are present
in excess, are rapidly separated from it by solvents in which they
themselves are readily soluble.

Chemically speaking, these results are disappointingly negative,
inasmuch as they refuse to furnish the ordinary means for deter-
mining the atomie weight and for finding gnarantees of purity of
preparations. But physiologically these features are of the
greatest interest, inasmuch as they show us a marvellous diversity
of power of reaction of kephalin, by its entering into and out of
combination according to external cireumstances. When the com-
binants are offered in a concentrated state they are retained ;
when the liquids which carry the combinants (blood, serum,
cerebrospinal fluid) become again diluted, the combined matters
must again pass into solution and travel further., Thus every
change of chemical composition of the juices of the body must
necessarily and powerfully affect the condition of the brain
and nerves, and of all tissues and cells containing their specific
ingredients.

b. Awmidokephalin.

The details of the observation regarding this principle, and of
its transformation into lead salt, will be given lower down, in the
section of the dinitrogenised monophosphatides.

¢. Orikephalin with Cadmium Chloride, C H, ,NPO,,,CdCl,.

When the white matter (Ox) has been extracted with ether and
the kephalin removed from the ether solution by precipitation with
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absolute aleohol, there remains a bulky solution containing all
lecithin, much sphingomyelin, and some kephalin, together with
the cholesterin previously contained in the white matter. When
to this solution ('dCl, is added, a voluminous precipitate ensues,
which, after washing, yields to ether a quantity of coloured salt.
This after concentration is precipitated by alcohol, and purified
by repetition of this treatment. The composition of this precipi-
tate is shown in the following summary of analyses :

In 100 of
FPer cents. found, = by At. Wits, = Cd as 1. organic matter.

C 4812 ) 401 42-21 H8-T1
H 7585 | 755 7947 9-21
N 143 L 8195 0102 107 174
P 3524 | 0-113 1-18 4-30

21:33 1-33 1400 26-02
Cd 1065 | 005 0095 1:00 99-08
Cl 740 | 70208 2-18

100004  100-00

leading to formula C H. ,NPO,,, CdCl,

This compound is noteworthy on aceount of two features, viz,
that it coincides with the composition of the theoretical CdCI,
salt of kephalin, plus one atom of oxigen, and that the CdCl, is a
complete moleele, combined with an apparently complete molecle
of organic matter. Such compounds as this and the ones to be
described hereafter with 15 atoms of oxigen, make one regret
that there are no means of determining oxigen directly in organic
chemistry. The oxigen is estimated by the void left by the sub-
stances determined, and this gives an opportunity for small im-
purities to be summed up under the guise of this element. Now
the substance here considered had not undergone the process of
purification by water, filtration, and aeid, and it may therefore
have been kephalin to which some slight impurity was attached.
On the other hand, there is no proof of the existence of such im-
purity, and none could be found by testing. It is therefore
necessary to consider this substance as a genuine compound of a
kephalin containing an atom of O more than the normal kephalin,
to which it will be convenient to apply the term ovikephalin. In
any case the isolation of this body from the mother-liquor of
kephalin by the ether process, by means of CdCl, is of sufficient

5
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importance in itself, no matter how the question of the atom of
oxigen may ultimately be decided by further research.

. Behaviowr of a similar Salt with Water.—A portion of a salt
similarly obtained, though not analysed, was digested with water,
whereupon it began to swell, and the water after filtration was
found to contain large quantities of CdCl,, proved expresgly by
the hydrothion and silver tests. When the extraction with water
had been continued for some time filtration was effected, when
during washing the body swelled to such an extent as to clog the
filter. There was therefore no guarantee of its purity from CdCL.
The experiment proves that by simple digestion with water much
CdCl, is extracted, but the entire amount can only be removed by
a long process of dialysis in corrugated filters of vegetable parch-
ment. The compound cannot be freed from cadmium by H.S, as
when so treated in ether solution it only assumes a yellow colour,
and the CdS remains dissolved. This peculiar bearing is ob-
served by several phosphorised compounds.

d. Peroxikephalin, C ,H- NPO,,,

A quantity of kephalin, obtained after frosting the ether solu-
tion and precipitating it by absolute alcohol, was subjected to
elementary analysis, without having undergone the water filtration
and HCl process, and gave results of which the following is a
SUMMAary :

In 100, = by At. Wts. =hyN=1.
- By Th0 4-8125 42-85
H 8902 3-9020 79-26
N 14673 01123 100
P 3680 0 1187 105
O 28095 17560 1563

leading to formula C,H. NFPO,. ; at. w. =868,

Transformation of this Body infe Lead Salf.—About 10 g. of the
analysed substance were dissolved in ether, and to this solution «
warm aleoholic solution of lead acetafe was added. A viscous pre-
cipitate was produced, which settled in a mass. The lead acetate
was not used in excess, the addition being discontinued while
there was still a little matter in solution admitting of precipita-
tion. The mother-liquor was poured off, the mass of the precipi-
tate was stirred and rinsed with a little ether first, and afterwards
with absolute alcohol. . The precipitate was now digested with a
quantity of ether, which dissolved much and left a portion un-

e
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dissolved, which was disregarded. The solution was filtered off
and precipitated by absolute aleohol, the precipitate was washed
four or five times with absolute alcohol, dried and analysed. :
- The éompound dried at 80" C. was fused with soda, nitre, and
earbonate mixture, the lead precipitated by H,S, and the PbS
transformed into PhSO, by ignition with HNO, and H,SO,.

~ Summary :

C,,H..Pb,NPO,,

Per cent. found requires
C 38337 39436
H 5760 H-E68
N 09755 1-095
B - 2717 3425
0 20-312 18-782
Pb 31-869 32394

100-000 100000

It will be seen by a comparison of the oxigen quantities in the
free body, with those of the salt, that there is no reason for
assuming lead to be present as oxide ; on the contrary, the H
being less in the organic part of the lead salt than in the free body
justifies the assumption of a substitution of H, by Ph..

Comparison of the Organic Matter in the Lead Salf, with the Com-
position of the Free Body and of the Organic Matter in a Salt of
Kephaloidin with CdCl,.

Per cent, found in original Per cent. found in CdCl, Per cent. found in lead

free peroxikephalin, salt of kephaloidin. salt of peroxikephalin,
C 5775 57-91 5631
H 890 882 530
N ST 167 1-43
P 348 371 398
0 2809 27-78 29-81

The phosphorus, as in nearly all analyses, is found somewhat
too high, rising in the lead salt to 5 as compared wrth N as 4,
But on the whole the change by the removal of some insoluble salt
18 not so great as to negative the assumption that the free body
and body contained in the lead salt have essentially the same com-
position, more particularly the proportion of ovigen has nof been
decreased by the combinadion.

e. Kephalvidin.

Definition.—The substance thus designated is much like kephalin

as above described and may be identical in composition with it,
5h—2
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but presents some slight differences, which necessitate a pre-
liminary distinction, It is obtained from buttery matter ; kephalin
from white matter. It is more fluid than kephalin when first
precipitated, and never dries to the same hard brittle substance
as kephalin, but presents a fused appearance. It presents the
same irregularities in its combinations as kephalin; it forms
oxikephaloidin, which, like oxikephalin, eombines with a molecle
of CdCl,, forming a pretty concise salt.

Solubility in Water and Filtration.—Five g. of dry, hard, but
plastic kephaloidin were dissolved in 500 ce. of cold water with
trituration. The substance became mucous at first, and on agita-
tion in a long cylinder was disintegrated, and a turbid emulsion-
like solution resulted. This was passed throngh the pressure-filter,
and passed easily ten layers of English filtering-paper. Next ten
layers of Swedish paper were employed, when an entire atmosphere
of pressure allowed the liquid to pass, but slowly.

Bearing in Dialysing Apparatus.—First Erperiment.—The fore-
going solution, after filtration and subsequent treatment with
animal charcoal, which did not make it clear, was distributed over
two dialysers of parchment-paper. After twenty-four hours the
dialysate gave but slight evidence of containing kephaloidin, hy
giving a mere vestige of precipitate with lead salt, while the
original solution gave a very copious precipitate. Only a very
minute portion of matter, therefore, had passed the diaphragm.

Second Experiment.—A solution and emulsion of about 20 g. of
kephaloidin in 500 ce. of water was, without having been filtered,
subjected to dialysis. After twenty-four hours only a very small
gquantity of kephaloidin had passed, as shown by the lead precipi-
tate. The original solution on the dialyser gave a copious thick
precipitate with the same lead salt. It was thus shown that a
1 per cent. solution can hardly be dialysed, while a 4 per cent.
solution dialyses a little, but not enough for practical purposes.
Kephalin and kephaloidin act in watery solution like colloids, and
remain on the dialyser, while allowing the crystalloids mixed or
combined with them to pass in the pure water. They act as
dialysers themselves when placed in pure water, and yield up
the soluble salts or hases or acids with which they are combined.
Dialysis by vegetable parchment is effective in completing this
process,

Bearing of the Ether Solution with Waler.—The kephaloidin was
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twice precipitated by aleohol from ether solution, and then redis-
solved in ether. A few drops falling in water are precipitated,
and on shaking a turbid emulsion is formed. Boiling transforms
this into a turbid mucous mass with thick and viscid flakes.
Hydrochlorie acid added to this emulsion causes white curdling,

and the white flakes can with difficulty be filtered -off. The
filtrate is white and turbid.

Water, hydrochloric acid, and ether in certain proportions pro-
duce a thick white jelly ; a little more ether separates oily ether
solution, which gives no precipitate with alcohol, or in this
mixture with CdCl,, and contains therefore HCI,

Ether solution mixed with little water bhecomes a sofid white
mass ; more water produces curds, ultimately emulsion and
solution.

Kephaloidin is easily soluble in benzol ; treated with HCI gas,
this solution changes eolour, but gives no precipitate ; alcohol
added to this gives a little precipitate, soluble in excess; ether
gives no precipitate in the benzol HCl solution. A solution of
kephaloidin in anhydrous ether is not precipitated by benzol.

Reactions of the Watery Solution of Kephaloidin ;

Hydrochlorie acid produces a dense slightly yellow precipitate,
which after isolation is soluble in ether and not precipitated
by aleohol. In the ethereal solution of HCl precipitate,
aleoholic PtC1, produces a precipitate soluble in ether and
reprecipitated by aleohol.

Sulphurie acid produces a precipitate like that hy HCL

Nitric acid, same as sulphurie.

Barita water )

Lime water _All produce good precipitates which coalesce

Cadmium chloride {  well on standing or agitation.

Zine chloride )

Mercuric nitrate gives a good curdled precipitate insoluble in
HNO,, but made slightly yellow thereby.

Barium chloride also produces a good flaky precipitate. This
hody after isolation is insoluble in water and absolute aleohol,
but readily soluble in ether.

Platinum chloride gives a complete precipitate.

Lead acetate gives a good precipitate.

Mercuric acetate gives a very voluminous precipitate.

Cupric acetate, a ‘whitish floceulent precipitate.

Kephaloidin Lead.—A specimen of kephaloidin which had been
frozen in the ethereal solution, and precipitated by alcohol, was
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once more dissolved in ether, and placed in a freezing mixture
for twenty-four hours. No deposit occurred. This ether solution
also gave the reactions above described, and with silver nitrate its
‘watery solution gave a copious white precipitate. The ether
solution was poured slowly in a thin stream into absolute aleohol,
when the kephaloidin was precipitated as a viscid mass. The
whole of this was dissolved in water, and lead acetate added; a
copious precipitate ensued, which was filtered and washed, ex-
tracted with warm dilute aleohol, ultimately with warm absolute
alcohol ; it then dissolved in ether without residue, was precipitated
by absolute aleohol, became pulvernlent, was dried in vacuo, and
analysed. j

In 100 organic

Summary. Theory of C,H.,NPO,,.

matter, i
_,_...J-—_..-_‘ ‘_“'—"-\"-—J N =
¢ 50983 ) 60-88 6028
E i_éfl | Total organic ?%f i’;?
P. 3666 [ 83740 437 370
0. 20-353 | 24-32 24-885
Phb 16-260 16-260

100-00 100-000

100-000 100-000

It is at once evident that the Pb stands in no simple proportion
to any other element. Kephalin lead if dibasic would require
19 per cent., if monobasiec 11 per cent., of Ph. The molecle of
the kephaloidinate contains thus rather more than half a molecle
of Pb, and is consequently a mixture of lead salt with free hody.
There is also an irrationality perceptible on the P, which is too
high, and the N, which is too low. But on the whole the consti-
tution, properties, and products coineide with those shown by
kephalin of the compared formula.

f. Ocikephaloidin with Cadmic Chloride, 2(C,.H..NPO,,)+CdClL.

In this case a quantity of kephaloidin obtained by the ether
process, not purified by water, filtration, and HCI, ete., was trans-
formed into CdCl, salt, and precipitated by aleohol ; redissolved
in ether, and the solution repeatedly frozen, and freed from some
deposit, then precipitated by absolute aleohol.” It eould be dried
at 80° C, without change. :
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Summary of analyses per cent.: -

C 52796

H 8142 | o AL
N - 14500 ! Tnt.gll Sr'?gnm
P 3-690 |

0 25032 |

Cd 5410 g

Cl 3430 } il

e

100-000 100000

leading to formula C,;H; NPO,, for organic matter. If one atom
of CACl, were combined with two atoms of organic body, then
98 per cent. ('dCl, should have been present.

Comparison of the Composition of the Organic Mutter with
Per cents, of

.

——
Urganic matter of  Organie matter in Organie matter in
mﬁkelﬂlalin with Ekeplmlnidin tj:;ﬁi%?;ﬁ;\ a']ez'a.ll] salt of
CdCL. with CdCl,. T 3 peroxikephalin,
= i TR e v — = —=-

C 5871 8791 a1 -7 Hl n6-31

B 941 882 8902 830

N 174 164 1:57: 143

1% 4:30 404 S6R0 398

0 2602 . 27-45 28095 20-81

It will thus be perceived that the oxikephaloidin is inter-
mediate between oxikephalin and peroxikephalin in composition
in all items except alone hydrogen. This peculiar anomaly, if
such it be, must be reserved for future deliberation. The
empirical formula expressing the composition of this salt is
2(C,H..NPO,,)+ CdCL,

The ethereal solution of this salt was not precipitated by
hydrothion gas passed through it.

g. Decompositions of Kephalin.

When pure kephalin in the perfectly dry state is heated in a
water-oven to between 90" and 100" it fuses to a dark red
transparent viseid oil. It becomes solid again on cooling, but
retains a viscosity, so as to adhere to the fingers, which it did not
hefore it was heated. Treated with water, the heated and cooled
kephalin swells again and gradually dissolves, but is davker
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coloured, so that some slight degree of decomposition or of oxida-
tion seems to have taken place. '

When heated to higher temperatures it gives out much heavy
strongly smelling inflammable vapour, which partially burns, with
formation of much soot. Ultimately a bulky charcoal is left,
which cannot by ordinary heating in platinum vessels be entirely
destroyed, as it is soaked with phosphoric acid. It cannot be
entirely burned, even after the principal quantity of phosphoric
acid has been extracted with water. Complete combustion is
effected only in the presence of nitre.

With concentrated sulphuric acid dry kephalin in fine particles
immediately assumes a dark red-brown colour, which gradually
hecomes nearly black. When sugar and sulphuric acid are allowed
to act upon kephalin, a reaction similar to the one given by bile-
acids is gradually engendered. But the process essentially requires
time, during which the mixture passes through a stage of dark-
brown colour, until a deep purple is at last attained. But this
colour is never so pure or beautiful as that obtained with cere-
brosides, myelin, or the bile-acids. It is therefore probable that a
decomposition of the kephalin has to be effected before the reaction
is attained.

"h. Chemolyses of Kephalins.

e, Limited Chemolysis by Cawstic Seda.—A watery solution con-
taining 30 g. of pure kephalin, filtered, ete., was precipitated by
HCL.  The pulpy deposit was put into a flask, and a solution of
5 g. crystallised soda hydrate added. The precipitate disappeared
en agitation, forming first a gelatinous, later a fluid solution. The
solution was now placed in a bath, and heated gently for nine
hours. During the process it was observed that skins formed on
the surface similar to membranes on milk while being heated. On
cooling, the liquid formed a gelatinous cake, consisting of viscous
curds set in a thinner fluid. Next day the mixture was hoiled
during nine hours on a sand-bath. Bumping was mitigated by
dropping a spiral of platinum into the fluid. Great frothing
ensued, which was opposed by a funnel fixed upon the top of the
flask by a cork, and supported by a stand. After this boiling the
liquid was still turbid, became gelatinous, viscid, and set on
cooling, and covered by a membrane. On commotion it showeid
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the wavy glistening appearance of soaps, and when at repose in a
beaker formed folds as from a tubular membrane sinking,

Reactions of the Soapy Solution.—It was insoluble in water, and
not further precipitated thereby. It was curdled by cold aleohol,
dissolved by hot, leaving, however, some particles undissolved,
which proved soluble in ether. It was not precipitated by concen-
trated sodinm chloride solution—i.e., not salted out.

Decomposition of the Soaps by Hydrochloric Acid —The soap was
now treated with hydrochloric acid, until a strongly acid reaction
was attained, when a whitish-yellow precipitate fell, and the fluid
lost its viscosity, The precipitate was washed with water, and the
filtrate was evaporated on water-bath.

The Precipitate of Fatly Acids on the Filter was washed, and be-
came very adhesive, yet fatty; boiled in water it did not fuse,
but agglutinised a little ; nothing like oil or fused fatty acid
appeared. Warmed on paper it did not fuse like fat, and gave
only a very slight grease-stain; most of it remained slightly
glistening on the surface, even when heated until brown. The
matter had a fine, smooth, greasy touch between the fingers, and
seemed like a fatty acid in a hydrated, swelled state. It dissolved
easily in cold absolute alcohol, leaving a quantity of adhesive dark
matter undissolved. The latter will not be considered any further
in this place.

The Acids soluble in Alcohol —Kephalophosphorie, Kephalic, and a
Third Aecid.—The solution showed a feeble green fluorescence ; it
was filtered from a slight secondary deposit of insoluble acid.
Alcoholic acetate of lead was now added, which produced a bulky
nearly white precipitate. This was washed with absolute aleohol,
drained on paper, dried, and treated with ether., It was entirely
insoluble in ether, and constitutes

Kephalophosphate of Lead, so named from being the lead salt of
a phosphorised acid obtained from kephalin, more complicated
than glycerophosphorie acid. The total quantity of salt obtained
weighed 62 g.  Powdered and dried at 95° C., it baked together
a little on surface, but when stirred remained pulverulent.

A combustion for nitrogen gave only a trace of permanent gas,
so that the substance is proved to be free from nitrogen.

Phosphorus calenlated from the Pb pyrophosphate found
= 3572 per cent, P.
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Found in 100. + by At. Wgts, + by P=1
C 48262 4-022 35-3
H 799 7990 T0-1
Pb 23-840 0-1151 101
r  3hr2 0-1139 1-00
0O 16-336 1-021 8-96
100000

leading to formula C, ;H. PbPO,.

Deducting the lead, a.nd ca]cu]atmff the 76-16 per cent. ﬂ[ organie
matter as 100, we get—

+ by At. Wgts, +by Pas1. At. Wgts, -
C 63369 52807 349 420
H 10491 10-4910 693 + 2 72
P 4691 01512 10 31
O 21-449 13405 88 144
100-000 66T

The atomic weight derived from the Pb pyrophosphate is 663,
which elosely approximates the quantity found directly.

The conclusion drawn from this experience was that chemolysis,
with an amount of alkali insufficient to satisfy at least three
molecles of acid, developed from one molecle of kephalin, must
stop short of complete decomposition, and produce intermediate
products, of which the principal one is kephalophosphorie acid.

It is probably an acid containing three acid radicles and an aleohol
radicle—-

I ephalyl ]
Stearyl - Phosphoryl = Kephalophosphoric Aeid
Glyeeryl I
but no nitrogenised nucleus, and by further chemolysis may split
up into the acids obtained by its side.

Kephalic Aecid and Third Fatty Acid, and their Barium Salts.—
The aleoholic solution, from which kephalophosphate had been
precipitated by lead acetate, was distilled to about 300 ce. This
liquor, on cooling and sianding, deposited an oil, which was
isolated, and found to float on water ; but on boiling, it became
viscous and solid in the hof. 0il and liguid were treated with
ammonia to strong alkalinity, whereby a white emulsive solution
was produced. To this, water and watery acetate of lead were
added, until, and as long as, a precipitate was produced. This
was white, adhesive and bulky. It was filtered, washed, and
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dried, -powdered, dissolved in ether, filtered, decomposed with
hydrochloric acid and water ; the ether solution was washed,
filtered, "and when clear distilled to small bulk. The red solution
was treated with watery ammonia, filtered, barium chloride added,
when a bulky precipitate was obtained. This was washed for a
long time, until washings were nearly free from barita ; the pre-
cipitate was dried in air, and treated with ether; a coloured salt
dissolved and a white salt remained undissolved.

Coloured salt, soluble in ether = Kephalate of barium.

The kephalate of bariam dissolves rapidly and abundantly in
ether, and is precipitated from this solntion by absolute alcohol.
It is always of a dark colour, which intensifies in the ether, pro-
bably by oxidation. The salt is insoluble, or but little soluble,
in boiling aleohol, and is not deposited from this solution as oleate
of barium is. The acid cannot be decolorised by animal charcoal,
either when in the state of sodinm salt, or when in the free state
dissolved in boiling aleohol, and all operations seem only to assist
in furthering its oxidation. It seems that itz radiele, while in
the kephalin, 1s the principal cause of the assumption of colour
and fluorescence by that principle.

White salt, insoluble in ether.

This barinm salt appears very much swelled in ether ; when
dry it is white and pulverulent. Hydrochloric acid and water
extract the barium, and washing with water leaves the acid
soluble in ether ; the ether distilled off leaves the acid as a coloured
soft mass, which fuses at 26°, congeals at 25°, and crystallises in
rosettes like margaric acid. It dissolves easily in absolute alcohol,
forming colourless Hluid ; a few drops of water added to aleohol
cause acid to separate as an oil on top of spirit; on standing,
colourless rosettes of crystals form in this oil, and may be
separated. The spivit deposits white clonds of the acid.

This acid differs from oleie by its barium salt being entirely in-
soluble in boiling aleohol. It differs from steariec by its lead salt
being soluble in ether. It is not flnid at ordinary temperatures,
but semi-solid, and fuses only at 26°, and from concentrated
spirit it is entirely separated and crystallises, while oleic acid
remains dissolved in such spirit, and does not erystallise at such
temperatures, 1

In the manipulation of these acids in the presence of absolute
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aleohol the formation of ethylic ethers, which easily ensues, has
to be carefully avoided.

(zlycerophosphoric Aec'd.—The acid filtrate containing that phos-
phorus which was not combined with the kephalophosphoric acid in
the form of glycerophosphoric acid, some nitrogen in an unknown
form, the sodium chloride, together with some free hydrochlorie
acid, was evaporated to a low bulk, and its acidity carefully
neutralised by caustic soda. Acetate of lead was now added as
long as a precipitate was produced, and the white deposit was
filtered off. It was boiled, filtered, and washed with hot water,
decomposed with H.,5, the filtrate neutralised with ealecium
carbonate and lime water, filtered and evaporated. When con-
centrated the solution deposited crystalline ealeium glyeero-
phosphate.

Newrin and Second (hily Buse.—The solution from which glyecero-
phosphoric acid has thus been removed was freed from lead
by H.S, the acetate was decomposed by repeated addition of
hydrochlorie acid and evaporation to dryness, and the crystalline
magma was treated with absolute alecohol to extract the hydro-
chlorate of the expected nitrogenised body. To this alecholic
solution PtCl, was added, when a slight yellow precipitate ensued,
which was separated by filtration, washed with aleohol, and dried.
It was neurin-hydrochlorate-platinic chloride. It could only repre-
sent a small portion of the nitrogen contained in the chemolysed
kephalin; as the volatilised vapours had not been collected, some
volatile alkali may have escaped unnoticed. The alcoholic mother-
liguor of this platinum precipitate was freed from platinum by
H,S. Evaporated, it left a syrupy residue ; this was again treated
with little alecohol and PtCl, and a slight deposit removed. The
liquor on addition of much ether deposited an oily hody, soluble in
ahsolute aleohol, reprecipitated by ether. Distilled with dilute
H,80, and MnO,, it gave a distillate which smelled of acetic acid,
and after neutralisation by soda, was reduced by AgNO, and by
HgNO,, consequently contained formic acid. These may be con-
sidered as decomposition products of glycerol, or of a body confain-
ang its vadicle,

Summary of Resulls of First Chemolysis of Kephalin—All first
products are soluble, the soaps imperfectly in water. - Hydrochloric
acid precipitates a mixture of fatty acids,

1. Kephalophosphoric acid, consisting probably of kephalie, a
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second fatty acid, and glycerol and phosphoric acid, yet in com-
bination, therefore imperfectly chemolysed.

2. Kephalic acid.

3. A second fatty acid.

4. Glycerophosphorie acid.

5. Ammonia,

6. Glycerin.

7. A base giving oily PtCl, salt, and being perhaps glyceramin
of a new type. Its solubility in water, aleohol, as hydrochlorate
and as PtCl, salt is very great, and its precipitation by ether by
no means complete. LS -

B. Complete Chemolysis of Kephalin by Caustic Soda.—40-7 g. of
kephalin, purified by the water solution, filtration, and HCI
process, as before deseribed, were mixed with 5 g. of erystalline
soda hydrate dissolved in two litres of water. The same pheno-
menon was observed during the boiling as in the first experiment.
The boiling was continued during about eighteen hours, of which
three hours took place in water-bath, and the other fifteen hours
on sand-bath, the time taken to heat it to boiling on the three
days during which experiment lasted not included. While on
the first and second day the mixture had set into a jelly, it did
after the last boiling not become gelatinons again, but remained
a somewhat turbid thiek fluid. To this HCl wasadded until the
precipitate was curdy and the fluid strongly acid. The precipi-
tate was separated by the filter. It could be washed but im-
perfectly, as after consolidation on the filter, the precipitate set
into a gelatinous tremulous solid mass which allowed no washing
water to pass. This mass of acids was placed into a wide-
mouthed hottle, shaken with water, and treated with ecaustic
ammonia. It formed a complete solution, which was filtered on
hot funnel and left no trace of residue. The solution was opaque,
and on agitation showed the silky elouds common to soaps. To
this solution acetate of lead was added until the precipitate was
curdy, and the liquid distinet and filterable. It was now passed
through French filtering-paper, and the precipitate washed* with
much water, being agitated constantly with a glass rod, so that all
parts were well penetrated by water. When the filtrate was free
from chlorine and from lead (from excess of acetate),the precipi-
tate was allowed to drain on paper and a cloth  and dried. Tt
took many days to dry, being frequently crushed and stirred.
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_ Ether extracted a coloured body, and left a white salt insoluble.

This was separated by filtration, and washed by being ftwice

removed from filter, and shaken in a bottle with ether. Filtration
was always difficult, owing to the finely divided state of the salt.

The white Ph Salt insolulle in Ether was dried in the vacuum, and
after preliminary analysis was further transformed into barium
salt by HCI, water, and ether, solution of acid in NH HO, and
precipitation hy BaCl,, = The salt was extracted by boiling
aleohol, and what remained insoluble was analysed. It was found
to be principally sfearafe. :

The eoloured Ph Salt soluble in Ether was red in transmitted light,
and fluoresced green, altogether appeared like a solution . of

kephalin, - It was concentrated by distillation, and the solution .

precipitated by absolute aleohol ; a viscous salt fell down, which
became hard in aleohol, was drained and dried in vaeuo.  After
preliminary testing, it was transformed into Ba salt by HCI, water
and ether ; solution of acid in NH,HO and precipitation with
BaCl, ; solution in ether and precipitation by aleohol. It was
kephalate. :

Treatment of the Filtrate containing Glycerophosphoric Aeid and
Aminonium Base.—1It was neuntralised with barita water, of which
aslight excess was added. A saturated solution of lead chloride
in water was now added, which produced a flocculent white pre-
cipitate of glycerophosphate. The advantages of the lead
chloride were that no new acid was introduced into the fluid, from
which the ammonium base had yet to be extracted. The fluid
became slightly acid, and was corrected by barita water cantionsly
added. When all was precipitated the glycerophosphate of lead was
filtered off, washed, and dried. The motherliquor was coneen-
trated, and then gave another not inconsiderable precipitate with
lead chloride solution. The reaction was econtinuned until a
filtered sample of liquid remained clear with the chloride, and the
second precipitate was isolated and united with the primary one.
The previonsly feebly alkaline liquid was now feebly acid ; it was
evaporated to a low bulk and then to dryness. It was now dis-
solved in a minimum of water, and precipitated with absolute
aleohol, unti! this reagent produced no further turbidity, and no
deposit on standing twelve hours. The alcoholic extracts were
united, concentrated, and precipitated with PtCl,. A yellow pre-
cipitate fell, which will be deseribed further on,

|
|
|
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. The: Glyceropliosphate of Lead dried to a hard slightly coloured
mass. (This hardening of glycerophosphates is also observed upon
Iiarium-;a]t:; and the condition must be borne in mind when it is
subsequently intended to decompose these salts) It was re--
peatedly erushed, nltimately powdered, and dried in water-oven.
The total weighed 7'4435 g. Now assuming the 40°7 g. kephalin '
to have contained (at 4-2 per cent. P) 17 g phosphorus, then this
corresponds to 19-38 g. glycerophosphate of lead, of which theory

18—
Acid. Fb salt. Pb pyrophosphate.

3C 36 36 -

9H ¥ 7 —
P 31 31 2P 62
60 96 96 70 112
172 Ph 207 2 Pb 414
377 Glall

But as only 74435 g were obtained there is a deficiency of
119365 g. Thus much was therefore decomposed further into
phosphorie acid and glycerol.

In order to ascertain approximately the purity of the lead
glycerophosphate, 09110 g. was burned until white, and left
07440 g Pb,P,0., while theory required 0-7104.  The white
residue was treated with acetic acid and found insoluble in it,
which corresponds with pyrophosphate.

The lead salt was now decomposed with hydrothion, the filtrate
treated with CO, in the cold to expel H,S, and then with milk of
lime to alkalinity, filtered and treated with some CO, The
filtrate after twelve hours’ standing was evaporated near the
boiling-point, and filtered hot from the white precipitate of caleium
glycerophosphate. This when dry weighed only 0-727 g, Of this
0-3400, after strong ignition with HNO,, left 0-207 g residue,
equal to 60-8 per cent. Ca,P,0.. Pure glycerophosphate should
leave 60°5 per cent. of pyrophosphate.

Acid Glycevophosphate of Cualeium.—The agueous filtrate from
which the above salt had been removed whilst hot, was mixed
with three volumes of aleohol, when a light bulky precipitate
ensued. This was isolated by filtration, washed with alcohol and
dried. It weighed 0-526 g. Of this 0-2446 g. gave 0°1250 g. pyro-
phosphate, equal to 51°1 per cent. residue. This corresponds to a
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salt which might be obtained from acid glycerophosphate of calcium
by combustion.

C,H,CaP0O; + CH,PO, = C;H,,CaP,0,, = acid glycerophos-
phate of calcium.

This on combustion may lose C;H,,0,, and leave H,CaP,0., or
half-saturated aeid pyrophosphate of caleium, or a body isomerie
with it. By this theory 56'54 per cent. residue should be left,
which differs so much from 51-1 per cent. found, that we must
suppose the salt to have been one of those peculiar alcoholo-
hydrates which salts of glycerophosphoric acid are prone to form,
as will be specially proved lower down. There also the actual
production of the acid calcic glycerophosphate, here for the first
time theoretically assumed, will be proved by further experiments
and analyses.

The quantity of glycerophosphorie acid lost in the proecess of
transformation is enormous, and this is invariably observed in all
experiments which I have made,

The Platinic Clloride Precipitate.—The yellow precipitate was
washed with absolute alechol. On drying it became horny,
erumbled up, was viscous outside and discoloured, and ad-
hered strongly to the paper. Water restored yellow colour
and pulverulence. It dissolved in hot water, of which much
was required. On cooling, brilliant small erystals were de-
posited amounting to 0-9428 g, This by analysis proved to be
almost pure ammonium salt, containing only a trace of potassium,
which raised the residue left on combustion to 4556 per cent.,
while 4436 per cent. are required by pure NH, salt. By evapor-
ation over H,S0, two further small crops of ammoninm salt were
obtained ; the rest of the solution dried up to a thick liquid and
tlid nof crystallise.

The filtrate from the PICI, salt was mixed with a large excess of
ether until this produced no further turbidity. An oily malter
settled, which was purified by repeated solution in aleohol and
precipitation by ether. It was not analysed, as there were no
cuarantees of its purity., It was distilled with H,S0, and
MnQ,, and yielded an acid distillate, in which, after neutralisation
with soda, the presence of formic acid was signalised by the unsnal
tests.

This platinum salt, which from the reactions detailed may split
up into glycerol and ammonia, reduces the platinum rapidly when
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left in contact with ether-aleohol, and becomes black.  Altogether
this product is one of the most difficult matters to treat, and par-
ticularly as it is only obtained in small quantities.

rp. First Chemolysis of Kephalin with Barita  Hydrate.—The
kephalin was prepared by the HCI process, and well washed with
water. The quantity used was 27-8 gr. It was placed in a flask
connected with a condenser, and a solution containing 80 gr.
barium hydrate was added.  The mixture was boiled during
five hours on a sand-bath, when the precipitate became adhesive
and flask cracked. After cooling and filtering the residue was
twice boiled with water, during which it became quite soft aml
semifiuid ; it was again thrown on a filter and washed to neutrality.
The washings were united with the first filtrate.

The barivm salts being drained of water, were rubbed in a mortar
with ether, and then shaken in a bottle with much ether. The
ether dissolved a colowred salf, leaving a white salt undissolved, from .
which the solution was separated by filtration.

The insoluble white salt was dried in air ; later in vacno. It was
slearale.

The soluble colowred salf had the appearance of kephalate, was
red, and fluoresced green. The solution was econcentrated and
precipitated by absolute aleohol. The precipitate was dried in
vacuo, and on subsequent analysis was found to be Lephalale,

The liguid confaining the glycerophosphate and ammonivm base was
treated with carbonic acid until no more precipitate was produced,
filtered, and the filtrate concentrated on a water-bath nearly to
dryness. During this evaporation it did not deposit any salt, as
does the lime salt. The viscous mass was diluted with a little
water to Huitlit:v, placed in a bottle, and mixed with absolute
alcohol until no further precipitate was produced. The precipi-
tate was filtered off and washed with aleohol.

The precipitate consisted of Dbavium glycerophosphate. It was
bulky, white, and granular, probably alecholate-hydrate. On
standing, it contracted, and became horny, transparent, and partly
fused. Placed in a glass dish, it fused entirely in a few days,
and then dried to a brittle mass.
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Summnary of Analyses :

100000
Formula.—C,H.BaPO,H,0,

The aleoholie solution from which the glycerophosphate had
been removed was tested,but the products, being small in quantity,
were not analysed. Analyses of this part of the products of the
chemolysis of kephalin are given in the following experiment.

é. Second Chemolysis of Kephalin by Barita.—In this experiment, for
which a compound of kephalin with eadmic chloride was taken,

two sets of barium salts were again obtained, one soluble, the other

insoluble in ether. The salt which was soluble in ether furnished
a lead salt, which was likewise soluble in ether (28-056 per cent.
Pb), and insoluble in, and precipitated by, ether-alcohol. The
salt. which was insoluble in ether, when transformed into lead
salt, was found to consist of two compounds, one insoluble in
ether and in aleohol, the other soluble in ether, but precipitated
from it by the addition of alechol.

The baritic solution was freed from excess of barita by ear-
bonic acid, and the filtrate, after evaporation to a low bulk, was
treated with absolute aleohol. A precipitate of barium glycero-
phosphate was obtained, and identified by quantitative analysis.
The alcoholic motherliquor was neutralised with hydrochlorie
acid, and precipitated with platinic chloride. The platinom salt
so obtained was recrystallised from water, and ultimately obtained
in brilliant plates and needles.

Computation of Analyses :

Percentage, = At Wets. —=Pte=1.
L 19-801 1650 10-1
H 4726 4726 290
N 4404 514 19
0 4-701 203 18
Pt 32219 ‘163 10
Cl S4-149 061 i)

= (C,H,,NO),(HCI),PtCl,
Neurin hydrochlorate platinie chloride.
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Besides this salt, there was obtained from the alecoholic mother-
liguor from which it had been originally precipitated, a smaller
quantity of a second crystallisable platinic salt. After reerystal-
lisation from water it gave the following numbers on analysis : -

Computation of Analyses -

Percentages, At Wgts, =TPt=1.
C 9158 763 4-1
H 3134 3134 16-8
N 5418 387 240
0. 627 392 2-1
Pt 36718 ‘186 10
Cl 39297 1-107 59

= (C,H.NO),(HCI),PtCl,

This salt might be considered as dimethylamin, in which the
third atom of hydrogen is replaced by hydroxyl, or as oxethylamin

simply.
C,H.O
H l N

a

that is to say, a body formed from neurin, by the loss of three
radicles of methyl and one of water.

A third base was also obtained ; it was soluble in aleohol as
platinic salt, giving the solution a brownish-red colour, and on
the addition of much ether wis precipitated. It was purified by
repeated solution in alcohol and reprecipitation by ether. Several
grammes of this body which was precipitated in an oily state, but
became solid on drying, were obtained. It was dried at 100° C.
and analysed.

Conputation of Analy es .

Percentages, =+ At Wets, =+ Pt.
C 12019 1-001 50
H 3070 3070 153
N 5019 358 1-79
0 4-255 265 13
Pt 39466 20 1-0
Cl 36:171 1018 50

leading to a formmla C,H, N,O,HCLPtCl, This body, so ano-
malous in its constitution, has probably been derived from nenrin
molecles by duplication and subsequent decomposition. Such a
condensation is observed upon the nenrin molecles under the
influence of oxidising agents.

c—2
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t. Third Chemolysis of Kephalin by Barita.—The process was the
same as in the former experiment. The platinum salt gave on
analysis the following results :

Compulation of Analyses :

Percentages, + At Wats, +PE=1.
C 19-981 1-665 10-3
H 4719 4719 293
N 4735 358 20
0 4443 278 i
Pt 31832 161 10
Cl 34-290 D66 60

= (C,H,,NO),(HC1),PtCl,

¢. Fourth Chemolysis of Kephalin by Bavite.—This experiment was
undertaken upon a larger amount of kephalin than the previous
ones. The kephalin was first warmed in water, whereby it swelled
and became a paste, which was then boiled with two molecles of
BaH,0, in the ordinary way.

The same barium salts as those obtained in the earlier experi-
ments were again found, and it was morcover observed that one
of the fatty acids contained in them gave the purple reaction,
with sngar and sulphurie acid, which resembles Pettenkofer’s test
for biliary eompounds,

From the solution drawn off from the barium salts of the fatty
acids the excess of barium was removed by CO,, and the resulting
filtrate concentrated by evaporation, and then treated with aleohol.
The glycerophosphate of barium thus obtained was converted into
lead salt, and the lead salt into ealeium salt (C,H.CaPO,).

The aleoliolic mother-liguor was freed from aleohol by evaporation,
and the resulting solution after addition of nitric acid was preci-
pitated by phospho-molybdic acid, and the product decomposed
by hot Ball,0,. The yellow filtrate freed from the barinm which
admitted of removal by CO,, did yet contain barinm in combina-
tion. This was proved by ecombustion of the dried salt and
analysis of the residue.

The concentrated solution of the base was freed from Ba by an
equivalent amount of very dilute sulphurie acid, then neutralised
by hydrochlorie aecid, and precipitated after concentration by
alcoholic PtCl, The precipitate was recrystallised from water,
10 gr. being obtained in the shape of erystallised plates, The
salt was dried and analysed.
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Compulution of Analyses -

Percentages, At Wgts, +Ptw=1
C 1947 1622 2
H 4914 494 20°7
N 404 288 ki
0 436 273 16
Pt 3285 166 10
Cl 34-34 067 38

= (C,H,,NO),,(HCI),PtCl,.

The aleoholie mother-liguor from which this salt had been pre-
cipitated gave by precipitation with ether a quantity of the fluid
oily salt, the analysis of which has been given in a former para
graph, (C.H,,N,O)HCIPtCl,, but it was very small in amount,

A third base was also obtained in small quantity by simple
addifion of much nitric acid to the original solution, after removal
of glycerophosphate, and hefore precipitation with phospho-
molybdic acid, and which gave the various alkaloidal tests,

n. Falty Acids produced in the Chemolysis of Kephalin from Bariwm
Salt Insoluble in £ther.—The barium salt insoluble in ether was de-
composed, after complete extraction with ether and alechol, by
boiling with hydrochlorie acid. The liberated acid which solidified
upon cooling was dissolved in ether, washed with water so long
as it removed colouring-matter, and the ethereal solution was
distilled to dryness. The acid which now remained was dissolved
in warm ammonia-water, filtered hot and precipitated with acetate
of lead. The lead salt after being dried was extracted with much
ether, which effected a separation into two salts :

A white lead salt insoluble in ether.
A eoloured lead salt scluble in ether.

The Lead Salt Insoluble in Ether. First Preparation.—It was
decomposed with tartaric acid in presence of ether and water,
and the ethereal solution of acid after washing was treated with
animal charcoal, which clarified and partially decolorised it
The acid obtained by distillation of the ether was repeatedly
erystallised from watery alechol. Finally four crystallisations
were obtained, dried by fusion for some time at 105" C., and
their melting-points determined. No. 1 fused at 637 ; 2, at 66 ;
3, at 62°5°; 4, at 635" C. These preparations were united
and recrystallised from dilute aleohol with animal charcoal.
They finally gave one large crop of acid melting at 68° (., from
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the mother-liguor of which a small further quantity was obtained,
melting at 66° C. It was stearie acid, mixed with a small guantity
of a lower homologue.

Second Preparation.—Another portion of lead salt was decom-
posed with tartarie acid and ether, and the ether distilled to a low
bulk.  On cooling, a large crop of nearly white crystals was
obtained.  After separation from the highly coloured mother-
liguor by filtration and pressing, the acid was twice recrystallised
from dilute spirit with animal charcoal. There was thus obtained
a perfectly colourless acid, having a fusion-point of 70" €. This
was dried for analysis by fusion at 110° C., after which treatment
its fusion-point was found still the same. Analysis led to the
empirical formula C,;H,.0,, which is that of stearic acid. This
acid has the same melting-point, microscopic appearance, and
other physical characteristics as stearic acid. A portion of it
dissolved in dilute ammonia gave a salt which dissolved perfectly
on heating, almost completely separated in erystals on cooling, and
otherwise exactly resembled stearate of ammonium prepared from
pure stearic acid.

Third Preparation.—Obtained by chemolysis with hydrochlorie
acid. The insoluble in ether lead salt, from insoluble in ether
barinm salt obtained in this chemolysis (* Report,” 1876, p. 118),
was examined as to its identity with the analogous salt obtained
in the barita chemolysis. It was decomposed with tartaric aeid
in presence of ether, and the ethereal solution was distilled, and
when sufficiently concentrated was allowed to crystallise. The
erystals, purified by reerystallization from watery aleohol with the
aid of animal charcoal, gave a white produect, which fused at
69° . and was analysed. In all respects it was identical with
stearic acid.

Lead Salt Soluble in Ether,—The clear ether solution was distilled
to dryness, again dissolved in ether, decanted from matter rendered
insoluble, and treated with a coneentrated solution of tartaric acid.
The ethereal solution of the acid free from lead gave on evapora-
tion a viseid mass which, being dissolved in ammonia and pre-
cipitated with barium chloride, gave a viscous barium salt. This
yielded to boiling aleohol a small amount of a salt which was
analysed. It contained 1965 per cent. of barinm. This body
requires much further study. i

Buviwm Sult Soluble in Ether, Kephalate. Product of the first

e ——— i i e
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Chemolysis.—This salt dissolved in ether with a red-brown colour,
from which it was impossible to free it by any process whatever,
To try whether this colour were due to oxidation caunsed by contact
with the air, some of the free acid was enclosed in a tube with a
measured volume of oxigen gas, but no absorption was observed.
It is therefore clear that any oxidation must take place in
ethereal solution, and in that case must be ascribed to the per-
oxide of hydrogen formed by the ether. The red-brown colour
appears to be proper to the acid and its salts. To ascertain
whether the soluble in ether barium salt contained more than
one acid, it was decomposed with tartaric acid in presence of
ether, and the liberated acid obtained upon distillation to dryness
was dissolved in ammonia and precipitated with acetate of lead.
The lead salt was dissolved in ether, and fractionally precipitated
in three portions by successive additions of alechol. The fractions
were analysed, and gave 38-07, 3548, and 36-39 per cent. lead.

It is therefore probable that the soluble barita salt mainly
consists of one acid only. The following attempt was made to
obtain it in a state fit for analysis,

After the barium salt had been exhausted with boiling aleohol
it was dissolved in ether, and the intensely coloured solution pre-
cipitated by alcohol ; the precipitate was redissolved in ether and
again precipitated. The motherliquors removed no colouring-
matter. The compound was next decomposed by tartaric acid,
the free acid dissolved in ether ; the solution was distilled to dry-
ness, and the residue extracted with absolute alecohol. The
solution thus obtained was treated with ammonia in excess, and
the filtered clear soap solution precipitated with acetate of barium.
The precipitated salt was analysed.

Percentages, + At Wets. +Ba=1.
C 59556 4963 37-3
H 8488 8488 638
Ba 1828 ‘133 10
O ' 13673 : B4 G4

These data lead to a formula of about Ba(C',,H,,0,)..

t. Product of the Secondary Chemolysis with Bavita and Caustic Soda
in Surcession.—On account of these unsatisfactory results, and from
a fear that the salt might contain traces of undecomposed kephalin,
it was again submitted to a barita chemolysis; but as it agglo-
merated into large masses, into the interior of which the barita had
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little access, it was decomposed by treatment with hydrochloric acid
and water. The free acid after solution in ether and distillation
to dryness was dissolved in warm dilute caustic soda, a large
excess of soda added, and the whole boiled seven or eight hours
a day for several successive days, There was great frothing
which could not be prevented, but any loss was obviated by
allowing the froth to issue from the wide beak of the platinum
retort employed, into a large beaker where it slowly subsided.
From time to time the fluid which collected was returned to the
retort. At the end there was obtained a brown turbid solution
showing on agitation the silky clouds common in soap solutions,
It was filtered as elear as possible by the vacuum method, and
the solution precipitated with acetate of lead. The voluminous
preeipitate, after washing and drying, was extracted with ether,
when it mostly dissolved, leaving, however, an amount of insoluble
salt, probably stearate. The clear ether solution was treated with
a concentrated solution of tartaric acid, the ethereal solution
of acid separated from tartrate of lead, distilled to dryness, dis-
solved in a minimum of caustic soda, and preeipitated with barium
chloride. The barinm precipitate was washed, dried, suspended
in ether, and a solution was separated by decantation and filtra-
tion from a white insoluble salt which appeared much swollen in
ether. The insoluble salt was analysed, but did not lead to any
formula, The ethereal solution after concentration was preci-
pitated by addition of a minimum of absolute alecohol and the
precipitate analysed.

Percentages. = At. Wats. =Ba 1.
C HE-H5H 4875 J461
H 845 bulet 30 GO-01
Ba - 19-29 ‘1408 1-00
O 1371 8569 603

leading to the formula Ba(C.H,0,)..

The filtrate on examination was found to contain a small
quantity of a kephalin-like body. The precipitate was therefore
again dissolved and reprecipitated by a little alcohol, washed with
absolute aleohol, and analysed :

Percentages. At Wets, +Ba-1.
( o782 4'818 3320
H 814 814 a6°10
Ba 19-89 1451 100
) 14-15 8842 6-09

Tointing to an empirical formula Ba(C;H,0,) .
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The acid obtained by decomposing this salt with hydrochloric
acid is a dark-coloured viscid oil at the ordinary temperature,
which is wholly soluble in aleohol, the solution not being de-
eolorised by even large quantities of animal charcoal.  On
evaporation, or on addition of water, the acid separates from the
aleohol in brown oily drops, On fusion with potash, no solid acid
is obtained, but a brown acid which has all the properties of the
original body, and gives a barium salt which contains about 19
per cent. of barium, and is soluble in ether.

Thus this acid gives none of the ordinary physical gnarantees of
purity, but the pertinacity with which it retains its composition
and properties under the most varied and severe treatment, points
distinetly to its chemical amity, while the quantity in which it
oceurs shows its radicle to be a prineipal ingredient in the
kephalin molecle,

o Theory of the Chemical Constitution of the Kephalins.—Accord-
ing to the theories hitherto in vogue, kephalin may be regarded,
considering its elementary composition and the products of its
chemolysis, as a body in which two hydroxyls of the glycerin
molecle are replaced by fatty aeids, and in which the third
hydroxyl is replaced by phosphoryl, which latter in its turn has
one hydroxyl replaced by an ammoninm base, thus :

[ Fatty acid A.
C,H, < Fatty acid B or C.
[ HO(OPO)C,H,,NO.

The whole of the phosphorus is apparently contained in the
radicle of glycerophosphoric acid, and in no other form. This
body is first obtained on chemolysis, but being somewhat un-
stable, it is not difficult in the presence of bases to decompose it
further into glycerin and phosphate of the base used.

The whole of the nitrogen appears to be present as neurin ; the
other bases which have heen obtained being probably derived
from neurin by secondary changes. This secondary decomposition
would explain why the amount of the neurin obtained from a
given weight of kephalin is less, sometimes much less, than the
amount which theory would lead us to expect,

Of the fatty acids contained in kephalin, various barium, lead,
and magnesium salis have been examined and analysed. It is
highly probable that the acid contained in the main soluble in
ether, barium, or lead salt, namely lkeplalic acid, belongs to a
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series of acids containing at least one atom of oxigen more than
the ordinary fatty acids. It is this fatty acid which impresses
its peculiar character upon all the kephalins, and without its
presence a phosphorised body constituted as above assumed does
not seem to exhibit the properties of a kephalin. But the
kephalins may vary as regards the second acid ; in the principal
kephalin this acid is sfearic ; but in certain kephalins which oceur
in subordinate quantity the second acid is either an acid of lower
fusing-point than, though probably homologons with, stearic acid,
or an acid not homologous with stearie, and giving a lead com-
pound soluble in ether. The constitutional formula of the

principal kephalin, or lLephalo-stearo-newro-glycerophosphate would
thus be the following :

C,-H,0, (kephalyl) l
C,H, - f‘ H, (J, (stearyl) =C,,H, NPO,
" | HO (OPO) CH,,NO |

A kephalin with palmityl, C, H,,0,, in place of stearyl would have
the summary formula C,,H..NPO,; a kephalin with margaryl,
C-H,,0,, would be C ,H, NPO, If there were several homolo-
gous kephalic acids such as some analyses seem to indicate, then
for a kephalyl of formula €, H,,0, combined with either stearyl,
or margaryl, or palmityl, the foregoing formulx would have to be
inereasedd by CH, each, so that the most complic: tteﬂ kephalin
might contain 44 atoms of earbon,

It will be seen that none of these hypotheses explain either the
deficiency of hydrogen or the excess of oxigen in the various
kephalins and their compounds which have been analysed. This
discrepancy can only be eliminated by further researches carried
on by the light of those given in the foregoing.

We have considered the kephalins as glyeerides, in which three
hydroxyls are substituted. It is, however, evident from the con-
stitution of sphingomyelin, to he described below, and generalised
in the introduction, that they may also be considered as pilos-
phatides, or bodies held together by phosphorie acid, thus :

Phosphorie Aeid. Kephalin.
|f][t’] l[‘ -H,,,0, (kephalyl)
OP. HO OP - CH,0, (stearyl)
[ HO | H U, {"]} ceryl) CisHy NPO,

{‘ H,,ON {neuryl]

the neuryl replacing an hydroxyl in glyceryl, and being the
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radicle which is the earliest to be detached by chemolysis. On
this assumption the kephalophosphoric acid above deseribed would
have the formulz :

[ CirHy 0, |
or * Elﬁi%ﬂ 'I =C‘3asH:uPUw

3. PARAMYELIN : ITS ISOLATION, ANALYSIS, AXD COMPOUKDS.

Paramyelin is a nitrogenised phosphatide, and is in the first
stage diagnosed and separated by the solubility of its eadmium
chloride compound in hot benzol, from which solution, filtered
boiling, it is deposited on cooling. In this condition the com-
pound is very voluminous and gelatinous, and is only with very
great diffienlty separated from the lecithin cadmium chloride
compound which remains in solution in the cold benzol. The
mechanical aids to this separation are two in number; one the
eylindrical vacuum filter described, the other the use of very
large volumes of henzol for the extraction of the soluble com-
pound, the removal of the selution by the syphon from above
the deposit, and very frequent repetition of this process. In this
process the large volumes of benzol require many distillations for
recovery ; the deposition of the paramyelin compound requires
time. But when once obtained free from matters soluble in cold
benzol, the compound behaves with great preeision. It is, whilst
moist with henzol, washed with spirit, which dissolves any eolour-
ing-matter, and it is well to repeat this washing by shaking the
compound in a bottle, etc., until the supernatant spirit is colour-
less. The compound thus obtained is soluble in boiling spirit,
and deposited on cooling ; it is easily decomposed by hydrothion
in spirit, and the hot solution yields on eooling white erystallised
paramyelin hydrochlorate. This by re-crystallisation or washing
loses its acid easily, and free crystallised paramyelin remains.

A specimen of paramyelin cadmivm chlovide compound obtained
from the extracts of human brain by the process deseribed under
lecithin, but without the previous purification by lead, soluble in
boiling, insoluble in cold henzol, dried at 1007, gave on analysis
1370 per cent. Cd, 3-59 per cent. P, 968 per cent. Cl (this
requires 15-27 per cent. Cd, whereas only 13-70 per cent. Cd were
found, total CdCl, ealenlated from Cl=24-95 per cent.), 1-69 per
cent. N, 47-19 per cent. C, and 7-94 per cent. H.
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These data exhibit the following ratios :

| PR ) ="1+"1°08
P : CdCL =1 : 1:20
N:CdCl,=1: 113
If CACl, be caleulated from C1 = 2495 .
then the organic molecle is = 7505 |
If CdCl, be calenlated from C'd = 22-39 | 100
then the organic molecle is = 7761 | —

These relations thus show a slight excess of nitrogen over the
relation N : P =1 : 1,and a more important excess of cadmium
chloride over the presnmable relation N : CdCl, =1 : 1. But
considering that the compound is a first produet, the relations
are satisfactory, as showing the firmness of the compound. In
the following T give a comparison of this salt with the paramyelin
salt from ox first described.

Summary of Human Paromyelin: Summary of Oz Pavamyelin

Cadmiwm Clioride. Cadminm Chloride.

Percents, Percents.
C 4719 C 49-288
H 794 l H 5299 l
N 169 7505 N 1598 LT8R T725
P 349 S P 3396 5
0 14-64 O 16-144

(Caled.) Cd 1527 (Caled.) Cd 13020 ) o

(Found) C1 968 } 2495 Found)Cl 235 ) 1210

Computation of the Organic Molecles of these Salts.

Percents + by At. Ws, + P=1. Percents, - At. Wa. = P=1.
408 C 6287 6239 34 C 62607 5217 375 456
68 H 1058 1058 68 H 10-541 10541 758 76
14 N 225 0160 103 N 2029 0144 10 14

31 P 478 0154 1 P 4313 0139 10 31
158 O 1950 © 12¢ 8 O 20510 1281 92 144
649 ' 721

The percentages of carbon and hydrogen are practically iden-
tical in both organic molecles. Other data show distinetly that
the salt is not, and does not contain, either amidomyelin or
sphingomyelin. The absence of lecithin follows from the solu-
bility in cold benzol of its cadmium chloride compound. The
data, however, do not show that the compound is unitary, and
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does not contain two or more similar principles (paramyelins).
They also donot sho w the exact composition of the.organic
molecle, for, as we know from a vast amount of experience, this
can only be ascertained with the aid of several compounds, and
of the decomposition products of the principle under the influence
of chemolytic agents. For the study of these relations the past
has afforded no time or opportunity, and it must therefore be left
to the future.

Preparation of Free Paramyelin from the Codmivm Chlovide
Componnd.

The CdACI, salt of human paramyelin was suspended in spirit,
and treated with H,S, at first at the ordinary temperature, later
on at 75° in the water-bath, until it was completely decomposed.
The filtrate, on standing and cooling, deposited white erystallised
paramyelin. The crystals were rhombic and hexagonal plates of
microscopic dimensions. They were collected on a filter, washed,
pressed, reerystallised from spirit to remove a trace of colour and
the rest of the hydrochlorie acid, and dried in vacuo. On analysis
they gave 4-31 per cent. P, and 2:06 per cent. N.

These two analyses show that N : P=1-00 : 1-00.

The atomie weight of paramyelin as deduced from the per-
centage of phosphorus is 688 ; as deduced from nitrogen, 666 ;
mean, 677 (for the free body). The atomic weight of paramyelin
(human) as deduced from the organic molecle in the CidCl, salt is
649 ; that for ox paramyelin combined in the same manner is 721 ;
mean 680. These two means are practically identical.

The question now arises whether this phosphatide contains
glycerol or not, neurin or not ; these questions can be answered
by chemolysis only.

Paramyelin Codmivm Chioride (Or).—C, P, NPO,,CdCL,
From Ox-buftery afler Kephaloidin,

When the buttery matter dissolved in ether had been preeipi-
tated by aleohol and the kephaloidin been removed, the mother-
liquor on standing deposited some secondary kephaloidin and
cholesterin. These were filtered off ; the liquid was precipitated
with CdCL, ; the precipitate was washed with aleohol, and pressed ;
it was next extracted with ether (which dissolved a small quantity
of kephaloidin CdCl,) until pure, dried, and analysed. The result
of the analyses showed that the body was a CdCl, compound.
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The organic molecle amounted to 7749 per cent. ; the CdCl, to
22'51 per cent. :

Treatment with Benzol.—It was found that the compound was
entirely soluble in boiling benzol, and deposited a portion on
cooling which was white and voluminous, Another portion re-
mained dissolved in the cold benzol. The deposit was isolated by
filtration, dissolved once more in boiling benzol, and was deposited
as a swelled gelatinous mass ; from this benzol was drained by
blotting-paper, and the residue was dried.

Paranmyelin Cadmivin Chloride, C,;H_ NPO,,CdCl,.—Insoluble in
cold benzol. The analyses were carried out in the usual manner,
but the Cd was not estimated.

Summary :
Percents,
C 49288
H 8-299 Z
N 1:598 % T8T25H
1= Ja96

Hypothetial: 433 g}g:;g;}}

22l L 91975
Cl 8235 s

100-000 100000
Comprutation of Organic Molecle :

Percents. +by At. Wts, =by P=1.
C 62607 #2017 375
H 10541 10541 758
N 2029 0144 10
B 4313 01349 10
2, (8] 20510 1251 93
100000

The formula C,H, NPO, gives an atomic weight of 720, but
the atomic weight calculated from the CdCl, is only 677 ; 720 + 183
(CdCL,)=903 requires 20-2 per cent. CdCl,. There is, therefore,
still an irrationality between the chloride and the organic molecle,
in the sense of the metallic salt being in excess,

4. MYELIN: 118 IsoLATION, ANALYSIS AND COMPOUNDS.

General Definition of Myelin.—The leading features of the prin-
ciple here to be deseribed will distinguish it with great precision
from all similar matters. When freshly obtained it is white like
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bleached ivory, but when kept for some time it becomes a little
yellowish and waxy. It crystallises, from ether or absolute
aleohol solution on slow evaporation, in curved needles and scales
of a rhombic ovoid shape, which are well seen under the micro-
scope with a power of x 400. When it is in minute erystals it
remains powdery even after drying, but when drying in body
after deposition from alecohol and washing by ether, it hecomes
transparent and waxy, euts like dry walnut kernel, and when dry
can be powdered. The powder is perfectly white. It swells and
emulges with water, particularly on the application of heat, in the
manner defined for all phosphorised cerebral prineiples. The
solution iridesces bluish-white from polarisation of the minute
particles, This solution gives the reactions to be deseribed. It
dissolves in hot alcohol abundantly, and is deposited on cooling in
white tufts, granules, and masses of peculiar appearance, and on
slow evaporation in crystalline needles. The alecohol retains little
myelin in solution when ecold, and gives no precipitates with
CdCl, and PtCl. It dissolves very sparingly in hot ether, and
is almost immediately deposited from this solution when its tem-
perature sinks. It is less soluble in cold ether than in hoiling.
It eontains more than three per cent. of phosphorus. With Pb
acetate and ammonia it gives a white salt, which is insoluble in
aleohol and ether, and contains an atom of lead. Myelin is conse-
quently a dibasic acid.

Modes of obtaining Myelin.—-It can be obtained directly, without
the intervention of precipitants, from the cold aleohol extracts of
white matter, by concentration and cooling, redissolving the pre-
cipitate, and letting the solution stand for a long time in the cold,
when myelin is deposited erystalline.  After isolation it has to be
washed with a little ether, combined with lead, and freed from
sphingomyelin by boiling spirit.

The ether extracts of white matter may be precipitated by
aleohol, the precipitate emulged with water, treated with lead
acetate and ammonia, washed, and extracted with hot aleohol and
ether in succession, when ultimately white myelin lead, of the for-
mula to be given, remains insoluble in these agents. The lead
salt decomposed by H,S in water, and the precipitate extracted
with hot alcohol, yields white myelin ; or the lead compound may
be decomposed in hot spirit by hydrogen sulphide.

Differences and Sepaiation from other Cerebral Principles,—Myelin
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can be separated from kephalin and kephaloidin and allied bodies
by the operator using the peculiarity of its being very liftle solulble
in cold effier, in which these bodies and their compounds are easily
soluble. The solutions should always he exposed to a very power-
ful freezing mixture, and filtered through a filter and funnel sor-
rounded with freezing mixture. From [lecithin myelin can be
separated by the lead process. :

Myelin can be separated from the cerelrvsides by much boiling
aleohol, in which both are largely soluble, but the cerebrosides are
almost insoluble in cold aleohol, in which, therefore, myelin woulil
remain dissolved on cooling more readily. But the lead process
is preferable, and necessary in any case as a means of precipitation.

An absolute separation of myelin from the other phosphorised
principles 1s best effected by the processes employing lead acetate,
and from cerebrosides (as obtained by aleohol process) by ex-
traction with boiling alecohol and separation after cooling,

No phosphatide, however similar in bearing to myelin, should
be assumed to be myelin before it has been in combination with
lead, and been found insoluble as lead salt in boiling aleohol and
in ether.

Myelin ~ Lead.—C H-PbNPO,,.  The ether-solution from
white matter, after exhaustion by freezing, was precipitated by
alecohol ; the bulky precipitate was filtered, washed, and dried
in vacuo, and during this process repeatedly pounded in a mortar.
It was now swelled in water, and subjected to dialysis ; it
formed a thick, slimy, gnmmy or starch-like emulsion, in which
many small erystals of cholesterin formed. The addition of
watery P'b acetate produced a dense curd, which separated easily
from fluid ; it was placed on a cloth filter and allowed to drain
away its mother-liquor. The precipitate was placed in aleohol
and warmed, whereby little else but water was extracted (one
litre alcohol left on evaporation to dryness a little brown matter).
More warm strong alechol now extracted much cholesterin. Hot
boiling absolute alechol extracted mweh cholesterin and a little
vellow smeary lead salt. The insoluble part was soft, waxy, but
on cooling granular. It was now placed in ether, whereby a
yellowish fluorescent lead salt of kephalin was extracted. This
latter salt was precipitated by absolute aleohol, deposited as a
yellowish oily body, which became hard on standing. This has
been treated under kephalin. A while pulvervlent salt remained
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insoluble in the ether, was thoroughly washed with ether on the
filter, also shaken with ether in a bottle, and again washed on
the filter. It shrunk much on drying. 1t was insoluble in benzol.
Substance dried at 100° C. gave, on analysis, data which are
arranged in the following summary of analyses and theories :

Percentages, +by At. Wgts. +byPb=1. +byN=1l. by P=1.
C 5088 4-240 4463 41-56 4038
H 789 7890 83-05 T7-35 io°la
Pbh 19-76 0095 1-:00 0-93 0-90
N 144 0-102 107 1-00 0-97
P 328 0-105 1-10 1-02 k-

0 1675 1046 1101 10-25 9-96
100-00

The organic body in the salt =100—19-76 = 8024,
Percentages of elements found in organic body and theories :

by Af. Wgts. by N=1. =+by P=1.
C 63409 52840 41-24 40-09
H 9-833 9-8330 7676 7460
N 1794 0-1281 L 0-90
i 4087 0-1318 02 1
0 20874 1-3046 10-18 9-89

99997 :

There are thus arguments at hand for atomic weights with
from 40 atoms to 44 atoms of carbon ; but the combined metals
and salts are perhaps less to be relied upon for atomic weight
determinations of the phosphorised principles than the consti-
tuticnal elements P and N. These latter, therefore, prevail in
my opinion as determinants, particularly as they agree well with
each other. I therefore accept C, H- NPO,, as the formula of
the body combined with lead, and adding 2H in the place of Pb,
the formula of the free body will be C, H.. NPO,,

Theory of Found.

Elements, At. Wgts. Percentages.
40 C 480 6315 63409
i H (5] 9-86 9-833
1 N 14 1-54 1-794
1 - 31 407 4087
10 O 160 2105 20874

—r

T60

=1
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Decomposition of Ph Salt by H,S.—A portion was decomposed by
H,S while suspended in ether. The ethereal filtrate from the
PbS deposited a white flaky matter on being shaken, which in-
ereased in quantity on standing. It was allowed to go to dryness
spontaneously, and left an abundant white residue, which was
soft, and smelled peculiarly. It fused above 100°, was perfectly
fused about 125" to 130° and on cooling was quite solid again at
100°  On being heated further it eracked and spirted, then gave
off strong-smelling fumes, burnt with a white luminous flame,
and left a charcoal difficult to incinerate. Fused with nitre and
soda, and the fused mass dissolved in HNO,, the tests for lead
gave negative results, but the tests for P,0, zave evidence of
abundance ; so that the H,S treatment removed all the lead.

The supposed PbS, when heated, fused, and gave off ear-
bonaceous vapours, and behaved in such a manner as to indicate
that it did yet contain much organic matter.

The entire quantity of finely-powdered lead salt was now placed
in absolute aleohol, and decomposed with H.S while being heated
in a water-bath, filtered hot, and extracted with hot aleohol as
often as was necessary to effect complete exhaustion. The alcohol
extract, on cooling, deposited a erystalline mass. This was re-
erystallised from absolute alecohol, when a tendency to stearoco-
notise became evident in the deposit ; but all ultimately dissolved
with the aid of hot ether, and the first purest portion of crystals
was analysed. Dried at 100° C, they became coloured on surface.

Summary and Computation :

Percents. = by Af. Wgts, = by P=1.
C 62651 5-221 390
H 10-340 10-340 771
N  2:000 0-142 1
B el 0-134 i
0 20829 1-301 97

The isolated myelin thus exhibits the formula C,,;H..NPO,.
B, SUBGROUP OF DINITROGENISED MONOPHOSPHATIDES,
NiPF=2:l.
1. AMIDOMYELIN : ITS ISOLATION, ANALYSIS, AND COMPOUNDS.

Amidomyelin is met with in certain precipitates obtained from
brain extracts by the agency of cadmium and platinum chloride.
These precipitates are, asvegards erystalline appearance and bearing
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towards solvents, seemingly homogeneous ; but on elementary
analysis they show an irrationality between the phosphorns and
nitrogen, which in not a few cases assumes the proportion of
P : N = 2 :3, all other elements being present in nearly the same
average atomie proportions as those in which they are found in
phosphkatides in which P : N = 1 : 1. I explain these variations
of the nitrogen as due to the presence of a compound in which
P:N =1:2 After the discovery of apsmyelin, and lately of
sphingomyelin, in both of which principles P : N = 1 : 2, I isolated
amidontyelin by the processes which have already been partially
deseribed under the chapter relating to lecithin. These processes
had to be guided by incessant quantitative elementary analysis by
which to eontrol the progress and direction of the purification of
the prineiple sought to be isolated. It was found that differentiat-
ing solvents and combinants were the principal means for effecting
this isolation and purification, and that so-called fractional crystal-
lisation and recrystallisation were only of subordinate valne. No
diagnostic value was found to be attached to so-called uniform
crystalline or erystallised appearances ; for a great number of
chemically similar or dissimilar bodies would erystallise in such a
manner as to make the impression of homogeneity upon the eye,
while their diversity could be quickly and incontrovertibly proved
by appropriate chemical reagents.

Process for the Tsolation of Amidomyelin.

The buttery matter from human or bovine brains is dissolved
in hot spirit, and to the solution an ammoniacal solution in spirit,
of lead acetate is added as long as a precipitate is produced.
This precipitate is removed by filtration on a funnel heated by
steam. It contains kephaloidin and myelin as lead salts; lead
salts of phosphatides, free from nitrogen, and some lead salts of
cerebrinacides, the latter in small quantity. The filtrate deposits
on cooling a mixture of cholesterin with lead salts, particularly of
myelin and cerebrinacides, and other phosphatides in the free
state, amongst them some amidomyelin. The clear filtrate is
mixed with a spirituous solution of cadmium chloride as long as
a precipitate 1s produced : an excess of cadmium solution is then
added, and the mixture is allowed to stand for the precipitate to
contract and settle.

The mixture of cholesterin, lead salts, and other phosphatides,

T—2
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is again boiled with spirit and allowed to become cool without
having been filtered while hot. The liquid is filtered from the
insoluble and erystallised matter, and in its turn treated with
cadminm chloride solution in the manner stated for the first
solution., In this manner the cholesterin and lead salts mixture
is extracted with spirit as long as the mother-liquors give precipi-
tates with cadminm chloride. The last extracts are the richest
in amidomyelin. The cadmium chloride precipitates are all
united, washed with spirit by decantation until the washings are
colourless, exhausted with ether by decantation, dried in vacuo
over oil of vitriol, powdered, and subjected to the benzol process,
whereby they are separated into the three different compounds
which have been deseribed under lecithin. The compound in-
soluble in boiling benzol is the amidomyelin dicadminm chloride
compound. When the cadmivm precipitates are not thrown
together, but treated separately by the benzol process, it is
observed that those obtained from the earliest spirit solutions
contain only little amidomyelin, while this ingredient gradually
increases in quantity until in the cadmium precipitate obtained
from the ninth or tenth solution there is found as much as 40 per
cent. of the salt insoluble in boiling benzol.

Amidomyelin Dicadmivm Clloride Compound, Insoluble in Beiling
Beuzol from Ox bultery after Lead Process.
Synopsis of Analyses ;

(L) (@) @) @) @) 6) @) @)
LB 4378 4387 — - —

H 768 T72 — - — == = —
N - SRR o e | e L T — —-
i el g SN T N B s AR S
Cid —_ — — e = L 17-99
Cl L ki == e a £l — 11vd9
Mean of Analyses and Theory of Formula,
Percents. +At Wgts. +P=1. +N=1 Theory.

C 43835 3652 4373 42 C, 528)

H 770 770 02-2 88 H,. ., 52

N 243 0-1735 207 9 N._‘ 28 LSSQ

P 259 0-0835 1 096 P 31|

0 14045 0877 105 10- 0 0 160 |

Cd 1799 = 01606 192 184 Cd, 224)g00

Cl 1142 0321 VIR A 142;{'

100-000 1205
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¢, H,N,PO,,(CdCl,), requires 3037 per cent. CACL,
found 29-41
C,H,N,PO,CdCl, requires17-90

¥ ¥

Ay »n

Prepavation of Free Amidomyelin from the Cadmivm Chioride
Compound.

(a) By the Hydrothion Process—The cadminm chloride salt
deseribed in the foregoing is finely powdered, suspended in spirit,
and the mixture is saturated with hydrothion at the ordinary
temperature. It is then heated in a water-bath until the spirit
boils, while the introduction of the sulphuretted gas is continued
until the ecadmium is all transformed into the yellow sulphide.
When a filtered sample of the solution is no longer altered by
hydrothion, the whole is isolated by filtration on a heated funnel.
On eooling it erystallises, the quicker the more concentrated it is.
After twenty-four hours’ standing the crystals are collected, washed
with spirit and pressed, redissolved in a minimum of spirit (in
which, before dissolving, they melt into an oil), and again allowed
to erystallise. This process is repeated until erystals and mother-
liquor are both perfectly colourless. In this process there is the
danger that some of the amidomyelin is decomposed under the
influence of the four molecles of hydrochlorie acid which are set
free by the decomposition of the cadmium chloride. This chemo-
lysis may yield some fatty acid, which may remain mixed with the
amidomyelin, and is difficult to remove. In consequence, the
carbon and hydrogen of the free body may be found higher than
the theory derived from the salt. The free body also retains some
hydrochloric acid—in the first instance, less than 1 per cent.
(found 0-93 per cent. Cl)—which diminishes to a trace by repeated
crystallisation from spirit.  But to remove this hydrochlorie acid
entirely requires a circumstantial process and the employment of
silver oxide or merenramin, and, again, hydrothion and frequent
recrystallisation.

(b) By Dialysis.—The cadmium compound is suspended in
water, and placed in a corrngated piece of vegetable parchment,
folded like a plaited filter, and placed inside a funnel. The
funnel is closed with a cork, or some kind of tap, at its lower
aperture, and the space between the funnel and parchment is
filled with distilled water., This is renewed as long as it contains
cadmium chloride, indicated by sulphide of ammonium and nitrate
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of silver. The amidomyelin is at last found to be completely dissolved
in the wafer, and the solution can be filtered clear through the
densest filtering-paper.  When this solution is gently warmed, it
sets into a jelly., This latter may be evaporated on the water-
bath, with constant stirring, to near dryness. The residue is
dissolved in hot spirit, the solution treated with hydrothion to
remove a trace of cadmium, and allowed to cool and stand.
White amidomyelin erystallises, to be purified by recrystallisation,
ete., as above described.

(¢) From the Acid Mother-liguors, filtered from the crystallised
amidomyelin, the hydrochloric acid is removed by mercuramin
added in fine powder, with stirring and warming. When the
powder does not any longer change colour, but retains its
canary-yellow tint, all the acid is precipitated. The solution is
filtered warm, and, yet warm, treated with a little hydrothion to
remove the trace of mercuramin which is dissolved in the hot
spirit. It is then concentrated, and allowed to crystallise ; or if
coloured, it is mixed with cadminm chloride solution, and the
washed cadmium chloride compound is treated anew as above
described.

Properties of Amidomyelin.

Amidomyelin erystallises in snowy-white microscopic plates and
needles, arranged in stars and disposed in irregular masses. They
dry in vacuo over oil of vitriol to a perfectly white mass, which is
easily powdered, and can be dried in the water-oven below 100°,
With sugar and oil of vitriol amidomyelin gives the purple of
Raspail’s reaction rather quickly and deeply ; it is at present not
known whether the reaction is due to the presence of the oleyl,
cholyl, or sphingosyl radicle in the molecle of the amidomyelin.
The remarkable solubility of the freshly dialysed amidomyelin in
cold pure water, and insolubility in slightly warmed water, must
again be pointed out. The change which it undergoes when its
watery solution is warmed is permanent : the jelly produced by
warmth does not redissolve on cooling. This phenomenon is of
great importance in the study of the functions of the immediate
principles in the brain ; it is calling for further investigation, and
comparison with the bearing of the other phosphatides under
similar conditions. One of these, not yet accurately identified,
has the property of being slimy and diffused and unfilterable in
cold water, while becoming hard and contracted in boiling water,
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so that the water can be filtered off. This substance, with
fresh cold water, gradually resumes the slimy greatly hydrated
condition.

Theory of Amidomyelin (Ox) as deduced from its Codmivm Chloride
Compornd, and Comparison witl he Theory of Sphingomyelin
(Apomyelin).

Taking the organic molecle from the analysed CdCl, salt, with

29-42 per cent. CdCl,, namely 70-59 per cent., and caleulating

elements for 100, we get—

; ; Sphingomyelin gives—
For Amidomyelin— CooH 1y N, PO, + H,0.

Ao

v %

écrcents. At Wts, Atoms. .-it.“’ta: Percents. Atoms.
- 6216 8179 44 538 6837 5186 624

H 1093 1093 93 92 1129 10752 106
N 337 0-24 2 a8 2-96 2- 28
E 50 0117 1 a1 324 1l 51|
0 1990 1-24 10 160 17-14 10-2 160

839 949

Diagnosis and Separation of Amidomyelin from Sphingomyelin,

Elementary analysis, with special regard to the relations be-
tween N, P, and C, is as yet the only means of establishing a
diagnosis between these two principles, It is satisfactory that in
the first steps of brain extraction they separate in the main ;
amidomyelin remains with paramyelin and lecithin, while sphingo-
myelin remains with the cerebrosides and cerebrinacides. DBut
the analyses of sphingomyelin in early stages of purification make
it probable that it is mixed with a mononitrogenised phosphatide
as insoluble in cold spirit as itself, a body closely resembling or
identical with paramyelin. From paramyelin amidomyelin is
easily separated by the benzol proeess applied to cadmium
chloride =alts. This process will therefore aid to separate para-
myelin from sphingomyelin also. But it has not yet been possible
to exactly fix the bearing of sphingomyelin and its cadmium
chloride salt towards benzol, nor to establish its absolute diagnosis
and absolute separation from amidomyelin when both oceur in a
state of admixture with each other. Neither has there been time
or material for the study of the chemical constitution of amido-
myelin by means of the chemolytic method, which I have shown
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abundantly in the course of these researches to be the only medns
for obtaining precise final knowledge regarding the atomic com-
position and weight of these marvellous ingredients of the brain,
nerves, and protoplastic centres

2. AMIDOKEPHALIN, ITS ISOLATION, ANALYSIS AND CoMPOUNDS.

Amidolephalin.—The following preparation was made from a
specimen of erude kephalin which had not undergone the purifying
process with water, filtration, and hydrochloric acid. It had been
thrice precipitated from ether by aleohol, and when last dissolved
in ether, had stood during twenty-four hours in ice, to deposit
traces of myelin and sphingomyelin.

Summiry of Analyses of the Free Kephalin employed in this

Experiment,
=by At. Wgts,. Pasl. P=3,
C 59-51 4-96 43 157
H 931 9-31 79 238
N 273 0-195 16 4-98
P 364 0117 1 3
() 2481 1:550 13 397

100-00

It will thus be seen that all the elements are in proportions
required by pure kephalin, except the nitrogen, which is six-tenths
of an atom too high, or amounts to nearly five atoms, if three
atoms of phosphorus are assumed.

If, as is probable from analogy with amido- and sphingomyelin,
there are kephalins containing amidated acids, as proximate con-
jugated compounds, which amidated acids have also now and
then been found in the chemolyses of kephalin, then it might be
supposed that out of six fatty acid radicles in three molecles of
kephalin, two fatty acid radicles were amidated.

The facts are expressed by the formula—

C,,H,N,PO,,

CHpN P(:',,,_ - = CaH gy NP3 044
L‘ ]I oNeP Oy

The preparation was proved to be free from sulphur by special
analysis. Some anomalies in details evidently do not yield to

hypothesis,
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Transformation of this Preparvation info Lead Salf.

The specimen of kephalin was therefore again frozen in ether,
and deposited a vestize of white matter; the clear solution was
then poured into absolute aleohol containing lead acetate ; the
precipitate was filtered, washed, suspended in absolute alcohol,
warmed to 45° to 50° filtered hot, to extract soluble matters.
No deposit ocenrred in this aleohol on cooling. The lead salt
was dried in vacno. powdered, and found highly electrie. It was
suspended in and extracted with ether.

Suwmmary of Analyses :
44-14
6:583
1-:07
b 2786 2749  26-10 2654 Mean = 26-99
297 309 Mean= 303
18-25

100-00

Calculation shows that in this compound the lead does not
stand in any stoichiometrie relations to any one element. It is in
excess by about one-fourth over the quantity it should be if one
atom of kephalin were combined with one atom of lead. De-
ducting the lead, and ealeulating the organic matter, i.e. 73-01 as
100, we get—

o Ema

K in Pb ealt, Free K before, Pure K gi'.'csa, 'Thaury requires.

C 605 5951 G000 6028
H 91 9-31 9-390 944
N 146 273 168 1-67
P 406 S64 427 370
0 2502 2431 2466 2488

e — ———

10000 100-00

The ether and lead treatment, the combination and purification
thereby effected, have therefore brought this kephalin much nearer
to the composition of the purest.

3. SPHINGOMYELIN.—TYPE OF THE DIAMIDATED PHOSPHATIDES,
WHICH CONTAIN NO (GLYCEROL : ITS ISOLATION, ANALYSIS,
CHEMOLYSIS, AND COMPOUNDS,

In chemical researches which have to deal with the separation
of the ingredients of complex mixtures, the difficulties generally
rise with the atomic weights of the bodies to be treated. Of
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this rule, sphingomyelin, a body the atomic weight of which is
probably one of the highest after those of the albuminous class,
has furnished a striking confirmation.

Sphingomyelin is the prineipal, but not the only, phosphorised
ingredient of the so-called cerebrin mixture, which remains when
white matter is exhausted by ether. Out of this mixture there
have been isolated entire series of immediate principles ; first and
best studied, the ecerebrosides, with plrenosin as their chief ;
secondly, the cerebrinacides, which contain more oxygen than the
former, and combine with lead ; thirdly, bodies containing sulphur
as an essential ingredient, hence termed cerebrosulphatides. To
these we have now to add the description of peculiai phosphatides,
and certain nitrogenised substances free from phosphorus, which
may be termed nifrogenised fats or amidolipotides. The processes
described in the following are those which actually led to the
discovery by which they were rewarded. But it is probable that,
after a complete knowledge of the properties of the newly dis-
covered bodies has been obtained, these processes may be much
simplified and shortened.

Process of sepavating apparently homogencous Crystallised Bodies from
the Alcohol wsed for the sepavation of the Cervebrosides ; whicl
Lodies will be shown to be Mistures by Reagents.

After the removal of phrenosin and kerasin by erystallisation
from absolute alcohol frequently repeated, there remained alco-
holie solutions, which made no further deposit on standing. These
were distilled to a small bulk, and deposited a white crystallised
matter. (An attempt to separate anything out of the matter by
benzol proved abortive ; eold benzol extracted but little, on
application of heat all dissolved, and on cooling the mixture set
into an unmanageable jelly. The benzol was therefore distilled
off, and the matter treated anew with spirit.) The crystalline
matter was dissolved in hot spirit of 85 per cent. strength, and
an aleoholic solution of lead acetate was added, after this a slight
excess of ammonia, The cerebrinacides contained in the body
were thus precipitated as lead salts. From these the solution
was separated hot by filtration. After cooling, the alkaline
mother-liquor was separated from the crystalline deposit. The
washed crystalline mass was dissolved in hot spirit, and left
much matter in a fused state (second lead stearoconote). A part




PHOSPHORISED PRINCIPLES OR PHOSPHATIDES, 107

of the matter being yet insoluble lead compound should remain
undissolved ; but when fused it encloses a quantity of soluble
matter, which then remains inaccessible to the spirit. It has
been found nseful to emulge the crystalline matter with some
water before heating it with spirit. This resolution in hot spirit
and recrystallisation are repeated four times, or until no lead salt
remains insoluble, and until the product is uniformly white, and
erystallised in stars and rosettes of needles, clearly visible under
the microscope. It is dried in vacuo.

Properties of the Product.—With water it forms a permanent
jelly or paste like starch pap. With sugar and sulphurie acid it
gives an immediate purple reaction ; with sulphurie acid alone it
becomes thoroughly purple. Heated to between 90° and 100" in a
water-oven, it hecomes a little soft and a little coloured ; when
cold, it becomes again pulverisable. It fuses at about 150,
assuming a brown eolour. It yields to absolute ether-alecohol a
considerable amount of matter, which erystallises in the original
rosettes and dichotomically branched masses, like lycopodium.

Preliminary Quantations of Eleinents.—Synopsis of Resulls.

Found in 100. +At. Wgt. +P=-1.
C 5881 4-900 G805
H 1155 11-55. 160-40
N 263 0188 261
224 0072 1-

O 2477 1548 21:50

These data show that the body, though erystallised as described,
was yet a mixture. Its prinecipal ingredients were sphingomyelin,
in which P : N =1 : 2, and Lerasin, which latter mainly explains
the excess of carbon and nitrogen and attached water, as will be
shown below.

Comparison with this Rosette or Lycopodium-like Body of a similar
\ Body oblained from the Cerebrin Mixzture by Ether, together with
the Kephalin, efe.

The ether extracts from white matter containing all kephalin,
myelin, cholesterin, ete.,, were concentrated and mixed with an
alcoholic solution of lead acetate. Kephalin and myelin became
insoluble as lead salts. When the precipitated matters were
boiled with spirit,.and the filtrate was allowed to cool, cholesterin,
together with a lead compound and the new body were deposited.
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The deposit was isolated, dried, and extracted with ether not in
excess, Cholesterin dissolved, while the lead salt and new body
remained undissolved. The latter mixture was treated with
boiling alcohol, which dissolved the new body, and deposited it
on cooling in crystalline rosettes, while the lead salt remained
undissolved as a fused mass. By frequent reerystallisation of
the new body as long as it left any fused lead-compound, it was
at last obtained guite free from lead and white.

Chemical and  Physical Properties.—White ecrystalline mass.
Becomes soft at 90°, without loss of water. Gives Raspail’s
reaction with and without sugar, from which the presence of a
cerebroside may be inferred. The lead compound gave the Raspail
reaction with and without sugar, if at all, very indistinctly.

Analyses of the second Rosetle Body.—Synopsis of Fesults.

Percents, =+ At Wgt. +P=1,
C H8-6T 4889 119
H 1118 11-180 272
N 2-78 0-198 4-82
P 1-33 0041 i
0 2604 1-627 395

The crystallised body just analysed is a mixture of a dinitro-
genised phosphatide, sphingomyelin, with o cerebrosile, as was
clearly shown by the application of reagents. But the nature of
the cerebroside in this case was not ascertained as in the former
case.

Lsolation of Sphingomyelin by Coadmivm Clloride Process.—Many
attempts (of which only two have been described in the fore-
going) having been made to isolate a constant product by mere
erystallisation with solvents, without suceess, the cadminm chloride
process was again adopted. The reagent was mainly applied to
cold aleoholic solutions, and had the following effect. A pre-
cipitate of CdCl, salt ensued immediately. If this was filtered
off quickly, a second more gelatinous precipitate fell, consisting of
almost pure kerasin, The CidCl, salt also contained yet some
kerasin, From this it was separated by boiling spirit ; the CdCl,
salt was deposited mainly above 28° the kerasin entirely below
287 and on long standing provided that the amount of kerasin
did not rise above 1 part in 321 parts of spirit. Of the CdCl,
salt, spirit retains less than a half per eent, (weight in volume) in
solution. It is probable that the body or bodies which combine
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with CdCl, (sphingomyelin and other phosphatides) on the one
hand, and kerasin on the other hand, keep each other in solution
by some attraction which they have for each other, in which
sphingomyelin acts as base, kerasin as acid, the result being a
kind of salt which is more soluble in gpirit than each of its com-
ponents by itself. The alcoholic solution from which the CdCI,
salt and kerasin have been precipitated, must be allowed to stand
long, and be repeatedly concentrated, to remove all kerasin. It
then yields a precipitate with platinum chloride and hydrochlorie
acid, which is a compound of a phosphorised and nitrogenised
body, assurin, with the reagents employed. The motherliquor
-yields Lrinosin and bregenin, nitrogenised matters free from phos-
phorus, and belonging to the new class of amidafed lipolides or
nitrogenised fafs, as will be fully described lower down.

Gradual Purification of the CdCl, Salt of Sphingomyelin by vecrystal-
lisation from boiling Spirit and Exlvaction with boiling Ether.

In the course of these processes it was found that the pre-
cipitates might contain varying quantities of CdCl, and that
these miight correspond to several compounds. Sphingomyelin
might combine with one or two molecles of (CdCl, ; the second
phosphatide might combine with one molecle of CdACl, only, being
a mononitrogenised body, probably paramyelin. The CdCl, might
also be depressed by the admixture of kerasin. It was also found
that the CdCl, would shift, so as to increase in one fraction, while
diminishing in another of a previously unitary preparation.

The changes of these salts in general, and the extraction of the
kerasins and other admixtures in particular, were followed analy-
tically. Thus a CdCl salt gave 597 per cent. Cl and 10-89 per
cent. Cd=16-86 per cent. CdCl, The 597 per cent. Cl require in
theory 9-41 per cent. Cd = 1538 per cent. CdCl,. The salt here
obtained was the one with one molecle of CidCl, ; sphingomyelin
with 51 carbon atoms and CdCl, postulates 164 per cent. CdCl, ;
the body with 53 carbon atoms requires 15-98 per cent. CdCL,

Another salt from ox cerebrosides mother-liquor of recrystallisa-
tion was a mixture of sphingomyelin CdCl, in which N : P=2: 1,
and of a phosphatide CdCl, salt, in which N : P=1: 1, probably
paramyelin. The salts were crystallised from hot spirit above
30°, and recrystallised until free from kerasin.

They contained 13-14 per cent. Cd, 3-24 per cent. P, and



110 CHEMICAL CONSTITUTION OF THE BRAIN.,

9-12 per cent. Cl, 2:28 per cent. N, 50-70 per cent. ', and 9-08.
per cent. H.

The chlorine found in analysis (1) postulates 14-3 per cent. Cd.
There is, therefore, a slight deficiency of this element. The
organic molecle has therefore to be calculated by deduncting the
latter larger figure for Cd, namely, 14-3 per cent., thus:

cdcl, - . - 23-42 per cent.
Organiec molecle - T76:58 3
10000

This quantity of CdCl, indicates that the mixture contains
gphingomyelin monocadmium chloride with sphingomyelin di-
cadminm chloride, bodies which will be discussed more explicitly
lower down. The nitrogen is to the cadmium chloride in such a
proportion that the basicity of sphingomyelin is unsatisfied to
the extent of about one quarter, or upon two atoms of nitrogen
there is very nearly one and a half molecle of cadmium chloride
(1-48).

Synopsis of the foregoing Analytical Resulls,

Percents. = At. Wets.
L 5070
H 9-08
N 2-38 0-162
P 3-24 0-104
() 1128
{{j] }23-42
100-00

Calewlation of Elements in 100 of Organic Molecle,

Percents. = At Wats, =N=2
C 66-21 55175 518
H 11-56 11-860 111-2
N 298 0213 e
P 4-23 0-136 1:26
0 1473 0921 264

The relations of (': N are the same as those of the same elements
in the crystallised free body, which will be deseribed further on,
Consequently the phosphorus is somewhat too high.
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Further Purification of the Compouwnd by Ether, and by recrystallisa-
tion.—The mixture was now subjected to a process of purification
by being exhausted in a closed apparatus with boiling ether.
When new ether failed to extract anything during an entire day
of boiling, the eompounds were recrystallised from spirit, again
dried, and again exhausted with ether. If now fresh ether ex-
tracted nothing, the salts were considered to be fully exhausted.
(Some krinosin and bregenin were extracted.) In this manner a
number of preparations were purified, with the result that in all
the earbon sank a little, while cadmium chloride rose in quantity,
but nitrogen remained to phosphorus as 2: 1-28, as will be seen
from the following analyses.

Synopsis of Quantations and Theory of Salt.,

Percents, —=At. Wgts,
¢ 4611 384
H 866 866
N 224 0-160
P 329 0-104
Ul 14-37
Cd 1563 ) ...
977 }'“ #

Elewents and .’H;Euw of Urganic Matfer,

Percents. = At. Wgts, +N=2
C 6180 215 183
H 1160 1160
N 300 0-214 2
B o431 0139 1:38
0 1929 1-205

We have therefore here also the phosphorus too high for sphin-
gomyelin, namely, N : P=3: 2, from which it may be surmised
that the admixture was partially a mononitrogenised phosphatide
(paramyelin ?), partly a diphosphatide such as will he described
further on,

As no even relation between nitrogen and phosphorus could be
obtained by any kind of treatment, particularly frequent recrys-
tallisation, to which the compound was subjected, it was deemed
necessary to decompose it and study the free body. It was
evident from the relation C:N=518:2 that the organic body
was not a phosphatide of the lecithin group, in which C:N=42:1,
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or thereabouts, while the amount of nitrogen pointed to the pro-
bability that the body was constituted similarly to the amido-
myelins which had been hypothetically assumed to exist in
analysed CdCL, and PtCl; compounds. In fact, it was at once
perceived to present the proportions between C and N which had
been observed upon apomuyelin described in my first research on the
brain. But as it had been left doubtful whether this apomyelin
was not a pmlfuct rather than an nﬂ11ct, great care was taken
to prevent any chemolytic influence from acting on the body, so
that the doubt just mentioned might be eliminated. The erys-
tallisation of the free substance showed at once the presence of
fwo principles, of which the first, sphingomyelin, was obtained pure
by crystallisation, while the second one was obtained pure by
more circumstantial processes to be deseribed later.

Prepavation of pure Sphingomyelin from its Cadmium Chlovide
Compound.

Removal of the Cadmivm by Diffusion and Dialysis.—When the
compound is placed in water, this will extract much of the CdCl,
but not all, by dissociation and diffusion. But the liberated
sphingomyelin is in the state of colloidation, which increases with
the length of contact with water until it reaches its maximum.
The liquid can thus no longer be filtered from the sphingomyelin,
as the latter immediately obstructs the pores of the filter.

Dialysis may be resorted to, the apparatus being arranged with
plaited vegetable parchment dialysers as deseribed on p. 101.
When the dialysate is free from CdCL, the sphingomyelin and
water paste must be concentrated, dissolved in hot spirit, treated
with hydrothion to remove the last portions of cadmium, and
set to crystallise.

The sphingomyelin which was examined in the first four
analyses to be related below was prepared with the aid of
dialysis, as follows: 40 g. CdCl, salt was boiled with 1 litre spirit ;
23 . dissolved, while 13 g remained insoluble in the quantity of
spirit mentioned. The hot spirit solution deposited a quantity
of salt above 307, and was filtered at 30°. The salt thus obtained
was subjected to dialysis, and washed with water until free
from chlorine. It was then recrystallised from spirit, and dried

at 1007, -
The liquid which had deposited the CdCl, salt above 30° was
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evaporated, and the deposit filtered off. It was also decomposed
with water, and the body free from CdCl, was analysed. It
yielded results which have been recorded separately. If my
object were solely that of a mere chemist in search of new pure
compounds, I should have thrown this and other mother-liquors
away. But the object of physiological and pathological research is
not to find some prineiples which will pay the chemical operator,
but fo find all the principles which may be contained in an organic
physiological or pathological mixture,

The following process yields sphingomyelin in a shorter time
thian dialysis. The purified salt, free from kerasin and all matters
which ether can extract, is suspended in spirit, and treated with
hydrothion to saturation. The flask containing the mixture is
now placed in a water-bath, the water of which is gradually
raised in temperature until the spirit in the flask boils. The in-
fluence of the sulphuretted gas is continued until a filtered sample
of the spirit solution is not changed by the hydrothion any more.
The mixture is now filtered through paper in a funnel kept hot
by a steam-jacket. The filtrate is left to crystallise. It yields
sphingomyelin, ete., partly as hydrochlorate, which are collected
on a filter, washed with spirit, pressed between bibulous paper,
and dried in vacuo over oil of vitriol. The neutral and dry salts
are now again dissolved in warm spirit, and to the solution is
added gradually, and in small quantitics, as much finely pul-
verised mercuramin as may be necessary to bind and retain in the
precipitate all the hydrochloric acid combined with the phos-
phatides. When an excess of mercuramin is present—i.e., when
the deep canary-yellow colour cf the mercuramin is no longer
changed to white, but remains as a yellow deposit at the bottom
of the flask, distinet from the white mercuramin hydrochlorate—
then the organic principles are free from hydrochloric acid ; the
filtered solution, on cooling, deposits first sphingomyelin, to be
purified by recrystallisation ; the coneentrated mother-liquor de-
posits the mononitrogenised eompanion mainly. (Without the
mercuramin treatment the sphingowy'elin may retain from 08 to
1-32 per cent. HCL)

Physical and Chemical Properties of Sphingomyelin.—Sphingo-
myelin is easily soluble in hot spirit or absolute aleohol, and
crystallises therefrom in dense white masses, needles, stars, and
hexagonal plates. It does not become waxy after drying, but

8
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retains a pulverulent dryness. 1t is little soluble in cold absolute
alcohol, but can he separated thereby from phrenosin, which is
less soluble, and from lecithin, which is more soluble. It is
almost insoluble in ether, even when some hydrochloric acid has
been added. It eannot be separated from kerasin, to which it
stands in the relation of a base, by recrystallisation alone. The
intervention of cadmium chloride is necessary to effect this
separation. The compound of sphingomyelin with cadminm
chloride is less soluble in spirit than the pure sphingomyelin, and
is deposited in a much shorter time and at higher temperatures
than kerasin; for the sphingomyelin CdCl, falls above 28°
kerasin (in solutions which contain less than 1 g in 321 ce. of
spirit of 84 per cent.) below 28° on standing. Sphingomyelin
swells in water, and becomes distributed in it so as to form a
turbid semizolution or emulsion. In the course of dialysis it
sometimes contracts and sinks in the water. Its compounds,
particularly those with CdCl,, become decomposed under the in-
fluence of water ; sphingomyelin assumes the colloid form, and
the combined metals or salts pass into solution in the water. On
this property rests the process for liberating sphingomyelin from
crystalloids by dialysis. '

Quantations of Elements in Sphingomyelin from Ox Brain.,
Synopsis of Analyses and Theory,

Percents, = At. Wgts. =P=1.
C G537 H445 n1-86
H 11-29 11-29 10752
N 2-96 0-211 2-
P 324 0105 1
0 17-14 1070 10-2

The probable formula is C,,H,, N, PO, + H,0.

Comparison of Sphingomyelin with Apomyelin from Human
Brain.

In ¢ Reports,’ No. I1L (1874), p. 164, I have given the analysis of
a specimen of a kind of myelin from the human brain which I
termed A poniyelin, and which had been obtained from a platinie
chloride compound by recrystallisation from boiling aleohol, and
decomposition of the produet by hydrothion. The following
figures were given :
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Apomyelin, Man.

Percents, = At Wets, =FP=1.
C 6701 HehRdl o4
H 1136 1135 109
N 300 2142 2
P 323 1041 1
0O 14694 9155 v
Cl 0761

This was, therefore, clearly a sphingomyelin with 54 € ; like
the sphingomyelin from the CdCl, cc-mpdund, it retained a small
quantity of hydrochloric acid, which was estimated in the analyses
and recorded as Cl. A sphingomyelin prepared from CdCl, salt
by H,S, was found to retain 1:32 per cent. HCI, which is only
about a third of the theoretical amount required by a simple
hydrochlorate. In both cases the hydrochlorate was probably
decomposed by the influence of watery solvents.

Chemolyses of Sphingomyelin, with a view of ascerfaining ifs
Chemical Constitution.

I have made four distinet experiments on this subject ; but as
they are not completed, I am only able to state the salient results
of the operations as far as they go.

Experiment I —Six g. sphingomyelin were mixed with 12 g.
barita hydrate and heated to 105" during five hours. There were
obtained a little sphingosin (precipitated from the aleoholic extract
by sulphuric acid, soluble in excess), an acid which differed from
sphingomyelin by the absence of the group of newrin, sphingomyelic
acid, probably (if the sphingomyelin employed had the formula
C,,H,,,N,PO,,) having the composition €, H, NPO,. In this
acid, it will be observed, P:N=1:1. There was further ob-
tained a barium self soluble in ether, and an alcohol sphingol, the
two latter bodies being products of the continued decomposition
of a portion of sphingomyelic acid.

Ezxperiment II.—Twelve g sphingomyelin, 12 g. barita and 50 g,
water were heated to 100° for ten hours. There were obtained
11 g of neurin as platinic chloride salt, while theory requires
1-3 g from 12 g sphingomyelin. Nv frace of glycerophosphoric acid
was observed. There was a barium salt insoluble in aleohol and
ether, which contained P:N=1:102 (P=275 per cent.;
N =127 per cent.) sphingomyelate of barium. No sphingosin

8—2
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was obtained. But the new aleohol, sphingol, was isolated in suffi-
cient quantity to be analysed.

Analysis of Sphingol, a new Alcohol, from Sphingomyelin by
Chemolysis with Barita,

Dried at 98° in a platinum beat.

Synopsis of Analyses and Theory.

Percents. + At Wgts, +by 0=1,
(1) ¢ 76-30 6:37 907
B 12Ta 12-78 18-7
0O 1092 068 12
(2) C 7634 6361 908
H 1245 12-45 17-92
0 11:31 07 ]

The new alcohol has therefore the composition expressed by
“either C,H O, or by C H, 0, In the latter case it would be the
third stearic isomer.

Analysis of the Newrin-Platinwmn-Cliovide Hydrochlorate obfdined
from this Chemolysis.

The salt C, ) H,,N,0,, 2HCLPtCl,, of atomic weight 6184,

Requires in 100, Found in Salt.
Bt 31-921 3179
Cl 34-44 3464

Experiment 111.—Twenty g. sphingomyelin and 40 g. barita, with
500 g. of water, were heated to 135" during twelve hours. There
were obtained newrin ; further a second allaloid precipitated by
sulphuric acid from its solution in absolute aleohol, yielding as
snlphate by analysis the formula 2(C,H,NO,H,80, being
possibly somewhat impure sphingosin ; sphingol; a fatty acid,
which as barium salt and as lead salt was insoluble in aleohol and
in ether, in the free state had the composition expressed by the
formula €, H,,0,, erystallised, and fused at 57°, therefore almost
as much below ordinary stearic acid, which fuses at 695", as
neurnstearic acid fuses above this, namely, at 84", The acid is
therefore the fourth isomer of stearic acid, the third discovered
in these researches, and is named sphingostearic acii,

No glyeerophosphoric acid was obtained, but the insoluble
barium salt contained much barium phosphate, which was isolated ;
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the phosphoric acid was combined with molybdate of ammonium,
and fully identified.

Eaxperiment IV.,—Twenty-five g. sphingomyelin, 50 g. barita,
and some water were heated in the autoclave to 105°—120" for
seventeen hours. There were again obtained neurin, sphingosin,
sphingol, barium salt insoluble in ether, and a nentral body mixed
with sphingol ; this latter mixture or compound had the formula
C,.H;,NO,, with 2-18 N.

Some intermediate, in gquantity subordinate, products, such as
a barium salt soluble in ether and precipitable by aleohol, remain
for further study.

Theoretical Resulls of these Chemalyses.

The conclusions to be derived from these chemolyses bearing
upon the chemical eonstitution of sphingomyelin are of the utmost
interest and importance.

In the first place, no glycerophosphorie acid was obtained
in any one of the chemolyses. If I recall the many experiments
made regarding the constitution of other phosphatides, such as of
kephalin or of lecithin, and the relative facility with which gly-
cerophosphoric acid was isolated as barinum salt and identified as
caleinm salt, I cannot suppose for a moment that glycerophospho-
ric acid has been present and escaped ohservatien. I therefore
came to the conclusion that the glycerol found in a portion of the
phosphatides was not, as has been hitherto supposed, essential to
the composition of those bodies. From this moment it was also
evident that glycerol could not, or need not, be the basal radicle
of these compounds, not even of those which contained it, and
that therefore the phosphorised brain eduets eould no longer be
considered as glycerides, or ethers of the aleohol glyeerol, but had
to be differently interpreted. The only feature common and
essential to all the phosphorised eduets, and the one from which
in consequence they derived their appellation, was that they con-
tained phosphorus, which by ordinary analytical processes re-
mained in the form of phosphoric acid. There was no reason to
suppose that the phosphorns was present in the organic principles
in any other form than that of phosphoryl, the radicle of phos-
phoric acid. (When they were chemolysed they took up water,
and yielded hydrated radicles, such as have been described,
acids, alkaloids, or organic hases, and alecohols.) Consequently I
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assumed that the basal radicle of all phosphatides was that of phosphorie
acid ; that in this acid one, two, or three molecles of hydroxyl might be
veplaced by radicles of alcohols, acids, or boses, and that to a molecle
formed by three sueh substitutions there might yet be altached, by substi-
tution of an element in o radicle, ilself already substifuted (side-chain)
or by eddition as anlydride, a fourth radicle, and that therefore
sphingomyelin might be constituted according to the following

formule :

[ HO

Phosphorie acid=0P - HO
| HO
[ Acid radicle.
| Aleohol radiele,

Sphingomyelin=0P | Base radicle (substituted).
| Base radicle (attached as side-chain or
| added as anhydride).

I repeat the formula, substituting elementary formule for the
functional symbols :

(Cul0, ]

Op{ ~wsas6-2 L _C _H. . N.PO.
.E{-E]THE.{?:?E } B
| CoH,, 2 J

To this formula we are obliged, by the results of the analyses
of the three sphingomyelins, to add at least 2H,0, perhaps 3H,0,
and by this operation we obtain a total formula of C,H,, N, PO,

But this last formula is only a ease out of many possible
formule. It is clear that if the molecular formula of sphingol
were only C,H, 0, the formula above given would either have to
be lowered to (', ete., or the sphingol would have to be assumed
to be donbly represented. Neither hypothesis enjoys the advant-
age of probability. I therefore do not presnme to fix the exact
formula of sphingomyelin, particularly as I have shown that there
are various sphingomyelins (one being apomyelin), but T maintain
that this research has established as a type of brain-educts sphin-
gomyelin, which is a phosphatide, and contains an aleohol not
being glycerol, an acid, and two nitrogenised radizles as proximate
constituents.

Compounds of Sphingomnyelin.—The body combines with hydro-
chioric acid, and this eompound is more soluble in spirit than the
free body. The hydrochlorate is easily decomposed by watery
solvents, so that while a monohydrochlorate should contain 3-76

L___._._..__ P
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per cent. HCl, there were found in a hydrochlorate recrystallised
from spirit only 1-:32 per cent. HCI

Compounds of Sphingomyelin with Cadmivin Chloride.—The vary-
ing quantities of cadmium chloride in such compounds have heen
a source of great trouble and doubt, which could only be solved
by countless preparations and analyses piloted by hypotheses
and the atomic theory. Thus a salt was found to contain
16-86 per cent. CdCl, and to correspond to the formula
¢, H, N, PO, CdCL, which requires 16-4 per cent., CdCL.

Another salt from the human brain eontained 26-59 per cent.
CdCl,, and was therefore supposed to be a not quite saturated
compound approaching that with two molecles of CdCl. For the
(., sphingomyelin with 2CdCl, requires 28 per cent. CdCl, ; the
formula with C,, requires 27-9 per cent. CdCl,.

Sphingomyelin is therefore, like amidomyelin, a dipolar alkaloid,
and capable of fixing one molecle of CdCl, to each of its two
nitrogen radicles.

Consequently any sphingomyelin and CdCl, compound which
eontains quantities of C'dCl, intermediate between 16-4 per cent.
and 28 per cent. is a mixture of the monocadmium chloride, with
the dicadmium chloride compound. Sunch a compound must of
course contain P: N=1:2. Wherethese rvelations do not subsist,
but where the relations of P : N approach more or less those of
2: 3, the cadmium chloride may be diminished by the presence of
a compound with it of a phosphatide such as paramyelin, in which
P:N=1:1. It will therefore be seen that the higher the amount
of CdCl, found in a new precipitate, the more likely is the body
to contain sphingomyelin (or amidomyelin). If the CdCl, sinks
much towards 20 per cent. or below, the precipitate or crystallisa-
tion either contains much of the monocadminm chloride compound,
or contains a mononitrogenised body, which may be either a body
analogous to sphingomyelin, but containing one nitrogenised
radicle only, or a lower phosphatide such as lecithin or paramyelin.

We have therefore, with regard to sphingomyelin, the possibility
of the existence of two compounds and an indefinite number of
their mixtures in different proportions
CI%THMNEPOW'FC‘{C% At. W.=1113, contains 16-4 per cent.

'
Cd%b-lfHMNEPuer 2(CdCl,), At W. =1296, contains 28 per cent.
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If there are, as is probable, many sphingomyelins, then each
variety would have its several CdCl, compounds.

All these ('dCl, salts are beautifully erystallised and white.
When they are recrystallised from spirit they lose solubility as
the extraction proceeds. These changes are particularly observed
upon salts which are not fully saturated with CdCl, : the fully
saturated salts behave in a regular and stable manner. It is
therefore necessary in the first erystallisation to offer to sphin-
gomyelin an excess of eadmium chloride, and to test the mother-
liquors of recrystallisation from time to time to see that they do
not contain unsaturated more soluble salt or free sphingomyelin
in solution. Spirit of 85 per cent. strength, after having been
saturated boiling with the dicadmium chloride salt and allowed
to deposit all it can during twenty-four hours, will keep in solu-
tion half a gramme of the salt in 100 cabic centimetres.

C. SUBGROUP OF DINITROGENISED DIPHORPHATIDES,
Bl et

ASSURIN : 1TS ISOLATION AND ANALYSIS.

This body is found in the alcohol extracts of the cerebrin
mixtures after sphingomyelin and kerasin have been removed
from them in the manner above indicated. When to such a
solution platinum chloride, acidified with some hydrochloric acid,
is added, a precipitate ensues which is insoluble on boiling. In
solution there remains a body, which I have termed Fsfarin, and
which does apparently not combine with platinum chloride.
Both bodies, assurin and istarin, seem to have some attraction for
each other, like sphingomyelin and kerasin, which canses them to
crystallise together, so as to represent a uniform appearance of
star-shaped masses of crystals. This union is apparently never
definite, but the proportions of the ingredients shift according to
the mass, concentration, and temperature of the solvents used for
their extraction. On the whole, frequent recrystallisation from
spirit causes the phosphorus in the mixture to rise, and the nitro-
zen to sink relatively to the phosphorns. But the prineiple here
to be deseribed is isolated as yet only by platinum chloride.

Assurin Hydvochlorate Platinum Chloride,

Yellow erystalline powder, insoluble in boiling spirit, and in
ether.
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Synopsis of the Results of the First Series of Analyses and Theory,

Percents, + At Wts, +Pt=1. Organ. Molecle,

C 4925 4-104 91-20 456

H '874 8740 194-22 970

N 2-50 0178 395 197

3 652 0-210 466 2-33

0 13:69 0-855 19-00 95

Pt 903 0045 100

B I 1 .1 0-289 6-42

These data lead to a formula 2(C, H,N,P,0,HCH)PtCl,.

Synopsis of the Resulls of the Second Series of Analyses and Theory.

Percents.  + At Wgts, +N=2 +Pt=1. Organ. Molecle.
C 4901 4054 49-8 943 47"
H 385 B8-85 203+ 101-
N 230 0-169 3 377 1-88
I 606 0-1954 23 449 2-24

0 1566 0-98 23 }i:
Pt BT 0-0435 1=
Cl  9-55 0 269 618

These data lead to a formula 2(C,.H,,N,P.0,,HCLPtCl,,
which differs a little from the former one, but phosphorus remains
slightly exceeding, nitrogen below the theory derived from the
platinum chloride as starting base. Assuming nitrogen at two
atoms, we come to nearly 50 C, but encounter again an excess of
10 per cent. in the phosphorus. But the great features of the
results of the quantations are evident. We have to deal with a
phosphatide in which the radicle of phosphorie acid is contained
twice, and which we may therefore term a diphosphatide. In this
principle there are contained two atoms of nitrogen, which, from
analogy with other phosphorised bodies, we may suppose to be
contained in two different nitrogenised radicles. But even if the
two atoms of nitrogen were contained in one and the same radicle,
it would still be perfectly correct to term the principle a dinitro-
genised diphosphatide. For the nitrogen, although somewhat
deficient in both sets of analyses, amounts nevertheless to 3-77
molecles in the latter and to 3-95 in the first set of quantations
when compared to platinum as 1,

The companion of assurin, the above-mentioned isfarin, is not
phosphorised, but it is very difficult to prepare it free from the
last traces of phosphorus. Its chemical composition is expressed
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approximately by the formula C H_NO, ; it therefore seems to
belong to the group of nitrogenised fats to he described below.
I have prepared and analysed many specimens which have shown
the way to the ultimate complete chemical individualisation of
the substance. But there has not been time for the carrying out
of the laborions operations which are necessary for the isolation
of the quantities required. For it must be borne in mind that
before istarin is reached in a systematic course of brain analysis
all the other substances deseribed previously must have been
removed out of the solution, as well as the residues of the solvents
and preeipitants.

D. SUBGROUP OF NITROGEXNISED PHOSPHATIDE-
SULPHATIDES.

Body from Group of Cerebrinacides.

Such a prineiple I shall have to deseribe under the subgroup

of the cerebrinacides, amongst which it ocenrs, and from which

it has not yet been entirely isolated. Indeed, it may be ques-
tioned whether this cerebrosulphatide contains phosphorus as a
constituent element, or only as a constituent element of an ad-
mixture. The observation, such as it is, is too important to be
left out of sight ; and, on the other hand, nothing but a research
of great dimensions will be the means of evolving the final truth
contained in it.

E. SUBGROUP OF NONNITROGENISED MONOPHOSPHATIDES.

A Dbody typical of this subgroup was discovered by limited

chemolysis of kephalin, as described in the chapter relating
thereto, under kephalophosphoric acid. Two other bodies of this
kind were found in a lead precipitate from buttery matter. One
was a crystallised acid, the other nonerystallised. There has not
heen time for advancing the knowledge concerning them ; par-
ticularly the proof is yet wanting that they are educts, and not,
like kephalophosphoric acid, products. They are, therefore,
registered here mainly as objects for future research.

First acid from buttery matter.
Second acid from buttery matter.
Kephalophosphoric aeid (product).
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From the mixture of the first two acids a barium salt soluble
in ether was obtained, reminding of the bearing of the kephalin
and sphingomyelin series, which alone, as thus far known, yield
barium salts soluble in ether.

F. COMPARATIVE CONSIDERATION OF OTHER PHOS-
PHATIDES OF THE ANIMAL BODY.
Plosphatide of the Milk, Lactophosphatide, Casein.

According to the latest researches, casein from cows’ milk has
the following percentic composition :

+ At. Wats. Atoms,
C 5296 4413 1978
H 705 705 316-
N 1566 11178 50"
b 0716 00223 1
B 0 847 00273 1:224
0 2278 14237 - 638

It will be seen that what has often been maintained before is
here again propounded—namely, that a substance believed to be
truly albuminous eontains not only sulphur, but also phosphorus,
as an essential constituent. On general grounds I think this very
probable. Indeed, the phosphatides of the brain have some pro-

perties which are so much like those of casein that former

inquirers were led by them to the belief that the brain did
_ actually contain casein. As casein yields by chemolysis about
4'12 per cent. of tyrosin, and as the atomic weight of the latter
13 181, the atomic weight of casein must be at least 4393, Now
" if easein contained one atom of sulphur, its atomic weight would
thereby be fixed at about 4469, which does not differ much from
the number derived from the tyrosin ; but the phosphorus leads
to a lower number—namely, 3659. Seeing, however, that phos-
phorus is analytically always found a little too high, we need not
at first sight attribute too much importance to this difference.
Seeing, on the other hand, that albumen contains at least three
atoms of sulphur, we need not despair of finding, by further
inquiry, a better ratio between the phosphorus and sulphur in
casein than that which is at present apparent.

-
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Phlosphatides of the Bile, Cholophosphatides.

It is generally assumed that the bile contains lecithin. This
assumption is based upon the fact that ox-bile, by chemolysis
with barita, yields fatty acids and neurin. Indeed, neurin was
first discovered in the bile, and originally termed cholin. I have
made some experiments regarding this question, and come to the
result that ox-hile does not contain lecithin, but contains a phos-
phatide which, to conclude from its erystallising as platinum
chloride salt, seems to have a very complicated composition. The
formula expressing the composition of the platinum chloride com-
pound with P=1 was C,H N PO, HCIl + 2PtC],. The fact that
bile, a secretion which serves the chemistry of digestion and
assimilation, contains, besides its specific ingredients, bodies
which, like cholesterin, are identical with important ingredients
of the brain, or, like this cholophosphatide, are analogous to
them, shows that the biolytic or biosynthetic process which leads
to the formation of bile is much more complicated than has
hitherto been supposed. One of the principal fatty acids in the
bovine cholophosphatide is stearic.

Phosphatides of the Blood, Hemafophosphatides.

A phosphatide was found mixed with a preparation of hemine
erystals made according to Rollet’s preseription. It was extracted
by benzol and acetic acid, and from the residue of this solution
by hot absolute alcohol. From this solution it was precipitated
as CdCl, salt ; the white salt was recrystallised and analysed. It
led to an empirieal formula, C, H,, N, P,0,,4+2CdCl,. From this
it is probable that the salt was a mixture of a mononitrogenised
with a dinitrogenised phosphatide—if a conclusion may be drawn.
from its physical appearance, paramyelin and amidomyelin. Tt
had almost the same percentic composition as a similar prepara-
tion of a CdCl, salt obtained from brain. We may assume that
this phosphatide came from the blood-corpuscles, like the hematin
which it accompanied, and was an element of their bioplastic
constitution. Whether it was in any way centralised, like the
phosphatides of cell-nuelei, cannot be stated.

From an ether extract of blood-corpuseles of the ox I obtained
a cadmium chloride precipitate, of which a portion was soluble in
cold benzol—lecithin cadmium chloride ; while another portion
was insoluble in boiling benzol—amidomyelin cadmium chloride.
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Phosphatides of Nucleolar Centres of Growth (Bioplusm, Cells, efe.),
Cytophosphatides.

Aggregations of cells, whether vegetable, such as yeast, or
animal, such as sperma, pus, or liver (the latter after removal of
bloodvessels and connective-tissue), are known to contain a
peculiar phosphorised subistance. As this substance was supposed
to be contained in or to constitute the nucleus, it was called
nuelein. This term would be unobjectionable if all tissue
elements yielding the substance contained nuclei. However, for
our present purpose we will consider mainly those which do
contain nuclei, and leave the others for future consideration.

The nucleolar matter has mostly been obtained by subjecting
the cells to a process of artificial digestion. The undigested
(i.e., undissolved) part was supposed to be unaltered nucleolar
matter. This was now extracted with dilute caustic alkali, and
from the filtered solution the nuclein so-called was precipitated
by dilute hydrochloriec acid. This was washed with aleohol and
ether, dried in vacuo, and analysed. Other authors avoided the
process of digestion, and extracted the mass of cells, such as
German yeast, with soda lye directly, and treated the filtrate as
just described. Nuelein from yeast thus obtained gave from
4042 to 41-22 per cent. of C, 515 to 552 per cent. H, 15-31 to
1599 per cent. N, 6°1 to 6:29 per cent. P, and 0-38 to 041 per
cent. 5 ; or—

Means.
C 4081
H 536"
N 1576
| % G-19
e 0-39

But a great number of other analyses gave only from 258 to
398 per cent. P. The nuclein from pus-corpuscles gave from
2-28 to 262 per cent. P, about 1-7 per cent. S, and from 14 to
15-02 per cent. N, besides 49:58 per cent. C, and 7-10 per cent. H.
Nuclein from the red blood-corpuscles from geese gave 604 to
7'12 per cent. P, and 04 per cent. 8; while so-called nuclein
from the so-called nucleolar formations of the yelk gave 7-10 per
cent. P’, 0-09 per cent. S, and 1346 per cent, N,

From this it will be evident that the science of the nucleins
is only in course of development, and that there are at present
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two groups of these substances known—one with from 6 to 7 per
cent. P, another with from 2 to 3 per cent. P. The latter is the
better known. It yields, by long beiling with water, phosphoric
acid, an albuminous substance soluble in water, and a peptone, and
a mixture of the three alkaloids, hyporanthin, vanthin, and guanin.
From the study of the phosphatides of the brain, we can have no
difficulty in explaining such a body hypothetically to be a phos-
phatide. The body with the high amount of phosphorus we could
comprehend to be a di- or triphosphatide ; whereas the body with
the lesser amount of P would have a more simple structure.
However, our only object in this place is to direct attention to
these bodies also ; for there can be no doubt that the knowledge
of each set of organic prineiples will enable us to advance that of
the others,

G. INORGANIC BASES EXISTING IN THE BRAIN IN COM-
BINATION WITH PHOSPHATIDES.

The phosphatides, as they exist in brain-matter, and as isolated
therefrom, are associated with certain bases, by a power of com-
bination derived from their acid character. These bases can only
be removed and the principles obtained in a pure state by dis-
solving the compounds in water, and adding hydrochloric acid,
which combines loosely with the principles on account of their
alkaloidal character, to the exclusion of the bases, which then
pass into solution as chlorides.

In order to obtain some knowledge regarding the relative
amounts and nature of the bases in combination with the phos-
phorised constituents of brain-matter, a quantity of solution
obtained by the hydrochloric acid process, above described, and
which was derived from kephalin, paramyelin, and lecithin, was
submitted to analysis.

It was evaporated to dryness, and the residue ignited in a pre-
viously weighed platinum dish. During this ignition much
chloride of ammoninm was given out, and its nature distinetly
proved by condensing and analysing it.

The fused mass was dissolved in dilute hydrochlorie acid, and
the solution so obtained treated with excess of ammonia. The
white gelatinous precipitate which was thrown down was scarcely
coloured black by sulphide of ammonium. The precipitate and
filtrate were submitted to qualitative and quantitative analysis.
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" The Precipitate.—The colouring-matter was evidently sulphide
of iron, but it did not amount to more than a trace. [The eriginal
solution had been subjected in a neutral state to a current of sul-
phuretted hydrogen with the object of removing some platinum
that had been used along with the hydrochlorie acid, as Pt(’l,, in
the precipitation of the kephalin and myelin from the aqueous
solutions. This treatment must, therefore, have removed any
copper and iron which were undoubtedly present. |

The precipitate was dissolved in dilute hydrochlorie aeid, and
the caleinm, magnesium, and phosphoric acid estimated as
follows : : :

The sclution was nearly neutralised by sodic carbonate, after
addition of some ferric chloride, and then an excess of pure
baritic carbonate was added ; the mixture was shaken, allowed to
stand, and then filtered.

From the concentrated filtrate the barium was removed by sul-
phurie acid, and the filtrate was then precipitated in the presence
of ammonia by oxalate of ammoninum. The oxalate so obtained
was converted by intense ignition into oxide, CaO, which weighed
0-1994 g.= 0-1423 g. caleinm.

The filtrate and washings from the caleinm oxalate were treated
as ordinarily in cases where it is desired to estimate magnesium,
and there was obtained 05555 g Mg, P,0. = 01212 g mag-
nesium.

The precipitate which had been produced by ferric chloride
and sodimin and barium carbonates was dissolved in nitrie aecid,
and the phosphorus estimated by the combined molybdate and
magnesium methods.  This gave 0-3266 g, phosphorus=0-7480 g.
phosphoric acid (P,0,).

The Ammoniacal Fillrafe.—This was proved to be free from mag-
nesinm and caleinm. The potassium contained in it was estimated
in the usnal way by means of platinic chloride, giving 11-2766 g.
of 2KCLPtCl, salt=3-651 g KCl = 1911 g potassinm. The
mother-liquor and washings were evaporated to dryness, and the
platinum was removed by extracting the ignited mass with water
acidified by hydrochloric acid. The extract so obtained was
evaporated to dryness and fused ; the residue weighed 3-45 g.
(NaCl) = 1'356 g. sodium, The quantities of potassium and
sodium thus found were controlled by the analysis of a separate
part of the original solution containing their chlorides, and cal-
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culating from the residue obtained on evaporation, there shauld
have been found :

A total quantity of chlorides=709 g

—

There was found - KCl=3651 ,,
and NaCl=3-450 ,

or a total of =7-101 ,,

Distribufion of the Buases and Phosphoric Acid.—Assuming the
caleium and magnesinm to have originally existed as tribasic
phosphates, and any phosphoric acid remaining over to have been
in combination with potassium, then we have :

Ca =0-1425 g. existing as 3Ca0,P,0,.

Mg=0-1212 ,, » SMgD P.,{.},.

K =0-5663 ,, . 3K,0,P,0,.

K =13447 ,, = | mmbmed fle‘El::bl}" with kephalin,

Na =1356 ,, = j paramyelin, and lecithin.
P =0-3266 ,, 5 PO, (0-748 g.) and distributed
between the Ca, Mg, and K.

It has been proved above that kephalin was partly in combina-

tion with caleium oxide, or lime, uncombined with any other

acid. In the present research we find that there may be in
kephalin (and myelin) even a much greater quantity of potash
and soda in divect combination than of lime. Both observations
supplement each other, the first one being qualitative only, the

present one stating the quantities of the bases relatively to each
other.

H. SPECIAL STUDY OF GLYCEROPHOSPHORIC ACID AND ITS
SALTS, AS OBTAINED FROM SOME PHOSPHATIDES OF
THE BRAIN.

Glycerophosphate of lead may be prepared from the solution of
barium glycerophosphate as obtained by the chemolysis of
phosphorised matters, by precipitation with any soluble salt of
lead, as, for example, the chloride or acetate. In order to entirely
remove glycerophosphorie acid in this way from the solution, it is
necessary to concentrate and neutralise the latter from time to
time, on account of a slight solubility of the glycerophosphate of
lead. -

Glycerophosphate of lead prepared synthetically is granular
and white, and remains so on drying, whereas when it is obtained
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from kephalin it dries to a hard, brittle, slightly coloured mass,
even when chemiecally pure.

~ On ignition, the salt leaves a residue of pyrophosphate of lead,

and this offers a ready means of ascertaining the purity of the

preparation. Thus, with a specimen of the salt prepared as

described from kephalin, it was found that 0911 g. left a residue

of 0-744 g Ph,P,0., while theory requires 07104 g.

Glyceraphosplate of caleiwin (normal salt) may be prepared from
the lead salt by decomposition with hydrothion, and neutralisation
of the filtrate with calcinm carbonate,

This salt is much less soluble in a hot coneentrated aguecus
solution than in the same amount of water in the cold. It is
therefore best isolated by filtration of a precipitate from the
nearly boiling solution.

A quantity of the lead salt, referred to above, was converted
into calcium salt, and the solution evaporated near the boiling-
point, when a white deposit of caleium glyeerophosphate formed.
This, when washed and dried, was analysed. 03400 g, after
strong ignition with the aid of nitric acid, left a residue of
0-207 g., equal to 608 per cent. Ca,P,0.. Pure caleium glycero-
phosphate should leave 605 per cent. pyrophosphate.

Another sample of the calcium salt prepared as described gave
the following figures on analysis :

Percents. Atoms,
3 = 1§30 2-0
H = 347 ¢ i
Ca = 1898 : 1-0
P = 1469 10
0O = 4658 61

which shows the composition of this salt to be according to the
formula C,H.CaPO,

Acid Glycerophosphate of Calcivin—A solution of the caleinn
salt neutral to test-paper becomes on heating, and at the same
time as the normal salt separates, acid to test-paper; and if
the mother-liquor is now precipitated with alcohol, there is pro-
duced, not the normal but the acid salt. A portion precipitated
in this way by aleohol was white and granular. It was dried
at 100° C,

0-827 g. left on ignition 0-478 g. residue = 5780 per cent. Now
the normal salt would have given, as we have seen, 605 per

9
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cent. residue. This observation led to the theory of an acid salt
of this construetion, C,H,CaPO,C,H,PO,, giving a total formula
of C;H,,CaP,0,, ; and it was probable that on ignition such a
salt would leave a residue of halfsaturated acid pyrophosphate
H,CaP,0., losing only C;H, 0.,

On tln.a theory, l:he residue should have amountrefl to 5654 per
cent. ; it did amount to 57-80 per cent.

ﬂfywmpfmgﬁm!& of bariwm prepared from synthetically made
acid and barinm carbonate was white, and behaved, as regards its
insolubility in, and consequent precipitation from hot aqueouns
solution, similarly to the caleium salt. PBut this property of
separation of the salt on boiling the seclution seemed to be only
transient, for after a solution had stood for sixteen hours after it had
been so precipitated, no precipitation ocenrred on again boiling the
solution, and ammonia produced a voluminous precipitate in the
solution, apparently indicating that a partial decomposition of the
salt had occurred.

Some of the salt was prepared from the solution resulting from
the decomposition of kephalin hy barita, by precipitation with
alcohol. This was redissolved in water, and reprecipitated by
aleohol several times ; finally it was dissolved in water, and con-
centrated by evaporation on the water-bath, when a deposit
occurred.  This was isolated, dried by pressure between folds of
paper, and over H,50, in vacuo, and finally at 100" C. At 110° C.
it was not affected ; it was now analysed.

Percents, Atoms,
C = 1146 29
H = 2-44 74
Bx = 45156 10
P = 1021 10
0O = 3074 58

leading to formula C,H,BaPO,, :

Another specimen of barium glycerophosphate was prepared
much in the same way, but with this difference, that whereas the
one, the analysis of which has just been given, was separated
from water by boiling, the one now to be described was precipi-
tated from aqueous solution by alcohol, with which it was also
washed. On isolation the precipitate contracted, became horny,
transparent, and finally fused to a thick liquid. It eventually
dried to a brittle mass. On analysis it gave :
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Fercents,
C = '12611
H - 2933
Ba = 40950
P = 9-266
0O = 34240

leading to formula C,H.BaPO,H,0.

These observations led to the surmise that the barinm salt as
precipitated by aleohol was a true alecoholate. The truth of this
hypothesis was proved by the experiments now to be deseribed.

The Alvoholo-hydrated Barium Glycerophosphate.— A quantity of
barium glyeerophosphate, as prepared by the chemolysis of
kephalin with barvita, was precipitated by aleohol, and the pre-
cipitate washed with aleohol, after which it was exposed to the
air, when it lost aleohol, became brown and somewhat brittle
round the edges, and began to fuse. At this stage it was again
dissolved in the minimum amount of cold water, and the solution
reprecipitated by absolute alecohol. The precipitate so prepared
was isolated and allowed to drain. When thoroughly drained, a
small quantity was pressed in a vice between folds of blotting-
paper, until it became pulverulent. It was now heated in an air-
bath at 100° C., until it was approximately dry. In this way
07354 g. lost 0-237 g and became 0-4978 g., corresponding to a
loss of 32-30 per cent. The residue of this operation, when burnt,
left a residue weighing 0-:3064 g., equal to 615 per cent.

Pure normal barium glycerophosphate leaves on ignition 7296
per cent. residue, while the hypothetical acid salt of formula
C,H.BaPO,,C,H,PO,, might presumably leave under such con-
ditions 65-3 per cent. of H,BaP,0.,

A salt of the formula E:E;ngg‘: } H,0 would leave on igni-
tion 629 per cent. H,Ba,PO..

After this preliminary experiment, the whole precipitate ob-
tained by aleohol, amounting to 71 g, was dried by pressure
between folds of paper, until it was quite pulverulent. It was
then placed in 200 ce. water, in which it set like glue, but after
forty-eight hours had not entirely dissolved. An addition, however,
of 100 cc. more water produced a perfect solution. This was now
subjected to distillation, and the alcohol contained in the first
150 ce. distillate determined. Tt was thus shown that in the 71 g.
of glycerophosphate, which had been so dry that it could be

9—2



132 CHEMICAL CONSTITUTION OF THE BRAIN. ;

powdered, there were 14-84 g. of absolute alcohol, or 209 per
cent.
The analytical results show :

Absolute ethylic aleohol - - - 209
Water - - - - - - 114
Total volatile at 100° C, - 323

— 323

Residue of barium phosphate - - 416 (form undetermined.)

Volatile at red heat - - - 261
Total glycerophosphate of Ba - - 677

—_— 67T

100-0

There are probably at least three molecles of aleohol and six
of water combined with one molecle of acid glycerophosphate in
this compound.®

The residue, from which the aleohol had been distilled, was
concentrated Ly evaporation on a water-bath, when it deposited
granular matter, which on analysizs was found to be normal gly-
cerophosphate of barium, C,H,BaPO,,

The mother-liquor obtained after the separation of the normal
barinm salt just alluded to, was again precipitated by absolute
aleoho!. The precipitate was dried by pressure between folds of
paper until it was pulverulent. It now weighed 63 g., and was
dissolved in 300 ce. water, and the solution distilled to one-half.
On estimation of the alecohol, it was found that the salt had con-
tained 155 per cent. absolute alcohol.

Finally the residual solution of barium glycerophosphate was
transformed into lead salt, and the lead salt into calcium salt.
That portion of the calecium salt which was deposited from a
boiling solution was found to be normal. From the mother-
liquor, which grew acid, a salt was precipitated by alcohol, which,
from a determination of the residue left on combustion of a por-
tion of it, seemed to be the acid salt of calcinm.

% The salts of kryptophanic acid (from urine) and kreatylic acid (from
flesh) present characters which recall those of glyveerophosphate of bariuwm.
Thus the copper salt of kryptophanic acid, when precipitated by aleohol,
behaves like the glycerophosphate of barium already deseribed, yielding, on
distillation with water, alcohol.

The following alecholates of inorganic salts are known : ZnCl, 2C,HO ; -
CaCly, 4C,H0 ; Mg(NO,),,6C.HO ; ete.
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Barium glycerophosphate in a coneentrated syrupy solution in
water, when allowed to stand in a covered deep vessel, crystallizes,
after the lapse of a very long time, in radiary masses of needles.

Glycerophosphate of barium not only seems to be the only

organic compound which is known to form aleoholates, hut it is
also in so far unique, as it forms an aleoholate and a hydrafe at the
same time. ;
- The differences observed in the relative amounts of aleohol and
water may be caused by the different proportions of these bodies
which are present at the moment of precipitation. If several
aleoholo-hydrates are producible, the method of preparation makes
it unavoidable that a mixture of these should be produced. But
even if this were not the case, and if there were only one type of
aleoholo-hydrate, the varying amounts of aleohol in different pre-
cipitations would compel us to assume that alcohol and water
may substitute each other in indefinite proportions, as isomor-
phous compounds do in mixed erystals.

The insoluble lead salt is very stable ; next comes the caleinm
salt, than the barium salt.

Other salts, such as those of silver and copper, seem to decom-
pose at every stage of their production, so that although volumi-
nous at first, they fall away to almost nothing during attempts
at their purification.

During all transformations or coneentrations of solutions, con-
siderable quantities of the acid are decomposed, and the relative
phosphates and glycerol are formed.
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IY.

GROUP OF NITROGENISED NONPHOSPHORISED
PRINCIPLES.

A. SUBGROUP OF THE CEREBROSIDES.

General f’mj;rﬂfr'fs of the Subgroup,

THE cerebrosides are all white, and more or less opague, but
are capable of becoming in part transparent like wax. They are
deposited from hot aleoholic solutions in minute microscopic
particles, which may be termed crystalline, but have no claim to
be termed erystallised. These particles are arranged in various
composite forms—Dballs, or branched masses, or rosettes; the
latter will be more fully deseribed under the headings referring
to the several varicties,

The cerebrosides are all soluble in hot aleohol, particularly
absolute aleohol, and deposited on cooling ; they are very little
soluble in cold absolute aleohol, much less soluble, indeed, than
sphingomyelin, which ean thus be separated from the bulk of the
cerebrins. The mixture is dissolved in hot alcohol and allowed
to eool ; nearly all the cerebrin bodies fall down ; much sphingo-
myelin remains in solution. The deposit is separated from the
liquid and subjected to this treatment until the mother-liquor is
free from phosphorus. It is further purified, as will be shown
lower down.

The cerebrosides are almost insoluble in water. One g, of purified
phrenosin from ox was powdered and boiled in 100 ce. of water ;
the solution was filtered through forcefilters, and of the filtrate
50 ce. were evaporated on the water-bath to dryness in a platinum
dish. As this increased in weight by only 0025 g., one part of
this phrenosin was soluble in 2,000 parts of water. Pure phre-
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nosin does not swell on being boiled with water, but remains
pulverulent and unaffected. When the cerebrosides swell and
become starchy in hot water, they contain phosphorised matter as
an admixture.

~ The cerebrosides are quite insoluble in cold benzol. They swell
in i, and become quite transparent, so as almost to disappear
from sight. But when the benzol is filtered off and evaporated,
it does not leave a vestige of matter hehind. But in hot benzol
the cerebrosides are extremely soluble, and on cooling are de-
posited as a gelatinous mass, which requires agitation before it
~can be filtered. From the hot solution cold aleohol precipitates
white flakes.  This treatment facilitates the separation of the
cerebrosides from the benzol,

The cerebrosides are almost insoluble in either eold or hot
ether, and are by this solvent purified from kephalin and its
relations, from lecithin, cholesterin, from krinosin and istarin.
But the separation from myelin and sphingomyelin cannot be
effected so easily by ether as by the absolute alcohol treatment
above described, the lead-process to be deseribed, and the cadmic
chloride and hydrothion in ethereal solution treatment to be
deseribed lower down,

The cerebrosides behave neutrally towards hydrothion, whether
they are suspended in alechol or ether. Any metals which may
be combined or mixed with them may then be removed as sul-
phides without injury to the cerebrosides. They are, therefore,
in this respect unlike some of the phosphorised principles, which
seem to combine with hydrothion, and are with its aid able to
retain metallic sulphides in solution in ether.

The mixture of cerebrosides has been repeatedly examined as
to the relative amount of the elements of which it is constituted,
and there have been found in percents. :

@EEs T 661 6701 6541 ¢ 6635
H 10-8 110 11-06 10-96 11-01
N 44 22 319 300 2:43
0. 191 207 1874 2065 20-21

A certain amount of sulphur is also present as a constituent of
a subgroup, which will be deseribed lower down.

The nitrogen is rarely found exceeding 3 per cent. ; so much
as 4'4 per cent. has been found only once in my researches, and
that in a ease where the barita process had been used. In pro-
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cesses in which barita was not used, the cerebroside mixture con-
tained from 2-4 to 3:2 per cent. of nitrogen. And in a process
where barita had been used, but probably in a lesser quantity, or
with less effect, only 22 per cent. of nitrogen was retained in
the cerebroside mixture,

1. SEPARATION OF THE CEREBROSIDE PRINCIPLES OF THE BRAIN.

Spirit. Treafment.—The white matter obtained by the process
deseribed above, from which lecithin and kephalin have been
removed by treatment with ether, and which has been recrystal-
lised from spirit eight several times, is further purified as follows :

The mixture, containing phrenosin, kerasin, cerebrinic acid,
and sphingomyelin, is brought to the consistence of cream by
rubbing in a mortar with spirit of 85 per cent., and is added in
small quantities at a time to hot spirit in a platinum vessel.
This is done in order to effect as perfect a solution of the soluble
part, and to prevent as much as possible the formation of in-
soluble matter. The solution is filtered hot and set aside to
deposit.  On ecooling a white body comes down and is collected.
On analysis this is feund to contain about 0-856 per cent. of phos-
phorus.  This process is repeated a tenth time, and the product
having lost only little of the phosphorised ingredient (which in
spirit of 85 per cent. strength has the same solubility as the cere-
brin bodies) is subjected to treatment with lead acetate.

Lead Acetute Treatment.—The body is triturated with eleoholic
solution of lead acetate, and the mixture poured as before into
hot spirit ; the solution is filtered hot, and allowed to cool. The
deposit is collected, and treated with more aleoholic solution of
lead acetate, and filtered from the excess of liquid. After this it
is twice dissolved in hot spirit to remove excess of lead acetate.
The deposit, on analysis, is found to contain about 0-73 per cent.
of phosphorus.

The body is now triturated with waleiy solution of lead acetate,
and pressed to remove the excess of liquid. The mass is made
into a cream with cold spirit, and added in small quantities to hot
spirit. The solution is filtered and set aside to cool, and the
stearoconotised portion is put aside for separate treatment. The
aleoholic and watery filtrates, from which all matters deposited
on cooling have been removed, arve concentrated, and treated as
shall be deseribed elsewhere. The white body which comes down
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from the spirit solution on eooling is collected and treated again
with spirit, and this process is repeated until no more so-called
stearoconote (or lead precipitate) is produced. The ultimate
deposit obtained, after all these recrystallisations have been
carried out, is collected and dried at 100° ¢, At this temperature
it does not alter in appearance. It gives the purple reaction with
oil of vitriol alone, and on analysis is found to contain 0-73 per
cent. of phosphorus.

Lead acetate, without ammonia, as here applied, precipitates
almost all true myelin, besides some cerebrinic acid and other
matters. To purify the cercbrosides completely from matters of
this class, it is necessary to add ammonia to the lead acetate.
By that means a condition of the aleoholie solution of the cere-
brosides is attained, in which neither lead acetate, nor ammonia,
nor a mixture of both produces any further precipitates. Then
the solution containg mainly phrenosin, kerasin, krinosin, and
sphingomyelin, which are deposited on cooling, excepting only
some kerasin and sphingomyelin, which remain in solution.

Absolute Aleokol Treatment without Fractionation of Precipitate.—
Absolute alcohol is now used in place of spirit of 85 per cent.,
and the solution and recrystallisation are repeated a great number
of times until the mother-liquors gives no more precipitate with
cadmic chloride. As long as the aleoholie filtrate gives a preecipi-
tate with this reagent it is manifest that it removes the phos-
phorised sphingomyelin, and, as will be seen below, the separation
of the phosphorised part sncceeds, gradually but effectually, to
the extent of concentrating the phospliorus in the part soluble in
the cold, so that it contains nearly 2 per cent. (1:951 per cent.),
while the part insoluble in the cold retains only one-tenth of that
amount. But when the solubility of the phosphorised ingredient
in absolute alcohol has become again equal to that of the nitro-
genised substance, it is found requisite to resort to fractional
precipitation for the purpose of izolating pure eduets.

Separation of Phrenosin and Kerasin by Fractional Precipilation on
Cooling.—When the absolute aleohol solution hegins to deposit
matter, which occurs between 507 and 407, rosettes of phrenosin
appear first. When the temperature reaches 28° this ceases ; and
the supernatant liquor is clear for a while until the temperature
falls to 26°. Below this temperature a gelatinous cloudy mass,
mainly of kerasin, gradually forms and floats on the phrenosin,
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The phrenosin is therefore isolated as follows. When the
temperature of the liguid in which the phrenosin erystallises has
fallen to 28° the mother-liquor which contains most of the kerasin
in solution is swiftly decanted, either with or without the employ-
ment of a filter kept at 28° by a water-bath ; and the phrenosin
is thus recrystallised seven times until no further separation seems
to be effected.

An analysis of a large specimen of phrenosin at this stage gave
phosphorus equal to 0-182 per cent., and after two further treat-
ments in the same way it yielded phosphorus equal to 0-113 per
cent. It also gave in two estimations the following quantities of
inorganic matter : (I.) =019 per cent. ; (I11.)=023 per cent., con-
taining 07 of potash (K,0). The dried kerasin yielded phos-
phorns =0-198 per cent. and potash =007, from which it will be
seen that the many resolutions and the several lead-treatments
had not yet removed all inorganic ingredients from these matters.

2. PHRENOSIN AND 118 DERIVATES,

a. Fuither Purvification of Phvenosin by Cadinic Chioride, Ether, and
Hydrotlion.

The phrenosin isolated by fractional precipitation as described
above is mixed with solution of cadmic chloride, and the
mixture suspended in ether. Hydrothion is passed into this,
when a yellow solution and a yellow precipitate form, which
remain mixed with the bulk of the undissolved phrenosin. The
solid matter is filtered from the liquid ; it consists of phrenosin
and cadmic sulphide, while a peculiar compound of a phosphorised
body with eadmic sulphide remains in solution. The residue is
removed from the filter and dissolved in hot 85 per cent. spirit.
The insoluble cadmic sulphide is filtered off, and the solution is
set aside to deposit. On cooling phrenosin comes down in large
rosettes, and is collected and recrystallised, first twice from 85
per cent. spirit, and finally from absolute aleohol. It is dried,
and then exhibits the following properties. When boiled with
water it does not swell to a starchy paste, but merely becomes
flocculent and floats about in the fluid. Treated by itself in the
cold with oil of vitriol it very slowly develops a purple reaction,
but more quickly when warmed. It passes through an interme-
diate yellow stage, particularly well marked in the reaction, which
is obtained without the employment of heat, and during which
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the matter is wholly in solution. Then flocks separate and slowly
hecome purple,

Two quantations of phosphorus were made : No. 1 gave 0-045
per cent., and No. 2 gave 0-051 per cent. Taking the mean of
these two results, we have 0048 per cent. of phosphorus.  Cal-
culated as myelin, this would give 1 per cent. as the amount of
phosphorised substance left in the phrenosin.

At this stage of its purification the phrenosin was .511}1]&{:11{1 to
elementary analysis.

Elementary Analysis of Phrenvsin, C H- NO,—Carbon, hydrogen
and nitrogen were determined simultaneously by the vacnum
method. The substance was burnt with oxide of copper and copper
in vacuo, the resulting water was weighed, and the zaseous mixture
of carbonic acid and nitrogen was analysed and estimated volu-
metrically.

The nitrogen was further determined by the methods of Liebig
and of Dumas as modified by Thudichum and Wanklyn, and
by the proceeding of Will and Varrentrapp. The percentages
obtained in these analyses are compared in the following table :

By combustion in

By combustion in vacuo ; C C0, atmozphere; By combustion with
and N volumetrically; CO, gas volumetri- soda-lime ; Pt salt
H,O weighed. wgd. cally estimated.  weighed,

% o r e = e e e e e I'h_ N
. b, c. d. i TR TR WIS

C 6771 6789 67-37 6856

H 1162 1142 1123

N 24156 213 -2907 2:29 2-18 2-34 1-768 1-690 1-715
O 1851 1856 1903 :

10000 100:00 100-00

Consideration af the Methods of Analysis.—The quantation of the
nitrogen as gas, whether it has been obtained by combustion in a
vacuum or by combustion under atmospheric pressure in an
atmosphere of carbonic anhydride, always gives the nitrogen a
little too high as compared to theory, whereas the estimation of
nitrogen by transformation into ammonia always gives the amount
of this element a little lower than is required by theory. These
diserepancies are well known to be inherent in the methods.
They are less significant as regards the analysis of bodies which
are rich in nitrogen, than in the analysis of bodies containing only
a small percentage of this element. In the particular case of
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phrenosin they are so great as to make it at first sight impossible
to derive a correct empirical formula from the data given by either
mode of analysis. But the mean of the data for nitrogen obtained
by the three different modes of analysisis very nearly coincident
‘with the sum of the data obtained by the chemolytic method.
This coincidence is probably the result of accident only, at least
there is at present no explanation derivable from the most search-
ing serutiny of either of the methods employed, or of the parti-
cular manner in which they have been executed.

In the vacunm analysis the carbon is regularly found a little
too low ; yet not a trace of ecarbon is left unburned in the tubes,
as was specially proved ; moreover, the combustion tubes with
their contents were. weighed, before and after combustion, and
‘the weights of the sums of the products of combustion, as calen-
lated from their volumes in the case of ecarbon and nitrogen,
showed an almost mathematical coinecidence with the respective
losses which the tubes had undergone.

In this case of phrenosin the known methods of elementary
analysis are therefore unavailing to lead to final results; on the
contrary, phrenosin is a good test object by the use of which the
particular failings as well as strong features of these methods can
be made apparent. Thus, ecombustion, according to Liebig, of
not too small a quantity of phrenosin yields the best earbon esti-
mate ; combustion in vacno of such a small guantity as that to
which the method is necessarily limited, the worst.

The very same methods which in the case of phrenosin yield
the results discussed in the foregoing, give, when applied to its
decomposition-products, resnlts which are in much greater con-
cordance with the requirements of theory. This unquestionable
fact shows that the size of the molecle, and the proportions in
which the elements contained stand to each other, have an influ-
ence on the result of the process of elementary analysis ; a simple
compound of fewer atoms gives more accurate results when tested
by different methods, while a more complicated compound with
many atoms, when tested in the same manner by different methods,
gives much less accurate results. It is in accordance with this
that the elementary analyses of the more complicated nitrogenised
hodies, such as kerasin and cerebrinic acid, present even greater
difficulties than those which have been experienced in the analysis
of phrenosin.
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b. Chemolysis of Phrenosin by Sulphuric Aeid in Walery Solution,

Introduction.—In my earliest chemolyses with barita, hermeti-
cally sealed glass tubes, enclosed in iron tubes, were employed.
But of these at least half succumbed to the internal pressure, and
their eontents were lost. [ therefore procured a speeial tube of
brass lined with platinum. This worked satisfactorily for the
barita chemolyses, which were effected in a short time ; but the
sulphuric acid chemolyses were found for their completion to
require the influence of a temperature of at least 130° for a period
varying from 310 to 370 hours. It was therefore necessary to
multiply the tubes, and in order to do this consistently with
practical considerations leaden tubes were employed. Such tnbes
could not have been employed in the barita chemolysis, as barita
rapidly and energetically attacks lead. But dilute sulphuric acid
has but a slight influence on metallic lead, and the small quantity

of metal which is dissolved is easily removed from the organic

products by appropriate means.

The Apparatus.—The Lenden Tubes.—The Hot-Air Stove.—The
leaden tubes are an inch in ealibre ; the metal is an eighth of an
inch thick ; each tube is eighteen inches long. One end of the
tube is closed by hammering only so as to form a semi-globular
end, not larger in diameter than the tube itself ; it is tested by
water, and when none passes it is soldered over on the outside.
The mixture to be chemolysed is now put into the tube by means
of a wide-tubed funnel ; the upper part of the tube is heated to
dry it completely and rarefy the air.in the air-space, which
amounts to about one-sixth of the length of the tube ; the mounth
of the tube is now suddenly compressed in a vice and closed ; the
edges of the lead are filed smooth, moistened with zine chlorvide,
and immediately soldered, or, as the operation is technically
termed, ‘ burnt,” with the oxyhydrogen flame.

The hot-gir stove is made of copper, and consists of two horizon-
tal air cushions, between which special room for six of the leaden
tubes just described is arranged so that their longest axes are
lying in a horizontal position. The tubes can thus be kept at an
equable temperature, which ean be read by the thermometer, the
ball of which is in the central air-space, while the stem projects
over the top of the stove. The stove is heated by aérated gas
flames.
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Preliminary Puvification from Inorganic Salls of the Phrenosin fo
be Chemolysed.—As phrenosin retains inorganic salts with great
pertinacity, it must be subjected to a process for the removal of
these. It is bhoiled in water until completely disintegrated, and
the boiled mixture is pressed through a cloth. The filtrate is
then mixed with sulphuric acid sufficient for it to contain 1 per
cent., and boiled for one hour. The phrenosin is soon curdled out
of the solution, free from salt but partially altered. For the acid
solution after treatment with barita carbonate is found to contain
some chemolytic sugar (cerebrose) besides some alkaloidal matters,
and the potassium, sodium, and earthy salts which it is the object
of the process to remove.

Chemolysis of the Purified Substance.—Six leaden tnbes, prepared
as above, receive each about 30 g of nitrogenised substance
purified as deseribed, and 353 ce. of dilute sulphurie acid contain-
ing 2 per cent. H,S80,. The tubes are then closed as deseribed,
placed in the hot-zir stove, and heated to 130° during twenty-
four hours. After the lapse of this period the tubes are opencd
at the compressed end with a chisel, the dilute acid is removed
and filtered, all solid matter is kept in the tubes cor returned to
them together with a fresh charge of acid ; the tubes are again
closed as deseribed, and heated for a second twenty-four hours.
This treatment is repeated as long as the acid liquid contains
any cerebrose, and the chemolyses are deemed complete only
when the last charge of dilute acid is found on proper treat-
ment and concentration to be free from cerebrose. This result
is in most cases not attained in less than fourteen days, and
in some requires from sixteen to seventeen days, in a few even
twenty-four, during which the chemolysis is continued day and
night.

The Acid Filtrafes.—These are hoiled with barium carbonate,
prepared pure by precipitation for the purpose. The neutral
filtrates arve evaporated to about one-fifth of their bulk in a water-
bath, then removed into a distilling apparatus conneeted with an
air-pump, and distilled at a temperature of from 30° to 40° to the
consistency of a syrup. The latter is put aside to erystallise,
Stellate groups of crystals soon form, and the entire syrup
eradually solidifies to a granular mass of erystals. These are
separated partly by drawing off the small quantity of mother-
liquor, partly by agitating them with water, and getting rid of
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the mother-liquor by dilution ; for the crystals are but slowly
soluble in cold water. _

From the motherliguor a further quantity of erystals is ob-
tained by addition of boiling alcohol to the hot concentrated
aqueons solution until a considerable permanent turbidity is pro-
duced. When the mixture is allowed to stand in the eold for
one day, it forms a considerable amount of a coloured deposit,
from which the clear supernatant aleoholic liquid is decanted.
This latter solution on standing for some weeks, and after re-
peated additions of small quantities of aleohol, and lastly of ether,
deposits a crop of white erystals which are added to those
obtained in the first operation.

- The mother-liquors are, however, always considerable in amount,
and after concentration yield an unerystallisable syrup, which
amounts to about the same weight as the crystals obtained from
it. The syrup can be made to crystallise a third time after the
removal of some traces of potassium and of a compound am-
monium base by platinic chloride, and the removal of all traces
of the reagent by hydrothion and silver carbonate.

¢. Cerebrose, a New {f‘.u'.:;sfrr,ufh'mrf Sugar.

The Crystals.— Cerebrose CH,,0,—The erystals obtained as
described in the foregoing are dissolved in water, and the solution
is evaporated in vacuo, after treatment with animal charcoal. A
mass of erystals is again obtained, which are smaller than the
first ones, but perfectly white and very hard. The colourless
mother-liquor of these on standing over il of vitriol solidifies to
a hard mass of crystals, which rise much over the level of the
liguid in which they form. The crystals are not large enough
for crystallometric treatment ; seen under the microscope they
seem to consist of rhombie octahedra, of which some are elongated
to prisms, It is a kind of sugar, to which I have given the name
of Cerebrose. On elementary analysis it gives analytical data,
leading to formula C H,,0,

Beducing Power of Cerelrose vver Cupro-Pofassic Torfrate.—Cere-
brose reduces Fehling’s solution readily on heating, and the
precipitated suboxide of copper is mostly of a dark-red colour.
0-2622 g cerebrose dried in the water-bath were dissolved in
water, and the solution made to fill the space of 50 ce. This
solution therefore contained 0:5245 per cent. of cerebrose. It
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was employed to reduce a Fehling's solution of which 5 ecc. re-
quired 0025 g. of glucose for decoloration. Five ec. of the
Fehling’s solution required 56 cc. of the cerebrose solution for
decoloration, equal to 0-0294 g. cerebrose. A certain quantity of
cupro-potassic tartrate, therefore, which requires five parts of
glucose for complete reduction, requires about six parts of cere-
brose for reduetion.

Polarising Power of Solution of Cerebrose.—Some cerebrose was
dried in the air-bath at 90°, and in vaeuo till it remained constant
in weight. Of this 26315 g. were dissolved in water with the
aid of a gentle heat, and made to fill a space of 20 ce. The solu-
tion was treated with animal charcoal to remove a slight turbidity.
Its strength remained at 13-16 per cent. This in a tube of 100 mm.
length rotated the ray of polarised light at 25° T= 410" 40'; but
after twenty-four hours’ standing the same tube at T 11° rotated
only + §° 24'; after a second twenty-four hours, at T 12°= 4 9° 18",
The solution was then diluted with an equal bulk of water, and
its rotation, measured in a tube twice the length of the former,
was found to be +9" 24" at 9°T to +9° 32 at 8" T. These data,
Ly means of the usual caleulation, lead to the specific or limited
rotation for eerebrose of 4+ 70° 40°, It will be observed that im-
mediately after solution the rotation is a little higher than
twenty-four hours after solution, when it becomes constant. But
this inerease of the rotation is very slight compared with the in-
crease which dextroglucose exhibits immediately after solution,
and which, from the fact of its being about as much again as the
constant rotation, is termed the birotation of glucose.

The molecular formula of cerebrose is assumed in the foregoing
to be C,H,,0,. Cerebrose resembles sugar of milk by its feebly
sweet taste and the great hardness of its crystals,

Other Properties of Cerebrose.—The crystallised cerebrose is never
obtained without the amorphous modification being formed at the
same time. To judge from comparison of bulks, at least half the
cerebrose obtained during the chemolytic operations on the nitro-
genised prineiples passes into the amorphous state, and cannot be
made to erystallise entirely even within the period of a year
Crystalline particles of pure cerebrose immersed in the syrup in-
crease in size, and form ramifications ; but their growth ceases
after a time, and the syrup thereafter remains unchanged. The
difficulty of separating the two modifications is increased by the
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occasional appearance of a third form of product of the chemolytic
metamorphoses of the amylonide radicle of the nitrogenised bodies
which I shall presently deseribe. -

Cerebrose is precipitated from its watery solution by basic lead
acetate or by a mixture of neuntral lead acetate and ammonia ; the
mother-liquor of this precipitate no longer reduces potassio-cupric
tartrate, from which it may be inferred that the precipitation of
the cerebrose is complete. The lead compound of cerehrose after
decomposition by hydrothion yields the cerebrose in the free state.
In its affinity for lead oxide cerebrose resembles inosite, the sugar
naturally contained in the brain, and obtained as an eduet from
the water extracts ; but it is easily distinguished from inosite by
its power over polarised light and potassio-cupric tartrate, reactions
which inosite does not possess.

The Unerystallised Cerebrose.—The unerystallised cerebrose ob-
tained from the nitrogenised substances by the process of
chemolysis above described may be a produet from the crystal-
lised ; at least, when the watery solution of the sugar is evapo-
rated in the open air on the water-bath no erystallised sugar is
ever obtained, but, as previous experience and renewed experi-
ment have shown, only unerystallisable cerebrose. Only when
the solution is evaporated in a vacuum ensuring the absence of
air, and at a temperature never rising above that of the animal
body, 37°, is crystallisable cerebrose obtained—accompanied,
however, always by a considerable proportion of uncrystallisable
cerebrose, amounting in weight to about that of the crystallisable
cerebrose. There is, therefore, room for an inquiry into the
causes of these phenomena.

The chemical constitution of cerebrose now arises as a subject
of inquiry of interest and importance. Not only is there a new
isomer added to the long list of saccharoid substances already
known, but, what is of much greater value, a new key is found to
the knowledge of the constitution of some of the organoplastic
substanees. This will enable us to obtain a full knowledge of the
constitution of the nitrogenised substances of the Drain much
quicker than would be the case without such theoretical aid ; for
the number and nature of the problems are now at once limited
and defined, as we shall see presently by the aid of further new
data. ;

Cerebrosic Aeid, CH,(H,)O,—This new acid, obtained by

10
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means of the chemolytic process from phrenosin, has the compo-
sition of a carbohydrate, and is probably isomeric with cerebrose.
It has not-yet been examined any closer in the free state, but the
examination of its barium salt leads to the inference that it is a
dibasic acid of the formula C;H,,0, It is obtained as follows :
25 g. of pure phrenosin are suspended in 300 ce. of water, and to
the mixture 2 cc. of oil of vitriol are added. The whole is en-
closed in the platinum chemolyser, and heated to 120° during
seven days without interruption. The acid liquid from the
chemolyser is now filtered and treated with barium carbonate at
the boiling heat, The filtrate (which in the chemolyses of
phrenosin, where the dilute sulphuric acid is renewed every
twenty-four hours, mainly contains cerebrose) has no reducing
effect at all upon potassio-cupric tartrate, but contains a con-
siderable amount of barium in solution. When evaporated quickly
to dryness, it leaves as residue a hard amorphous barium salt ;
but when dissolved in a little spirit and allowed to stand, it
slowly sets into a mass of indistinet erystals. These are freed
from mother-liquor by pressure hetween folds of bibulous paper
dried st 100° C., and analysed with the following result :

Synopsis of Analyses of Barvivm Cerebrosate.

Elements, Percentages. + At Wits. +Ba, =1.
C 2453 20442 G40
H 320 320 10-09
Ba 4350 0-3175 1-00
0 2877 1703 R

These data lead to a formula BaC H, O, corresponding to an
acid of the composition of cerebrose in which two atoms of
hydrogen are replaced by an atom of barium. It reminds of
eluecie acid, which is also dibasic. (Glucie acid is prone to form
bodies like the caramels, and the presence of a small proportion
of one or other of these bodies seems to be the cause of an excess
of carbon over the theoretical amount which is met with in the
analysis of its salts. A similar feature is observed upon the
cerebrosate of barium, which also exhibits a slight excess of
carbon and a deficiency of hydrogen and oxygen. The salt
is free from nitrogen, and does not contain sulphuric aeid in
organic combination. When distilled with phosphoric anhydride
it does not give ont the odour of acrolein, but a smell resembling
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burnt sugar. With oil of vitriol alone it gives no purple reaction,
Mixed with sphingosin and oil of vitriol it gives a brilliant purple
reaction, equal in tint to that produced by the aid of cerebrose.
But even its concentrated solution has no influence on the alkaline
copper solution,

Transformation of Barium Sall of Cerebrosic Acid into Zine Salf.—
The barium salt is decomposed with dilute sulphurie acid, and the
solution extracted with ether. The ether, on distillation, leaves
an acid which is converted into zine salt ; the latter is crystallised
and analysed. The air-dried salt loses 9-8 per cent. of water at
100° C. The remaining dry salt is burnt, and the zine estimated,
from the remaining oxide, to amount to 28 per cent. of air-dried
salt. From these data it seems that the zine salt iz entirely
different from any of the known lactates. The barium salt,
though different in appearance from lactate, is isomerie with it.

Attempt to produce Cerebrosic Acid from Free Cerebrose.—-A con-
sideration of the conditions under which this acid has been pro-
duced from phrenosin suggests that it might have been formed hy
the prolonged action of heat and acid upon cerebrose formed
during the earlier stages of the reaction. In the experiments
in which cerebrose was obtained, the influence of acid and heat
upon the phrenosin was interrupted every twenty-four hours, and
the acid was renewed. In the experiment, however, which yielded
cerebrosic acid, the action of acid and heat had been continuous
during seven days and nights. It was therefore necessary to in-
vestigate whether cerebrose already formed could be transformed
into cerebrosic acid under the circumstances related, or whether it
could be so transformed only in the nascent state, and what were
the other conditions of this transformation.

About 2 g. of amorphous cerebrose were heated with water
containing 1 per cent. of oil of wvitriel, to 120° during nine days,
There were formed, firstly, a considerable amount of caramel ;
and secondly, a quantity of an acid corresponding, as regards its
properties and those of its salts, to cerebrosic acid. But a large
proportion of the cerebrose remained unchanged. The caramel
was, like the acid, soluble in ether.

Caramel oblained in the Chemolysis of Phrenosin in which Cere-
rosic Aeid was formed.—Of this caramel 2-1 g. were obtained. It
was very soluble in ether, and somewhat soluble in alkaline water,
but insoluble in aleohol and in acidulated water, It was of a deep

10--2
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brown colour, like all the bodies of this class. From a considera-
tion of the several forms of caramel which are obtained from the
several principles of the nitrogenised group, as will be shown in
another chapter, it becomes probable that the caramel here formed
was, in part at least, the caramel of psychosin. This supposi-
tion is strengthened by the consideration of the relative quantities
of the several products of the chemolysis of phrenosin. The 25 g
of this body employed in the experiment related above gave 46 g
of cerebrosic acid. The theoretical amount which could have
heen ohtained in the best ease would have been 62 g. Con-
sequently 16 g. of the amylonide radicle must have heen trans-
formed into bodies other than cerebrose and cerebrosic acid. The
21 g of caramel found in the present experiment could not
have been caramel of cerebrose simply, as the atomic weight of
that body is much smaller than that of cerebrose. But it could
have been, or contained, some caramel of psychosin, the atomie
weight of which is more than twice that of cerebrose. The other
produets insoluble in water were, sphingosin, which as sulphate
weighed 25 g, corresponding to about 2-13 g free sphingosin,
and an unascertained quantity of another alkaloid, probably
psychosin, which remained in the aleohol from which the sphin-
gosin was precipitated by sulphuric acid. The amount of free
fatty acid obtained was 94 g This was almost entirely
neurostearic acid, and its quantity came very near to that
required by theory, which is 99 g The total of weighed
products of chemolysis amounted to 182 g. ; the psychosin or
second base was not weighed, and allowing for this, certainly a
few grammes, and much for loss in the many difficult manipula-
tions, the fate of the phrenosin originally employed is pretty well
accounted for.

In almost all chemolyses of nitrogenised principles by acids or
alkalies in watery or spirituous solution there has been formed
eerebrose, cerebrosie acid, psychosin, caramel of psychosin, sphin-
gosin, and neurostearic acid or its ether. When the cerebrose
solution was freed from sulphuric acid, after chemolysis with an
acid, it always retained some baryta, which had to be removed
by precipitation with sulphurie acid. It is therefore possible
that the cerebrose is always accompanied by some cerebrosic
acid ; attempts shonld be made to extract this by ether before
evaporating the cerebrose solution to a small bulk, as otherwise
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the acid may contribute to transform the cerebrose into the un-
crystallisable modification.

d. Sphingosin, ¢ new Alkaloid, as Sulphate, and Fatly Avids.

The solid produets from the chemolytic tubes are united, edul-
corated with water, dissolved in hot spirit, decolorised with animal
charcoal, erystallised and dried. In a state of fine powder they are
extracted with pure ether in the cold. The fatty acids dissolve,
while a body remains insoluble, which is of an alkaloidal nature,
and to which, in commemoration of the many enigmas which it
presented to the inquirer, I have given the name of Sphingosin.

The part insoluble in ether is again treated with alcohol, but
the substance, previously freely soluble in spirit, now becomes
more and more insoluble, and at last fuses and becomes quite in-
soluble even in absolute aleohol. It is now easily soluble in
benzol in the cold. Addition of any acid to the hot aleohol restores
the solubility of the body, and on cooling the body crystallises
again. This bearing leaves little doubt that the body is a salt-
like ecombination of an organic bhase with the acid employed,
soluble in aleohol in the presence of an excess of acid, insoluble
in the absence of such excess.

Removal of the Sulphurie Acid by Caustic Allali.—The salt is
freed from spirit by water, and then while diffused in water is
treated with caustic soda ley and heated. The flaky body at onece
transforms into oily drops, which rise to the surface of the liquid.
On cooling this oily liquid does not set like a fat, but becomes
again opaque, and distributed in flakes through the fluid. The
oil is, however, easily soluble in pure ether (in which the salt had
been previously insoluble), and is extracted by this solvent. The
solution is filtered, the ether distilled off, the rezidue dissolved in
absolute alechol and decolorised by animal charcoal. Minute
quantities of impurities, probably of soda-soap, which deposit
from the ether solution and from this last alecholic solution on
standing, are removed by filtration. This alcoholic solution of
the free base, which is alkaline to test paper, gives the following
‘reactions. Oil of vitriol in absolute alcohel gives an immediate
white precipitate of a sulphate. Hydrochloric acid gives a pre-
cipitate of a hydrochlorate ; both precipitates are soluble in cold
aleohol with the aid of excess of acid. An alcoholic solution of
cadmic chloride gives a precipitate soluble in excess of absolute
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aleohol.  Mercurie chloride gives a flaky precipitate which settles
easily. Water canses a gelatinous precipitate in the aleoholic
solution.  Ether or aleohol solution leave the base in a erystalline
state on evaporation. It is very slightly if at all soluble in
water, even on boiling. When dry it gives no purple colour with
oil of vitriol alone on gentle warming, but on addition of sugar
vives immediately a deep purple ecolour. The full significance of
this reaction will be discussed lower down.

Sphingosin Sulphate.— A solution of the free base in cold absolute
alcohol is precipitated with a freshly made solution of oil of vitriol
in absolute aleohol with the precantion of keeping the alkaloid in
excess.  The white crystalline precipitate is washed with absolute
alcohol, pressed, and dried in vacuo over sulphuric acid.

Elementary analysis leads to the formula for sphingosin sul-
phate of 2(C;H, . NO,)+H.,50,, of which the theory is compared
with the experimental data in the following table :

Theory of

Atomin, : Found.,
E e —_ Percents. Percents.
34 C 408 6011 G085
72 H 72 10-58 1070
2N 28 4419 414

4 0 G4 — —
S 32 a.a s
= o } 1437 14-32

it

Sphingosin Hydrochlorate—On adding to a concentrated solution
of sphingosin in absolute aleohol or in spirit some hydrochlorie
acid, a turbidity or precipitate is at once produced. If the mixture
is warmed and allowed to cool gradually under a dryer over oil
of vitriol, masses of spear-shaped erystals form in the fluid which
can be removed as a felted mass. The erystals under the micro-
scope appear as uniform needles with pointed pyramidal ends,
The analytical data concerning this salt show that its formula is
C;H, NO,+HCl It does not easily form double salts with
metallic chlorides.

The purification of sphingosin is based upon its precipitation
from absolute aleohol by sulphuric acid and the decomposition of
the sulphate in water by caunstic alkali ; the oily mass when freed
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from all alkaline liguid can be boiled with water, and thus freed
entirely from alkali. In this way two impurities which may
accompany sphingosin in small quantities are entirely removed ;
one a body soluble in ether, and which will be deseribed here-
after ; another an acid of which also a small quantity escapes the
first extraction by ether, in which the bulk of the acid formed in
the chemolysis is separated. Both remain in the absolute aleohol
from which the sphingosin is precipitated by sulphurie acid. But
they are less soluble in watery aleohol than the sphingosin, and
therefore are precipitated by water or watery reagents together
with the sphingosin.

Consideration of the General Chemical Function of Sphingosin.—The
consideration of the molecular formula of sphingosin might at
first sight lead to the hypothesis that it contained a fatty acid
radicle of the C,H,,0, series, and that in this an atom of hydrogen
was replaced by the amide gronp NH,, as expressed by the formula
(. H,(NH,)O,. Sphingosin also behaves like an amido-acid in
this, that on the one hand it combines with bases such as potash,
or on the other unites with acids such as sulphuric and hydro-
chloric. However, its qualities as an aeid are the least apparent,
and so limited that they subsist in any degree only in the absence
of water. In the presence of water the potash compound is not
formed at all ; the barinm compound is formed in the presence
of water and excess of barium salt, but decomposes during every
treatment for its purification, even by resolution in strong spirit.
The salts of sphingosin with acids, however, are very firm com-
pounds ; they erystallise, do not dissociate in solvents, and in the
dry state admit of convenient manipulation. By its greater
affinity for acids, sphingosin indeed differs from the amido-acids
and resembles more the alkaloids, It is precipitated by most
of the specific reagents which combine with alkaloids, and there-
fore on the whole evidence it must be admitted that sphingosin
is an alkaloid.

Neutral, Acid, and Basic Salls ; Bearing of the Sulphate.—When
sphingosin sulphate is treated with dry neutral ether, it remains
undissolved. When the mixture is acidified with sulphuric acid,
the sulphate dissolves completely. When to the solution some
alkali is cantiously added, the neutral sulphate is again precipi-
tated in flocks. When neutral sphingosin sulphate which has
been dried completely is digested in the cold with aqueous
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ammonia, sulphuric acid is dissolved, and appears in the filtrate.
But it is not practicable to remove all the sulphuric acid from the
sphingosin by this treatment; even after many days’ washing
the alkaloid retains some sulphuric acid. This can only be re-
moved by warming the compound with caustic ley, and extracting
the free alkaloid with ether.

It follows from the foregoing that sphingosin forms neutral and
acid, and perhaps basie, salts.

Beaving of the Hydrocklorate.—The hydrochlorate of sphingosin
crystallises from water or alechol in long spear-shaped crystals.
It is much more soluble in hot water than in cold ; it is deposited
from a solution in water which also contains psychosin almost
entirely if the solution is cooled to and filtered at the temperature
of melting ice. A little psychosin, however, easily remains with
the sphingosin, so that in analyses of the latter the carbon is
sometimes found a fraction of a per cent. too high. The admix-
ture is recognised by the purple test with sulphurie acid, and is
removed by recrystallisation of the hydrochlorate ; or in case of
the sulphate, by transformation into the free base, and repre-
cipitation from absolute aleohol by sulphurie acid. The psychosin
salts of both acids are the more soluble ones.

Sphingosin with Potash—When the solution of free sphingosin,
prepared from the pure sulphate in ether, is dried by being
allowed to stand over solid caustic potash, a dense but trans-
lucent deposit in the shape of flakes and crusts, covering the sides
of the vessel and the masses of potash, is gradually formed. This
is a compound of sphingosin with potash, which is little soluble
in the anhydrous ether. It has not yet been separated from the
excess of potash. The ether retains a certain portion of this
compound in solution, and leaves it as a hard, dense, colourless
deposit on distillation. A preliminary analysis of this residue
gave 6104 per cent. carbon, 996 per cent. hydrogen, 4:52 per
cent, nitrogen, and 653 per cent. potassium. From this it is
evident that this residue is a mixture of a compound formed of
sphingosin and potassium or potash, with free sphingosin. The
potassium compound C.H, KNO, requires 121 per cent. of
potassinm. The mixture therefore contains a little more than
half its weight of the potassium compound.

Separation of Psychosin from Sphingosin.—This may be effected
in aleoholic or watery solution. The mixed alkaloids are dissolved
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in absolute alcohol, and a very dilute solution of cil of vitriol in
absolute alcohol is added so as to precipitate all sphingosin,
From the filtered alcoholic mother-liquor all aleohol is removed,
first by distillation, afterwards by evaporation with water. The
residue is warmed with some eaustic potash, and the ley which
has taken up any sulphuric acid is decanted. The washed residue
is boiled with hydrochlorie aeid, in which it dissolves readily,
The solution is filtered hot, and concentrated to a suitable bulk.
It contains all the psychosin, and if the precipitation of sphingosin
by sulphuric acid had been incomplete, or an excess of the acid
had been added so as to redissolve some sphingosin as acid sul-
phate, this base also occurs in the hydrochlorate, The solution,
on being cooled to 0° C., deposits sphingosin hydrochlorate in
colourless erystals, which may be filtered off in the cold, but
cannot be washed from excess of psychosin by water, as they
swell and make filtration impossible.

Fatty Acids and Matlers soluble in Efler, being Products of the
Chemolysis which yields Sphingosin.—The ether solution of the
chemolytic products obtained as described above, p. 149, is con-
centrated, and yields several deposits of fatty matters at several
stages. The first deposit after recrystallisation from spirit
resembles neurostearic acid in appearance. It begins to fuse
at 73°, but does not wholly fuse till the temperature reaches
81°. The body is therefore probably neurostearic acid, mixed
with a small quantity of acid of lower fusing-point. It is con-
verted into barium salt ; this is extracted with hot spirit, and the
fatty acid 1s again extracted from the barium salt by tartaric acid
and ether. The free acid now fuses at 80° and sets at 79°; it has
therefore lost some of the fatty acid melting at a lower tem-
perature.

The later deposits from ether and all the acids most soluble in
ether are converted into barium salts and exhausted with boiling
aleohol. There remains insoluble in spirit a bariwn salt, which
by treatment with tartaric acid and ether gives free fatty acid
which fuses below 50° C,, and therefore differs greatly from the
acid first deposited from the ether solution,

The aleoholic extracts of the barium salts on cooling deposit a
solid compound, and retain in solution a compound which, after
evaporation of all alcohol, is semi-solid on being heated with water,
and dissolves entirely in ether.
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We therefore obtain four principal bodies by these operations
on the chemolysed matters soluble in ether. Two form barium
salts insoluble in boiling spirit, and are—the first, mainly neuro-
stearie acid, C ;H .0, ; the other, an acid of lower fusing-point,
not yet studied any further. Of the bodies soluble in hot spirit,
one is soluble in ether. The significance of all these bodies will
be made clear when we come to consider the chemical constitu-
tion of the non-phosphorised group of nitrogenised substances.
Each of these acids, which by their number no less than their
properties are remarkable, will then find a place in a natural
educt, and by another process in a systematic classification.

e. Psychosin, its Properties and Metamorphoses.

This alkaloid was first obtained from the nonphosphorised

group of nitrogenised bodies by chemolysis with caustic barita.
The mere analysis of this body led to an empirical formula of
C,.H,,NO,, which was uncontrolled by combinations. The free
body had, however, erystallised from aleochol. To fill up this void
I produced some combinations with hydrochlorie acid and with
platinic chloride, but the produets had the peculiarity of some of
the phosphorised bodies, namely of dissociating in the presence
and under the influence of small quantities of water. The hypo-
thetical salt would have contained 24-01 per cent. of platinum,
whereas the actual salt contained only 21405 per cent. But the
carbon of the organic molecle decreased slightly in relation to the
nitrogen, and this led me to again analyse a further purified
specimen of psychosin, obtained by the chemolysis of phrenosin.

The psychosin was dissolved in hydrochloric acid and water,
and the solution made perfectly bright and colourless. The
alkaloid was then precipitated by ammonia, washed perfectly,
dried in vacuo, and analysed.

Swimmary of Analyses of Psyehosin.

First Analyzes (1876). Later Analyses (1878).
Percents. Percents. +by At. Wgts. +by N=1.
C 6186 6132 511 2353
H 1009 1009 10-09 46-46
N 288 304 21716 100
0O 2517 2555 1597 735

Psychosin Sulphate.—Psychosin is soluble in very dilute sulphuric
acid on boiling, but is deposited on cooling. The mother-liquor

s |
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of the deposit after twenty-four hours retains only a small amount
of the salt in solution, so that ammonia, which if not added in
excess precipitates psychosin from its solution in water and hydro-
chlorie acid, hardly canses any precipitate.  But phosphomolybdie
acid causes a more appreciable precipitate.

Psychosin Hyrocklovate.—When to a solution of neutral psychosin
hydrochlorate in water an excess of strong hydrochloric acid is
added, a bulky gelatinons precipitate, much resembling hydrate
of alumina, is produced. The salt is so completely removed from
the solution that the latter, after filtration, gives no precipitate
with phosphomolybdie acid.

When a solution of psychosin hydrochlorate is kept on a
dialyser of parchment-paper floating on distilled water for eighteen
hours, some psychosin as well as some hydrochloric acid pass into
the water. The amount which passes is very small, and no
psychosin is deposited on the dialyser. Psychosin is therefore a
strong base, but at the same time it exercises its functions as a
colloid, such as it becomes in the presence of water and absence
of acids.

Psychosin precipitated from its hydrochloric solution by am-
monia and well washed, when allowed to remain in contact with
pure water during several days, becomes hydrated, and swells up
to a voluminous gelatinous mass. This paste retains water with
great foree, and is most difficult to dry in vacuo over sulphurie
acid, Heat causes it to become brown at once; even in the
vacuum it assumes colour.

Psychosin and Awmmonia.—Psychosin dissolves readily in con-
centrated ammonia-water on boiling, and is deposited again on
cooling, and standing. The hot ammonia solution gives a preci-
pitate with barinm chloride, which after isolation is soluble in
boiling aleohol and deposited on cooling. This compound leses
barium by all attempts at recrystallisation.

Chemalysis of Psychosin by Dilute Sulpluric Acid.—Psychosin is
enclosed in the platinum chemolyser with a sufficiency of sulphuric
acid of 2 per cent. strength, and heated to 130° during forty hours,
The sulphuric acid solution, separated from the insoluble part,
boiled with barium carbonate, ete., reduces Fehling’s solution.
The solution also contains a small amount of an acid similar to
the cerebrosic acid deseribed above. The cerebrose obtained
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amounts to less than half the theoretical quantity, but is supple-
mented by a small portion of its derivate.

The solid products of the chemolysis are coloured brown; when
warm they are in a state of semifusion. The massis gently warmed
with soda solution and shaken with ether. It dissolves in the
ether without residue, imparting to it a deep brown colour. The
ether is distilled off and the residue treated with hot absolute
aleohol. This solvent leaves a small quantity of caramel of
psychosin as a brown mass, and dissolves a quantity of slightly
coloured matter. The solution is decolorised with animal charcoal,
and precipitated with a little sulphuric acid dissolved in absolute
aleohol. The precipitate is isolated, washed with ether, and dried.
It gives no purple reaction with oil of vitriol alone, thus proving
the absence of psychosin, but with a solution of cane-sugar or
cerebrose the sulphuric aeid solution gives a brilliant purple
reaction. The precipitate is therefore sphingosin sulphate.

The aleoholic mother-liquor of the sphingosin sulphate contains
some matter in solution, which gives, after removal of the aleohol,
a purple reaction with oil of vitriol by itself. It is some psychosin
which has resisted the chemolytic action of the dilute sulphurie
acid.

The chemolysis of psychosin by sulphuric acid therefore takes
place according to the equation :

C,H,,NO, + H,O0 = CH,,0, + C;H,.NO,
ol N n R
Prychosin. Cerebrose. Sphingosin.

Purple Reaetion with Oil of Vitriol—I have shown that all the
cerebrosides give with oil of vitriol, on gentle warming, a reaction,
which consists in the formation of a deep purple colour. This
reaction, which, when produced with cane-sugar and oil of vitriol,
is known as Raspail’s or Pettenkofer’s reaction, and was for a
long time believed to be specific to biliary acids, has been shown
to be eommon to a large number of bodies which probably have a
radicle in common. DBut most of these bodies, e.q. oleic acid,
require the addition of sugar, and do not give the purple with
oil of vitriol alone. Now, the kuown cerebrosides are distingnished
from the biliary and fatty bodies by the faculty of giving the
purple reaction under two different sets of conditions. They
give it with oil of vitriol alone, on gentle warming, after a little
time of standing; and they give it quicker if with the oil of
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vitriol a little sugar is at once added. Now we know that all
these bodies contain the radicle of the sugar cerebrose, which, as
I have shown, gives with pure glykocholic acid and sulphuric
acid a brilliant Pettenkofer reaction, and is therefore capable of
replacing cane-sugar to its full value in this process. It is there-
fore clear that the ability of the cerebrin bodies to give the purple
with oil of vitriol alone has for one of its causes the presence in
their constitution of the radicle of cerebrose. That they react
slower with sulphuric acid alone than with sulphuric acid and
sugar added is perhaps explained by the facts evolved in the
chemolysis above described, namely, that the splitting off of cere-
brose from the other radicles requires time.

We are now able to advance the hypothesis, which has a high
degree of probability, that every phrenosin-like hody which gives
a purple reaction with oil of vitriol alone contains the radicle of
cerebrose besides that other radicle which, with any sugar, cere-
brose, or cane-sugar, gives the purple, and which we will term
the oleo-cholide radicle. On the other hand, any phrenosin-like
body which does not give the purple with oil of vitriol alone may
contain either the cerebrose or the oleo-cholide radicle. If, on
addition of sugar, it gives the purple, then it contains the oleo-
cholide radicle ; if it does not give the purple, then this radicle
also is excluded,

I will now proceed to the application of these data to the test-
ing of the chemolytic products above described. Sphingosin,
with oil of vitriol at a very gentle heat, dissolves and becomes a
little yellow. But no purple colour is produced. On addition of
cane-sugar or of cerebrose in highly concentrated solution the
purple is immediately struck. Psychosin, with oil of vitriol at a
very gentle heat, becomes yellow and hrownish while dissolving,
and then the purple colour appears without any addition of sugar.
Consequently there is a primd facie presumption that psychosin
still contains the cerebrose, while from sphingosin it is detached.
We have already seen how well this presumption, derived from
the chemical reactions of these bodies, is supported by their
relative chemical formulee. The reaction can consequently he
used for demonstrating the purity or impurity of any specimen of
sphingosin as regards its freedom from or contamination with
sahstances capable of yielding cerebrose with oil of vitriol. The
substances most likely to remain mixed with sphingosin in
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small quantity are those of which it 15 a cleavage-produect,
and more particularly psychosin, which, like sphingosin, iz an
alkaloid.

Isolation of the Purple Products.—The purple bodies produced in
the reaction of the cerebrin-products described in the foregoing
pages are, under certain conditions, soluble in chloroform ; it is
necessary to place the mixture in bottles cavefully stoppered, and
keep them anhydrous by excess of oil of vitriol. The elear dry
chloroform solution ean be distilled from dry vessels boiling, and
leaves the purple product behind. The residue dissolves in new
chloroform with a finer purple colour than before and completely.
A little water added to the purple chloroform solution makes it
turbid, and destroys the coclour completely in a few minutes.
The purple, which has been redissolved after the removal of the
first chloroform by distillation, is destroyed by water instan-
taneously.

Caramel of Psychosin.— Experiment.—0-3615 g. heated at 110°
(., in the apparatus used in the other cases, lost ‘021 g, and
the CaCl, gained 0225 g. At this temperature the substance
became brown and caked. It was then heated to 160° C., when
it fused completely, losing ‘0145 g., the gain being at the same
time ‘0185 g At 210° C. it had lost ‘021 g, while the CaCl,
had gzained the same amount. On cooling, it split up into flakes,
which were only partially soluble in ether. At 210" C. the
current of air was stopped, as there was a slight deposit of
volatile matter on the cooler parts of the tube. The current was
resumed as the caramel cooled.

Tabular View of the Data concerning the Caramel of Psychosin,

i Per Total Per Total
A Y i Temp. cent. percent. Molecles. cent. per cent. Molecles.
R L Liozs, Liozs. Gain. Gain.
3615 110° 581 — - 622 — —
- 160° 401 — — 512 = e

_ 210° 581 1563 4038 a8l 1715 443

Remarks on the Caramels,—The preliminary experiment on the
action of heat upon phrenosin showed a loss of 10°2 per cent.,
which is equal to 403 molecles of water on the formula
(,,H.,NO,. The maximum loss which phrenosin experiences in
the experiments described later is similar in amount, but the



NITROGENISED NONPHOSPHORISED PRINCIPLES. 159

water collected does not tally with it. It is therefore clear that
some oxidation takes place in the substance under caramelisation ;
this hypothesis does not, however, completely explain the dis-
crepancies. In future experiments the operation should be
carried on in a current of neutral gas, such as hydrogen or
nitrogen, or in carbonie acid. '

f. Intermediate Products of the Chenolysis of the Cerebrosides awith
Sulphuric Acid : Hydrated Phrenosin, <Esthesin, Psychosin.

The decomposition of the cerebrosides by barita ensues in a
much shorter time than by acids. The products, though essen-
tially the same in both processes, are differently distributed,
and are split off at different times and in a different order. It
is essential to know all those products which are intermediate,
in the first instance, because without them the formule of the
decomposition cannot be made evident with all necessary detail,
and secondly, becanse small quantities of these intermediate pro-
ducts mostly outlast the chemolytic proecess, and then occur as
impurities in the final products or are left as residues incapable
of purification and analysis.

The first event in the sulphuric acid chemolysis of phrenosin is
probably hydration. The next event is the splitting off of the cere-
brose. This, in the water solution, ensues very slowly, while the
first hydration is probably more quickly attained.

The remainder of the radicles, minus the cerebrose, do yet hold
together for a longer time before they. split up into sphingosin,
fatty acids, and other bodies.

Forty-four g. of mixed cerebrosides were boiled in water, and
pressed through a cloth. To the homogeneous paste 40 cc. of
oil of vitriol, already diluted with the amount of water necessary
to prevent overheating, were added. The mixture was now
boiled, and curdled immediately. DBoiling was continued for
nearly an hour, when, the liquid containing much sugar and
becoming more coloured, heat was withdrawn,

The ewrdled cerebrin mafter was transparent and soft while hot,
slightly coloured red, and became solid and white immediately
on cooling. In order to remove any fatty acids which it might
contain, it was, after removal of all sulphuric acid, suspended in
ammonia water, and precipitated by barium chloride. The curdy
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precipitate was found to he almost entirely soluble in hot spirit,
and to contain hardly any fatty salt insoluble in spirit.

The spirit solution filtered hot through a heated funnel imme-
diately deposited whife eryslals. These, under the microscope,
were seen to consist of two hodies, one in needles, another in
erystalline balls. The deposit from spirit was isolated and sus-
pended in ether.

A Dody dissolved which crystallised from the evaporating ether
in apparently curved needles, which will presently be more closely
defined. Another body remained insoluble in ether, and on
combustion left some barita. This latter will not be considered
any further in this place.

Cirystallised soluble in Ether Producl,— Asthesin.— The ether
solution was distilled to a small bulk, and then allowed to crys-
tallise. It formed a voluminous white mass consisting entirely
of erystals, which were uniform and showed many angular plates.
They were collected on a filter and drained of mother-liquor by
stirring. While wet they fused on the water-bath in the mother-
liquor adhering to them, but became completely dry without
much discoloration, and were solid and waxy, therefore not
fusible below 90°. Reerystallised slowly from a dilute solution
in ether, the crystals are seen to be hexagonal plates, more or
less regular, but whether or not the six angles of the hexagons
are equal cannot be determined. The plates are saucer-shaped,
and this produces the appearance of the curved or sickle-shaped
needles when the bodies are seen sideways and the lower edge
is out of focus. The plates are scarcely visible when they lie
flat on the glass. They are distinctly recognised with all the
details when they are made to roll edgeways over the field
(Chinese hats).

The dry erystals dissolve in oil of vitriol and assume a yel-
lowish colour, but no purple colour. Cane-sugar added to this
produces the purple reaction soluble in chloroform and yielding
a specific spectrum ; consequently, this body contains the oleo-
cholide radicle, but not the cerebrose radicle. It was now
analysed. Between 80° and 150° 0-1825 g. lost in three- stages
5 mers. in weight; the remainder burnt left 1 mgr. incombustible
residue. The dry powder fritted a little, and at 827 to 83° became
a waxy transparent mass. It fused to a liquid at 110°, but did
not become opaque until again cooled to 71°. By recrystallisation
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its nitrogen, which at first was 2:70 per cent., could be depressed
to 2-:35. After purification and crystallisation from absolute
alcohol and from pure ether, in both of which it was soluble in
the cold, it crystallised in the sume hexagonal plates. Heated to
150° it beecame coloured, and exhaled an odour of burnt fat. For
analysis it was heated to 100° for three hours, and gave results
which are represented in the following summary :

Percents. = At. Wgts, =Nl
C 7483 624 37°14
H 12:73 1273 79°79
N 2:35 168 1-00
0 10-09 631 375

These results prove that msthesin is an intermediate product
of chemolysis; it does not contain the cerebrose radicle, as 1s
evident from the low quantity of oxigen it contains, and it still
retains the oleo-cholide radicle, as is evident from its yielding the
purple reaction when sugar is added. It therefore behaves like
a sphingosin to which a fatty acid radicle is still combined. The
nitrogen is a little too low ; that is to say, mesthesin is already
mixed with a trace of fatty acid, but the oxigen stands to carbon
in the relation of about 3 atoms to 35 atoms. Hence the hypo-
thesis that msthesin is a compound of sphingosin and neurostearic
acid gains a high degree of probability, thus :

Sphingosin.  + Neurostearic acid. ¥, ht—hﬂﬂill Water.
... U Bn - (CHNO + HD

If now to wmsthesin we add a molecle of cerebrose, we obtain—

Fsthesin. Cerebross, I‘hn_musin "lr's'-Lter
e T, S

The fatty acid radicle contained in msthcsm is suppuserl to be
neurostearic acid.

Theory. Found. Theory of a Hydrate.

— e \ 5 ¥ A —
Atoms, Percents.  Percents, Atoms, Percents.

35 C 420 76:22 T4-83 35 C 420 7381
69 H GY 12:52 1273 71 H i | 1247
1N 14 272 2-35 1N 14 246
30 48 854 1009 4 0 64 11-26

341 100-00 569

11
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The w®msthesin analysed did, therefore, yet contain about half a
molecle of water, The body seems to be a base.

a. Chemolysis of Phrenosin by Sulphuric Acid in Alcoholic Selution ;
Formation of Ethylic Neuroslearale.,

The Process,—Sixty-five g. phrenosin were suspended in 1500 ce.
of spirit of 85 per cent. strength, and 200 cc. of oil of vitriol
gradually added while the mixture was well agitated. The hot
mixture, on which an oily matter floated, was then boiled for
two hours and a haif in such a manner that the volatilised aleohol
was condensed and ran back again into the fluid. On cooling, the
oily layer solidified, and a slight deposit formed in the underlying
fluid. The insoluble and deposited parts were separated by filtra-
tion from the acid solution and dissolved in ether; the ethereal
solution was agitated with dilute solution of caustie soda, by which
a small quantity of fatty acid was removed as soda =alt. The
clarified ether solution was distilled, and the residue was re-
peatedly crystallised from absolute aleohol.  From this solvent it
was deposited in small shining crystals, which were very soluble
in hot aleohol, but very little in cold. The recrystallised matter
fused at 56° C., but the manner of its fusion seemed to indicate
an admixture of a less fusible with a more fusible body. It was
subjected to a preliminary elementary analysis by the vacuum
method with the following result: 00872 g gave 0-1080 g,
H.0, 02443 g. CO,, and 0-00043 g nitrogen. The small amount
of nitrogen was evidently due to the presence of a small quantity
of a nitrogenised substance which was at once eliminated by the
process of distillation in vacuo about to be deseribed. The re-
erystallised body was mixed with glass powder and placed in a
class tube closed at one end. This was then bent downwards at
a point beyond the mixture, and a little further on bent again
upwards, drawn out and connected air-tight to a mercurial air-
pump. The air was then completely pumped out, and heat
cautionsly applied until the matter was distilled into the V-shaped
part of the tube; this was effected without the eveolution of any
oas and without a trace of charring. When at the end of the
distillation the slight residue in the glass powder began te discolour
and to evolve gas, the operation was stopped.

Newrostearic Ether, Cy H,0,.—The distilled matter was of the
colour and consistence of bleached beeswax, It melted at 52° C,
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On analysis it gave numbers agreeing with those demanded by the
formula C,,H,,0,. It contained no trace of nitrogen.

Theory. Found.

Yoz Atums._-_ Fercents,
Cop 240 7693 7669
2 40 12-82 12-05
Ur 32 10-26 10-36
312 100-00 100-00

The body is ethylic neurostearate (C,H_)C H,. 0, as was
proved by the following experiment: 45 g. of the ether, which
had heen completely freed from any adhering aleohol by fusion at
110° during several days, were enclosed in the platinum chemo-
lyser with concentrated soda ley, and heated to 100° for eight
hours, during which the chemolyser was frequently shaken. The
caustic solution when quite cold was poured upon a filter of glass
wool, and by thiz means the soap, which was quite inzoluble in
the concentrated ley, was separated from the excess of alkali;
and, after rinsing with cold, was dissolved in a large quantity of
boiling water. It gave a clear solution. A portion of this solu-
tion, precipitated hot with barium chloride, gave a harium salt.
This was converted into free acid, which was dried and dissolved
in ether. On concentration, the ether gave a crystallisation of
perfectly white neurostearic acid in a characteristic form, The
ethereal mother-liquor erystallised similarly in cauliflower masses
to the: last drop. This acid fused at 84° C. It was dried by
fusion at 100° C., and analysed with the following results :

Theory. Found.
Atoms. At, Wets, ]’emung Percents.
Cig 216 7606 TH94
H,, 36 12-68 1264
0, 32 11-26 11-42 -
284 100-00 10000

The concentrated soda ley employed in this chemolysis of the

“neurostearic ‘ether was examined for alechol. It was distilled, the

distillate enclosed hermetically in a glass tube with excess of

chromic and sulphuric acids, and heated for six hours to 1007,

The chromic acid was partially reduced, and on distillation of the

fluid an acid distillate was obtained. This, after boiling with
11—2
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barium carbonate, and evaporation to dryness, gave 032 g. dry
barium acetate, giving a red coloration with ferric chloride, evoly-
ing the pungent fumes of acetic acid when moistened with oil of
vitriol, and giving the fragrant odour of acetic ether with alcohol
and oil of vitriol.

Psychosin Sulphate,—The alcoholic mixture of sulphuric acid
and other decomposition products from which the neurostearic
ether had been removed by filtration, was treated with caustic
lime in powder, and the liquid, now free from sulphuric aeid,
filtered from the gypsum and some calcium neurostearate which
was mixed with the precipitate. The aleoholie solution was dis-
tilled, and, after the alcohol had passed off, left a voluminous
white pasty mass of free psychosin. This was dissolved in hydro-
chloric acid and ether, and thus separated from the impurities, of
which sulphovinate of ealeium was the principal vne. The ether
solution of psychosin hydrochlorate was freed from ether by dis-
tillation, the residual salt dissolved in water, and allowed to stand
in the eold. It deposiied colourless crystalline plates, masses of
fine microscopic erystals of extreme tenuity, but showing geometrie
definition of sides and angles; these easily redissolved if the
liguid was “allowed to rise in temperature. Filtration was there-
fore effected in the cold. These crystals consisted of pure sphin-
gosin hydrochlorate, as was proved by isolation, decomposition
with caunstic potash in the hot, extraction of the base with ether,
solution of the base, after distillation of the ether, in absolute
alcohol, and precipitation of the sulphate by oil of vitriol dissolved
in absolute aleohol. The psychosin in the solution was identified
by isolation and all the characteristic tests.

h. Action of Heat upon Phrenosin ; Formation of a Caramel.

Preliminary Exrperiments.—Some preliminary experiments for
the study of the action of heat upon phrenosin may be here again
referred to (see ‘ Reports,” ete., New Series, No. IIL, 1874, p, 191).
(0-5290 g lost, on drying between 18° and 70" C., 0-0084 hygro-
scopic water, and the remaining 0-5206 g. was considered as dry
substance. After two hours’ exposure to a heat of*97° C. in an
air-bath it became slightly yellow, and had lost 010016 g.  After
three hours’ exposure to 101° it had remained of the same colour
and weight. After two hours’ exposure to 145" it had become
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very dark, almost black in colour, and superficially fused, and had
lost 0°0080 g. After heating to 158" during three hours it had
become thoroughly fused, and of a reddish, almost transparent
aspect ; it had lost 0-0120 g. in weight. After four hours at
177° C. it had become blacker and less transparent, and gave out
a faint odour of burnt meat ; it had lost at this stage 0-0317 g.
Thus the phrenosin had lost in four stages 0-0533 g., or 10-2 per
eent. in weight. After cooling, it was hard and brittle. On
boiling a piece in absolute alecohol, only a trifling amount of
matter dissolved, colouring the solution slighty yellow. On the
other hand, it readily dissolved in ether ; the solution had a dark
- reddish-brown colour. A little of the phrenosin was heated in a
test-tube over the mnaked flame. It fused, turned dark, and
evolved water with ebullition, similar to sugar passing into
caramel. The water, which condensed in the upper part of the
tube, had an acid reaction, and reduced copper solution. The
fused matter became hard on cooling, was but slightly soluble in
boiling alcohol, but readily soluble in ether; from the latter
solution it was reprecipitated by aleohol.’

Similar experiments were now instituted, with a view of in-
creasing the accuracy of resnlts and the knowledge concerning
the constitution and function of phrenosin.

First Experimenf.—Some phrenosin was dried in a current of
air at 100° CC, in a Liebig’s drying-tube placed in a paraffin bath,
connected at each end with a chloride of calcium drying-tube, one
to dry the air before it entered the tube, and the other to arrest
the moisture from the phrenosin evolved during the operation.
A drying-tube filled with glass saturated with sulphuric acid
served to prevent moisture from the water-pump diffusing back-
wards into the chloride of ealecinm tube,

The dry phrenosin weighed 1-216 g The temperature was
raised to 150° ', a current of dry air passing meanwhile. When
the tube containing the phrenosin was weighed, it was found to
be still of the same weight as at the beginning of the experiment ;
but the chloride of caleium tube had gained 019 g, a fact which
can only be explained by oxidation of the phrenosin. At this
stage the phrenosin became brownish-white in colour, but did not
fuse. The temperature being now raised to 160°, the phrenosin
melted into a brown mass, and on being weighed was found to
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have lost ‘014 g., the chloride of calcium tube having gained the
same amount, The temperature was then rapidly raised to
200° C., but there was no longer a current of air allowed to pass
through, in order to retard as much as possible the evolution of
volatile matter. On cooling, air was passed through as before,
and the tube on being weighed showed a loss of 0°054 g, the
chloride of caleium tube having only gained 0-050 g. - The tem-
perature was now finally increased to 240° C., with the same
precautions against escape of volatile matter as before. Volatile
matters were now, however, evolved which slightly blackened the
sulphurie acid ; and when the connections of the apparatus were
severed, a smell of burnt sugar was perceived. The tube showed
a loss of 0-080 g., while the chloride of calcinm tube had gained
0-056 g.

Thus in the whole operation the tube had lost 12:17 per cent.,
while the chloride of caleinm had gained 11-425 per eent. Taking
the formula of phrenosin as €, H.,NO,, the molecular weight of
it would be 713. The preceding figures would then give us,
taking the loss as 12°17 per cent., a loss of 4'82 molecles of
water ; and, taking the gain as 11425 per cent, a loss of 452
molecles,

Second Ezperiment.—Some phrenosin was dried at 100° C., the
weight of the dry body being 0789 g. The temperature of the
tube was now raised to 200° C,, and kept at that point for two
hours, air being passed through only on cooling below 150°. No
volatile matters were carried into the sulphuric acid tube, though
a slight sublimation of volatile matter on to the cooler parts of
the tube took place. On weighing, the tube was found to have
lost 0-045G g., and the chloride of caleium had gained 0054 g,
The heating was now continued at 200° for four hours, to try the
effect of time on the operation, air heing passed through only on
cooling. The loss was now 00365, and the gain 00365, The
totals in percents. were a loss on the part of phrenosin of 10-14
per cent. or 402 molecles, and a gain on the part of the caleinm
chloride of 1147 per cent. or 4-54 molecles of water.

The greater portion of the caramel obtained in both these ex-
periments was soluble in ether; the first caramel was not so
perfectly soluble as the second, on account of the greater tem-
perature to which the former had been raised.
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Tabular View of the Dala concerning Coramel of Phrenosin,

P Total Total =
.f'iml:?;nt. Temp. EL[-:;?R per cent. Molecles, P&]:if:fh per cent. I:Ji;.u:l&chﬁ
: Loss. Gain, -
1216 150 00 -— —_— 156 — -
— 160 116 — — 115 ek e
— 200 444 4-11 — —

e 240 658 12-17 482 4605 11425 4-52
‘789 200 5-89 =
- 200 4325 10114 502

—.

5 A
2 1147 454

i. Special Reacltions of Phrenosin.

Lieaction of Phrenosin with Oil of Fitriol, Chivroform and Glacial
Aeetic Aeid ; Spectral Phenomena of the Product.—Phrenosin from
the brain of man was suspended in chloroform, and sulphurie acid
added ; this was allowed to stand five minutes, and the chloroform
was then decanted; it remained white and clear. On being
allowed to stand over the sulphuriec acid all night the chlore-
form was still colourless, but the sulphuric acid was darker ; the
latter was dissolved in glacial acetic acid with a little sulphurie
acid in order to dissolve some red particles. The solution so
produced had a magnificent red colour, and presented spectra as
follows: In a concentrated solution red only passed. This
solution had a green fluorescence. More diluted three bands
appeared, one between D) and E, a second between E and F, and
a third between F and (5.

Eeaction of Phrenosin with Pettenkofer's Test ; and Spectrum of its
Product. —FPhrenosin from the brain of man was dissolved in boiling
chloroform ; it became turbid on cooling, but did not become con-
gealed. This solution was now mixed with sulphurie acid and
sugar, then stirred and repeatedly breathed upon; it formed
purple oily drops, but no solution took place. These drops were
insoluble in glacial acetic acid, but dissolved rapidly in chloro-
form. The solution, kept anhydrons by sulphuric acid, presented
the following spectrum with Drummond’s light: a narrow band
between C and D, and a wide deep black band between D and b
These reactions of phrenosin are very similar to those of kerasin
to be described. They are also very similar to those of oleic
acid.
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a :
k. Theory of the Chemical Constifution of Phrenasin,

Although the average of the analyses of phrenosin leads to data
from which the true formula of its composition can be derived, it
is a great advantage to he able to prove the true formula by the
aid of the formula of the produncts of decomposition. If phrenosin
had never been analysed by itself, its formula could be predicted
by means of the synthesis of its cleavage-products, according to
the following calculation :

1 molecle of sphingosin - - - C_.H,NO.
+1 ,, of neurostearic acid - - CH, O,
+1 ,, of cerebrose - : - Gy Hyg Oy
— 2 molecles of water - - - - B O

leave one molecle of phrenosin - G, H. NO.

Arranged analytically the equation would be the following :
C, H, NO;+2(H,0)=C;H,NO,;+CH,0,+C,H,.0,
Of this phrenosin the atomic and percentic theory is the follow-
ing :

Theory. Found mean.
" Atoms. Percents. FPercents.
41 C 492 69-000 67957
T9H 79 11080 11-426
IN 14 1-963 1-997
80 128 17957 18696
713 100000

This phrenosin, in the course of chemolysis, by taking up two
molecles of water, increases its atomic weight from 713 to 749,
which latter fizure represents the sum of the atomie weights of
the three products of decomposition above enumerated. 100
parts of phrenosin, therefore, become 105 parts of produets, Of
these 396 parts are neurostearic acid, 399 parts sphingosin, and
25-1 parts cerebrose.

If now, with the aid of this theory, we attempt to revise the
theories formerly given of some compounds of phrenosin, re-
taining the analytical data, we obtain a greater harmony than
before. Thus the nitrited phrenosin shows the following theory :

Nitrited Phrenosin Nitrate, C,H.(NO,)NO,+HNO,, or con-
tracted, C,,H-,N,0,..
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Theory. Found

- i, — i.'ll ]ﬂﬂ,
Atoms, Percents,

41 C 492 59-92 a9-H8

79 H 79 962 993

3N 43 511 465

130 208 2533 2584

Newrostearic Aecid is accurately distingnished from the isomeric
known common stearic acid by its high fusing-point (84° to 857),
and its atomic weight is well fixed by its ethyl compound. But
its salts are not very stable nor very precise bodies, or are
mixtures, so that it has hitherto proved impossible to use them for
stoichiometric purposes. The theory of this acid is the following :

Theory. Found
¢ Atoms, Percents.  in Crystallised Acid. in Acid I-'rnm Ether.
18 C 216 76056 715°88 7594
6H 36 12-676 12-85 1264
20 32 11-268 11-27 11-42
284 100-000 100-00 10000

The ethylic compound of this acid is a very precise body ; it is
Neurostearic Ether or ethylic neurostearate, and its theory is the
following :

Theory. Found.

Atoms, R Pemenf:.. - Percents
20C 240 7692 7669
40 H 40 12-83 . 12-95
20 32 10-26 10-36
312 10000 100-00

The dissolved formula is (C,H,)C, ;H,.0O,.

Sphingosin is a strong base, and gives the most precise compounds
of any products of the decomposition of phrenosin.  Its theory is
the following :

Theory. Percents. found
- : -, in Sulphate,
Atoms. Percents. Acid deducted.
17 C 204 7159 71-26
36 O 36 12:28 1253
I'N 1% 491 482
el 2 B 11-33 11-39

285 100-00 10000
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Sphingosin Sulphate, 2(C;H, NO,) + H,80,.

Thecry. Found,
Atoms, Pem&nts_: Percents,
34 U 408 Bi-11 G085
2 H T2 1078 1070
2N 28 4-19 414
4 0 b4 10-55 999
185 32 ] ok e
o ‘L 1437 14-32
hGE 10000 10000

Cevelrose, C H,,O,, is a sugar characterised by its crystallisation,
its optical power (its specific or limited rotation heing+ 70" 40°),
and its reducing power over cupro-potassic tartrate. Its theory
is the following :

Theory. Found,

Atome. 7 Pnrcunt&:_- Percents,
6 72 40000 39-93
12 H 12 6666 671
6 0 96 53334 5336
180 100-000 100-00

Under certain conditions which have been deseribed above,
cerebrose is changed into an acid isomeric with cerebrose, and
therefore of the formula C;H,,0, This cerebrosic acid is dibasic,
i.e., contains two atoms of hydrogen replaceable by metals. The
theory of the cerebrosate of barium is the following :

Theory. Found.
Atoms, Percents. Percents,
6 C 72 2285 2453
10 H 10 317 32 :
1 Ba 137 4349 435
6 0 06 3049

315
This acid is remarkable in this, that it has not got any reducing
power over potassio-cupric tartrate, but on the other hand gives I
with an oleo-cholide radicle, e.g. sphingosin, and oil of vitriol the ]
purple reaction in the same manner as cerebrose.
Psychosin, C,,H, NO., is the cerebroside of sphingosin ; it is
erystallisable from aleohol; it is an alkaloid, but of less pro-
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nounced character than sphingosin ; it forms salts with acids, which
are more or less soluble in water, the hydrochlorate being very
soluble indeed. By this solubility in cold water it can be separated
almost completely from the hydrochlorate of sphingosin, which
crystallises from cold water, or cold solution of psychosin hydro-
chlorate.

Found.

Theory Percents,
i Atoms. st Pgrce-uhs.. ru. h.ﬁ
23 276 6174 61-86 61-32
45 H 45 10-06 1009 1009
1N 14 413 2-88 304
70 112 2507 2517 2505

447 10000

One hundred parts of psychosin on chemolysis should take up
402 parts of water (one molecle), and then split up into 40-29
parts of cerebrose and 63-75 parts of sphingosin.

The hydrochlorate is completely precipitated by excess of
hydrochloric acid. Many compounds may be expected to be
obtained, as psychosin exhibits numerous promising reactions.
It gives the oleo-cholide reaction with oil of vitriol alone, showing
that it contains the cerebrose and sphingosin radicles.

The Caramels of the cerebrosides are, like the caramels of the
sugars, produced by the expulsion of water under the influence of
heat. They are all soluble in ether, insoluble in aleohol and in
water, and of a deep brown colour. The following formule are
hypothetical and interimistic, although. derived from the data of
the experiments given above.

Caramel of Phrenosin, C,H. NO,, formed from a molecle of
phrenosin, C,,H. ,NO,, by the loss of four molecles of H,0,

Caramel of Psychosin, C,,H,-NO_, formed from a molecle of psy-
chosin, C,,H, NO., by the loss of four molecles of water.

A small quantity of caramel is formed during every chemolysis
of any of the cerebroside principles, with acid or with alkali, even
during the chemolysis of psychosin with dilute sulphuric acid.
There may be several varieties of caramel of each principle pro-
duced by the loss of one, two, three, or four molecles of water.
There might be mixed with some preparations of phrenosin parti-
eular varieties of phrenosin, in very small quantity, containing in
place of the neurostearic another fatty acid radicle, And there
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might be mixed with an hypothetical di-neurostearyl-sphingosyl-
cerebroside, a similarly constituted body containing in place of
one or both molecles of neurostearyl other fatty acid radicles, and
in place of the sphingosyl another nitrogenised radicle ; in this
respect the nitrogenised prineiples might imitate the phosphorised
principles, which derive their principal differences from the dif-
ferent fatty acid radicles which they contain. I think it even
very probable that some of the phosphorised bodies which cling
so pertinaciously to the nitrogenised ones owe their similarity to
these latter, both in shape and chemical properties, to the fact of
their containing one or other or both of the radicles of the nitro-
genised hodies which appear as neurostearic acid and sphingosin.

3. KERASIN, THE SECOND CEREBROSIDE: ITS ISOLATION AND
PROPERTIES,

Introduction—As in the case of phrenosin, I have, up to the
present moment, not succeeded in isolating a preparation of
kerasin which, on analysis of a sufficient quantity, proved to be
free from phosphorus. The preparation which yielded the lowest
amonnt of phosphorus, namely, 008 per cent. (8 parts of phos-
phorus in 10,000 parts of kerasin), weighed only 4 g., so that
after six guantations, for which the materials were taken from
these 4 g., there was not left material enough to be employed in
a systematic attempt at chemolysis of this particular specimen.
But I have examined a considerable number of preparations of
kerasin which contained more of the phosphorized impurity, not
exceeding 0-4 per cent. of P ; and some of these specimens have
yielded information which, when compared with the informaticn
derived from the purest specimens, seemed to be independent of the
influence of the thus far unavoidable impurity. But the informa-
tion, though decisive as far as it goes, is only fragmentary as
regards the entire problem ; and I therefore point out that what
I have to report is only the beginning of a great research to be
made in the future.

Mude of Isolation.—The ox white matter, which had been ex-
tracted with ether and dried, was pulverised and dissolved in hot
absolute aleohol ; the solution was decanted from the fused mass
of stearoconot which formed, and allowed to deposit the dissolved
matter hy cooling. The deposit formed after the first heur was
isolated, as was also another which formed after the second hour ;
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a third gelatinous-looking precipitate formed over-night, and from
this the absolute alcohol solution was filtered. On standing for a
few days in stoppered bottles, this solution deposited a gelatinous
membranous mass, mainly consisting of lerasin. This was re-
moved by the filter, and the filtrate, which contained much
sphingomyelin in solution, was treated with CdCl,. The white
bulky precipitate of sphingomyelin CdCl, was filtered off, washed,
exhausted with ether, and further treated as is deseribed else-
where. It may be mentioned here that the principal bulk of
sphingomyelin is obtained in this manner and at this stage. The
aleohol filtered from the sphingomyelin CdCl, precipitate after
concentration deposited a mixture of CdCl, salt, cholesterin,
and kerasin, the latter two being present in very small pro-
portions.

Mode of Purification.—Kerasin obtained as above is a soft white
gelatinous mass, consisting of larger and smaller balls, which
under the microscope are seen uniformly to consist of wavy
masses of needles so thin that it may be said they possess only
one diameter—namely, length. The gelatinous state is apparently
entirely due to this peculiarity of the fine needles enclosing a
large amount of alecohol.  No amorphous matter whatever is seen
mixed with it, but here and there a few rosettes of phrenosin,
strikingly differentiated from the kerasin,

The whole of the kerasin was dissolved three times in boiling
absolute alecohol, and, after cooling to crystallisation, washed and
pressed free from mother-liquer.  This, after the third operation,
was free from sphingomyelin, as shown by the absence of reaction
with PtCl, and CdCl,. The solution of kerasin was also free
from sphingomyelin, CdCl, giving no precipitate with it.

The kerasin was now dissolved in a fourth quantity of pure
absolute aleohol, and allowed to crystallise. It was found by
mieroscopic examination that after three hours much kerasin in
wavy erystallised masses, but no phrenosin in rosettes, had been
deposited. The erystals were consequently isolated, pressed,
again recrystallised, collected on a filter, and dried in vacuo.
This preparation was analysed with the result stated below.

After this preparation had been removed, at the end of the
third hour, from the mother-liquor, the latter on standing de-
posited a mixture of much kerasin in wavy needles, with some
rosettes of phrenosin. This mixture could by recrystallisation
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not be completely separated. A third ultimate precipitate seemed
to consist mainly of phrenosin, with much kerasin, which counld
also not be purified by mere recrystallisation. :

Special Consideration of the Properties of Kerasin which are made
use of for ils Isolation.—The properties of kerasin which are made
use of for its isolation are the following: It is easily soluble in
hot spirit, and almost insoluble in cold ; it tarries to deposit from
this solution for a long time, and if its amount does not exceed
1 part in 321 parts of spirit, it is not deposited at all above 287,
and below that temperature very slowly. By this peculiarity it
is separated from phrenosin and sphingomyelin, the latter parti-
cularly when it is in the state of cadmium chloride salt. Kerasin
does not combine with lead ; by this property it is separated from
myelin and the cerebrinacides, which combine with lead. It does
not combine with cadmium chloride, and by this reagent is
liberated from sphingomyelin, amidomyelin, and paramyelin,
which combine with it. It is not soluble in ether, either cold or
hoiling ; by eold ether the kephalins and lecithins are extracted
from it, and by boiling ether, krinosin. Kerasin swells when left
in contact with ether for some time. In that state it must not be
allowed to dry on paper, as it contracts and becomes hard, and
adheres so strongly to the paper that it cannot be separated from
it without retaining fragments of paper in its substance. Kerasin,
crystallised from absolute aleohol in a flask, if allowed to dry
slowly in the flask after the alcohol has been poured off, becomes
white and pulverulent, so as to erumble off the sides of the glass,
and does hardly become waxy. When deposited from watery
solvents, or removed from contact with even anhydrous ether, it
becomes on drying hard and horny, or waxy, and difficult to
powder.

Selubility of Kerasin in Different Quantities of Spirit.—3-8878 g.
human kerasin, dried on the water-bath, wepe dissolved in 500 ce,
hot spirit of 84 per cent. strength. On cooling of the solution a
deposit of kerasin began to form at 40°, and continued to increase
while the temperature sank. 200 cc. spirit were added to the
mixture, and the deposit was redissolved by the application of
heat. On heing again allowed to become cool, it now became
turbid, and began to make a deposit at 35°, A further addition
of 50 ce. of spirit reduced the depositing-point to 34°.  Another
100 ce. reduced the erystallising-point to 33°. A further 100 ce.



NITROGENISED NONPHOSPHORISED PREINCIPLES, 175

depressed the temperature of erystallisation to 32°. Three more
additions of 100 cc. spirit each depressed the crystallising-point
t-u-ﬁﬂ", 29°, and 28° respectively. Altogether, therefore, 3-8878 g
kerasin required 1250 ce. of spirit to be kept in solution at 28" ;
one part of kerasin required 321 parts of spirit to remain in solu-
tion at 28"

Fifty ce. of a solution of kerasin in spirit, which began to
erystallise at 28°, were at that temperature filtered and evaporated
to dryness on the water-bath. The residue weighed 01558 g.;
therefore 1 g kerasin required 32092 cc. of spirit at 28" for
solution.

Solubility of Kerasin in Acefon.—At the ordinary temperature
of the air, 100 cc. of aceton dissolve 0-1576 g. kerasin ; at the
boiling temperature of aceton, 100 cc. dissolve 10510 g. kerasin.

Solubility of Kerasin in Benzol.—When moist kerasin is shaken
with large volumes of benzol, it remains as an insoluble gelatinous
transparent mass. The filtered benzol leaves no residue on dis-
tillation. When kerasin and benzol are warmed, a perfect solution
is produced, which can be filtered hot. On cooling, all kerasin is
deposited, and the henzol leaves no residue on distillation. This
solvent, therefore, may serve for the separation of bodies which
are soluble in cold benzol.

Reactions of Kerasin.—Both human and bovine kerasin give a
deep purple with oil of vitriol and sugar at once; with oil of
vitriol alone, a paler purple after long standing. Kerasin from
ox-brains is dissolved in boiling ehloroform. On cooling, it con-
geals to a glassy solid. A portion of this is stirred with a drop of
cane-sugar solution and a small quantity of sulphuric acid. At
first it becomes yellowish, and at last purple. The colour is in
drops, and not dissolved ; it is not soluble in glacial acetic acid,
but chloroform dissolves the whole to a purple solution. This
before the spectroscope shows a narrow band between C and D,
and a deep black band extending from D to F. The acid solu-
tion below the chloroform is yellowish, fluorescing green. When
some kerasin is dissolved in chloroform, and sulphuric acid
added, all the kerasin passes into the acid, and the chloroform
remains colourless ; this proves that the kerasin is free from
cholesterin. When this mixture is allowed to stand, a brownish-
red mass rises to the top of the acid; sugar added to this makes
it redder. When this is placed in a dish and the chloroform
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evaporated, oily deposits form of increased redness, the oxigen of
the air evidently tending to make them purple; but this purple
product is now insoluble both in acetic acid and chloroform, singly
or united.

Kerasin, in a Liebig's drying-tube, heated in an oil-bath to
from 100" to 150° in a eurrent of dry air, loses about 4 molecles of
water, and is transformed into a brown matter soluble in ether,
insoluble in aleohol (caramel of kerasin). .

Elementary Analyses and Theory of Kerasin.—A specimen of
kerasin from the ox obtained from 70 g. of the principle by fre-
quent fractional recrystallisation, and containing yet 001 per
cent. P, was analysed, and yielded the first group of data in the
synopsis below.

A specimen of human kerasin was repeatedly crystallised from
absolute aleohol, allowed to dry, and crumble in flask, and dried
over oil of vitriol in vacuo. It contained 0073 per cent. P ; it
zave on analysis the second set of data in the synopsis.

If we group these analyses so as to let the highest nitrogen
come first, we obtain the following hypotheses :

Synopsis of Analyses of Kerasin from Or.

Pereents, = At. Wgt. —N=1.
(! 69-54 5795 42-29
H 1169 11690 85-32
N 192 0137 1-00
0 16-85 1053 768

100-00
Synopsis of Analyses of Kerasin from Man.
~ Percents. + At. Wgt. = N=1.
C 69-01 575 44-23
H 11-44 1144 8800
N 1-90 013 1-00
0 1765 1-10 846
100-00
Synopsis of Analyses of Kevasin from Or, made in 1874,
Percents, + At. Wgt. +N=1,
C 68446 5704 460
H 11395 11395 v2-0
N 1-738 0-124

1
O 18-421 1151 9-
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The two first sets of analyses are probably to be preferred, and
it is very probable that the formula of kerasin is C ,H NO, or
', ,H,,NO, ; any formula giving oxygen as eight atoms has theory
in its favour, as we shall see below. But in any case the formula
cannot be established by analysis alone ; chemolyses of kerasin
and analyses of the cleavage products are required to enable us
to form a final opinion as regards its chemical constitution.

Chemolysis of Kerasin.—Kerasin is a cerebroside, and yields
cerebrose by chemolysis with dilute sulphuric acid. In some
chemolyses with barita, the study of the acid products of the
chemolysis could not be accomplished for want of quantity.
Bnt the basic parts were identified in two forms, and the presence
of cerebrose was incidentally confirmed.

Four g. of kerasin were mixed with 8 g of barita hydrate
crystals, and sufficient water to produce a thin paste. The
mixture was enclosed in a tube and heated during fourteen hours
to 100°. The watery solution, free from barita, gave a reaction
for cerebrose. The insoluble in water part was extracted with
aleohol ; the concentrated solution yielded a precipitate of a sul-
phate. Another part of the matter was not precipitated by sul-
phuric acid, but remained in solution. It was shown to be
psychosin, like the base of the precipitated sulphate. This sul-
phate dried to a horny mass on the filter, and did not remain
pulverulent like sphingosin sulphate. It was dissolved in boiling -
water, with which it formed a clear solution, and precipitated
with a large excess of caustic alkali. It did not rise to the top
like an oil, as sphingosin does, on heat being applied, but formed
a jelly or semi-soap ; with more potash it became emulged ; the
solution became turbid on cooling ; ether extracted nothing from
it. The only way to extract the alkaloid was to acidify the solu-
tion with sulphuric acid, and add phosphomolybdic acid to it
The precipitate, after decomposition with barita, yielded to spirit
the psychosin, which was transformed into sulphate and analysed.

Analyses of the Sulphate oblained, and Comparison with the Com-
position of Psychosin Sulphofe and Sphingosin Sulphate.
Found in Product from Psychosin Sulphate. Sphingosin Sulphate.

Kerasin, 2(C,H, NO.H,S0,  2(C,-Hy NO,H,S0,
C 2467 5565 6011
H 10-48 927 1078
SO, 1059 967 1437

12
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As the sulphate yields Raspail's reaction without sugar being
added, it must be psychosin, mixed, however, with a small trace
of sphingosin.

It follows from the foregoing that kerasin, like its prineipal
companion phrenosin, is a cerebroside, namely, a body which eon-
tains the sugar cerebrose, combined with at least two other radicles.
Of these, one is probably sphingosin, the alkaloid obtained from
phrenosin.  The other is certainly a fufty acid, but the nature and
composition of this acid have not yet been perfectly ascertained.

B. SUBGROUF OF THE CEREBRINACIDES, OR CEREBRIN
BODIES WHICH COMBINE WITH METALLIC OXIDES,

1. GENERAL OBSERVATIONS ON THE SUBGROUP,

The following account of preliminary observations may serve
as the basis for future more perfect inquiries. Of some bodies
the mere existence has been ascertained, and they have not heen
definitively isolated. Others have been isolated in a state of
artificial combination with reagents. Two have been isolated in
such a state of semi-erystallisation (spherocrystals and groups of
microscopic needles) that their appearance and behaviour give
some probability to the assumption that they are approximately
pure. But the only final control of actual composition, quanta-
tion of atomic weight by combination and demonstration of con-
stitution by chemolysis could not yet be applied to them.

Separation of these Substances from the Cevebrin Micture by Lead
Acetate and Ammonia.—This process has already been described,
but may here again be noticed. The cerebin mixture, exhausted
with ether, is dissolved in hot spirit, and to the solution a hot
solution in spirit of acetate of lead is added as long as a precipi-
tate is produced. Ammonia is then added, and when neither
lead acetate nor ammonia produce any further precipitate, the
solution is filtered hot from the precipitate. The latter contains
the bodies here to be considered, while the spirit solution con-
tains the cerebrosides and other substances which do not combine
with lead under these circumstances. X

The Lead Salts.—The insoluble precipitate formed during the
purification of phrenosin by the lead acetate treatment is ex-
hausted with hot 85 per cent. spirit to remove all phrenosin and
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kerasin, It is then dried, powdered, and extracted with cold

benzol. A portion of the lead salts dissolved, another remained
insoluble,

2. CEREBRINIC ACID: ITS ISOLATION AND PROPERTIES.

The benzol extracts were evaporated to dryness, and the dry
residue was powdered and suspended in 85 per cent. spirit. The
spirit was saturated with hydrothion while being gradually raised
to the boiling-point, and the lead sulphide filtered off. On cooling
a white body was deposited, which consisted mainly of cereliinic
acid. This was collected on a filter, purified by recrystallisation
from absolute aleohol, and dried in vacuo. It gave a weak purple
reaction with oil of vitriol alone. Under the microscope it ap-
peared to consist of small needles. It was soluble in hot benzol,
and was thrown down on cooling as a gelatinous mass, It did
not blacken at 100° C. On elementary analysis it gave data
which are collated in the following table :

b, c. d.
— — 168
6647 8754 —
11:366 ° 1137 —

Carbon, per cent.

.
Nitrogen per cent. 15
Hydrogen, per cent. —

Caramel of Cerebrinic Acid—First Experiment.—1-613 g. of dry
cerebrinic acid were heated to 210° ., in a current of air for one
hour. The tube lost 0-122 g., or 7-55 per cent, ; and the chloride
of ealcium gained 0-103 g, or 638 per cent. Caleulated on a
formula (hypothetical) of CH,,NO,, and a meclecular weight of
979, these figures would give a loss of 4-1 molecles of water, as
judged by the diminution of the weight of the cerebrinic acid,
and they would correspond to 347 molecles of H,O if only the
gain of weight of the water-catching tube were taken into con-

" sideration.

Second Experiment.—1-221 g, of dry cerebrinie acid was heated
to 160° C. The substance melted completely, and lost 0°030 g,,
the chloride of ealcium gaining 0°033 g.  The temperature was
now raised to 200" C., and the current of air was passed only
when the tube cooled. The loss and gain respectively were 0-065 g.
and 00056 g. The total loss was thus 777 per cent., or 4-227
molecles ; and the gain was 7-30 per cent., or 3-97 molecles of
water.

12—2
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Third Erperiment,—1-073 g. at 150° C, lost 0012 g., and the
chloride of calcium tube gained 0019 g At this temperature
the cerebrinic acid melted. At 200" C. it lost 0-0965 g., and the
chloride of calcium gained 0-080 g The total percentages were
10-12 per cent. loss, or 55 molecles, and 9-23 per cent. gain, or
5400 molecles of water.

Fourth Experiment.—0-779 g. of dry cerebrinic acid at 145" lost
0006 g., and the chloride of calcium gained 00125 g. At 180°
the substance was completely melted, and lost 0-G33 g., while the
chloride of caleinm gained 0037 g At 210° the current of air
being stopped as before until the tube had somewhat cooled down,
the loss was 00535 g, and the gain 00030 g.  The totals lead to
a loss of 1167 per cent., or 6-347 moleecles of water, and to a gain of
9-98 per cent., or 543 molecles. Oxidation may, as in the former
case, account for this discrepancy.

These caramels also were almost entirely soluble in ether.

Tabular View aof the Data concerning the Cavamels of Cerelrinie

Aeid,
Total FPer Total
Am]iglh Temp. P% uzﬁ::l i pﬂ]l_‘ﬂﬂizt. Molecles, l[:!:;.']ﬂ'.lﬁ pca:;!!:lh :EF Eﬁ?ﬁ
1613 210 755 755 4-10 6.38 6-38 347
1221 160 -2-46 — —- 270 — -
-— 200 532 TV 4227 460 730 397
1073 180  1-12 —_ —_ 157 — —
— 200 2-66 — — 1-86 — —_—
— 200 634 10112 5504 560 923 502
T79 145 i — —_ 1-60 —_ —
= 180 424 — - - 475 — —
— 210 666 1167 6347 363 998 243

3. SULPHURISED PRINCIPLES, SPHERO-CEREBRIN, AND OTHERS.

Mode of separating these Substances from the Cerebrin Mizture.—
The cerebrin mixture (that part of the white matter which
remains insoluble when it is exhausted with ether) is dissolved in
hot spirit, and to the solution a hot solution in spirit of acetate of
lead is added as long as a precipitate is produced. Ultimately a
little ammonia is added, and the solution is filtered hot from the
precipitate. The latter contains the bodies here to be con-
sidered.
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The crude Lead Compound, to be hereafler referved to as * Dayl: Lead
Salt,’” Ox-Cerebrins,—This body was exhausted with boiling spirit,
the extraction being repeated an indefinite number of times; all
that which spirit extracted will not be considered any further in
this place. The matter insoluble in spirit was now extracted
with benzol until nothing further dissolved. There remained in-
soluble a lead compound which had a peeunliar ash-grey colour, re-
minding the observer at once of the probability that a small part
of the lead had by some means or other been converted into
sulphide.

Quantation of Lead and Organic Matter and of Sulphur and Phos-
phorus in the Dark Lead Soalt.—(a) 1:2992 g decomposed with
hydrothion in hot spirit gave 0-3490 PDbS, equal to 23-27 per
cent. Ph, and therefore about 7673 per cent. of organic matter.
() 1-4826 g. burnt with soda and mercuric oxide in a tube, ete.,
gave 0°1749 BaSO,, equal to 162 per cent. S, and 0-1574 pyro-
phosphate of magnesia, equal to 2:97 per cent. P.

Attempt to isolate the sulphurised Principle, the Presence of which
was demonstrated by the foreqoing Analysis.— The aleoholic solution
which had been obtained in analysis (a) of the foregoing para-
graph deposited much organic matter on cooling ; this was redis-
solved by heat, and in the hot solution a precipitate was produced
by barita water. The precipitate was exhausted by boiling spirit,
and the extracts were disregarded. The matter insoluble in spirit
was dissolved in benzol, and the solution separated from the
insoluble portion. The benzol solution was concentrated by dis-
tillation, and precipitated by absolute alcohol. The precipitated
body was dried and analysed.

0-:3068 (being almost the entire product of this first operation)
fused with nitre-flux, ete., gave 0-0288 BaS0,~1-32 per cent. S.

This experiment proves that the sulphurised principle contained
in the lead salt can be transformed into a barium salt soluble in
benzol. This salt contained less sulphur than the original lead
salt. When it is compared to other sulphurised barium compounds
of similar properties, which I shall have to desecribe below, it is
seen that in the former the sulphur amounts to a much lesser
percentage than in the latter. From a third series of observations
to be related, it will be seen that the brains of young animals
contain at least one sulphur body, which is so labile that on
standing in its ether solution it deposits sulphur in the metalloid



182  CHEMICAL CONSTITUTION OF THE BRAIN.

state, and in erystals too, which are needles as well as octahedra.
We have therefore three distinet apercus, proving the presence of
sulphur compounds (other than albuminous ones) in the brain.

Decomposition of the Dark Lead Salt (Ox-Cerebrins) by Ozalic Acid

in boiling Spirif.—It was evident that for the study of the sulphur
compounnd in the lead salt the applieation of sulphuretted hydrogen,
although apparently quite successful in the above experiment,
would have to be avoided. A quantity of the salt was therefore
boiled with double that amount of erystallised oxalic acid, which
theory indicated as necessary for the transformation of all lead
into oxalate, in a flask fixed to a refluent cooler, until the salt ap-
peared white and all grey colour had disappeared. The solution
was now filtered from the precipitate.

Tnsoluble Lead Salt (Owalafe).—It was exhausted with spirit,
then washed with boiling water, suspended in water, and treated
with dilute nitric acid. On heat being applied a reaction ensued,
the oxalate dissolved, and a small quantity of lead sulphate re-
mained insoluble. It weighed 0-0348 g., equal to 0-0037 g S in
20 g =alt, or 0°0185 per cent. S in lead salt. This shows that of
the 162 per cent. S contained in the lead salt, only a minute
proportion can be present as sulphuric acid, or in the shape of a
metallic sulphate. Possibly even the small quantity found was
derived from the oxidation of the black sulphide, which gives to
the salt its dark colour.

The Organic Matter from the Lead Salt (total mixture of at least
three bodies) was crystallised from the spirit containing the
excess of oxalic acid, washed, and pressed. It was next recrys-
tallised from spirit, and appeared white and voluminous. It was
analysed in order to ascertain whether it contained sulphur and
phosphorus, with the following result :

(z.) 0-8668 fused with flux and caustic soda gave 0-0340
BaS0O,=054 per cent. 5.

(0.) The solution filtered from the BaSO, gave, further,
0-0638 pyrophosphate of Mg, equal to 2:06 per cent. P,

The organic mixture was now extracted with eold benzol, and
filtered by air-pressure through a tubular filter. The benzol ex-

tracted a small quantity of a body which was reerystallised from

spirit and erystallised in needles. The part insoluble in benzol
was also reerystallised from spirit. It was then recrystallised
from hot benzol, and deposited entirely on cooling. After having
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been freed from benzol it was dissolved in about a litre of abso-
lute aleohol, and cooled to 38°. A body was deposited in heavy
sphero-crystals, and adhered to the glass, so that the solution could
be easily decanted clear from it. This was repeated, and all

- erystals were collected. They represent the body which in the

following is termed spherocerelrin.

4. SPHEROCEREBRIN.

The name is intended to indicate that the body is a cerebrin
erystallising in sphero-crystals. It was twice erystallised frae-
tionally from absolute alcohol. The solution having heen filtered
elear, was now allowed to cool, while the temperature was read
off by an immersed thermometer ; it began to form a deposit at
50°, of which the main bulk came down between 43° and 41°
When the deposition had eceased, the spherocerebrin was
filtered off.

Seen under the microscope, it appears in round balls of very
uniform size, which all have a peculiar three-branched mark in
the round field. When the balls are rolled, it is seen that they
contain three wedge-shaped fans each; the side of such a fan
shows radiating needles; three such wedges are united with
their sharp straight edges at a line representing the diameter of
the ball, By gentle pressure the balls break almost regularly
into the three wedge-shaped segments.

Spherocerebrin with oil of vitriol, on standing, gives only a
very feeble reddish colour attached to flakes. It is free from
sulphur, and contains only unweighable traces of phosphqrus
(when 04462 were analysed). On elementary analysis it gives
data which are collated in the following synopsis :

Percents, Atoms,
C 62-75 58
H 1108 123
N 1-23 1
0 24-94 173
100-00

In its main features spherocercbrin resembles cerebrinie acid,
but it contains over this (theory C, H,,.NO,) an excess of 8H
and 80, or 8 hydroxyls. Spherocerebrin’ differs, therefore, from
cerebrinic acid not only by its erystalline shape, but also by its
percentic composition,
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5. PRINCIPAL AND SECOND PropUCT FROM DARK LEAD SALT.

The term *principal® here refers to quantity ; 20 g. of lead salt
gave 1549 of organic product.

The absolute aleohol solutioa had been filtered at 40°, At 37°
cumuli of clouds formed under the bulb of the thermometer. At
36" the entire liguid was turbid. At 35° all translucency was lost,
and the crystals projected from margin into fluid. At 34° the
surface became concave, and the marginal ring of deposit was out
of the fluid. The particles aggregated, and the fluid became again
translucent. At 32° clouds of deposit sank, and the temperature
remained stationary for some time. At this point the deposit
was separated by filtration.

At 30° to 29° a new cloudiness arosze, and a deposit began to
adhere to the glass. This second deposit included almost all of
the matter which was in solution in the alecohol. These processes,
therefore, resulted in the separation of the organic matter present
in the lead compound in the greatest quantity, into two bodies,
one of which, fhe least soluble in aleohwl, was recrystallised by
itself ; while the other, the most solulle in absolute alcohol, was also
recrystallised by itself.

We have, therefore, at this stage the organic matter in the lead
salt separated into the following five products, arranged in the
order of decreasing quantities :

(1) Principal product (not yet unitary) - - 959 g
(2) Second product(more soluble than foregoing) 404 |,
(3) Spherocerebrin (least soluble in aleohol) - 150
(4) Needle body soluble in benzol - - - 036 ,,

(3) Sulphurised compound - - = i T

The Principal Product from Darl: Lead Salt (Ox-Cerebrins).—Water
expelled at 90°=3-4800 per cent. This body is a mixture of a
phosphorised principle with at least one cerebrin-like body. If we
assume all the phosphorus to be present in the shape of 1 molecle
of dineurostearyl-glyceryl-neuryl-phosphatide (C,,H,NPO,), and
deduct this molecle from the complex of molecles obtained as an
empirical formula with P=1, then we obtain a residue with more
than 7 atoms of nitrogen, which, divided by N=1 (ie, by 7-36),
gives a formula not unlike a cerebrin body with 3 nuclei of
neurostearic acid, but with a quantity of oxigen which is too
large to satisfy that hypothesis simply.
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Synopsis of the Percentages found and the Hypotheses applied.

: H.E.'Elidllﬁ, «
FPercents. » At Wets, P=1, Uﬁﬂ{#:\ml:{)ﬂ =N=1.
C 5928 494 449 405 HH4)2
H 1009 10-09 917 R43 113-3
N 130 0092 8:36 736 1
i 037 0011 1 4] (1]
O 2896 1-81 164 156 21

We have, therefore, in the cerebrin residue of this mixture a
gtill larger number of atoms of oxigen than in spherocerebrin |
and this fact may ultimately lead to an explanation of the acid
character of these compounds, which enables them to form firm
ecompounds with bases, such as the cerebrosides of the phrenosin
type do apparently not form.

The second (more soluble in absolute aleohol) product, weighing
404 g. (see the list above given), has not yet been analysed. It
is not known whether it is or contains the sulphurised prineiple,
the existence of which in the mixture has been proved above.
This inquiry must be left to the future.

C. SUBGROUP OF CEREBROSULPHATIDES OR NON-ALBU-
MINOUS IMMEDIATE PRINCIFPLES CONTAINING SULPHUR
AS AN ESSENTIAL INGREDIENT.

Introduction. — A sulphurised principle had alveady been dis-
covered in the lead salt from ox-cerebrins, regarding which some
preliminary information has been given in a previous chapter. 1
may also here repeat the notice of an interesting observation
already alluded to on p.182, nam:ly, the deposition of metalloid
crystallised sulphur from extracts of brains of young animals. I
have lately again expressly tested the phosphorised substances
which I have isolated and named, and found that they do not
contain sulphur as an essential constituent. A gramme of pure
kephalin gave only an unweighable trace of barium sulphate ; and
so with myelin and lecithin. The sulphur-compounds to he
deseribed in the following were educed with the aid of barita.

Human mized Cerebrins,.—Barita Process applied for their Separa-
afion.—I applied the barita process in this case in the hope that,
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as others had by its means obtained cerebrin matter free from
phosphorised matter, T might be equally successful. My experi-
ment was, however, so far different from that of others, that I
earefully avoided the possibility of the barita acting chemolyti-
cally upon the cerebrin-substances. The barita was therefore
added only as long as it produced a precipitate, and never in
excess, 80 as to be in solution in any appreciable quantity. I
may at once state that in no single instance out of four experi-
ments were the cerebrins obtained free from phosphorus.

The Process,.—600 g. of human mixed cerebrin-substances were
dissolved, each 100 g. in 3 litres of hot aleohol. To the boiling
golution barita-water saturated at the ordinary temperature was
added in a thin stream, so as not to interrupt the boiling of the
aleohol. Each 100 g had 450 cc. barita-water added. The
mixture was boiled for a few moments, and then the solution
decanted from the adhesive precipifale. The latter hecame
hard on cooling, and was detached and powdered. It was now
exhaunsted with boiling alcohel ; many extractions and pulverisa-
tions were required to withdraw all the matter which alcohol
would redissolve.

Nature of the Precipitate produced by Barita.—The barita-water
does not produce a precipitate in the hot aleoholic solution of the
cerebrin mixture by virtue of its water, as was speeially proved
by a blank experiment with water only. It precipitates, in the
first place, in combination with barifa,a body (or mixture of bodies)
which is soluble in cold benzol, and which will be treated of
immediately. At the same time there fall down portions of the
several cerebrin bodies, phrenosin, kerasin, ete., of which another
portion remains in solution, and which are then again extracted
from the precipitate by boiling aleohol without retaining more
than traces of barita, precipitable by earbonic acid from the
alcoholic solution. These latter bodies are inscluble in cold
benzol, and separable thereby from the stearoconote or mixture
of barita compounds.

It must at once be pointed ont that the matters soluble in cold
benzol cannot be separated from those insoluble in benzol by one
operation only, When benzol has acted upon the powdered
particles of the precipitate, they seem to be covered by a layer of
matter insoluble in benzol, which prevents this solvent from
reaching the matters soluble in it, which are contained in the
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interior of the particles. It is therefore necessary to extract the
powder alternately with cold benzol and hot aleohol, and suffi-
ciently often until all the matter is dissolved in hot aleohol and
¢old benzol respectively, or remains insoluble in either.

duatters soluble an eold Benzol.—The benzol solution obtained in
the manner described in the foregoing is elarified by repose, filtra-
tion, and decantation, until on standing further it remains per-
feetly clear and brilliant. It is then concentrated to a small
bulk, with the precaution of keeping the solution perfect. It is
now treated with absolute alecohol as long as a precipitate or tur-
bidity is thereby produced. The precipitate is further extracted
by boiling absolute aleohol, and dried in vacuo over oil of vitriol.
The alcoholic mother-liquors, particularly those obtained by boil-
ing, contain a quantity of a body which appears in curved needles,
and therefore will be designated meanwhile as ewreed needle body.

The Barita-Compound soluble in cold Benzol and insoluble in
Aleohol.—1t was dried over oil of vitriol, at 70° in air-bath before
analysis. It was a coloured powder, and on elementary analysis
gave data which are collated in the following synopsis :

Symopsis of Data :

Elements. Pereents, ==hy At. Wgts. ~=hy 8=1(0-125).
C 3086 25716 2057
H 4-88 488 39
N 074 00523 042
= 4-00 0-125 il
Ba 35°30 0-257 3-
P 209 0-082 065
0 2167 1:354 10-
10000

The study of the relations of the atoms to each other gives at
once some interesting information. The sulphur is to barium as
1: 2, a fact which became already apparent in the course of the
analysis. Carbon and hydrogen are to each other as 1:2 very
nearly, indicating the presence in the compound of radicles of the
fatty series. Phosphorus and nitrogen stand apparently in no
relation to each other, and in none to the sulphur or barium. The
body is unquestionably a mixture, but may be of substances having
some analogy with each other. At least the bearing of the pro.
duct towards solvents would support such an hypothesis,

Several smaller preparations obtained in a manner similar to the
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process described in the foregoing were analysed, and gave, one,
3297 per cent. Ba, 1'06 per cent. S, and 1-15 per cent. P; the
other, 22-14 per cent. Ba, and 1-95 per cent. S. They evidently
contained a lesser proportion of the sulphurised body than the
main preparation.

Ir SUBGROUP -OF AMIDOLIPOTIDES, OR NITROGENISED FATS,

1. BREGENIN : 1TS ISOLATION AND PROPERTIES.

I have isolated the principle from both human and bovine
brains. It erystallises, fuses like a fat, and contains nitrogen. It
is extremely soluble in several reagents, and does not combine
with acids, alkalies, or salts.

Mode of lsolation.—Human cerebrins in hot aleoholic solution
were treated by barita-water. The precipitated cerebrin bodies
were freed from barita by sulphuric acid in aleohol and reerys-
tallised. The most soluble part contained the bregenin. From
this, sphingomyelin was removed by cadminm chloride ; the
resulting solution was now evaporated to dryness and extracted
with cold benzol ; kerasin remained undissolved, while bregenin
and some other matters dissolved in the benzol. The matters
dissolved in benzol were treated with beiling ether in a suitable
apparatus, when a body remained insoluble in boiling ether, while
two bodies dissolved ; one was deposited from the ether on cool-
ing—Fkrinosin, to be deseribed below—while another remained
dissolved in the cold ether, namely, bregenin,  After removal of
the ether the bregenin was dissolved in a minimum of watery
spirit, filtered hot, and allowed to crystallise. When after re-
peated ecrystallisation, removal of the mother-liquor by pressure
between bibulous-paper, ete., the product consisted of white
microscopic leaflets and curved needles only, it was considered
pure and analysed. Its solution in spirit does not give precipi-
tates with cadmium or platinum chloride, or with lead acetate,
with or without ammonia. As long, therefore, as in a supposed
or reputed solution of bregenin such precipitates are produced,
they have to be removed as impurities. It is much more soluble
in absolute alechol than in watery spirit ; from the former it is
deposited as a white solid mass, when the solution is concentrated ;
when dilute no deposit at all may take place ; it is useful to dilute
the hot aleoholic solution with boiling water until a permanent
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turbidity is produced, and allow the mixture to cool. Good
erystals are obtained from such a solution,

From a concentrated spirit solution bregenin crystallises be-
tween 50" and 25 At 50° it is not completely deposited. A
dilute spirit solution becomes hazy about 40°, and begins to
erystailise only at 25°.  When thus deposited slowly it appears in
halls and irregular masses, without any eurved needles. These
balls can be transformed into needles by resolution in spirit and
rapid cooling down of the solution.

Physical and Chemical Properties of Bregenin.—Besides the
characters already described in the foregoing, bregenin has the
following diagnostic properties. When heated in a water-oven it
hecomes a little eoloured, and then fuses below 98 to an oily
fluid. On cooling it solidifies to a hard mass, which is not plastic
like fat or wax, but splinters, when eut, in all directions, and is
highly electrical. Its fusing-point is between 62° and 65°. When
the fused and recongealed body in the filiform tube is again
heated, it becomes in part transparent about 62°, but a core
remains opaque until a higher temperature is reached, when all is
again fused. This is due to the viscosity of the fused body. At
the lowest fusing-point it is transparent, but so viscous as to be
hardly mobile, or only very slowly mobile ; with rising tempera-
ture it becomes as fluid as a molten fat, and the interval between
the point of fusion and the point of greatest liquidity is consider-
able. While it fuses and coalesces in the narrow tube at 62° fo
65°, it flows down the sides of the tube only at 75 to 767, and
then, on cooling, sets with a sudden appearance of opacity at 58",
These experiments were made with the purest specimen, which
had been kept in a fused state in the water-oven for hours. The
bearing of bregenin with water is very remarkable. When heated
with much water, it fuses like a fat, on the top of it.- But on
agitation it increases in bulk and becomes viscogelatinous. This
hydration, which is completed only on long standing in the water,
canses it to increase in bulk considerably. When the swelled
mass, after decantation of all water, is heated on the water-bath,
it contracts, gives out water, and fuses as in its original state
while all water is being evaporated.

With oil of vitriol it gives no purple on standing ; the solution
remains a little yellow. When sugarsyrup is added to this
solution it becomes perfectly white, and gives no vestige of
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purple.  From this it is highly probable that bregenin does not
contain the radicles either of oleic acid or of sphingosin.

The fused bregenin, when quite cold again, can be powdered.
In this state it was subjected to elementary analysis, which
yielded the following data :

Synapsis of Analysis and Theory.

1. 2 3. 4. 5. Mean., At Wt. =N=1,
C 7359 7369 79T — — 7366 6138 C,,
H 1254 1293 12-56 — —= 12-64 1264 Hdul
- - — 2:32 215 2-18 0156 N
I e Ll e

100-00

This body, bregenin (from the Low German ¢ bregen,” head or
brain, the latter English word being probably a contraction merely
of bregen), C,,H,, NO,, is thus shown to be approximate in the
number of its carbon atoms to both the mononitrogenised phos-
phatides and to the cerebrosides. From the latter it is sharply
distinguished by the low amount of oxigen which it contains. It
has almost exactly the composition of the lowest phosphatide of
the lecithin group minus the phosphoric acid, for

c,,H,NO.+PHO,=C, H ,NPO,+H,O.

This might make us suspect that it was derived from such a
group by the mere loss of phosphorie acid, and consequently that
it might be a product and not an educt. But such a mode of
decomposition of a phosphatide has no analogy in the decomposi-
tions which have thus far been artificially produced. For in
these phosphorised bodies when they contained glyeerol, this
alcohol remained mainly with the phosphoric aeid. Supposing,
as a mere hypothesis, that bregenin did contain glycerol, then
there would be no room for neurin as the nitrogenised radicle.
In the absence of neurin, the nitrogenised radicle would have to
be one which does not oceur in the mononitrogenised phospha-
tides, as far as they are known, and this would negative the
suggestion that bregenin might be derived from such a phospha-
tide by loss of phosphoric acid. Besides, such a hypothesis also
presupposes that the binding radicle is an alcohol like glycerol,
and that phosphorie acid is outside the nucleolar arrangement, and
merely attached as a side-chain—a theory which is clearly impos-
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sible for those phosphatides, which, as I have shown, eontain no
glycerol, and is therefore not probable for the others which con-
tain it.

Bregenin is obtained by the foregoing processes in small quanti-
ties only, and a great number of preparations were required to
yield material sufficiently pure for analysis. It is evident that
the greater part of the bregenin present in the brain must, in the
process of extraction, pass into the aleoholic and ethereal solution
containing lecithin and kephalin ; then it must at last remain
with the cholesterin, where we accordingly find it. And it is
separated from this only by treatment with eaustic potash, which
chemolyses and removes the products of bregenin, while leaving
cholesterin unaltered. It will therefore be seen that much further
study will be required to elucidate the physiological quantities
and functions of this remarkable substance,

2. KRINOSIN, THE SECOND REPRESENTATIVE OF THE NEW
SERIES OF NITROGENISED Fars, oR AMIDO-LIPOTIDES ; ITS
ISOLATION AND PROPERTIES.

Mode of prepaving Krinosin.—Dry, finely-powdered crude kerasin
as obtained from the process for the isolation of sphingomyelin
by cadmium chloride is exhausted in the ether extraction appa-
ratus by boiling ether. The solvent should be perfectly anhydrous,
and be renewed from time to time until it extracts nothing more,
For the extraction is but slowly completed, and in most cases
requires the apparatus to be kept in action for several days: The
hot ether solution deposits krinosin on cooling and standing as a
voluminous felted mass of long microscopic fibres, a wilderness of
mere lines, mostly without visible end. If the vessel has not
been agitated during the cooling process, the felted mass forms a
complete jelly with the ether. By strong agitation this structure
is destroyed, and there remain only a few lumps of felted matter,
looking like bluish paper pulp in an abundance of water. The
fibres, having been collected on a filter, dry to a hard mass, when
moisture, so easily collected by the cold produced in the conrse of
the evaporation of the ether, is allowed to deposit upon them ;
when only little moisture has been in contact with them, they
dry to a white spongy matter, which is just a little waxy on com-
pression or when rubbed with the finger-nail. "When the fibres,
taken out of the anhydrous ether, are dried in vacuo over oil of
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vitriol, they become a perfectly white and pulverisable mass,
When this powder is now heated in a water-oven to 98° for some
time, it hecomes somewhat plastic and assumes a yellowish colour,
After cooling it is again hard and perfectly pulverisable, imt re-
tains the colour aequired by the heating. Krinosin is insoluble
in cold, easily soluble in boiling aleohol. It gives no purple reac-
tion with sulphurie acid alone, and none with sulphurie acid and
cane-sugar. It is consequently not a cerebroside, and does not
contain any oleo-cholide radicle.

Sunopsis of the Means of Elementary Analyses and Theory of

Formula.
Percentages. +At. Wets. +Na=1.
C 7094 2911 381
H 12-28 1228 79
N 2717 0-155 It
O 1461 0913 8

Consequently the nearest formula warranted by the quantations
is C,;H. NO, Leaving out of consideration a slight excess of
hydrogen, probably due to the substance not having heen dried
at a higher temperature, but only in wvacuo, there seems good
reason to suppose that krinosin is a homologue, in an isomeric
series, of bregenin, for, we have

Bregenin - C,Hs NO,
Krinosin - C;H-NO,.

The homology is probably not in_the same series, as the higher
carbonised bregenin fuses below 70°, while krinosin does not fuse

below the heat of boiling water.

E. SUBGROUP OF ALKALOIDS.

1. ALkALoips FroM THE Humaxn Braiw.

l. Hypoxanthin.—The deposit from the concentrated solution
of the extractive matters of the brain soluble in water was ex-
hausted with HCI ; the solution was treated with excess of silver
nitrate, and the precipitate extracted to exhaustion with boiling
dilute nitric acid. The deposited hypoxanthin silver nitrate was
isolated and added to the preparation obtained hy the following

process,
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The extract was diluted and precipitated with mercurie acetate.
The precipitate was washed by repeated levigation in water, and
decomposed by H,S. The HgS was repeatedly extracted with
hoiling water. The solutions were evaporated to a thick dark
syrup, and filtered. A first crop of impure hypoxanthin remained
on the filter. Addition of ammonia produced a second one.

Both portions were nnited, dissolved in dilute HCI, boiled with
animal charcoal, and reprecipitated by ammonia ; evaporation to
dryness and extraction of the ammonium chloride with water left
the hypoxanthin, which was now also transformed into silver
nitrate salt.

The united silver nitrate salts were treated with ammonia
during several days, and washed with ammonia-water on the
filter. The seolutions contained little besides ammonic nitrate.
The last extracts contained a very small quantity of a body
soluble in ammonia, precipitated in flakes on evaporation, and re
dissolved in nitric acid on boiling, less readily precipitated on
cooling than hypoxanthin salts, and therefore more like xanthin
or guanin. :

The silver hypoxanthin was decomposed by H,S, but the solution
remained black and unfilterable, It had to be boiled with animal
charcoal, and then became almost colourless, But the charcoal
retained much hypoxanthin, and had to be boiled with many new
portions of water before the whole of the base which could be
extracted was obtained. Some was no doubt lost in the charcoal.

The solution was acid and contained some phosphate from the
charcoal. It was treated with a little ammonia, filtered, evaporated
to dryness, and extracted with cold water. The pure white crystal-
lised hyporanthin was collected on a filter, washed with cold water,
and dried. It formed crystalline white masses and granules,

2. Second Alkaloid.—The motherliguor of the hypoxanthin,
treated with barita to expel the ammonia, and then with carbonic
acid, retained a large amount of barita in solution. The solution
gave precipitates with ferric chloride on boiling, and with phos-
phomolybdic acid. The barita was removed by sulphuric aeid,
and the acid solution precipitated by phosphomolybdie. The
precipitate was decomposed with barita; the filtrate was refiltered
three times during concentration,

The solution was acidified with HC, and precipitated by AuCl,,

The auric chioride salt was washed with water (the salt was very

13
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soluble in excess of HCI), and put in a vacoum to dry. On
analysis it gave the data contained in the following synopsis :

Synopsis and Computation of Analyses,

Percentages. =+ by At. Wgts, <+ Au=1 N=1.
C 19447 1-620 608 2-38
H . 29221 2:221 967 327
N 9-499 0678 292 100
0 7890 0493 2:12 072
Au 45743 0-232 100 0-34
Cl 15-200 0-428 184 063

It is at once evident that the compound contains more gold than
could be present in the form of terchloride; for the 15-:200 per cent.
C1 require 28073 Au; the excess of An, therefore, amounts to
174670. This may be supposed to have been present in the re-
duced metallic state. The salt is, therefore, one of those unstable
compounds which decompose during isolation and drying. Never-
theless, the consideration of the composition of the residue will
afford some, the only, means of judging of the composition of the
original alkaloid. From the computation of the figures obtained
by N =1, and deducting the excess of gold, and ‘referring the
possible organic molecle to a molecle of AuCl, (which requires
the multiplication of the quotients by N=1 by 5), we get
C,H N0, ,AuCl, But caleulating the salt which remains
after deducting the excess of gold as a hydrochlorate and auro-
chloride, containing 4C1 to 1An, we get—

Percentages. + At Wgts, + Au=1.

C 19447 1620 1514
H 2221 2221 20-75
N 9-499 0678 633
Cl } 15-200 0-428 400
Au 21055 0-107 100
Aun 24-688 —— —

0 7890 0-493 4-60

leading to a formula consonant to the general chemical theory of
gold double salts of C,,H,,N 0, HCL,AuCl,.

3. Third Allkaloid. —This was left in the mother-liquor after
removal of the two previous bodies, and precipitated by phospho-
molybdic acid from the acidified liquid. The treatment of the
precipitate by barita yielded the alkaloid in solution, retaining
barita not precipitable by carbonie acid. The solution was pre-
cipitated by absolute aleohol. It remained a syrupy coloured
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liquid, and did not erystallise after months of standing, Tt had
a marked smell of human sperma. It was so small in quantity
that no further research could be instituted upon it. After it
had been removed from the motherliquor representing the ex-
tracts obtained by the mercuric acetate precipitation, there
seemed to be no further substance of an alkaloidal nature con-
tained in them. '

2. ALKALOIDS CONTAINED IN Ox Brain.

The presence of the alkaloids in the water-extracts of brain-
matter is indicated by the precipitates which they give with
AnCl, T in KT, HgCl, in KI, picrie, tannie, and phosphomolybdic
acids.

They may be obtained as shown in the preceding pages by the
application of the phosphomolybdic acid process, HgCl, process,
and collaterally by the basic lead acetate process (for inosite).
The latter process, however, does not yield them if preceded by
the phosphomolybdic acid process. They may be separated when
in the free state by evaporation to a syrupy consistency when the
hypoxanthin is deposited while the second base is uncrystal-
lisable. The same remarks apply to a mixture of the hydro-
chlorates, the hypoxanthin compound in this case being obtainel
in a crystalline form. Neither the watery solution of the free
hypoxanthin nor that of its hydrochlorate gives a PtCl, precipitate.
The hypoxanthin may be purified by dissolving in hoiling water
and addition of excess of silver nitrate and nitric acid. The
precipitate so formed gradually dissolves in hot nitric acid, and
from the filtered solution deposits on cooling in a mass of homo-
geneous needles.. Obtained in this way it is pure, as testified by
the following analysis :

Analyses and Theory.

Percentages. <+ At. Wots. = Ag=1.
C = 19746 1645 h2
H = 14539 1539 48
N = 23516 1-679 o
QO = 21099 1:318 41
Ag = 34-100 0315 10

=C,H,N,0+AgNO,.

A combination of the hypoxanthin with silver was also obtained
by precipitation of its solution with ammoniacal silver nitrate ;
13—2
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it contained 60-46 per cent. silver, whereas had it been pure
U H,N,0Ag,, it should have contained 617 per cent,

The hydrochlorate of the second base is soluble in aleohol but
precipitated by ether; on the whole it is a perishable compound.
In one experiment where the hypoxanthin had been removed
from a mixture of the two bodies, this second base was again
passed through the phosphomolybdic process ; the product gave a
precipitate with AgNO, in the presence of HNO,, which proved
to be a further guantity of hypoxanthin salt. Thus purified
the second base was again passed through the phosphomolybdic
acid process, then converted into gold chloride salt and analysed ;
it yielded—

C 2737
H 371
N 11-88
0 13836
Aun 31864
Cl 11:34
100000

Computation of Analyses,—In this compound the gold stands to
the chlorine as 1: 2 ; deducting now the gold and chlorine and
recaleulating the percentages, we have :

Percentages, = At. Wgts, +N=1
C = 4818 4015 2.7
H = 653 6530 4-3
N = 2092 1-494 10
0O = 2437 1:523 10

= C,H,NO.

F. SUBGROUFP OF AMIDO-ACIDS AND IMIDES,.

1. LEvciN AND ALLIED Bobies ; TYROSIN,

The filtrates from the mercuric precipitates were freed from
mercury by hydrothion, and evaporated to a syrupy consistence ;
the syrup was treated with absolute aleohol, and thereby separated
into a portion soluble, and another insoluble, in aleohol.

Portion Soluble in Aleohol.—The alcohol was evaporated, the
residue treated with neutral plumbic acetate. The precipitate
consisted mainly of phosphate and chloride, and was removed.
After this, basic plumbic acetate was added to the filtrate, and
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the precipitate collected and decomposed with hydrothion : the
concentrated filtrate from the plumbic sulphide on treatment with
absolute aleohol gave a erystallisation of inosife.

The mother-liquor of this inosite, freed from alcohol by evapo-
ration and acidified, gave a small precipitate with phosphomolybdic
acid, thus proving that the mercuric acetate had not removed all
the alkaloid, but left some, which was precipitated by basic lead
acetate (third allaloid).

The lead was now removed from the mother-liquor by an excess
of sulphuric acid, and the acid liguid extracted with large quan-
tities of ether at intervals. The ethereal extracts, after removal
of the ether by distillation, left a mixture of acids; of these,
acetic acid, introduced with the mercury and lead salts, was
evaporated on the water-bath. The remaining syrup consisted
mainly of lactic acid, but also contained some succinic acid, as will
be described more fully lower down.

Portion Insoluble in Aleohol.—This, on solution in a mimmum
of water, retained a quantity of solid matfer in suspension, which
was separated by filtration. The residue on the filter was pressed,
and on treatment with cold water gave to this solvent a matter
recognised as leucin and allied bodies. The matter insoluble in cold,
but easily soluble in hot water, was fyrosin.

The leuein was purified by precipitating the coloured impurity
out of its watery solution by means of mercuric nitrate, removing
the excess of mercury by hydrothion, evaporating the solution,
precipitating the acid liquid by ammonia, colleeting and pressing
the precipitate in bibulous paper; and recrystallising it from
spirit. The first crystals were pure leucin ; the second crystals
were, however, a different body, more soluble than leucin, and not
easily separated from lenecin, on account of the similarity of pro-
perties. The last mother-liquor dried up, leaving a trace of matter.

The tyrosin was purified by hydrochloric acid and charcoal,
and precipitation with ammonia.

The mercuric nitrate precipitate from leucin was also decom-
posed, and seemed to contain only a small amount of alkaloid
No. 2.

Note on a Peculiar Potassium Salt,

The liguid part of the portion insoluble in alcohol was diluted
with water, and treated with neutral lead acetate ; the precipitate,
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decomposed by hydrothion, gave a syrup which, treated with
absolute alcohol, deposited a peculiar viscous colowrless potassium
salt ; this was isolated, and, on account of its peculiar nature, the
presence of the potassium was specially proved by combustion
and platinic chloride. The part of the syrup soluble in alcohol
was not further examined. The filtrate from the neutral lead
acetate precipitate was treated with basic lead acetate, and the
new precipitate decomposed with hydrothion ; the concentrated
product was treated with absolute alcohol, and gave white inosife,
partly anhydrous, partly hydrated. In the mother-liquor of this
inosite nothing, apparently, but some alkaloid No. 2 remained.
The mother-liquors from which the foregoing bodies had been ex-
tracted and precipitated were freed from the impurities introduced
as reagents as far as possible and evaporated, and then formed a
nearly colourless, viscid, uncrystallisable mass ; this was distilled
in superheated steam, but yielded no glyeerol. It gave a precipi-
tate with phosphomolybdic acid, from which a syrupy alkaloid,
smelling like sperma, was obtained (alkaloid No. 3).
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GROUP OF IMMEDIATE PRINCIPLES, COMPOSED
OF THREE ELEMENTS ONLY : ALCOHOLS, CARBO-
HYDRATES, AND ACIDS,

A. SUBGROUFP OF ALCOHOLS,

CHOLESTERIN.

('HOLESTERIN is present in the brain in very large quantity. In
the process for the separation of the brain principles above de-
seribed it passes mainly into the solution containing the kephalins ;
these bodies have to be precipitated by lead ; myelin the same ;
the other phosphatides have then to be removed by cadmium
chloride. At last'a mixture of cholesterin, with several other
bodies, amongst them bregenin, is obtained ; this mixture must
now be hoiled with caustic potash in aleohol, to decompose the
admixtures, and retain their decomposition products in solution
while cholesterin crystallises. It is pressed and recrystallised as
often as necessary to give it its Dbrilliant appearance, and its
melting-point, 145°. It is then the same body as that obtained
from human gallstones. It crystallises from spirit as monohydrate,
GEGHHD+I-IEU* and loses the water at 100° or in vacuo. While
from spirit it crystallises in rhombie plates, it is deposited from
chloroform or benzol in anhydrous needles. It rotates polarised
light to the left. Ether solution at 15°: [«]D= —3112"; in
chloroform solution : [«]D = —36-61°. It is insoluble in water,
little soluble in cold watery spirit, easily soluble in from 5 to 9
parts of boiling aleohol, the more the stronger the aleohol is. It
can be distilled in a vacnum unchanged at a temperature of 360°,
On distillation by heat under ordinary air-pressure it is partly
transformed into hydrocarbons. Tt combines with organic acids
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when heated with them under pressure. When oxydised by
permanganate in acetic acid solution it yields cholestenic acid,
C,,;H,,0,, and similar acids with 5 or 6 atoms of oxigen. With
nitric acid it yields cholesteric acid, C';,H O, which is remark-
able, as it is also formed by nitric acid from cholic acid, and thus
it establishes a relationship between cholesterin and biliary acids.
With bromine cholesterin gives a product of addition, C,;H,,0,Br, ;
with concentrated sulphurie or phosphorie acid it yields a number
of hydroearbons, cholesterylens, which are isomerie with each
other.

Cholesterin gives some very characteristic reactions. Treated
with concentrated sulphurie acid and a little iodine, it becomes
violet, blue, green, and red in suceession. This reaction is useful
for recognising cholesterin under the mieroscope. When a little
chelesterin is evaporated with a drop of nitric acid at a gentle
heat, a yellow spot remains, which, if covered while warm with a
drop of ammonia, becomes red ; this red is not altered by the
addition of fixed alkali.

Reaction of Cholesterin with O of Vitriol and Chloroform ; Spectral
Phenomena of the Produet, '

The cholesterin was obtained from the brain, and fused at
147° C. A portion was dissolved in chloroform, and an equal
bulk of oil of vitriol added ; this produced a dark red coloration
both in the chloroform and in the acid.

The chloroform solution thus obtained presented the following
spectra :

The most concentrated solution obscured all but the red.

After it had been a little more diluted one broad band appeared
in yellow and green, and another in green to blue, but it had only
about half the intensity of the other.

When it was still more diluted the broad band split into two
bands, the band in green to blue remaining.

The solution when poured into a dish became rapidly blue,
green, and at last celourless.

On evaporation to dryness and re-addition of sulphurie acid to
the residue, a slight restoration of a dirty red colour took place,
but with chloroform no restoration ; the permanent colour of the
residue was a light green,



LONDOM :
CRovaL Faze Hozsrman) § o
BOHOOL OF MCD GINE /
% FOR WOMEN e

T8 ST

ALCOHOLS, CARBOHYDEATE:

Reaction of Cholesterin with QR of Vitriol and Glacial Aecetic Acid.

The dark red-brown oil of vitriol solution of cholesterin when
thrown into glacial acetie acid dissolves entirely to a dark red
solution almost impenetrable to light. This solution presents
the following spectra :

Through the concentrated liguid only red passes ; when it is
more diluted two bands appear, one feeble, in red, the other
strong, in orange and yellow.

In the still more diluted liquid three bands appear, the solution
being brilliant ; the third band is broad, and reaches to F.

Hence the middle band of the chloroform solution was absent
from this ; the broad band of the chloroform solution was there,
but much stronger and broader. There was a powerful green
fluorescence. As the third band of the acetic acid solution is new
and does not occur in the chloroform solution, at least two coloured
bodies are produced in this reaction.

By oxidation with chromic acid in acetic acid, cholesterin yields
an acid of the formula C,,H,,0., and other products.

Phytosterin, the cholesterin of plants, is the second isomer,
C,;H,,0+H,0 ; its fusing-point is 132" to 133" ; its chloroform
solution turns to the left =[«]D = —34-2°,

Isocholesterin, C,.H,,0 is the third isomer, and occurs in the wool-
fat from sheep, together with the ordinary cholesterin. When
erystallising from aleohol it forms gelatinous masses ; from ether
it crystallises in needles. It does not give the reaction with oil
of vitriol and chloroform which cholesterin gives. It fuses at 137"
to 138°

Paracholesterin, C,,H,,0+H,0, is the fourth isomer, and is
obtained from the fungus wthalium flavum. Fuses at 134° to
134-5°. It differs from phytosterin only by its rotation being
less, namely [«]D = — 25-88",

The quantation of cholesterin in the brain is connected with
many difficulties. It is not impossible that the bearing of cho-
lesterin with benzoic acid under pressure at high temperature,
200° may be utilised for this purpose. The two bodies combine
and form an ether, which is almost insoluble in boiling spirit ; but
erystallises from ether in peculiar rectangular plates, The benzoate
of isocholesterin erystallises in needles. When such plates and
needles are obtained mixed, they can be separated by levigation
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with spirit. This process therefore offers a means of separating
cholesterin from isocholesterin, when they oceur mixed with each
other, as they do in wool-fat. It may possibly serve in some cases
of brain analysis, and for this purpose the reaction should be
borne in mind.

B, SUBGROUP OF CARBOHYDRATES.

INOSITE.

Inosite oceurs in the parenchyma of most tissues of the animal
body, but in largest quantity in muscle and the brain. It also
oceurs in plants, e.g. in beans, and in Santerne wine. It crystal-
lises as a dihydrate, C;H,,0,+2H,0, and does not rotate the
ray of polarised light. It does not undergo the aleoholie, but
easily the lactic fermentation, and the lactic acid which results
is optically inactive. With nitric acid it yields a trinitrited,
and a hexanitrited substitution compound, C H,(NO.),0,, and
C,H(NO,),0,. Inosite is completely precipitated from its solu-
tion by basic lead acetate ; the lead compound is decomposed by
hydrothion, and the solution evaporated to a small bulk. When
to this alecohol is added, erystals of inosite are formed on standing,
The following is a good test for inosite. Ewvaporate the liquid to
be tested for inosite in a porcelain dish to the bulk of a few drops,
and then add a small drop of mereuric nitrate. This produces a
yvellowish precipitate. When this is spread as far as possible over
the surface of the poreelain, and the dish is further heated with
great caution, there remains, as soon as all fluid is evaporated, and
provided that no excess of reagent has been added, a residue
which is whitish-yellow at first, but soon becomes more or less
dark red, according to the quantity of inosite present. - The
colour disappears when the dish gets cold, but reappears on re-
heating it gently. If, when the colour has appeared, the dish is
overheated in the slightest degree, the mixture undergoes a sudden
decomposition, though without incandescence, and becomes black.
Inosite is not capable of reducing Fehling’s solution. Its bearing
with copper salts was little understood before the following obser-
vations on the subject were made.

Compound of Cerebral Inosite with Cupric Oride.—When to a hot
solution of inosite (from ox-brain) a saturated solution of ecopper
acetate is added, a light green precipitate immediately ensues.
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When copper acetate is added in excess, so that the filtrate has a
‘blue colour, and the mixture is warmed, almost all inosite is pre-
cipitated out of the solution. The green precipitate of inosite
copper can be heated with pure water, without more than traces
of copper dissolving in the water. The solution is colourless, but
gives a brown coloration with potassium ferrocyanide and acetic
acid. The light green precipitate of inosite copper (first precipi-
tate) on being dried in the air-bath at 110°, became dark green,
nearly black, and was then amalysed. It contained 47-11 per
cent. of Cu.

A compound of one moleele of inosite with three molecles of
cupric oxide, C,H,,0,+ 3Cu0, of which the atomic weight would
be 182 42382 = 4202, requires 452 per cent,

The compound when boiled with water is decomposed at the place
where the vessel, whether platinum or glass, is hottest. It is not de-
composed when warmed gently on the water-bath. When a solution
of inosite is evaporafed with excess of copper acetate on the water-
bath, all inosite becomes insoluble in the shape of the compound
deseribed in the foregoing. The excess of acetate may be washed
out with warm water, but the precipitate may not be boiled in
platinum or glass over the free flame, as it forms a reddish-brown
adherent decomposition product. The compound is soluble in
acetic acid, with slight celoration, without residue. It is soluble
in ammonia, with a deep blue colour. A trace of matter remains
insoluble (which iz not the case with the acetic acid) and may
explain the slight excess of copper found in the analysis.

When this compound was heated on platinum, it showed the
following remarkable bearing: it scintillated and deflagrated,
while evolving acid fumes. A red residue was left, which on
being thrown into the air took fire and burnt (pyrophorus). Pro-
bably the three molecles of cupric oxide gave up half their oxigen,
and remained as cuprous oxide mixed with some carbonaceous
matter,

Second Precipitate—On addition of more copper acetate to the
solution from which the first precipitate had been filtered, and
application of a gentle heat, a second precipitate ensued, which
was and remained green. Dried at 110° it gave on analysis, mean
of three quantations, 4459 per cent. Cu.

When this compound in the state of powder was heated at the
margin, it took fire, and then burned spontancously through,
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leaving a red residue. This residue also was pyrophorons when
thrown into the air. |

Third Precipitate—The mother-liquor of the second precipitate
was concentrated by evaporation, and formed a third precipitate.
This, after isolation, was dissolved in dilute ammonia, and repre-
cipitated by gentle evaporation. It was light green, and when
gently dried was analysed, and found to contain 40-10 per cent.
Cu. E

A trihydrate of the cupric inosite requires 40°10 per cent. of Cu.
That this compound, C,H,,0,43Cu043H,0 (atom. weight
=474'2) had really been obtained, was further proved by the
loss which it suffered on being dried at 110°, being equal to three
molecles of water. For the dry compound gave on analysis
4538 per cent. Cu, while theory requires 452 per cent. Cu.

Fourth Precipitate—This was obtained after the third, by the
same process as the latter. It was bright green, and dried at 100
gave on analysis 45-68 per cent. Cu.

The inosite from ox-brain used in the foregoing research was a
finely crystallised, on the whole very pure specimen. Nevertheless,
the first precipitate was somewhat impure, as indicated by its
physical properties and its composition. But the precipitates
Nos. 3, 4, were so pure that their analyses yielded almost theo-
retical results.

It was therefore very surprising that an equally well erystallised
and apparently perfectly pure specimen of inosite from human brain,
on being mixed and treated with copper acetate like the inosite
from ox-brain, should yield totally different and greatly varying
resnlts.

The first precipitate, dried in vaeno over sulphuric acid, lost
at 110° 153 per cent. H,0, and contained 47-48 per cent. Cu.

The second precipitate, dried in vacno, ete., lost at 110° 1°77 per
cent. H,0, and contained 5123 per cent. Cu.

The mixture, on further evaportion, formed a third, and after
its removal only an insignificant fourth precipitate, although afier
addition of copper solution it formed a fifth and a sixth precipi-
tate, which contained more copper than the first precipitate.

The third precipitate, dried in vacuo over oil of vitriol, lost at
110" 2:85 per cent. H,0, and contained 47-73 per cent. Cu.

The fifth and sizth precipitates, dried in vacuo over sulphuric
acid, lost at 110° 1:34 per eent. H,0, and contained 49-81 per
cent, Cu,
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These precipitates, therefore, contained about two, or four, or
six per cent. more copper than corresponds to tricupric inosite.
When they were dissolved in ammonia and the solution evapo-
rated cautiously, discoloured products were obtained. From
these data I conclude that the inosite from the human brain is
either altogether different from that contained in the brain of the
ox, or is accompanied by another similar carbohydrate of less
stable quality. In any case, the subject calls for further investi-
gation.

Inosite is a hexadynamic aleohol, and forms, as we have seen
above, two nitrite ethers, a hexanitrite and a trinitrite. Similarly,
though probably not by substitution of hydrogen, it forms a
tricupric compound ; and perhaps at the same time a small quan-
tity of a hexacupric one, if the compounds with more than 452
per cent. Cu have not to be considered as combinations with
bodies other than inosite.

C. BUBGROUP OF (NONNITROGENISED) ORGANIC ACIDS.

1. LacTtic Acip.

The mixed acids were heated on the water-bath until acetic
acid was expelled, redissolved in water, and neuntralised while hot
with freshly prepared zine carbonate. The zine salt was erystallised
and recrystallised an indefinite number of times, until perfectly
white, erystallised throughout, and homogeneons, During these
operations a coloured matter became insoluble, and had to be
removed by repeated filtration. The crystallised salt was found
to be pure zine lactate, containing the variety of lactic acid known
as lactic acid from flesh, or savkolactic acid, Not only did the salts
yield the particular amount of water of crystallisation which dis-
tinguishes them from the zine salts of the fermentation lactic
acid, but the free acid itself showed the power of polarising light,

which is not possessed by the product of the fermentation of
milk.

Summary of Analyses of Zine Lactate from Human Brain.

The salt was dried in vacuo until it lost no longer in weight,
and then at 110° until constant. Two specimens showed a loss of
water of crystallisation amounting to 12-82 per cent., and 1290

per cent. This corresponds to the theory of 12-82 per cent. H,O
water of erystallisation.
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In the same hydrated salt, dried in vacuo, the zine was estimated
by precipitation with carbonate in the usual manner, and found
in two experiments to amount to 23:24 per cent., and 23-28 per
cent. ; while theory requires 23:35 per cent. Zn.

Summary of Analyses of Zine Lactale from Ox Brain.

The salt, after having been dried in vacuo over oil of vitriol,
lost 12-80 per cent. H,O at 110",

The zine was estimated in the anhydrous salt by precipitation
and ignition, and found in two experiments to amount to 2669
per cent., and 26:69 per cent. Theory requires 26-79 per cent.
Zn in the anhydrous salt, C,H, 0. Zn. The formula of the
hydrated salt is Zn(C,H,0,),(H,0),.

Physical Peculiarities of the Lactic Aeid from Brain and ils Zine Salt.

When the lactic acid as obtained from the ether extract, a state
in which it was yet ycllowish and gave out an odour, was de-
colorised by animal charcoal, and a somewhat concentrated
solution of it was placed in a tube, of 220 mm. in length, and
containing about 26 ce. of fluid, and subjected to the influence of
the polarised ray of yellow light in a Wild’s polaristrobometer, it
was found to turn the plane of polarisation to fle left (to the
measured extent, in the partienlar instance of an acid of uncertain
strength, of 1° 20°),

The acid was next transformed into zine salt by boiling with
zinc oxide, and the solution of salt was evaporated to the same
volume as that occupied by the free acid. It now turned the
plane of polarisation still to fhe left, but to the extent of 3° 15"
Thus the rotation from 0 to the left had been much increased,
more than dounbled, by the introduction of the zinc and the
attendant thermal and hydrie operations.

The zine salt, which had been obtained in a state of purity, as
proved in the previous paragraph, was dissolved in water and
decomposed with hydrothion ; the free acid was concentrated and
became a colourless syrupy liquid ; in this state it was not per-
fectly brilliant, but had a slight haze, probably from a trace of
finely divided sulphur. It was therefore allowed to stand for
two months in a quiet place, and when the trace of particles had
completely deposited, the clear part was isolated by decanta-
tion.
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This acid, on being placed in a tube of 100 mm. in length into
the polaristrobometer, now turned the plane of polarisation to the
right, in the particular instance of an acid of uncertain concentra-
tion, to the extent of 2° 17" (average of seven observations).

I have made no attempt to determine the specific rotating-power
of the lactic-acid from the brain. The reason for this is the circum-
stance first observed by Wislicenus, that the rotating-power of sar-
kolactic acid changes under a great number of influences, such as
heat, water, and time. Thus free sarkolactic acid, when dried over
sulphuric acid in vaeuo during 21 months, is transformed into a
mixture of lactic acid, C,H,0, (16-50 per cent.); anhydride,
C.H,,0, (84-19 per cent.) ; and lactide, C,H,O, (16:04 per cent).
The solution of this mixture turns the plane of polarised light to
the left (u)= -85-93°. It is probable that all three products
on treatment with water are transformed back into sarkolactic
acid.

The watery solution of sarkolactic acid as ordinarily obtained,
directly after extraction and concentration, shows a eonsiderable
polarisation to the left. This power is suddenly and greatly
diminished after every addition of water or spirit, but on stand-
ing it rises again, without, however, reaching its former value.
The diminution of specific rotatory power by dilution is the
greater, the more concentrated was the solution used for dilution,
that is to say, the greater was the dilution in proportion to the
strength of the original solution. These changes are due to the
presence of anhydrides and lactide. And as every preparation of
sarkolactic acid contains these anhydrides, according to Wisli-
cenus, pure sarkolactic acid, as a preparation, does not exist, and
therefore its specific rotatory power, which this author surmised
to be to the right, cannot be aceurately determined.

I have shown above that pure sarkolactic acid prepared from
the zine salt turns the plane of polarised light freely to the vight.
But the solution of the zinc salt from which this acid was pro-
duced turned enervgetically fo the left. The saturated normal
solution of zine salt turns the plane of polarised light steadily
7° 7' to the left. In over-saturated solutions the turning faculty
1s not increased, as might be supposed, but, on the contrary, is
diminished.

The polarising faculties of sarkolactic acid, its hydrate, zinc
salt, and anhydride may be described as follows ;
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Turning farthest to the right - C,H_.O.,.

Twrning less far to the right - L‘ H U + H,0.
Turning least to the left - - -{U i 50, )Zn
Turning more to the lefl - - CH0 1ﬁwzﬂ'm + 2H.0.
Turning farthest to the left - -f 6

Peculiavities of -the Caleium Sall of Lactic Aeid from Human -
Brain, :
This salt was made from pure lactic acid obtained as above de-
seribed. Its solubility in water was so great that attempts at its
erystallisation from this solvent were foiled by the solution setting
to a solid mass. It was consequently recrystallised from strong
spirit. When dried in air, it was a light voluminous spongy mass
of erystals, which on being dried at 105" lost 21-2 per cent. of
water of crystallisation, and containea 14-14 per cent. of Ca.
These data do not correspond to any of the recorded data con-
cerning this salt, which recorded data themselves differ from each
other, or, on the assumption that there was only one hydrate,
contradict each other. It is now assumed by some that the sarko-
lactate of caleium, as commonly obtained, has the formula—

2(Ca,4(C,H.0,) + 9H,0 - - water
Formerly, however, a hydrate was mostly

described as containing water - -
The hydrate just described contains water

2709 per cent.

2483 per cent.
21-2 per cent.

T |

Now, the second salt corresponds to one with 4 molecles of
water of crystallisation, while the last leads to no even proportion
between salt and water of crystallisation, but is intermediate be-
tween the salt containing 4 molecles and a hypothetical salt
containing 3 molecles of water, which requires 19-89 per cent.

The new salt must therefore be considered either as a compound
or mixture in nearly molecular proportion of the salt, containing
2483 per cent., with the hypothetical salt containing 19-8Y per
cent. of water, or, in more simple terms, as a salt consisting of
2 molecles of anhydrous lactate and 7 molecles of water of crys-
tallisation, requiring 22-35 per cent. H,O; possibly a lower
homologue of the salt with 9 molecles of water. The depression
of the water by mere admixture of anhydride was improbable,
owing to the uniform character of the crystalhsation.

I am, therefore, of opinion that there are at least three, if not
four, different crystallised hydrates of calcic lactate, and that the
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amount of hydration is probably dependent upon the concentra-
tion of the solution if it be a watery one, or upon the aquosity of
the solvent if it be spirit.

The preparations of lactic acid from the brain of man and the
ox, which I have described above, leave no room for doubt regard-
ing their nature ; they are specimens of the one optically active
sarkolactic acid, yielding the precisely characteristic zinc salt;
that they did not yield the ordinary caleium salt is of little con-
sequence, as the question of the composition of the calcium salts
of sarkolactic acid is not exhaustively answered. Whatever may
be the issue of the discussion regarding the constitution of the
different lactic acids, the facts now ascertained regarding cerebral
lactic acid cannot thereby be affected.

I have disposed of some opinions regarding the alleged presence
of a second acid in sarkolactic acid already in 1877 (compare my
¢ Pathology of the Urine,’ 1877, p. 461 ¢f seq.). I now prove for
the brain, what Erlenmeyer has proved for the flesh, namely, that
it contains only one lactic acid.

2. ForMIic AcID.

The acids extracted by ether after precipitation of the alkaloids
were in one experiment placed in a retort, and subjected to dis-
tillation. The main part of the distillate consisted necessarily of
acetic acid, The acids were neutralised by barium carbonate
and evaporated to erystallisation ; the first crystals gave 5309
per cent. Ba (acetate requires 53:72 per cent. Ba); the second
erystals gave 5553 per cent. Ba,-and gave a strong formiate
reaction with nitrate of mercurous oxide. It is, therefore, pro-
bable that the water extract of the brain contains a small amount
of formic acid, as has already been stated by Von Bibra and
Miiller. The amount was, perhaps, not greater than that of
suceinic acid, to be described.

3. BUCCINIC AcCID,

(@) In Ox-brain.—The mother-liquors of the zinc lactate gave
with ferric chloride, not in the cold, but on hoiling, a rust-coloured
precipitate, soluble in excess of chloride, forming a dark-red solu-
tion. The united motherliquors were cautiously precipitated
while boiling, and the compound filtered off. They were next

boiled with barium carbonate, and the precipitate filtered off.
y 14
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The latter was extracted with hot dilute acetic aeid, in which
the ferric precipitate was insoluble. The ferric precipitates were
dissolved in water, and H,80,, and extracted with ether; the
ether solution left the acid free.

The acid, easily soluble in water, erystallised on evaporation,
fused, and sublimed in white vapours. The vapours had a pun-
gent smell, and formed white crystals on condensation. The
acid was entirely volatilised without leaving any charcoal.

The sublimated crystals dissolved in water, and gave a clear
and colourless solution. This was cantiously neutralised by sodis
earbonate. The solution gave a rusty precipitate with ferric
chloride, soluble in excess of ehloride. 1t gave a white precipitate
with mercurous nitrate, not altered by boiling ; gold chloride gave
no reaction, which excludes malonic acid ; uranic nitrate gave no
reaction. After boiling and concentration the solution of the
sodium salt gave a precipitate with BaCl,. This was soluble in
'HNO,, and reprecipitated by NH,HO ; still more by a little spirit.

This acid is consequently suecinic, C,H 0,

(b) In the Human Biwin.—The process described in the fore-
going regarding the brain of the ox was repeated on the mother-
liquor of zine lactate from the brain of man, and exactly identical
results were obtained. The ferric salt was decomposed and the
acid extracted by ether. It remained in a erystalline state, and
was sublimed. The reactions were then made upon the sublimate,
" and found to agree exactly with those of succinic acid.

Thiz experiment was repeated on a second quantity with iden-
tical results.

Succinic acid is thus shown to be a normal ingredient in small
quantity of the brain of man and of the ox. Miiller, when extract-
ing lactic acid from brain, had searched for suceinic, but had not
obtained any. This is explicable on several grounds: firstly, his
method was not caleulated to obtain it (he waited for erystals to
form in the concentrated lactic acid); and, secondly, the quan-
tities of brain-matter employed by him were probably too small.

The significance of sucecinic acid in nerve-marrow is probably
connected with that of the disintegration of the albuminous sub-
stances, But the possibility of merely accidental presence must
not be lost sight of, as succinic acid is present in many kinds and
parts of vegetables used for food by man and animals, and in
wine and other fermented liquids, in which it is llrmlur:ml by fer-
mentation from sugar.
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VI
GROUP OF ALBUMINOUS PRINCIPLES.

THE brain as a whole is an aggregated mass of bioplasm, which
derives its peculiarity mainly from specific chemical additions.
The latter have been treated of in the earlier parts of this treatise,
and there remain for consideration the albuminons substances
which constitute the stroma of the bioplasm, in which the specific
matters are distributed, or with which they are combined in such
a manner as to produce the living brain-tissue or neuroplasm.
It is naturally deposited in the shape of cells and fibres, the cells
being termed ganglionic, because they were first observed in
nerve-ganglia, anatomiecally so-called. The fibres contain more
of the specific principles than the cells, but after they are de-
ducted, the albuminous principles in cells and fibres are very
much alike. By analytical means some part of cach of the prin-
ciples can be extracted and identified, but it i1s as yet impossible
to separate the whole of them from each other unchanged. Itis
found, principally by the method of e¢xtraction of the comminuted
tissue by means of salt water of varying concentration, that
neuroplasm contains small quantities of soluble albumen, partly
exhibiting the properties of serum albumen ; small quantities of
Sibrin, and considerable quantities of what, from its similarity to
the body forming the stroma of the blood-corpuscles, has been
termed globulin, but which by its function is characterised as a
plastin,  And in order not to assume that the plastin of the nerves
is identical in every respect with the plastin of other organs, I
propose to treat of it as meuroplastin.  In the process of extraction
of the five groups of constituents of the brain, the albuminous
matters all become insoluble, and change their reactions with
those agents in which they were previously soluble. The
coagulated mass of brain-tissue after exhaustion with alechol is
14—32
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thus a mixture of eurdled albumen, and of fibrin and neuroplastin
changed by heat and the influence of alcohol. It contains, further,
all the cytophosphatides from the nuclei of the nerve-cells, and
from the sheaths of the nerve-fibres ; the material of these sheaths
themselves, which is probably analogous in composition to that
of the sheaths of the musenlar fibres ; and the tissue of the
capillaries, which pervade the brain-tissue. But neuroplastin is
by far the greater portion of the insoluble residue, and albumen
and fibrin do probably not amount to one-eighth of the weight of
the neuroplastin. The total weight of the albuminous matters of
the human brain, free from its membranes, amounts to 7-0 per
cent. at least ; in some parts it is 7'6 per cent., and may vary be-
tween these figures in different parts. Grey neuroplasm contains
76 per cent,, white tissue 86 per cent. This is not quite equal
to half the solids in grey neuroplasm, which amount to about
15 per cent., while in white neuroplasm the amount of solids
rises much higher. The specific ingredients of white neuroplasm
may amount to 19-16 per cent., and if 56 per cent albuminous
matters are added to this, we have a total of 2776 per cent, of
solids, to which some salts have yet to be added. It is therefore
not surprising that some specimens of white neuroplasm should
yield as much as 30 per cent. of solids. The albuminous matters
have sometimes been found as high as 10 per eent., but it is
doubtful how far in these cases they were fully extracted with
alecohol.  As much valnable information regarding the albuminous
substances in general had been obtained by chemolysis, even in
cases where the substances could not be obtained in a pure state,
I applied the process to neuroplastin in the first instance with the
following results

Chemolysis by Barita of Newrvoplastin from Brain.

The albuminous matter was obtained by exhausting brain
(human or ox) with spirit of 85 per cent. strength.

An amount of neuroplastin about 100 g in weight, with six
times its weight of crystallised barita and four times its weight
of water (part of the water being used to soak the albumen for
some time previous to the admixture of the barita), was tuken for
the chemaolysis.

The apparatus employed was an autoclave of wronght-iron, and
holding about 5 litres. The cover was air-tight and secured by a
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serew clamyp, while an adjustable valve provided for the escape of
gas in case of the pressure rising beyond certain limits. The
mixture above described was placed in the chemolyser, and the
temperature raised to 180" C. by means of a gas-burner placed
underneath. The heat was maintained at this height for six
hours, whereupon the chemolyser was allowed to cool. When
the autoclave was opened, its contents emitted a strong smell due
to ammonia, compound ammonias, albuminol, and other products
of decomposition.

The semi-solid mass was extracted, placed in a platinum-still
with much water, and subjected to distillation. Two litres of
distillate were drawn off, containing ammonia and compound
ammonias in solution, and allbuminol in small white flakes ; the
latter were removed by extraction with ether.

The ether solution on evaporation left a small residue consisting
of albuminol mixed with a peculiarly smelling, probably sulphurised
body, the latter was gradually volatilised on standing, leaving the
albuminol, which erystallised. '

The watery distillate was neutralised with hydrochloric acid and
evaporated to dryness, and the mixture of salts was further
treated for the separation of compound ammonias from simple
ammonia, as will be described below.

The mizture from which the volatile alkalies had been distilled
was filtered, and the insoluble matter isolated.

This insoluble matter was treated with water, ether, and hydro-
chlorie acid. A small quantity of a fatty acid went into solution
in the ether, barita with phosphoric and oxalic acid dissolved in
the acid water, while barium sulphate remained insoluble.

The soluble matiers filtered from the foregoing precipitate were
freed from excess of caustic barita by crystallisation. From the
filtrate all barita was removed by excess of sulphuric acid, and
from the solution all acetic acid was expelled by distillation.

From the cold acid liguid aflaloids were removed by the addi-
tion of phospho-wolframic acid as long as a precipitate was
produced. This precipitate was washed with water containing
A per eent. of sulphurie acid, and then decomposed with barita.
The solution containing the mixture of alkaloids was further
treated, as will he deseribed below.

The acid filtrate from the phospho-wolframates, containing the
amnido-acids, was freed from phospho-wolframic and sulphurie acid
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by barita, and evaporated slowly to erystallisation. It deposited
first tyrosin, then a mixture of lencin and tyrosin, then leucin
and small quantities of other amido-acids. Then a syrupy mass
remained, which contained yet some alkaloids, besides amido-
acids. Then allaloids were as far as possible removed by a re-
petition of the phospho-wolframic acid preeipitation just described.
From the liquid more lencin was obtained. At last there re-
mained a small quantity of unerystallisalle matter, which was
treated as follows:

It was precipitated by mercurie nitrate and sodium earbonate,
The bully precipifate was washed with water by decantation, etc.,
and decomposed by hydrothion. The solution on evaporation
left a colourless gummy mass of the same character 2s the original
matter. It will be further treated of below. The mother-liguor
of the mercury precipitate was also freed from mercury, and
found to contain but little organie matter.

The mixtures of tyrosin and leucin were united and warmed with
water containing 10 per cent. of absolute alcohol. This dissolved
leuein, and left tyrosin undissolved. The limits of accuracy of
this process will be indicated lower down.

Tyrosin was purified by solution in hydrochlorie acid, treatment
with animal chareoal, and precipitation by sodinm acetate ; the
precipitated tyrosin was erystallised from ammonia.

Leucin was purified by combination with copper, its solution
being mixed and heated with copper acetate in a manner the
details of which will be described below. In the course of this
process a new leucin, the first isomer of the lenein hitherto
known, was discovered, and from its sweet taste was named
glycolencin,

The copper-compounds of the leucins are almost insoluble in
cold water, more soluble in boiling water. The copper-compounds
of other amido-acids which accompany the leucins seem all to be
more soluble in cold water, particularly those of lower atomie
weights than leucin.

(Glutaminic and asparaginic acid, which have been obtained by
chemolysis from other albuminons substances, have not yet been
isolated from the products of chemolysis of brain-albumen. It
remains to be seen whether the compound alkaloids which have
been observed will on long-continued chemolysis yield these acids.
At present it seems as if the harita process applied to brain-
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albumen did not produce them. Tt is, however, not impossible
that they may be formed by the hydrochloric acid and tin process,
which evolves them easily from casein.

Nitrogen as Ammonia from Neuroplastin.—DBarita chemolysis of
10 g. and distillation gave volatile alkali, which was neutralised
by hydrochlorie acid, and combined with platinic chloride. The
dry salt was redissolved, and left 00550 g. insoluble matter,
while the soluble double salt of ammonio-platinic chloride
amounted to 2-8760 g This corresponds to 0-1803 g., or 1-803
per cent. N. The insoluble platinum salt contained 0-0077 g. N,
This quantity of nitrogen is far below that obtained by the same
process from other albuminous matters. It approaches that ob-
tained from gelatin—mamely, 2-55 per cent. It is less than
one-fourth of the total quantity of nitrogen contained in the
albuminous substance.

Total of Insoluble Bariwm Salts obtained from 10 g. Newroplastin.—
These salts dried at 110° weighed 4:1760 g., and on analysis were
found to have the following constituents :

Barium sulphate - - - - 0083
Barinm - - - - 2425
Phosphorie acid (PU ) - - - 0099
Oxalie acid - - - - 0043
Sulphurous aeid - - - - 0-008
Hydrothion - - - trace
Carbonie acid and soluble organic nmtten e HG
Organie insoluble matter - - - 0272

Taotal - - - - Jc'lTG

In the foregoing experiment about 1 per cent. of phosphoric
acid was obtained.

Bavium vetained by Amido-Alkaloid-Aecid Mizture.—The mixture
of amido-acids, alkaloids, and acids from which all excess of
caustic barita has been removed by carbonic acid, retains a con-
siderable amount of barinm in solution ; this has to be removed

_ previous to the distillation of the volatile acids. The amido mix-

ture from 10 g. of albumen yielded 1-7830 g. barinm sulphate,
equal to 1-0480 g. Ba, or 1048 per cent. This is only about half
the quantity of barium retained in the chemolytic products of
other albuminous substances, ossein excepted, in the produets ol
which the barium retained amounts to 13-2 per cent.
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Quantation of Acetic Acid from Neuwroplastin.—The acid distil-
late from 10 g. of brain-albumen, chemolysed as above described,
yielded 0-1586 g. barium salt (BaC,H/O, At. W. = 255) equal to
0-074 acetic acid, or 0-74 per eent. This is only one-fourth of the
quantity yielded by pure albumen, and only half that yielded by
oszein or ichthyoecollin,

Quantation of Tyrosin from Neuroplasiin.—The tyrosin obtained
by the chemolysis of 10 g. of substance was separated by alcohol,
recrystallised from ammonia, and dried at 105°, It weighed
0122 g =122 per cent. This is the smallest percentage of
tyrosin as yet obtained from any albuminous substance by this
process. Tyrosin is retained by the amido-mixture, and even by
erystallised lencin. The quantities of tyrosin actually isolated
must therefore he considered as minima until absolutely reliable
methods for its isolation may have been found out.

Leucins from 100 g. of Ox-Newroplustin.—They were combined
with copper by solution in boiling water and addition of excess
of copper acetate. On boiling, a precipitate ensued, which was
filtered off and washed with cold water until the washings were
no longer blue. This precipitate was now hoiled with much
water, and the blue solution was evaporated to dryness. The
residue from this evaporation is product No. 2, while the salt
which remained insoluble in boiling water (i.c.,, in as much as was
applied) constitutes product No. 1. The motherliquor of the
first precipitate was evaporated as long as precipitates were
formed. These constitute product No. 3.

Quantation of Copper in the three Products.

No. 1 contained - - - 1905 per cent. Cu,
No. 2 o - - - 2026 per cent. Cu.
No. 3 . - - - 195 per cent. Cu,

The latter amount of eopper is almost that required by enpric
dileucin. The solution obtained by decoction of the first precipi-
tate contained probably some amido-acid of lower atomic weight,
which raised the amount of copper to 20-26 per cent. ; while the
residual salt probably contained an amido-acid of higher atomie
weight than leucin, whereby the amount of copper was depressed
to 19-05 per cent. These hypotheses will have to be further
tasted on larger quantities of material,
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Organic Body from Mercuric Chloride and Soda Precipitate,

The white precipitate was decomposed with hydrothion, and
the solution left a semicrystalline substance. This was insoluble
in spirit of 85 per cent. strength. In its watery solution phospho-
wolframic acid produced no precipitate, showing that it was not
and did not contain any alkaleid. Alkaline copper solution on

application of heat gave no reaction. Ferric chloride produced

a brown precipitate, soluble in excess of chloride, with an intensely
red colour. Ammoniacal silver solution gave no precipitate, but
on boiling it deposited reduced silver. Copper acetate gave no
precipitate even on addition of aleohol. Acetate of lead gave a
precipitate only after the addition of much aleohol, and this
compound seemed to be an aleoholate. When dry it was found
to contain 578 per cent. of lead. It was therefore probable that
the body was not and did not contain either glutaminic or aspara-
ginic acid.

Properties of Common Tasteless Leucin and of its Copper-compound,
studied with a view of establishing its Diagnosis from its Tsomer
(lyealewcin.

Some tasteless leucin, made from albuminous matters (not
brain) by the sulphuric acid process, was treated with cupric
acetate, and the first precipitate was removed. (In this any
glycoleucin would have been contained.) The filtrate from the
first precipitate on evaporation gave a precipitate (termed *first
precipitate by evaporation,” being second precipitate of copper
process), which was decomposed by hydrothion. The solution, on
concentration, gave a first crop of ecrystals, which were rhombic
plates, and quile fasteless.

This was again combined with copper, and the precipitate was
filtered off. The precipitate was now boiled with water re-
peatedly until it was completely dissolved, and the solution was
filtered hot.

Quantations of Selubilily.

(«.) T30 ec. saturated boiling deposited, mainly immediately
after filtration, and only to a small extent during cooling and
standing for twenty-eight hours, blue light crystals, which when
dry, weighed 0°1790 g, indicating a deposit of 1 part out of
4,078 parts of boiling water.
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(b.) Of the clear blue filtrate from the foregoing operation
630 ce. were evaporated to dryness, and left 0-1048 g. of blne
compound, showing that 1 part was soluble in 6,011 parts of
cold water.

(e) 100 cc. on evaporation left 0-0162 g. residue, equal to a
solubility of 1 part in 6,172 parts water.

dlesulis : T30 ce. of the leucin copper solution contained while
saturated at the boiling heat 0-3000 g. of salt; of this, 01179 g
was deposited on cooling, while 0-1210 g. remained dissolved at
the ordinary temperature. The solubility of the salt in hoiling
water is therefore 1 part in 2,433, This is about double the
solubility of glycolencin copper.

It is generally stated in chemical writings that leucin dissolves
in 27 parts of water at the ordinary temperature. I find hy
special experiment made with pure tasteless leucin, that 1 part
dissolves in 30 parts of water at 15° C. (Of glyeoleucin, 1 part
is soluble in 82 parts of water at 18° C.) It requires 658 parts
of spirit of 75 per cent. strength for solution. Combination with
copper therefore reduces its solubility very greatly.

The immediate deposition of erystals from a saturated lencin-
copper solution filtered hot indicates the presence in the eom-
pound of ordinary or tasteless leucin ; the hot saturated solution
of glyeoleucin-copper differs from the former in this, that it forms
a deposit only after long standing,

Stability and Regularity of Composition of Leucin Copper Compound.

A quantity (23 g.) of crystallised ordinary tasteless leucin, of
similar origin as the foregoing, and separated from copper with
which it had been combined, was a second time converted into
the copper compound by means of copper acetate. The eompound
was extracted several times with boiling water, and then dis-
solved entirely in a sufficiency of hoiling water. Soon after
filtration there separated from the hot solution a erystalline
deposit, which increased only slightly while the liquid cooled to
the ordinary temperature of the air. The precipitate was isolated
and dried at 110°, and contained 1915 per cent. Cu. The solu-
bility of this precipitate in boiling water was as follows: 200 ce.
of hoiling solution saturated by long boiling with excess of salt
left 0-0904 residue, equal to a solubility of 1 part in 2,212 parts
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of boiling water. The cold sclution filtered from the precipitate
on evaporation left a residue, which showed that 1 part had
been dissolved in 5,882 parts of water.

The solution in which the crystalline deposit, described in the
foregoing, had been formed, was evaporated to a small bulk as
long as it formed any deposit while hot, and then allowed to
cool. The isolated (here termed ‘second’) precipitate dried at
110°, contained 19-57 per cent. Cu. 200 g. of cold water dissolved
0-0432 g. of this compound, which is equal to a solubility of 1 part
in 4,630 parts of water.

The filirate from the second deposit just described was evaporated
to dryness to obtain the remainder of the leucin compound. Some
copper compound, differing in appearance from the leucin com-

~ pound, was deposited wifh the latter, and had to be removed by

water acidulated with a little acetic acid. This, as the quantation
of the copper contained in the compound showed, succeeded only
partially, for it still contained 2039 per cent. Cu.

Thus it will be seen that the very first crystals of this prepara-
tion (reconstituted a second time as copper-salt, after having heen
constituted the first time as copper salt, with an apparently pure
speeimen of leucin) contained a little less copper than is de-
manded by theory ; the second crystals, obtained by concentra-
tion, yielded the theoretical amount of copper; and the third
fraction was evidently impure by the admixture of a copper salt,
which was perhaps a combination of an amido-acid of lower atomic
weight than leucin,

In connection with this it deserves to be mentioned that the
presence in leucin of tyrosin as an impurity depresses the amount
of copper which will be found in the copper compound made
from such leucin. 11-2 g of erystallised leucin were treated in
boiling watery solution with copper acetate, and the deposit was
collected. It gave on analysis (mean of two quantations) 17-25
per cent. Cu. The filtrate on further evaporation and cooling
gave another deposit, which on analysis was shown to contain
1818 per cent. Cu. Another 11-2 g. of the same leucin as that
used in the experiment just related, was dissolved in a large
quantity of warm water, and allowed to cool slowly, when it de-
posited a sensible portion of fyrosin.  The leucin was now removed
by the copper process, and the compound found to yield the theo-
retical amount of copper. The mother-liquors of the first and the
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second part contained a copper salt of a lower amido-acid, which
had a sweet taste, but was not glyeoleucin.

Note.—This and similar copper salts, not yet exactly identified,
retain tyrosin in solution. When the copper is now removed hy
hydrothion, the filtrate, reduced to the same bulk as the original
solution, deposits fyrosin. This first deposited tyrosin gives a
good mercurous nitrite test, but may contain some of the following
sew body.  When the motherliquor of the foregoing tyrosin is
slightly evaporated, it deposits a body much like tyrosin, erys-
tallising in microscopic fine needles, but giving no mercurous
nitrite reaction ; a slight rose-pink which appears at the moment
when the reagents are mixed, disappears, and the mixture becomes
white.

Lewcin obtained by Crystallisation from Amido-Mixture from Che-
molysis of Neuwroplastin.—Although this leucin had no distinetly
sweet taste, it was treated with copper acetate to separate any
glycoleucin which might be contained in it. It was dissolved in
hot water and heated to boiling ; a concentrated solution of copper
acetate was now added gradually until a precipitate was formed.
This first precipifate was removed by the filter. To the filtrate
was added copper acetate as long as a precipitate was produced,
and then a slight excess of the acetate. The mixture was allowed
to stand and deposit the second precipitate.  This was collected on
a filter. The filfrafe was evaporated to a small bulk, and deposited,
particularly on cooling, a fhird product. This latter appeared the
most erystalline, and of the deepest blue colour.

The first precipitate was then boiled seven successive times with
large quantities of water to extract the common leucin copper
compound, and leave any glycolencin copper compound insoluble
behind. It was then dried on the filter ; lastly in the air-bath at
110°, and amalysed ; it contained 1960 per cent. Cu, or exactly
the theoretical amount of cuprie dilencin.

The second precipitate was boiled with nine successive large
volumes of water, and what remained undissolved was analysed ;
it contained 19-49 per cent. Cu.

The thivd precipitate which crystallised out of the concentrated
mother-liquor of the first and second precipitate, was finely tritu-
vated in a mortar, washed with eold water, dried at 1107, and
analysed ; it contained 1960 per cent. Cu (again exactly the theo-
retical amount required by cuprie dilencin).
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The first and second precipitate were united, suspended in
boiling water, and decomposed by a current of hydrothion. The
bulk of the copper-sulphide was removed by filtration ; the hazy
and coloured liquid was evaporated to collect and precipitate some
copper-sulphide (which is frequently imperfectly precipitated from
neutral organie liquids), and after final filtration evaporated to
erystallisation. The latter process was aided by the addition of
some strong aleohol. The crystals were colleeted, and recrys-
tallised from water and aleohol and dried in the air-bath. On
elementary analysis they yielded results agreeing closely with the
theory of pure leucin.

Glycolewcin, the first Chemolytic Tsomer of Leucin, ifs Properties and
: Combinations.

Glycoleucin has been obtained by me in two ways, namely,
synthetically, and by the chemolysis with barita of brain albumens.
I have not obtained it from animal albuminous matters by the
sulphuric-acid process, which yields ordinary tasteless leucin,

The mode in which it is separated is the following: The
mixture of the several leucins, obtained by crystallisation from
the amido-mixture, is combined with copper, by treatment with
acetate. The glycoleucin copper compound is mainly deposited
with the first part of the precipitate ; later, a mixture is deposited ;
lastly, mainly the compound of ordinary leucin. The copper
compounds which result are then exhausted with boiling water.
The glycoleucin eopper compound, as the least soluble, remains
behind, and is ultimately almost insoluble in boiling water.
Much glycoleucin copper of course dissolves with the compound
of ordinary leucin, The latter can to a large extent be isolated
by the property that it separates from the boiling saturated solu-
tion in water almost immediately after filtration, while the
saturated boiling glycoleucin copper solution does not deposit the
excess of its salt until after long standing. It will be evident
that these processes can only yield small quantities of material
at a time. Seven specimens of glycoleucin copper were decom-
posed by hydrothion, ete,, and erystallised separately. Three of
the crystallised products were subjected to elementary analysis,
and showed the identity of their composition with that of leucin,
The seven specimens of erystals were then united (they weighed
753 g.) and dissolved in boiling water. To the boiling solution
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a concentrated cold solution of cupric acetate was added, not in
excess. A sky-blue precipitate ensued, and was filtered off while
the liquid was hot. To the filtrate, while cooling, a further
quantity of cupric acetate was given, until no further precipitate
was produced.

Precipitate No. 1.—Dried at 110° contained 19-20 per cent. Cu.

Precipitate No. 2.—Dried at 110° contained 1945 per cent. Cu.

An eighth specimen of pure glycolencin was combined with
copper, and the compound on analysis gave 1945 per cent. of Cu.
The mother-liquor of this on concentration yielded a preparation
which on analysis was found to contain 19-42 per eent. Cu.

These data agree pretty closely with the theory of monoeuprie
dilencin, which contains 19°60 per cent. Cu = 2(C;H,,NO,)Cu, or
C,H,,CuN.O,.

Solubility of the Cupric Salt of Glycoleucin in Cold Water.—Pure
salt was boiled for a long time with water ; the mixture was
allowed to cool ; when quite cold the solution was filtered from
the compound. 200 cc. at 165" C. on evaporation left 0-0228 g,
equal to a solubility of 1 part in 8,772 parts of water. The
solubility of ordihary leucin copper is 1 part in 6,172 parts of
water, and is therefore greater than that of glycoleucin eopper.

During the operation no trace of reduction or blackening was
observed, not even when the solution of the compound was eva-
porated to an extremely small bulk with excess of cupric acetate.
(This constitutes a diagnostic difference from the bearing of a
more soluble sweet product which is obtained from the mother-
liquors of the amido-mixture, and during the evaporation of which
with copper acetate such a reduction takes place.)

Solubility of the Cupric Salt of Glycolewcin in Boiling IWater.—
200 ce. of the boiling solution left on evaporation to dryness
00449 g, or 1 part dissolved in 4,454 parts of boiling water.
This is about double the solubility of the salt in cold water. On
cooling, the solution becomes only slightly opaque ; a long time
is required for it to deposit the salt soluble in the hot as a visible
precipitate.

The glycoleucin copper compound erystallises in minute scales
and plates, combined in masses or balls. Many of the scales are
clearly rhombie, others rhombo-hexagonal.

Elementary Quantation of Glycolewcin, preparved from Insoluble
Copper Salf.-—The copper was removed by hydrothion, and the

'
.
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i
; glycoleucin obtained pure and pearl-white by repeated crystallisa-
; tion. It was dried over caleium chloride, and at last at 110° C.
' Synopsis of Theory and Daly,
Found.
At. Wgts. Percent. f{_u..} () (e.) y
6 C 72 5406 H4-92 —_ —
13 H 13 9-92 10-02 - -
N 14 10-69 —- 10-61 1072
Ih 20 32 24-43 — — =
131 000
(ilycoleucin does not give the inosite reaction with mercuric
E © nitrate.
Solubility in Waler af 18°.—100 parts by weight of solution
retain 1:22 parts of glyeoleuein in solution, or in round numbers

g 1 part is soluble in 82 parts of water. Glycoleucin is therefore
i much less soluble in water than common tasteless leucin, of which
1 part requires 30 parts of water for solution at 15°
The sweet taste of glycoleucin is less easily perceived on the
erystals than on their saturated solution. Of this one drop will
give a distinetly sweet taste over a great part of the mouth. The
intensity of the sweetness is not much less than that of inosite.

A New Reaction and Compound of Cerebral Tyrosin.

I have shown that tyrosin is present amongst the amidated
bodies extracted from the brain, though in small quantities only.
It is also a product of the chemoclysis of nenroplastin, and cannot
be separated so completely from the amido-mixture as is desirable,
and as is generally believed. To improve the processes of this
separation I have made some experiments which have resulted in
the following. The experiments were made on tyrosin from
neuroplastin.

Tyrosin dissolved in hot water with the aid of caustic soda ley,
on addition of mercuric chloride, gives a deep yellow solution,
and no precipitate. On cooling the mixture becomes turbid, and
on reheating a yellow precipitate ensues. The solution of tyrosin
must be dilufe, hof, must contain excess of caustic ley, and the

¢ mercuric chloride must not be added in excess; if excess be
added, a yellow precipitate is immediately produced. If to the
dilute, hot, alkaline solution of tyrosin mercuric chloride is added

e
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gradually, until a faint yellow precipitate is produced, and the
solution is heated and allowed to stand, the slight precipitate
which forms on heating crystallises entirely in golden-brown
erystals, and is Hg,OCl. The yellow amorphous precipitate,
which forms out of the yellow solution on application of heat, is
entirely soluble in exeess of caustic soda. On heating the solution
to boiling, no immediate precipitate is now produced. If the
heating and addition of mercurie chloride are done very gradually
near the boiling-point, until the yellow fluid becomes opaque, it
sets on cooling into a white solid jelly. This compound is dis-
solved in excess of caustic soda, the solution is filtered, and the
compound is then reprecipitated with acetic acid. It is then
perfectly white. The compound is therefore insoluble in weak
soda, soluble in great excess of soda, and insoluble in dilute
acetic acid. Dried over oil of vitriol in vacuo and analysed, the
compound gave the following data :

Synopsis of Data and Theory.

Found H ‘Pnt.het-itm]
Percents.  -+by At. Wgts. +~byN=1. ormula,

C 1825 1-520 87 C,
s 1780 10-3 Hoo
N 243 0-1728 115 N
Hg 6137 03069 177 Hg { *2+HeO.
Cl 648 0-1825 |4 Cl
B il 0-6062 34 O, |

100-00

or 2(C,H, NO,+HgCl)+HgO, or expanded in the following

formula :
Hg—Cl

I
CuHmIi'Ua 1 HgO.
CyHy,NO, J

g—Cl

It will thus be seen that the reaction essentially consists in a
reduction of mercurie to mercurous chloride, which remains com-
bined with tyrosin; and of this compound two molecles are
soldered together by a molecle of mercuric oxide. It is not
intended to fix the exact manner in which, and place (in the
molecle) at which this union is effected. The reduction of the
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mereurie to mercurous chloride is no doubt effected by that part
of the hydrogen of the tyrosin which does not appear in the pre-
cipitate ; in other words, an atom of hydrogen is substituted by
calomel. For this latter substitution the ordinary didynamic
character of mercury affords an easy opportunity, but for the
soldering action of mercuric oxide the metal may hypothetically
be allowed to possess a greater number of dynamicities than
two.

Mercurie chloride is a general reagent for bodies of the alkaloidal
class. In this capacity it produces precipitates in almost all animal
fluids which contain albuminous matters or their derivates down
to ammonia. The composition of these precipitates is as yet little
studied, but is complicated enough to have deterred inquirers
from ascertaining it. 1 have examined some such precipitates,
e.g. from the extract of the liver in kidney diseases. In such, the
reduction of mercuric to mercurous chloride is effected massively,
but only a part of the calomel produced remains in combination.
The foregoing is a key to the study of such comhinations.

New Alkaloids obtained from Newroplastin by Chemolysis.

The amido-mixture, which is obtained from neuroplastin by
decomposition with barita under pressure, yields on firsé erystal-
lization leuein, glycolencin, tyrosin, and some amido-acids of lower
atomic weight than leucin. But there remains a considerable
part of the mixture which does not crystallise in the state of
mixture, each ingredient of which, however, seems crystalline
after complete separation. 1 have isolated two of the ingredients,
and give in the following a short description of their isolation
and their properties.

Mode of Isolation of Alkaloids from Awmido-Mirture.—The mother-
liquor of leucin is diluted, acidified with sulphuric acid, and mixed
with an acidified solution of phospho-wolframic (syn. phospho-
tungstic) acid, as long as a precipitate is produced. The latter is
washed with water containing 5 per cent. of oil of wvitriol, by
decantation, ultimately on the filier. It is then decomposed with
hot barita solution, the excess of barita is removed by carbonie
acid, and the resulting solution of alkaloids is evaporated to a
syrup.  This product has the following properties and reactions -
It is strongly alkaline; has the smell of sperma ; is soluble in

15
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ammonia water ; does not reduce potassio-cupric tartrate. With
hiydrochloric acid and gold chloride it gives a copious precipitate,
which is insoluble in excess of acid, easily soluble in alcohol.
Hydrochloric acid and platinic chloride give no precipitate in
watery solution, but in aleohol a precipitate is produced. Zine
chloride gives a copious white precipitate, which is soluble in
excess of the chloride and in hydrochloric acid. Silver nitrate
gives a voluminous white precipitate, soluble in nitric acid. Tannin
gives a voluminous white precipitate. Mereurie chloride produces
astriking phenomenon. When to its saturated solution a drop of
alkaloidal matter is added, the whole surface is instantly covered
with a white precipitate. (The matter precipitated is therefore
not spermatin, which gives only a turbidity with mercuric chloride.
Ann. Chem. Med. i. 306.) The alkaloidal matter is carbonated,
as on addition of an acid carbonic acid is evolved. It also
contains some barium not precipitable by carbonie, precipitable
by diluted sulphuric acid.

Separation of the Alkaloidal Matter info fwo Groups by Absolute
Aleolol.—When the syrupy mixture of alkaloids is treated with
absolute aleohol, a viscons matter remains insoluble, another
portion dissolves in the alecohol. The matter insoluble in alcohol
retaing its solubility in water. The matter soluble in alecohol
gives with platinic chloride a copious precipitate of a double salt.
This is not changed by aleohol, but is altered quickly by water.
It fuses after evaporation of the alcohol. Placed in water it
practically dissolves, a part remains undissolved. The solution
in water continues to form deposits, for weeks, of the insoluble
salt. Owing to this lability I have not examined these two
platinum salts any further.

From the viscous matter precipitated by aleohol there was
obtained by a process of continued crystallisation a white erys-
tallised alkalvid, very soluble in water, easily soluble in hydro-
chloric acid. The hydrochlorate evaporated to dryness, and
redissolved in water, crystallises from concentrated solution.
From spirit this hydrochlorate crystallises still better. The spirit
solution may he mixed with ether without yielding a precipitate.
But the crystals of the hydrochlorate are not very soluble in
ether and may be washed with it. The salt, mixed with mercuric
chloride and then with caustic soda, gives a white precipitate
soluble in excess of the soda.
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Elementary Quantation of this new Alkaloid.—After removal of
the hydrochloric acid the free body crystallises in balls of needles.
Dry at 110°.

The analyses lead to the following provisional theory :

Found Percents. = At. Wita. =N=1.
[ 52-99 4-4158 63
H 903 9-03 129
N 9-896 07068 | &

0 28:084 1735 2:5
100000

These relations of elements remind of a lewcein (rather than a
lencin), with which probably a small quantity of a higher homo-
logne is mixed.

Separation of the Alkaloidal Mutter info tiwo Groups by Cupric
Avcetate and Absolute Alcohol.

When the mixture of alkaloids is dissolved in little water and
mixed with a saturated solution of cupric acetate and warmed, no
precipitate of leucin copper ensues if the process of precipitation
by the phosphotungstic acid has been correctly conducted. On
continued warming some brown cuprous and dark cupriec oxide
are deposited. The deep blue solution filtered from all deposits
is mixed with absolute alcohol as long as this agent produces a
precipitate. This is the copper compound of a new alkaloid,
which, without farther purification, on analysis gave the following
preliminary results :

Synopsis of Result and Theory.

Percents. At Wiots, +Cu=1.
C 3823 3186 12-95
H 581 591 24-

Cu 1560 0-246 1:

N 1061 0757 3

0O 2965 1-853 753
100-00

Leading to formula C,,H,,CuN,O,, or C,,H, N0, +Cn0O. The
salt has a very light blue colonr; it is easily soluble in water, and

the solution has a very dark blue colour.
15—2
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The alkaloids which are soluble in absolute aleohol in the
presence of eupric acetate have not yet been isolated. They con-
tain, of course, the bodies which give the platinum ecompounds
above deseribed. 1 have subjected them to numerous reactions,
and have isolated some peculiar bodies. But they must be pro-
duced in quantity before they can be studied with advantage.

These alkaloids were not observed by Schiitzenherger in the
resecarches on the chemolysis of various albuminous substances
of which 1 have given ‘an abstract in Ann. Chem. Med. i,
pp. 20-44. They will, therefore, have to be added to the list of
terminal cleavage products.
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YL

GROUP. OF INORGANIC PRINCIPLES, OR MINERAL
ACIDs, BASES, AND SALTS,

THE ash of the fresh grey tissue of man amounts to about 1 per
cent. ; that of white tissue is about 17 per cent. ; the same relations
are observed in the grey and white tissues of the ox. From the
former data it is apparent that an ordinary human brain contains
from 18 to 20 g. of ash or incombustible residue. This residue con-
sists, however, to the extent of about 48 per cent. of phosphoric
acid, of which about one-fifth is in the free state, while four-fifths
are in combination. The greater part of this phosphoric acid is
unquestionably derived from the phosphatides, and has replaced
nearly all the more volatile acids, such as carbonie, hydrochloric,
and sulphuric acid. DBut even so the phosphorie acid included in
the 17 per cent. of incombustible matter is certainly less than one-
third of the phosphorie acid which is present in the phosphatides.
It is therefore clear that a great porfion of the phosphorus present
in brain is volatilised in the course of the ordinary method of com-
bustion. This method, therefore, actually leaves only the bases
in an approximately complete manner. 100 parts of acid brain-
ash contain 32 parts of potash, 11 parts of soda, and some lime
and magnesia, for which we do not give figures, because we have
none of our own, but know that those given by others are in

correct. The analysis of the mineral ingredients of the brain
will therefore have to be resumed in the manner indicated in
the chapters which treat of the purification of the phosphatides,
the cerebrosides, and the final water-extracts. These latter, we
know already, contain sodium chloride, and sulphates, and phos-
phates, besides salts of organic acids. The cerebrosides and the
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VIIIL.

QUANTITATIVE RELATIONS OF THE IMMEDIATE
PRINCIPLES AND CONSTITUENTS OF THE BRAIN.

A. QUANTATION OF THE CHEMICAL CONSTITUENTS OF
GREY TISSUE FROM THE HUMAN BRAIN.

GREY tissue was carefully cut from the surface of both hemi-
spheres, and from the anterior and posterior lobes of each.
6:2395 g. were dried at 95° until the weight was constant. The
substance was repeatedly eut up with a knife. The dry residue
weighed 09193 g =14°73 per ecent. The water lost amounted to
53202 g.=8527 per cent.

For the following operations another quantity of grey tissue,
amounting to 46 g. fresh, was cut from all parts of the brain. It
was extracted five times with boiling spirit in a flask attached to
a reflux cooler.

The albuminous vesidue, dry, weighed 3-5 g., equal to 7-6 per
cent. of the fresh grey tissue. It was analysed for sulphur and
phosphorus.  1-5304 g were burnt with addition of barita-water,
and gave 0'0024 BaSO,= 002 per cent. sulphur, and 00325
magnesium pyrophosphate = 0-60 per cent. phosphorus.

The deposit which the spirit made on cooling (cerebrins, ete.)
weighed 03 g.

The spirit solution, evaporated to half its bulk, gave a (second)
deposit which weighed 0-1 g

The filtrate from this was evaporated to a small volume, and
deposited a (third) deposit weighing 07 g

The foregoing deposits (0°340°1+07, total =11 g) were
extracted with ether. There remained 0-2 insoluble, 0°9 were
soluble in ether. The matter soluble in ether (previously de-
posited from spirit) amounted to 1950 per cent. of the fresh
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tissue, while the matter insoluble in ether (cerebrins mainly)
amounts to only 0-434 per cent. of the tissue.

The last oily matter, which could not be filtered from the water-
extract in which it was snspended, was precipitated with lead
acetate ; the eurded precipitate was collected on a filter.

The precipitate of lead salfs contained the phosphorised organic
compounds and sulphuric and phosphoric acid from the inorganic
salts. It was washed while being continuously stirred with water
to which a little lead acetate had been added. It was next ex-
tracted with absolute aleohol. The aleoholic solution contained
all the lecithin (with some lead). The dry matter weighed
073 g.

The insoluble in aleohol residue was completely dried and ex-
tracted with ether. The solution on distillation left all Lephalin
lead, which weighed 0-22 g

The insoluble in ether residue was extracted with boiling
aleohol, which dissolved matters which when dry weighed 0-03 g.

The residue from the three extractions with alcohol, ether, and
boiling aleohol was mainly an inorganic lead salt. It was ex-
hausted with dilute nitric acid, and the insoluble residue was
recognised as lead sulphate. The matter soluble in nitric acid
was analysed for phosphorus by ammonium molybdate, ete., and
gave 0:0049 P.  The phosphoric acid thus indicated was evidently
combined with alkalies in the grey tissue.

The lead salts from the mixture of the last oily matter and
watery extract obtained as just described are liable to contain
some inosife lead as an insoluble compound. When this is decom-
posed in warm absolute aleohol by hydrothion, an alecholic
solution is obtained from which, on long standing, and again
after concentration, inosile is deposited in crystals. I have care-
fully identified these erystals, by their taste, their shape, and
their reaction with mercuric nitrate. It is therefore clear that
inosite can be precipitated, under the conditions prevailing in
this research, by neufral azetate at least in part. Its complete
precipitation ean be effected only by basic acefafe, and that with
the aid of ammonia,

The watery solution was freed from lead by hydrothion, con-
densed to expel acetic acid, acidified with sulphurie acid, and
extracted with ether. The extract gave by the usual treatment
zine laclafe in crystals, which weighed 007 g., equal to 00452 g
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lactic acid in 44 g grey tissue, or 0102 per cent.; in round
numbers, one part of lactic acid in a thousand of grey tissue.

The solution from which lactic acid had been extracted was
treated with ammonium ecarbonate in excess, and gave clear
indication of the presence of ealcium. The filtered solution was
boiled to expel ammonia, and then treated with phosphomolybdic
acid. A precipitate of allwloids or extractives was obtained
weighing 0530 g.

From the filtrate all phosphomolybdic and sulphuric acid were
removed by barita. The filtrate treated in the usual way and
evaporated to dryness left a residue, being inosite and corbonates
of alkalies weighing 069 g. It gave with mercuric nitrate the
inosite reaction. The residue was dissolved in water, and pre-
cipitated by lead acetate and ammonia. The precipitated inosite
lead was isolated and decomposed by hydrothion.

The mother-liquor of inosite lead was freed from lead, eva-
porated, burnt, ete., and left mixed carbonates of alkalies,
which were transformed into chlorides =02560. Out of this
quantity platinic chloride precipitated 0-070 double chloride
=0-0112 K=00250 per cent. K in grey tissue. The remaining
sodinm amounted to 0-0920 per cent. of grey tissue.

Synopsis of the Resulls of Analysis of Grey Tissue of Human Brain,

Percents.

Water expelled at 95° - = - 85270
Neuroplastin - 7-608
Ether extracts, kephulm and leclthm

(and cholesterin ?) - - - 14950
Cerebrins a,nd Civ (S S T - 01434
Lecithin
Kephalin f1 om last 1:-113; . - 0780
Myelin [ (and chn}lestenn )
Inosite - - - - 0193
Lactic acid - - - - 0102
Alkaloids - - - - —
Sulphurie acid - - - - traces
Phosphorie acid, H PO, - . = 0017
Potassium - - - 0025
Sodium - - - - - 0092
Water-extract - - - - 0500

Loss in operations - - - -
The loss in operations is very large, amounting to almost a
quarter of the entire solias. It is mainly incurred through the
difficulty which there is of separating the last oily matter from
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the matter soluble in water. But other operations equally involve
as yet unavoidable loss. The construction of suitable apparatus
for ether extraction would only partly avoid the loss by ether
extraction, as in this process the main difficulty is filtration.

B. QUANTATION OF THE CHEMICAL CONSTITUENTS OF THE
WHITE TISSUE OF THE HUMAN BEAIN.

The parts to be analysed, amounting to 66 g., were cut from
the centre of the hemispheres and corpus callosum. They were
triturated to a pulp, mixed with spirit, and extracted six times
with boiling spirt.

The spirit extract deposited a white cerebrin substance on cooling,
which was collected and washed. It was then extracted with
large volumes of ether and filtered again. It weighed, dried at
70%, 45615 g, equal to 691 per cent. of the fresh white brain-
substance. Further treatment of the cerebrin bodies see below.

Ether extract of the cerebrin deposit.—The ether was distilled off,
the coneentrated solution was filtered from a trifling deposit, and
distilled to dryness. The residue weighed 2-4150 g.

The ether extract of the albuminous substance (made after exhaustion
by spirit and drying) on concentration deposited a few oily drops,
and on distillation to dryness left a residue weighing 0-0350 g.
It became dark, and existed only as a minute brown coating on
the glass, possibly a mere trace of phosphorised substance, too
small in quantity for further treatment.

The neuroplastin residue was dried and weighed, after the treat-
ment with ether, 570 g, equal to 863 per cent. of original
white brain-substance.

The spirit extract which had deposited the white matter was
concentrated twice in sueccession, and after each concentration
deposited a semi-crystalline buttery matter. Of this the ether
extract weighed 5-1730 g, while the part insoluble in ether
weighed 0-1400 g.  Of this a part was soluble in boiling spirit,
and deposited on cooling, while a dark part was insoluble in boil-
ing spirit, and contained some inorganic matter and phosphorus.

The cerebrin mirture above described, weighing 4-5615 g, was
dissolved in boiling absolute alcohol, when 0-1815 g. of coloured
matter, which was insoluble in benzol, and therefore was not
stearoconote, remained undissolved, =0-275 per cent. of tissue.
(It amounted to 39 per cent. of the cerebrin mixture, and besides
some slight impurity was neuroplastin. )
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The dissolved part deposited, on cooling and standing, phrenosin,
kerasin, cerebrinic acid, with some  phosphorised matter, and
retained a phosphorised matter in' solution. The dry cerebrins
weighed together 2:6030 (equal to 394, in round numbers
4 per cent., of the white tissue).

The alcoholic solution from which these cerebrins had been
deposited, measuring 750 ce., contained 1-770 g. of matter dis-
solved, being phosphatides, amidolipotides, cerebrosides and
cerebrinacides. With this some attempts at identification and
quantation were made. Out of one half, 375 cc., a precipitate
was obtained with the aid of alcoholic platinie chloride ; the pre-
cipitate, dried at 65°, weighed 0-4524 g., and contained phosphorus
= 2:52 per cent. The second 375 cc. were precipitated with
aleoholie cadmic chloride ; the precipitate weighed =0-2965, and
contained phosphorus = 478 per cent.

The cadmium salt therefore contained much more phosphorus
than the platinum salt ; in other words, they contained different
organic ingredients. Moreover, the precipitants brought down only
about one-sixth part of the matter in solution in absolute alechol.
The mother-lignors were concentrated and made deposits, which
were examined, but the results were not of a nature to be quoted.

The substances which remain dissolved in much absolute
alcohol amount to 26 per cent. of the white tissue.

The last oily matter which was suspended in the agueous extract
could not be separated by filtration. This is one of the greatest
difficulties of brain analysis, and will have to be overcome by
further discovery. In the interval I have adopted the following
process, which is efficient in all directions except on the point of
inosite, as I have already stated above. The mixture was treated
with lead acetate ; the precipitate was dried (and weighed 0-7340g.).
It was extracted with cold absolute alecohol. (The extract weighed
0-4802 g) It was mainly lecithin, with some lead.

The part insoluble in cold absolute aleohol was extracted with
ether ; the solution left a residue of kephalin lead, weighing
02030 g.

The part insoluble in ether was mainly myelin lead, but con-
tained some sulphurie and phosphoric acid. It weighed =0-1970 g,

The watery filtrate from the lead precipitate was freed from lead
by hydrothion evaporated to dryness, and left a residue 0-9260 g.
This was redissolved in little water, and acidified with sulphurie
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acid. The mixture was extracted with ether, and the extract
treated for lactic acid, with zine, ete. The zinc lactate crystallised
white, weighed =0-0707 g., dried over oil of vitriol in vacuo,

The acid solution from which the lactic acid had been extracted
was precipitated with phosphomolybdie acid, and the precipitate
filtered off and dried =0-1270 g.

The filtrate from this was treated with barita, ete., and after
treatment with ammonium carbonate and evaporation left a
residue weighing 0-7500. This was redissolved in water and
precipitated with basic lead acetate. Inosite lead was isolated
and decomposed with hydrothion. The dry inesite, erystallised,
weighed =0-1420, :

The mother-ligunor was freed from lead, evaporated to dryness,
burnt, and the residue weighed =0-171 g ; of the metals in this,
1767 per cent. were potassium, and 82:33 per cent. sodium.

Synopsis of the Resulls of Analysis of White Tissue of Human Brain.

Water expelled at 95° - - : - 70-230
Nenroplastin - - 8630
Ether extracts, kephalin, Iemthm, mtd chnlestenn - 11497
Cerebrins and myelin - - - 6910
Insoluble in ether from buttery - - - 0212

Lecithin (lead - - - - - -
Kephalin (lead) - - - - - —
Myelin (lead) - g R - - —
Water-extract, 1-403 per cent. consists of - - -—
Lactic acid - - - - . - 00456
Inosite - - - . 0-2151
Alkalies (cmhﬂn.lt.us} - - - 0-1717

The separation of the ether extracts into their constituents was
also carried out, and the results will be stated lower down.

C. QUANTATION OF THE ABSOLUTE AND SPECIFIC GRAVITIES
OF A HUMAN BRAIN AND OF SEVERAL PARTS.

Abzolute  Weight Loss of

Division of the Brain. Weight in in Weight in gf::::.fc
Air. Water. ‘Water. I

Right hemisphere - 530-035 20-820 568-215 1037
Left hemisphere - 595-823 21-600 574223 1-038
Cerebellom - - 135172 5030 130142 1039
Mesenkephalon 33-950 1-250 32700 1-038
selerotic part 3630 0150 3480 1043

]

b 2 1D et

&

Entire Brain 1357610 48850 1308760 1-037

i |
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Quantation of the Specific Gravity of White Tissue and Grey Tissue
of the Human Lrain.

These specific gravities were ascertained by suspension of the
parts in water, ete. (grammes at 16°).

Wiite Tissue,

Wgt. in Air. Wot. in Water. Spee. Grav,
04870 00258 1-053
0-8650 0-0400 1048
1:0746 00477 1046
0-6859 00310 1-044
10479 00394 1039
37845 01319 1056
47000 0-2850 1030
95362 0-2740 1030

(rrey Tissue,

Wet. in Air. Wet. in Water. Spec. Grav.
0-6628 0-0243 1-038
144592 03810 1027
11-5741 0-2865 1025

The foregoing data have been arranged in the order of decreas-
ing specific gravities. This led at once to an inverse order in the
column denoting weights in air. Only two figures out of eleven
do not absolutely take the places which they would oceupy if the
order of increase in the first column was inverse as that in the
third.

It therefore appears, what has also been confirmed by many
other experiments, some to be velated below, that fhe specific
gravity of white and arey tissue of the brain is found the higher, the
smaller is the quantity of brain-tissue employed in the experiment. Now,
as the pieces of tissue which can be employed in the experiments
are limited in size by the arrangement of the relative tissues
in the brain, it is clear that the specific gravity quantations
of brain-substance in water can only be approximately correct.
The variations, no doubt, depend upon a reaction between the
surface of the piece of tissue immersed and the water which sur-
rounds it. The water takes up some soluble albumen and some
salts, and the piece of brain-tissue immersed assumes a glazed
appearance. - It is evident from this that the greater the surface
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of the piece under cbservation to its volume, the greater will he
the effect of this source of error. The erfor will further be
influenced by the length of time during which the piece of tizsue
is immersed, and consequently variations will arise, even when
pieces of equal size are examined, from the interference of the
accident of quicker or slower weighing. It is further doubtful
whether white and grey tissues will be equally influenced by
water in the same time, even when their bulks are equal. It is
further not proved that either the grey or the white tissue is so
homogeneous in any part of the brain as is assumed for the
purposes of comparison. It is therefore clear that specifie gravity
estimates of brain-tissue in water have only an approximative
and no absolute mathematical value. Such estimates must there-
fore be made with the aid of fluids of well-known specific gravity,
which, while they make contact with the brain-tissue, do not
provoke in it any chemical or physical changes.

(Quantations of the Specific Gravities of White and Grey Tissue from
different parts of the Brain.

IWhite Tissue of Hemispheres.
(n.) Quantations by the Pilnometer :

Absol. Wgt.  Subet. + Pik. Pik. + Water. Spee. Grav.
04526 619300 G1-9120 1041
. 0-2817 619342 61-9198 1054
(0.) Quantations by Suspension in Waler :
Absgol. Wgt. Wgt. in Water. Speec. Grav.,
06859 00310 1:044
1:0479 00394 1-039
37845 0-131% 1:036
9-5362 02740 -, 1030

Grey Tissue of Hemisphere.

(@) Quantation by the Piknomeler :

Absol. Wgt, Subst. + Pik, Pik. + Water. Spec. Grav.
03117 619146 ° 619039 1-039

(b.) Quantations by Suspension in Waler :

Absol. Wgt. Wgt. in Water. Spec. Grav.
0-6628 00243 1038
14-4592 0-3810 1027

-djl
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_ White Tissue of Cerebellum.

() Quantation by Piknometer

Absol. Wgt. Subst. + Pik. FPik. + Water. Spec. Grav.
0-5900 619240 619039 1037

(b)) Quantation by Suspension in Water :

Absol. Wgt, Wgt. in Water. Spec. Grav.
08650 0-0400 1-048

White Tissue of Mesenkephalon.

(1) Quantation by Piknometer :
Absol. Wgt. Subst. + Pik. Pik. + Water. Spec. Grav,
0684 61-9252 619039 1:032
() Quantation by Suspension in Waler :
Absol. Wgt. Wiet. in Water, Spec. Grav.
0-5128 0-0258 1053

Synopsis and Averages of the Specific Gravities observed in the three
Series of Observations detwiled in the foregoing, withont reference
to repetition of the same numbers or to quantities on which they
were observed,

I. #hite Tissue.

1. 1054 5. 1044 9. 1036
2. 1053 6. 1-051 10. 1-052
3. 1048 7. 1039 11. 1-030
4. 1-046 8. 1037

Mean specific gravity of white tissne = 1-041.

I1. Grey Tissue.

1. 1039 2. 1-038 3. 1027 4. 1025
Mean specific grswit]r of grey tissue = 1:032.
Specific gravity of entire brain (four parts) = 1-037.

The foregoing figures do not differ much from those accepted
by other observers. The specific gravity of white tissue is the
same as that commonly allowed in physiological treatises, namely
1-041, while the specific gravity of grey tissue is 1032 instead of
that commonly allowed, namely 1034, But when it is con-
sidered that what must theoretically be assumed to be the best
observations of the specific gravity of white tissue, namely those
on the largest volume, do only give 1030 as the value, while grey

Y
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tissue under the same limitation gives 1027, it is impossible to
avoid the suspicion that all specific gravity estimates hitherto
made, including the foregoing, are vitiated by a fundamental
fault of method, or by several faults, as above indicated. These
probable faults have for the first time been observed in the
course of the present researches, and there has been no time for
remedying the inconveniences arising out of the observation.

In 1876, I communicated a then new method for estimating
the proportion between white and grey tissue in the brain
(an important physiological problem, which seems anatomically
quite insoluble) by a caleulation from the four factors,
absolute weight of the brain, specific gravity of the entire brain,
and specific gravities of each white and grey tissme. This
method still has its future, if the difference between the specific
gravity of white and grey tissue be not ultimately found too
small.

In its execution the following formula may be used :

Pul p—g)
e=g)
x =quantity of white matter.
P = absolute weight of the brain,
p =specific gravity of the entire brain.
g = specific gravity of the grey tissue.
w =specific gravity of the white tissue.

, in which

Applying this formula to the data given above, namely :

P=1358; p=1037; ¢g=1032; w=1041; then z=T573,
equal to 55 per cent. of white tissue and 45 per cent. of grey
tissue in the entire brain.

About two years ago 1 had the happiness of conversing on this
matter with the late Mr, C. W. Merrifield, a gentleman of great
scientific attainments, and of clear and powerful mathematical
intellect, whose recent death the State, the scientific community,
his family, and his personal friends have great reason to deplore.
He took an immediate interest in the question, and embodied
the result of his deliberations onit in a memorandum, which I am
glad te be able to record in this place. He wrote to me :

¢Your problem is exactly the same as that of the estimation of
gold in auriferous quartz. If for gold you read white cerebral
tissue, and for silica, grey matter, the formula solves your
problem.
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* Let ¢ be the specific gravity of the heavier substance (gold) ;
el - lighter i (quartz) ;
. T = % mixture ;
,,  he the unknown proportienate bull of gold to a unit of
bulk of the mixture.

Then #g is the proportionate weight of gold, and (1 —=)g is the
The sum of these must give the

1 ny

proportionate weight of quartz.
weight of the mixture, that is—
xg + (1 — )y =m,
or #(g—q)=m-—q,
= IT
O
q—1
which gives the proportionate bull of the gold.
* The proportionate weight of the gold is :
B B
i m g—q

Then, if g=19, and ¢=2'6, while m=9, we have m-g=04,

g=q=164
52 ~0-30.

Proportionate bulk = s
OF X 1§=&-824.

Proportionate weight =
* This method gives very good results when, as in the case of
auriferous quartz, the specific gravities are widely different,
because then a small error in the estimations of the data does
not make a large error in the result. It is otherwise when the
difference of density is small. For instance, suppose—
=specific gravity white tissue  =1-035

grey ,, =1-025
brain altogether=1-031.

L)
'!I = H] 1]
m= "
Then we have for proportionate bullk of white tissue :
m—g_0006_, .
g—q 04010

¥

for proportionate weight of white tissue :

g M=g_q.x 1039 =0-6023.

mg—q 1-031
16
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‘ Now suppose the above data to be in error, so that in reality :

¢=1-034, instead of 1-035
g=1024, , 1025

m Dbeing as before. Then we have for

Bulk m—g_0007_,.~.

. 3 034
Weight £ ™= 9_0-7 x193% _ 070204
eight ~ oy D"xi'u‘dl ‘ ]

which is a very different result, an error of 1 per cent. in the two
specific gravities, and both in the same direction, altering the
result in the ratio of 6: 7.

Another method for the quantation of grey and white matter,
recently proposed, is based upon the difference in the quantity of
water contained in the two tissues, and expelled at 95°. We
have seen that grey tissue loses 85-27 per cent., while white tissuc
70-23 per cent. of water. Now, if the loss of water of the entire
brain be known, and the foregoing data be physiological constants
or specially ascertained in each case, the relative weights of white
and grey tissue may be caleulated.

D. BKETCH OF A SYSTEMATIC QUANTITATIVE ANALYSIS
OF THE BRAIN,

The brain is weighed in its membranes ; the latter are then
carefully removed and weighed, and their weight is deducted
from the weight of the brain previously found. The membranes
of a human brain will be found to weigh about 60 g.  The brain-
tissue is then cut, or minced in a machine, and steeped in aleohol
until it has become hard. 1t is then worked through a sieve in
the manner described in the second chapter of this treatise. The
brain-pulp is now exhausted with spirit of 85 per cent. strength.
The boiling with spirit must be repeated until a litre of spirit
hoiled with the whole of the residue, filtered and distilled to dry-
ness, leaves only an inappreciable residue. The first spirit-extracts
which deposit the particular white matter are kept separate. All
particles of brain-tissue on the one hand and all portions of liquid
on the other must be constantly collected with serupulous care. A
human brain will leave from 100 to 120 g. of dry albuminous matter.

The alecoholic solutions of the first extractions deposit on cool-
ing and standing the whife matter, which amounts to 47 to 5 per
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cent. of the mixed brain-tissues, but is mainly derived from the
white tissue. (Compare on this subject the special analyses of
white and grey tissue given in the previous chapter.)

Analysis of the White Malter.—It is exhausted with ether, by
being shaken with it in a stoppered cylinder, and allowed to
settle ; the cther is drawn off with a syphon worked by air-pres-
sure., The white cerebrin mixture, containing the cerebrin and
some phosphorised matters, remains insoluble, while all kephalin,
lecithin, some myelin, all cholesterin, and some other neutral
matters, an oil or ether (cerebrol) and a yellow coloured matter,
dissolve. Thus we have :

[ Kephalin, part combined - All extracted.

Lecithin, 2 L | [

Myelin, i - Part ,,

Ol ERcletepiy 2 AT AN
CHIEE 1 Neutral (new) matter - Part ., (Phrenosterin).

Cerebrol - - =l

_ Yellow coloured matter - All "

TLreatment of the Ether Solufion ; separation of ils Ingredients from
each other.—The ether is distilled off, the liquid residue is mixed
with an aleoholic solution of acetate of lead and excess of alcohol,
and boiled for some time under a reflux cooler. 1t is then allowed
to cool and stand. The cholesterin erystallises in the upper layer
of the mixture, while the kephalin lead and myelin lead remain
below, insoluble, The mixture is gently warmed until cholesterin
is dissolved, and again allowed to cpol. This process is repeated
to cause the kephalin lead and the myelin lead to become as ad-
herent and lumpy as pessible, so that when the warm spirit solu-
tion is filtered off through a filter on a hot funnel, only a minimum
of the insoluble compounds may pass on to the filter. The residue
1s then exhausted with spirit by repeated long boiling with it.
Thus we have :

Insoluble in | Kephalin lead - All precipitated.
boiling spirit. | Myelin lead - - Greater part precipitated.
Cholesterin - - All
S{ilﬁlﬂﬂ il] { I‘J:,'{ilirf IEH.(]. - = Pﬂl‘t’;
boiling spirit - {iﬂc,lthm AN
°F \ Cerebrol - - - AlL
A Yellow coloured matter All
{ Neutral new matter - All { Phrenosterin),

16—2
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Treatment of the insoluble in boiling Spivit pavt (of the Ether Extract
hoiled with Lead Acetate).—This contains all kephalin lead, and
some myelin lead, which have to be separated. This is done by
absolute ether, in which Lephalin lead dissolves with a red colour,
while Myelin lead remains as an insoluble white deposit. The latter
is washed with ether by decantation mainly (with the aid of a
syphon and air-pressure), lastly on the filter, dried and weighed.
The datum is myelin lead part the first. The kephalin lead solution
and all ether used for washing myelin lead is distilled to dryness
and the residue weighed. It constitutes kephalin lead, and con-
tains all the kephalin which had been present in the white
matter.

In each, myelin lead and kephalin lead, the metal and phos-
phorus are ascertained by analysis, and from the data the amounts
of pure myelin and pure kephalin relatively ave calenlated.

Treatment of the soluble in Spivit parf.—The boiling solution is
mixed with as much boiling water as it will bear without be-
coming precipitated, and is allowed to cool slowly. Cholesterin
(and phrenosterin ?) erystallises almost completely somewhat
later, and covering the latter settles the myelin lead. Lecithin
(? lead), cerebrol, yellow-coloured matter, nentral new matters
remain in solution. (This mixture requires further study.)

Separation of Cholesterin from Myelin Tead.—The isolated crystal-
lised matter is pressed, dried, and placed in absolute ether in a tall
stoppered eylinder, and frequently agitated. Cholesterin dis-
solves, while the lead salt of myelin and a cerebroside settle as a
white deposit. The extraction of cholesterin is completed by the
repeated application of large volumes of ether. The united ether
solutions are distilled to dryness ; the residue is dissolved in boil-
ing dilute spirit (if not sufficiently dilute, the boiling solution
must be mixed with boiling water until it becomes turbid), and
the solution set to crystallise. The cholesterin is filtered off,
dried, and weighed. The white salt which the ether dissolving
the cholesterin has left insoluble, is myclin lead, and a cere-
broside. This is dried and weighed. It gives the purple reaction
with oil of vitriol alone on standing, immediately with sugar-
syTup.

The spirit mother-liguor of the cholesterin, after conecentration,
may yet yield a minute quantity of cholesterin, but does not con-
tain much else, colouring-matter excepted. It may be added to



QUANTATION OF CONSTITUENTS. 245

the principal mother-liquor, from which cholesterin and myelin
lead were orviginally deposited.

Solution in Spivit of Lecithin, Cerebrol, Yellow Colouring Malter,
Neutral Matter, and some Cholesterin.—Lecithin does not remain
combined with lead in watery spirit. It cannot be separated
from the rest of cholesterin except by precipitant reagents, or
by chemolysis, by which it is decomposed. Its quantation has
been found to be effected with the greatest approximation to
truth by the following process: The spirit solution containing
the matter just named is heated until all the spirit is evaporated.
The residue is then treated with boiling water, in which it hardens
and becomes granular. (In cold water it swells and becomes
pasty, so that it cannot be separated from its mother-ligquor.)
The hot water is now decanted, and replaced by new ; the mix-
ture is allowed to'cool, heated again to make the solids curdle,
and the water is again decanted. This is repeated until the de-
canted water is free from lead.

Chemolysis of the Lecithin, efc., Mizture with Barito.—The mixture
as described is now mixed with the necessary quantity of barita
hydrate and water, and chemolysed in a closed platinum tube
under pressure at 125° for at least six hours. The contents of
the tobe arve extracted firstly with hot water, which removes
excess barita, glycerophosphate of barium and newrin.  The solution
is neutralised with carbonic acid, and the filtrate is evaporated.
When sunitably concentrated, the addition of absclute aleohol to
it precipitates all baviwm glycerophosphate, while the filtrate con-
tains all newrin. The solution is neutralised by hydrochlorie acid
in exeess, and the addition to it of alecholie platinie chloride
precipitates all neurin as platino-chloride hydrochlorate. Both
salte, the barium glycerophosphate and neurin double salt, are
dried and weighed.

Products of the Barita Chemolysis of the Lecithin Micture which
are Insoluble in Water.—These are extracted with boiling spirit.
The concentrated spirit solution deposits yet some cholestzrin
and a small quantity of a barinm salt. These are removed by
the filter. The cholesterin is separated from the barium salt
by ether. The spirit solution now retains the bodies above
mentioned—namely, two neuntral crystallised bodies (which are
here noticed for the first time), and perhaps some cerebrol and
yellow colouring-matter. The two new bodies erystallise out of
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the absolute alcohol solution. Ether separates the second erys-
tallised body from the first; the latter is reerystallized from
spirit. A thick motherligunor remains, which requires further
qualitative examination, It is dried and weighed, and placed in
the account as las! product of chemolysis of lecithin miviure.

That part of the product of the chemolysis of the lecithin
mixture which is insoluble in water as well as boiling spirit
contains the baviwm salls of the falty acids produced from the
chemolysed lecithin, as well as from the chemolysed ethylic ethers
of fatty acids resulting from a previous partial decomposition of
lecithin under the influence of heat and alcohol only. As they
contain barinm carbonate, they have to be reconstituted in a pure
state, and the different fatty acids have then to be separated.
This is best done by decomposing the salts in water with hydro-
chloric acid, and extracting the fatty acids with ether. The ether
is distilled off, the fatty acids are dissolved in watery ammonia,
and precipitated as lead salts by lead acetate. The lead salts are
dried, powdered, and exhausted with ether. The ether solution
on distillation leaves lead oleate, while the salt insoluble in ether
will be found to be mainly lead palmitale or margarate, with only
little, if any, stearate. From the oleate and palmitate, with the
aid of the neurin and glycerophosphate, the amount of lecithin
originally present is easily caleulated.

Treatment of the Aleoholic Solution which has deposited the While
Mutter.—This solution, and all alcoholic extracts of the albu-
minous part obtained until it is exhausted, are distilled together
to a convenient state of concentration, and allowed to cool. A
matter is then deposited which, from its consistency, has been
called “buttery, and which consists of cholesterin, lecithin, kephalin,
myelin, and some other ingredients. This is separated from the
liquid by filtration, and analysed as will be described.

Treatment of the Concentrated Alcoholic Solution which has deposited
the Buitery Matter.—This solution is evaporated on the water-bath
until all alcohol has disappeared. The last portions of phos-
phorised matters and cholesterin, together with small quantities
of oily ethers, then float on the watery liquid and adhere to the
evaporating-dish. This product is termed the ‘last oily.’ It is
most advisable to separate this from the watery solution without
the employment of a filter, and after slightly rinsing with dis-
tilled water, to add it to the buttery matter for further analysis.
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Analysis of the United Buttery and Last Oily Mutters.—To these
matters, after they have been dissolved in a sufficiency of hot
aleohol, the lead process, as described in the paragraph relating
to the ether extract of the white matter, may at once be applied.
Kephalin lead and myelin lead are precipitated ; lecithin, cho-
lesterin, and some myelin lead remain in solution, together with
other matters to be described. Thus we have—

Precipitated from and insoluble { Kephalin lead (all).
in boiling spirvit - - Myelin lead (part).

[ Cholesterin ] deposited

Myelin lead - on

and a cercbroside [ cooling,

1 Lecithin,

{}‘crebr-::-l.

Yellow matter.

| Neutral matters.

Soluble in hoiling spirit, p&rt
deposited on cooling -

The kephalin lead and myelin lead are separated from each other
by ether as above deseribed, and their quantities weighed. The
lead contained in the respective preparations is ascertained by a
special quantation of the phosphorus and the lead, and from these
data the actual amount of each of the free phosphorised prineiples
is ealeulated.

The myelin lead and chalesterin deposited from the hot aleohol
are also separated by ether, and the products weighed. The
cholesterin may be weighed as residue from the ether solution
after distillation of the ether from a tared flask, or it may be re-
erystallised from very dilute spirit, and weighed in the crystallised
state. When thus recrystallised, it is so pure that its melting-
point is mostly at 1457

The cold spirit solution, containing lecithin, cerebrol, yellow
matter, neutral new matter, and mostly a residue of cholesterin,
together with some lead acetate, has now to be chemolysed, so
that its ingredients can be ascertained from the products of de-
composition, The spirit is first evaporated, and the residue
heated with water, which dissolves the acetate of lead and any
impurity soluble in water. This purification with hot water (cold
water has to be avoided, as it makes the residue swell and pre-
sent a semi-mucilaginous state) is repeated until the water is free
from lead. The residue is now treated as follows :

Chemolysis of the Last Residue of the Buttery and Last Oily Matter
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which was not precipitated by Lead Acefate.—The necessity for this
process arises from the fact that the bulk of the lecithin cannot
be separated from the last traces of cholesterin and from the
small quantities of ether formed during the long processes
with alcohol. There are, moreover, matters present, such as
the neutral new matters, which are all soluble in ether as well
as aleohol, and do not combine with reagents in such a manner
as to become insoluble while the other bodies remain soluble, or
inversely. '

The mixture as described is chemolysed in the same manner as
the residual mixture from the lead-precipitates from the ether-
extract of white matter deseribed above. It is mixed with the
necessary quantity of barita hydrate and water, and heated in a
closed platinum-tube under pressure at 135" for at least six hours,
It may also be boiled in an open platinum dish, with frequent re-
newal of the water, for at least twelve hours ; but the process is
liable not to be complete, as the fatty acid salts formed may
enclose portions of lecithin and protect them from the influence
of the barita. Smaller quantities of matter may be enclosed in
class tubes and sealed, and then heated to 125° surrounded by
water in a closed brass tube. This last precaution is necessitated
by the fragility of the glass, if unprotected. The employment of
the platinum tube is preferable, owing to its simplicity. The
contents of the tube are extracted with hot water, which removes
excess of barita, glycerophosphate of bariwin and newrin. These are
isolated as above described—the glycerophosphate by alcohol,
and the neurin by platinic chloride.

The vemaining solid products of the chemolysis, which are in-
soluble in water, are extracted with boiling spirit. In this all
cholesterin, and other matters not yet fully identified, and a
little barium salt of a fatty acid dissolve, while the barium salt
of the fatty acids produced by the chemolysis from lecithin and
cerebrol remain insoluble.

The spirit solution, when sufficiently watery, deposits all cho-
lesterin, which is dried and weighed ; it retains in solution the
neutral matters alladed to. This last mother-liguor is evaporated
to dryness and weighed, and the product is entered into the
record of the analysis as erystallisable undetermined produets.

The barvium salls of the fatly avids, oleate and margarate or pal-
mitate, are decomposed with hydrochloric acid and water under
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ether, and the liberated fatty acids are then combined, first with
ammonia, next with lead. From the dry mixture of lead oleate
and margarate the former is extracted by ether. The margarate
remains as a white substance, which is easily weighed ; the oleafe
is best weighed as residue of the ether solution distilled from a
tared flask.

In calculating the amount of lecithin from the oleic and margaric
“acids obtained as lead-salts, and comparing these data with those
obtained by caleulation from the quantities of glycerophosphorie
acid and neurin, the following ecircumstances have to he borne in
mind : ' i

Of the lecithin present in the brain, and extracted by the
aleohol, a part is already decomposed during the chemical opera-
tion. We shall see below how an excellent quantation of the
lecithin ean be made upon any portion of brain, provided it is not
intended to estimate many other or all the ingredients of the
extract obtained therefrom. But in the course of a complete
analysis of a single brain, such as is here described, the complete
quantation of the lecithin as such is not feasible, on account of
the decomposition just alluded to. This decomposition caunses a
loss of neurin and glycerophosphoric acid on the one hand, which
remains in the watery mother-liquor containing the principles of
the brain soluble in water, and a loss of fatty acids on the other,
which combine with aleohol and form ethers. These ethers are,
of course, again decomposed during the barita chemelysis, so that
ultimately the whole of the fatty acids which were present in the
form of lecithin are obtained as barium salts. It follows, there-
fore, that when the quantities of fatty acids found are compared
with the quantities of neurin and glycerophosphoric acid, equiva-
lent for equivalent, there will be an ercess of futfy acid over the
neurin and glycerophosphorie acid. It is therefore necessary to
take the fatty acids as the basis of caleulation for the amounts of
leeithin present in the original extract, and the neurin and
glycerophosphoric acid only as subsidiary aids for the determina-
tion of the minimum and the control against accident.

Separation of the Ingredients of the Buttery Matter by a Process in
which Caustic Bavite is employed.—1In this process barita takes the
place of lead which is employed in the process just deseribed.
The results are in the main analogous. The mother-liquors will
have to be chemolysed with more barita, as in the previous case,
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but the process will not be delayed by the necessity of removing
the excess of lead acetate.

The buttery matter is dissolved in a sufficient quantity of hot
spirit, and filtered hot. To the hot solution, hot barita water
(saturated in the cold) is now added, while the mixture is kept
boiling. A precipitate separates and becomes adhesive. The
solution 15 decanted and filtered boiling. The precipifafe which
remains insoluble is exhausted with boiling spirit, dried and
treated with ether. Kephalin-bovium goes into solution, while a
white salt (myelin-barivm and small quantities of barium salfs of
Juatty acids) remains insoluble. The hot spirit solution, on cooling,
deposits a white precipitate, and then is almost free from ingre-
dients. The precipitate is isolated, dried, and exhausted with
cther., This solution of ether contains all cholesterin, and a
mere vestige of kephalin. The white precipitate contains, firstly,
a body soluble in boiling spirit, and deposited from it in needles
(eurved needle body), and a body which is now, after removal
of the bodies soluble in ether, insoluble in boiling spirit, and
contains much barium and phosphorus.

The kephalin-barivim as precipitated from human buttery by
barita-water in the above process is not yet a pure compound, as
was shown by the following tests of a specimen. It was insoluble
in boiling spirit, easily soluble in ether, twice precipitated by
absolute aleohol, and dried over oil of vitriol at 70°. It contained
23-30 per cent. Ba. and 4-67 per cent. P.

The amount of barium found corresponds approximately to a
dibarium kephalin, which requires 2477 per cent. Ba. DBut the
amount of phosphorus is in excess of that theory, which requires
2-0 per cent. P, and must be left unexplained. Dibarinm-kephalin
has an analogue in a diplumbic kephalin, which I have described
in the chapter relating to kephalin,

Aunalysis of the Cerébrin Mizture,—This mixture consists of a
number of well-defined immediate principles, which belong mainly
to three distinet categories.

(1.) Cerébrosides or bodies of the glucoside type, which contuin
as constitutional base a peculiar sugar, cerebrose, The type of
these bodies, phrenosin, forms the main quantity of the ingredients
of the mixture. It is insoluble in cold absolute aleohol.  Kerasin
is soluble in much cold absolute aleohol, at least for some time,
and is deposited slowly on standing in a semi-erystalline form.
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A body erystallising apparently in curved needles, bregenin, is
permanently soluble in aleohol. These bodies do not comlnne
with lead when it is added as acetate to their solution in spirit.
But there are a number of cerebrosides which do combine with
lead when it is added as acetate to their spirit solution : of this
class is cerebrinic acid, and spherocerebrin, and the three bodies

accompanying spherocerebrin as described in the article on the

cerebrinacides.

(2.) Phosphorised bodies, which, owing to some of the fatty
acids contained in them being identical with or nearly allied to
the fatty acids contained in the cerebrosides, have the same or
very nearly the same solubility in aleohol and other solvents as
the cerebrosides, and therefore follow them pertinaciously :
sphingomyelin and apomyelin,

(3.) Sulphurised bodies, of which a preliminary deseription has
been given in a previous chapter.

The cerebrin-mixture also always contains varying quantities of
bases, particularly potash and soda.

The cerebrosides being mostly neutral bodies, having no affinity
for either acid or alkali, ean be isolated with solvents only. Of
the cerebrin-mixture an elementary analysis should be made, and
its results stated in atoms with sulphur as unit, and again with
phosphorus as unit. This will at once show the proportions of
atoms to each other, and be the chief control of the processes of
quantitative separation to be undertaken afterwards.

The cerebrin mixture, dissolved in aleohol, may then be treated
with lead acetate and a little ammonia, and the precipitate may
be exhausted with boiling spirit. This process separates the
mixture of cerebrosides into the two categories deseribed above
under (1). The sulphurised bodies remain prineipally in the
lead precipitate, the phosphorised principles distribute themselves
over precipitate and solution. The separation and quantation of
these matters requires further study.

The nitrogen in the cerebrosides is probably all present in a
form, which by chemolysis with barita or sulphuric acid, suffi-
ciently long continued, will appear as sphingosin. Thus neurin
on the one, and sphingosin on the other hand, will probably be
the only nitrogenised nuelei to be isolated by chemolysis. They

~ are certainly the principal ones as regards quantity ; should the

sulphurised bodies contain any nitrogen and that in a particular
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form, then the guantity of this partieular produet would be much
below the quantities of the products just mentioned.

E. A PRELIMINARY EXPERIMENT FOR THE QUANTATION OF
CONSTITUENTS OF AN ENTIRE HUMAN BRAIN.

Of the left hemisphere, which when entire weighed 596 g,
460 g. were taken for the following quantations. The tissue was
comminuted and exhausted with boiling spirit, ete., and yielded
the following educts :

Alluminous matlters =3506 g, equal to 762 per cent. of
tissue,

White matter, deposited from spirit, 21'93 ; the same after ex-
traction with cold ether (cerebrin-mixture) dry= 1228 g. Soluble
in ether, 965 g These cerelrosides, ete., boiled with absolute
aleohol, gave—

(a.) Less soluble cerebrins, phrenosin, ete., deposited imme-
diately 811 g

(b.) More soluble ones, kerasin, ete., deposited after days 0-56 g.
And left insoluble stearoconote, albumen, and paper fibres 0-78 g.

Of this last item 053 were soluble, 0-25 insoluble in hot benzol.
The inscluble in benzol part contained a body which left a black
ash on combustion, and contained much phosphorus. It was an
earthy compound of a phosphorised body. It gave a brownish
red, but no genuine oleo-cholide reaction.

The alcoholic solution from the cerebrins =340 cc. was divided in
two equal halves of 170 cc. each. To one half platinic chloride
was added as long as a precipitate was produced. The precipitate,
containing a phosphorised body, weighed 085 g., and contained
9:58 per cent. Pt ; it yielded further 3-13 per cent. P. To the
second half of the aleohol solution cadmic chloride was added,
and the precipitate obtained weighed 08124 g ; it yielded
13-27 per cent. Cd and 3:42 per cent. P.

Of the matters dissolved in spirit, and not precipitated by these
alkaloid reagents, 03619 g. were yet precipitated by water.

The ether-extract from the cerebrin mixture weighed 9-65 g,

The buttery matfer, soluble entirely in cold ether =21-65 g

The last oily matter, treated with lead acetate, yielded lead pre-
cipitates which together weighed 11-8450 g,

Out of these there was obtained lecithin =2-8095 g. (This was
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easily soluble in cold absolute alecohol, and gave the characteristic
tests with platinic and cadmic chloride.)

Further kephalin lead = 08435 g. = 05659 g kephalin ; and
myelin lead = 6-6080 g. =5-2041 myelin,

The last watery extract gave a phosphomolybdate precipitate of

| alkaloids, which weighed dry 3-7084 g. It yielded further 1:56 g.

zine lactale dried in vaeno over oil of vitriol =1:0074 g pure
sarcolactic dacid,

The inosife amounted to 2:5335 g,

The undefined organic exfractives weighed 2-7822 g,

The salfs, as carbonates, weighed 17218 g.  Of these 039 were
potassium =0-745 KCl, and 0-39 sodium =0-9844 NaCl. The
salts as chlorides weighed 17294 g, and out of this mixture
2-4610 g, PtCl,(KCl), were obtained.

In the caleulation of kephalin, myelin, and lactic acid, the
following formule were used, which should be considered as
provisional, and will have to be tested by further, or supple-
mented by direct analysis of the products :

Kephalin, molec, weight =836 ; kephalin lead =C ,H..NPO Pb,
M.W. =1246.

Myelin, M. W.=760; myelin lead =C,H. ,PbNPO ,, M.W.=965.

Sarcolactie acid C,H O, M.W. = 90,

Zine sarcolactate dihydrate, C,;H, Zn0; + 2H,0, M.W. =279,

The buttery matter which had been soluble in ether (21:6450 g.)
was boiled with barita and yielded 67 g. of cholesterin, ayith
165 g. of barium salts of fatty acids. . The latter contained oleate
{as shown by the oleo-cholide reaction), much phosphorus, and a
small quantity of a body which was soluble in ether. But the
complete extraction with ether was impracticable, as the turbid
liquid would neither settle nor allow itself to be filtered. This
difficulty is not rarely met with when dry barium or lead salts
of brain educts are subjected to ether treatment for the extraction
of some ingredient.

The ether extract from the cerebrin mixture, containing the
kephalin and cholesterin, was treated with aleoholic lead acetate
and filtered hoiling. The insoluble residue of kephalin lead
weighed 26410 g., which, assumed to countain 2Pb, is equal to
1772 g. free kephalin,

The solution in spirit of the cholesterin, ete., was evaporated, and
the residue freed from lead acetate by hot water. The cholesterin
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was then re-crystallised and weighed. When the cholesterin thus
obtained was re-dissolved in ether, a white matter remained in-
soluble, weighing 0-2680 g., and being entirely combustible cn
platinum foil.

Quantation of the Ingredients of the Right Hemisphere,

The total hemisphere, with the membranes, weighed 589 g. ;
after removal of membranes, 564 g. ; of this quantity, 465 g. were
employed in the following quantations:

The allwminous substance amounted to 3568 g, equal to 766
per cent. of the hemisphere tissue.

The white matter deposited from spirit dry was = 1860 g.

The ether-cxtract from this = 697 g

The cerebrins insoluble in ether = 1163 g.

The buitery maller (= 21-66 g.) in aleohol was treated with lead
acetate, and boiled. The precipitates insoluble in boiling aleohol
were suspended in ether for separation, but the eylinder containing
the mixture breaking spontaneously, the quantation was lost. In
the table this void is filled up by data obtained from the data
concerning the left hemisphere by caleulation,

The inosite was' obtained in two portions, one with neutral
acetate (it was not previously known that inosite was so preei-
pitated), another with basic, together about 0:43 g The lead
having been removed from the liquid with sulphurie acid, the
lactic acid was extracted and formed into zine salt. It weighed,
dry at 100°, 0-87 g.=0-64 sarkolactic acid.

Alkalvids were precipitated from the mother-liquor by phospho-
molybdic acid. The precipitate weighed 3'8 g., and contained
1-30 g. mixed alkaloids.

The motherliquor was treated with barita, ete., evaporated,
and the residue burnt. The indefinite exfractives .amounted to
263 g.

Of potassium 0-25 g., of sodiuin 0-40 g,, were obtained.

The hot mother-liquor of the buttery matter treated with lead
acetate (of which operation the insoluble precipitates were lost as
above described), on cooling deposited myelin lead and cholesterin,
weighing, when dry, 699 g.  The myelin weighed 522 g.

The spirit filtrate, containing lecithin and little cholesterin, after
evaporation, left a residue weighing 8°13 g,

The remaining bodies containing cholesterin were chemolysed
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with barita, and gave cholesterin==593 g. pure, and 880 g. bariuin
salts of fatly acids,

Quantation of the Ingredients of the Cevebellwm,

The total weight of the fresh cerebellum with membranes was
135 g., and after removal of membranes, ete., 124 g. were analysed.

The albuminous mafler amounted to 11-3809 g =9-17 per cent.
of cerebellum.

The white matfer from first spirit was=181 g. Of this, 02185 g
were soluble, 16645 g. insoluble in ether =cerebrins,

The filtrate from the white matler was evaporated and treated
directly with lead acetate. There were obtained kephalin lead
=197 g ; myelin lead 165 g ; in the solution, cholesterin
with lecithin and myelin lead =326 g ; a second portion of
myelin lead with lead salt insoluble in ether containing inosife
=005 g. This inosite having been precipitated by neutral lead
acetate (a reaction hitherto unknown) made the quantation of
this body inacecurate. It amounted probably to 0-66 g. for the
entire cerebellum.

The lactate of zinc, dry at 100°, weighed 0-19, equal to 0-1352 g.
sarkolactic acid.

The alkaloids, precipitated by phosphomolybdie acid, weighed in
combination 162 g., free 06920 g.

The extractives, mixed with the salts, weighed 155 g.

The alkali salts consisted of 0-01 pofassium and 0°02 sodium,

The mixture of cholesterin, lecithin and myelin lead, above de-
scribed as weighing 326 g., was boiled with barita and a little
spirit for three hours. The watery solution of neurin glycero-
phosphate and excess of barium was separated from the insoluble
matter. The cholesterin was extracted by boiling spirit, and

weighed 1'95 g Its melting-point was 145°. The bavivm salfs of
the falty acids weighed 2-56 g,

Quantation of the Constituents of the Mesenkephalon.

The mesenkephalon and medulla oblongata weighed 34 g,
without the membranes 33 g.

The albumen amounted to 248 g. =75 per cent. of the mesen-
kephalon.

The whife matter weighed 0-64 g. ; of this 0°03 were soluble in
ether, 0-56 inscluble.
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The buttery matter yielded 067 kephalin lead.

The lactate of zine weighed 0-11, air dry, equal to 0-07 lactic acid.

The rest of the matters soluble in water were not estimated on
account of their small guantity.

The data thus far ascertained have been arranged in the follow-
ing table. They claim to be minima only, and with improved
processes somewhat larger quantities will probably be found.
Blanks are left where the quantations could either not be made,
or were unsatisfactory when the products were tested.

The experience gained by this analysis has shown that the
division of all the educts of a brain into five primary categories
is practical. They are (1) albumen, (2) white matter, (3) buttery
matter, (4) last oily matter, (5) matters soluble in water. Of
these, the last oily and the buttery matters may be treated
together for the separation of their ingredients, when the cere-
bellum or mesenkephalon are concerned. When derived from
the hemispheres these products are more conveniently kept apart.

The table contains about 130 data. But it will be seen that
the cerebrosides, e.q., occupy only one column (col. 6), whereas
probably ten ecolumns will be required to register the quantities of
various specific bodies of which the insoluble in ether part of the
white matter is composed. I estimate, therefore, that the quanti-
tative analysis of one brain will involve the production and
weighing of about 300 definite bodies or compounds. FEach of
the four divisions of the brain, and each of the two varieties of
tissue, the white and the grey, would thus require about fifty
quantations for chemical characterisation,

The loss registered in the table appears at first sight enormous.
One part was incurred by diffusion from the parts immersed
in water for the estimation of the specific gravities as described
in a previous chapter. This quantity was 165 g., as ascertained
by evaporation of the water and weighing of the dry residue. An
uncertain part of weight was lost by evaporation. But the
greatest part was lost in the course of the anatomical separation
of white and grey matter, in the course of comminution, and
transfer from filter to filter and vessel to vessel. This loss may
be much diminished by improved apparatus, but in the present
case it imports only a slight degree of inaccuraecy into the general
result of the analysis, as its effect has been supplemented by a
proportional caleulation.
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258 CHEMICAL CONSTITUTION OF THE BRAIN.

I have no doubt that by continued study the quantitative
analysis of the brain may attain a very high degree of accuracy.
This belief is based upon a number of compounds and processes
described in the chapters relating to the different principles, which
may here be summarily referred to, although there has not yet
been time for giving them places in a systematic analytical
process.

The kephalins may be combined with lead, barita, or cadmium
chloride., All these compounds ave soluble in ether, insoluble in
alechol.

The lecithing may be combined with cadmium chloride, These
compounds are insoluble in ether, inscluble in cold aleohol,
soluble in boiling aleohol, soluble in cold benzol.

The myelin: must be combined with lead ; in that state they are
insoluble in aleohol and ether, hot or cold.

The paramyelins may be combined with cadmium chloride ; in
that state they are soluble in hot benzol, insoluble in cold, in-
soluble in ether. .

The winidomyelins may be combined with eadmium chloride ; in
that state they are insoluble in hot or cold benzol, and insoluble
in ether.

The sphingomyelins are, as cadmium chloride salts, soluble in
hot benzol, and soluble in much eold benzol ; benzol, therefore,
offers no facilities for their separation.

The assurins are not precipitated from: alcohol by either lead
acetate or cadmium chloride, but by platinie chloride.

Plirenosin and kerasin are soluble in boiling spirit, insoluble in
cold ; the later deposition of kerasin affords means for its separa-
tion. They are insoluble in ether, and do not ecombine with lead,
or cadmium chloride,

Krinosin is soluble in hot ether, insoluble in cold ; soluble in
boiling alechol.

Bregenin is soluble in cold ether and cold aleohol. Neither
krinosin nor bregenin combines with lead, or with cadmiom
chloride.

The cerebrinacides combine with lead, and as lead eompounds
are insoluble in boiling alecohol ; a part of the lead compounds is
soluble, another insoluble in henzol,

Many of the phosphatides can also be combined, like assurin,
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with platinic chloride. If we add to these reagents the means
furnished by limited chemolysis, and by complete chemolysis, it
will be seen that the quantation of any one of the well defined
ingredients is now feasible. But I have no doubt that specific
solvents, as well as precipitants, will be found for all the brain
educts or their compounds. Thus a few trials with acetone have
shown that it will be useful in the separation of the cerebrosides ;
in a similar manner chloroform will be an occasionally useful sol-
vent.

The power of mercuramin for the removal of all acids from
any solution, and their recovery from the precipitate, gives to
the analyst a power which was undreamed of a few years ago.
The power of phosphomolybdic and phosphotungstie acids for the
isolation of alkaloids has made their extraction amenable to pure
reagents. And we can see from the behaviour of many of the
educts with even commonplace reagents that amongst them
there are at least some which will furnish means for stoichiometric
proceedings.

When the normal composition of the brain shall be known to
the uttermost item, then pathology can begin its search for
abnormal compounds or derangements of quantities. Thus the
amyloid degeneration is specific to brain and nerve-tissue, and
can be considered hypothetically as a reduction of an ingredient
of decomposed cerebrosides. This hypothesis has the advantage
that it 1s as yet the only one which can be made regarding this
remarkable disease. I believe that the great diseases of the
brain and spine, such as general paralysis, acute and chronic
mania, melancholy, and others, will all be shown to be connected
with specific chemical changes in neuroplasm, the products of
which cannot be more complicated than the chemolytic products
of the educts; they need, however, not be identical with
chemolytic products, but may be new merbid products. Here is
a field for inquiry of the possession of which the guardians of
refuges for the insane will hereafter, I have no doubt, endeavour
to make good use.

The knowledge of the composition and properties of neuro-
plasm and of its constituents will also aid us in devising modes of
radical treatment in ecases in which at present only tentative

symptomatic measures are taken, Inshort, it is probable that by
17—2
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ARLEFHABETICAL INDEX OF SUBJECTS,

N
MEDICINE, SURGERY, SCIENCE AND ART.

Africa. A Contribution to the Medical History of our West
African Campaigns. By Surgeon-Major ALBERT A. GoRrg, M.D.,
Sanitary Officer on the Staff. Price 10s. Gd.

A most interesting record of a serles of stirring events in which the Author took an
active part, and of elaborate precautions for the maintenanes of health,"—Medical Press.

Africa. Life on the Gold Coast. Being a full and accurate Descrip-
tion of the Inhabitants, their Modes and Habits of Life;
interspersed with amusing Anecdotes, Hints to Travellers and
others in Western Africa. By Surgeon-General Gorpon, M.D.,
C.B,h Hon. Physician to Her Majesty the Queen. Price
2s. 6d.

Alcohol, in sorae Clinical Aspects: A Remedy, a Poison. By
GopwiN Timams, M.D:, M.R.C.P. Lond., Senior Physician to
the North London Consumption Hospital. Price 1s.

Alps. Wiesen as an Alpine Health Resort in Early Phthisis, with
Instructions on Clothing, Diet, and Exercise in the Swiss Alps
during Winter. By A. T. Tucker Wisg, M.D., formerly Phy-
sician to the Infirmary for Consumption. Price 3s. 6d.

Angsgthetics. The Dangers of Chloroform and the Safety and
Efficiency of Ether in Surgical Operations. By JouN MORGAN,
M.D,, F.R.C.S. Second thousand, price 2s.

Anatomy. Aidsto Anatomy. Py Grorce Brown, M.R.C.S., Gold
Medalist, Charing Cross Hospital. Eighth thousand, price 1s. 6d.

cloth, 1s. paper wrapper
“ The little book is well done.” — Lancet.

Anatomy. Text Book of Anatomical Plates, designed under the
direction of Professor Massg, with descriptive Text. By
E. BeLramy, F.R.C.S, Surgeon to Charing Cross Hospital,
Examiner in Anatomy, Royal College of Surgeons, and Jas.
CantLIE, M.B, C.M. (Honours), F.R.C.S. New edition.
(In the press.)
* Undeninbly the most heautiful plates we hawve."—ELancel,

* With those plates, the student will be able to read up his anatomy almost o8 readily as
with a recent tion befors him."—Sfedents” Jowrnal,
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Anatomy. Human Anatomy and Physiology, illustrated
bya series of Movable Atlases of the Human Body, showing
the relative positions of the several parts, by means of Superposed
Coloured Plates, from the designs of Prof. G.J. Wirkowskr, M.D.
Each part complete in itself.

*¢* A Companion to every work on Anatomy and Physiology.

Part I.—Neck and Trunk. With Text Descriptive and Ex-
planatory of the physiology and functions of the several parts.
By Ropert HUNTER SEMPLE, M.D,, F.R.C.P., Lond. Price 7s. 6d.

Part IL—Throat and Tongue, showing the Mechanism of
Volee, Speech, and Taste. Text by LENNox BrowNg, F.R.C.S.
Edin., Senior Surgeon to the Central London Throat and Ear
Hospital. Price 7s. 6d.

Part III.—The Female Organs of Generation and Reproduc-
tion. Text by James Pavrrey, M.D., M.R.C.P. Lond., late
Senior Obstetric Physician to, and Lecturer on Obstetrics at,
the London Hospital. Price 7s. 6d.

Part IV.—The Eye and the Apparatus of Vision. Text by
Hexry Power, F.R.C.S., Senior Ophthalmic Surgeon to, and
Lecturer on Ophthalmic Surgery at, St. Bartholomew’s Hospital,
Senior Surgeon to the Royal Westminster Ophthalmic Hospital.
Price Ts. 6d.

Part V.—The Ear and Teeth. The Mechanism of Hearing

and of Mastication. Text of the Ear by LeEnNox BrOWNE,
F.R.C.8. K., Senior Surgeon to the Central London Throat and
Ear Hospital. Text of the Teeth by HENrRY SEWILL, M.R.C.5.
Price Ts. 6d.
* Part V.—The Brain (Cerebrum, Cerebellum, and Medulla
Oblongata) and Skull. Text by T. StreETcH Dowsg, M.D.,
F.R.C.P. Edin., formerly Medical Superintendent of the Central
London Sick Asylum. Price 7s. 6d.

Part VIIL.—The Male Organs of Generation. Text by
D. CampeeLL Brack, M.D., Physician to the Glagow Royal
Infirmary. Price 7s. 6d.

Part VIII.—The Skeleton and its Articulations, showing the
Bones and Ligaments of the Human Body and Limbs, Text by
A. T. Norton, F.R.C.S., Surgeon to and Lecturer on Surgery
at St. Mary’s Hospital, London. Price 7s. 6d.

Part IX,—The Hand, Text by Jas. Cantrig, M.B., F.R.C.S,,
Assistant Surgeon, Charing Cross Hospital. Price 7s. 6d.

*.* No such simple, reliable, and comprehensive method of learning the
several parts, positions, and functions of the body has hitherto been attempted ;
the entire Series being unique, will be most valuable to the Teacher, the
Student, and to all who wish to become acquainted with the anatomy and
physiology of the human economy,
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Anatomy. The Essentials of Anatomy. Designed on a new and
more easily comprehensible basis, as a Text-book for Students,
and as a book of easy reference to the practitioner. By W.
Daruing, M.D,, F.R.C.S,, and A. L. Rax~ey, M.D. 12s. 6d.

“The arrangement of the subjects, their detailed treatment, and the methods of memao-
rising, are the results of lomg expericnce in the teaching of students ; these give the book o
peculiar value to the student and practitioner. —New Yerk Medicol Recovel,

" Anatomy. The Pocket Gray, or Anatomist's Vade-Mecum. Com-
piled specially for Students from the works of Gray, Ellis,
Holden, and Leonard. Fourth thousand. Price 2s. 6d.

A marvellous amount of information has been condensed into a remarkably small space.
— Melicel Press,

Anatomy. Schematic Anatomy; A new, easy, and more
certain method of treating the Association and Schematic
arrangement of Structural Details of Human Anatomy. By
WiLLiam P. MEears, M.B., Professor of Anatomy at the
University of Durham School of Medicine, Profusely illustrated.
Price Ts. 6d.

“The aim of the work is decidedly good . . . Itisevidently the result of mueh troubla
and thought."—~Lancid,
* This new and decidedly clever book, will gradually elbow the old fashioned text books of

Anatomy out of the mavket."—Students Sowrnol,

Anatomogaphy; or, Graphic Anatomy. A new method of
grasping and committing to memory the most difficult points
required of the student. By W. Darving, M.D., F.R.C.S. Eng.,
Professor of Anatomy in the University of New York. Second
edition, Price 1s.

Apoplexy. Diagnosisand Treatment of Apoplexy. By T. StrETCH
%uwsm:, M.D., F.R.C.P.E, formerly Medical Superintendent,
Central London Sick Asylum., Price 1s.

Army Hygiene. Lesson in Military Hygiene and Surgery. By
gurgeon-{}eneral Gorpon, M.D., C.B., Hon. Physician tc H.M.
the Queen. Illustrated. Price 10s. 6d.

Artistic Anatomy. Anatomy of the External Forms of Man,
designed for the use of Artists, Sculptors, ete. By Dr. J. 'Fau.
Used at the Government School of Art, South Kensington,
Twenty-nine plates. Folio ; price, plain 24s., coloured 42s,

Artistic Anatomy. Elementary Artistic Anatomy of the Human
Body. From the French of Dr. Fau. With English Text. Used
at the Government School of Art, South Kensington. Price 5s.

Artistic Anatomy. Elementary Anatomical Studies of the Bones
and Muscles, for the nse of Students and Schools, from the
drawings of J. FLaxman, R.A. Lately used as a Text-book of
Anatomy in the Art Schools at South Kensington. 20 plates,
with Text, price 2s.
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Artistic Anatomy. The Student’s Manual of Artistic Anatomy.
With 25 etched plates of the bones and surface muscles of
the human figure. By W. J. MuckiEy, Principal of the
Manchester School of Art. Used at the Government School of
Art, South Kensington. Price bs. 6d.

Artistic Drawing. Third Grade Perspective, comprising Angular
and Oblique Perspective, Shadows and Reflections, specially
prepared for the use of Art Students. By H. J. DENNIS, Art
Master, Lambeth School of Art, Dulwich College, ete. Used
at the Government Science and Art Schools. Third edition.
Half-bound, price 15s.

Artistic Drawing. Second Grade Perspective (Theory and Prac-
tice), containing 21 block illustrations, 12 well-executed plates
on Parallel and Angular Perspective, and many examination
exercises. Used at the Government Science and Art Schools.
By the same Author. Third edition, price 2s. 6d.

Artists’ Colours. Their Preparation, Uses, ete. By the same
Author. (See Colours.)

Art Students’ Physiology. By B. THomrson Lowng, F.R.C.S.,
Examiner in Physiology, Royal College of Surgeons. Second
thousand. Price 2s.

* Certainly one of the best of the now popular Aids Series."—Student's Journal.,

Astronomy. The Stars and the Earth; or, Thoughts on Time
Space, and Eternity. Revised and enlarged, with Notes by
R. A. Procror, B.A,, Hon. Sec. to the Royal Astronomical
Society. Fourteenth thousand, price 1s.

Atlages. A Series of Movable Atlases showing the relative position
of the several parts of the Human Body by means of super-
posed coloured plates, from the designs of Prof. G. J. Wir-
KOWSKL (See Anatomy.)

Ataxia. Nervous Affections associated with the Initial or Curative
Stage of Locomotor Ataxy. By T. Strercm Dowsk, M.D.,
F.R.C.P.E. Second edition, price 2s.

Bladder. On Diseases of the Bladder, Prostate Gland, and Urethra,
By F. J. Gant, F.R.C.S,, Senior Surgeon to the Royal Free
Hospital. Fifth edition. Price 12s. 6d.
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Botany. Aids to Botany. Outlines of the Elementary Facts in-
cluding a Description of some of the most important Natural
Orders. By C. E. ArMAND SEMPLE, B.A., M.B. Cantab.,
M.R.C.P. Lond., Examiner in Arts at the Apothecaries’ Hall

Third thousand. Price 2s. 6d., cloth ; 2s. paper wrapper.
“The student who can commit this to memory will doubtless be proof against pluck "—
Aledieal News.

Botany. A System of Botanical Analysis, applied to the Diag-
nosis of British Natural Orders. By HANDSEL GRIFFITHS,
Ph.D., M.R.C.P., late Professor of Chemistry in the Ledwich
School of Medicine, Price 1s. 6d.

“ The author has placed the student wnder considerable obligations by his asystom of
botanical analysis.""— Pharowesaticol Jourael,

Brain. The Building of a Brain. By E. H. CrarkE, M.D. (author
of “Sex in Education”). Price 5s.

“We are much plaased with the little work, which is earefully and elegantly written, and
full of acund phyaiology.”—Lancel,

Brain. The Brain and Diseases of the Nervous System. 2 vols.
By T. StreErca Dowsgk, M.D., F.R.C.P. Ed., formerly Medical
Superintendent of the Central London Sick Asylum.

Vol. I. Syphilisof the Brain and Spinal Cord, showing the part
which this agent plays in the production of Paralysis, Epilepsy,
Insanity, Headache, Neuralgia, Hysteria, and other Mental and
Nervous Derangements. Second edition, illustrated, price Ts. 6.

[ol. II.‘:1 Neuralgia : its Nature and Curative Treatment. Price
T 6d.

Brain. On Mental Capacity in Relation to Insanity, Crime, and

Modern Society. By CHRISTOPHER SMITH, M.D. Price 3s. 6d.

Brain. Movable Atlas of the Brain and Skull (Cerebrum, Cerebel-
lum and Medulla Obleongata). By Prof. G. J. WiTkowsKL
(See Anatomy.)

Brain. Responsibility and Disease : Moot-points in Jurisprudence
about which Medical Men should be well instructed. By J. H.
Barrour Browng, Barrister-at-Law, author of ¢ The Medical
Jurisprudence of Insanity.” Price 2s.

Breath. The Breath, and the Diseases which give it a Feetid Odour.
By J. W. Howk, M.D,, Professor of Surgery in the University
of New York. Price 4s. Gd.

Burmah. Our Trip to Burmah, with Notes on the Ethnology
Geography, Botany, Habits and Customs of that Country, by
Surgeon-General Gorbox, C.B., M.D., Physician to the Queen,
Illustrated with numerous Photographs, Maps, Coloured Plates,
and Sketches in gold by native Artists. Price 21s.

“We lay down this book, impressed with its many beanties, its amusing sketches and
anecdotes, and its useful and instructive information of that comparatively unknown
conntry."—The Times,

A wonderful book, full of interest, inntmct.iun,i and amusement. "—Salurdoy Review,

* A beantiful and intelligent book for & present."— Morning Post,
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Bronchitis. Chronic Bronchitis : its Forms and Treatment. By J,
MiLxeR Foraerciin, M.D. Edin., M.R.C.P. Lond. Price 4s. ﬁd

** It bristles with valuable hints for treatment.” —Enhsﬁ Medieni Jowrnal.
" The pages teem with suggestions of value,"—Philodelplic Medical Times.

Case-Books. Students’ Case-book. For recording hospital cases
as seen, with full instructions for methodising elinical study.
By GreorcE Browx, M.R.C.S., Gold Medallist, Charing Cross
Hospital, late Demonstrator of Anatomy, Westminster Hospital.
Third thousand, price 1s., cloth limp,

Case-Books. Note-book for Students beginning the study of
disease at the bedside. By Jas. Littie, M.D., Univ. Dub.
Third edition, price 3s. 6d.

Case-Books. Forms for the taking of Aural Cases. By LExNox
Browxeg, F.R.C.S. Ed., Senior Surgenn to the Central London
Throat and Ear Hnsplta] 25 in boards, price 2s.

Forms for the taking of Throat Cases. 25 in boards, price 2s.
Throat and Ear Cases. 50 in boards, combined, price Js. 6d.

Chemistry. Aids to Chemistry. By C. E. ARMAND SEMPLE, B.A.,
M.B. Cantab.,, M.R.C.P. Lond.

Part I.—Inorganic. The Non-metallic Elements. Price 1s. 6d.,
cloth ; 1s paper wrapper.

Part II.—Inorganic. The Metals. Price 2s. 6d., cloth ; 2s. paper.

Part III.—Organic. Cloth, 2s. 6d. ; paper, 2s.

“Eiudents preparing for Matriculation at the London University, and other Examinations,
will find it simply invaluable.” —Students’ Jowrral,

Chemistry., The Principles of Theoretical Chemistry, with special
reference to the Constitution of Chemical Compounds. By Ira
Remsex, M.D., Ph.D., Professor of Chemistry in the John
Hopkins University. Second Edition, revised and enlarged.
Price 7s. 6d.

Chemistry. The Student’s Hand-book, with Tables and Chemical
Calenlations,. By H. LeicesTER GREVILLE, F.1.C,, F.C.5.
Price 9s.

Chemistry. Chemical Notes for Pharmaceuntical Students, including
the Chemistry of the Additions to the Pharmacopwia. By
A. Rivers WiLLsox. Price 2s. Gd.

“ ()f exceeding value to students going up for examination.”—Phormaceutical Journal.

Chemistry. Short Lectures on Experimental Chemistry. Intro-
ductory to the general course. By J. EMERsoN REYNOLDS,
F. R.&- F.C.5, gP ofessor of Chemistry, Royal College of
Surﬁeons, meessur of Analytical Chemistry, and Keeper of the
Mmera]s Royal Dublin Society. Price 3s. 6d.

Chemistry. An Introduction to Analytical Chemistry for Labora-
tory Use. By Joux Muter, Ph.D., M.A., F.C.8,, President of
the Society of Public Analysts. Second e-;htmn price Ts. Gd.
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Chemistry. An Introduction to Pharmaceutical and Medieal
Chemistry, Theoretical and Practical. With Analytical Tables
and copious Index. By the same Author. Price 10s. 6d.

“The book is one of a very useful and original kind, and is brought up to the latest date,
tests processes published only a few months sinee b-emg fully deseribed.”—Chemical News.

Chemistry. Chemical Notes and Equations: for the use of
Students. By R. Mizxe Murray, M.A., M.B.,, C.M. Edin.

Price 2s.

Chemistry. Chemistry in its Application to the Arts and Manu-
factures. A Text-book by RicHARDSON and WatTs.

Vol L : Parts 1 and 2.—Fuel and its Applications. 433 engrav.
ings, and 4 plates. Price £1 16s.

Part 3.—Acids, Alkalies, Salts, Soap, Soda, Chlorine
and its Bleaching Compounds, Todine, Bromine,
Alkalimetry, Glycerine, Railway Grease, etc.,
their Manufacture and Applications, price
£1 13s.

Part 4.—Phosphorus, Mineral Waters, Gunpowder, Gun-
cotton, Fireworks, Alumininm, Stannates, Tung-
states, Chromates and Silicates of Potash and
Soda, Lucifer Matches, price £1 ls,

Part 5.—Prussiate of Potash, Oxalic Aecid, Tartaric
Acid, many tables, plates, and wood engrav-
ings, price £1 16s.

Chemistry. Practical Treatise on Acids, Alkalies, and Salts : their
Manufacture and Application. In three vols., being Parts I11.,
IV., V. of the previous work, price £4 10s.

Children. On Tetany in Young Children. By J. ABERCROMBIE,
M.D., M.R.C.P. Lond., Medical Registrar to the Hospital for
Sick Children. Price 2s.

Children. The Diseases of Children their History, Causes and
Treatment. By C. E. Aryaxp Sempre, BA., M.B. Cantab.,
M.R.C.P. Lond., Physician to the North-Eastern Hospital for
Children. Price 6s.

Cholera. Cholera: how to Prevent and Resist it. By Professor
vON PETTENKOFER, University of Munich, President of the
Sanitary Department of the German Empire ; and TrHOMAS
WHITESIDE A.B., M B., Medical Officer of Health for
Bradford. Second edition. Illustrated with woodeuts and

diagram. Price 3s. 6d.
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Clinical Charts for Recording the Range of Temperature, Pulse,
LRespiration, History, Progress, and Treatment of Cases, for
use in Hospitals and in private practice. By E. W. Moorg,
M.D.,, M.R.C.P. Price 1d. each, 9d. per dozen, or mounted,
similar to a blotting-pad, in 50, 3s. 6d.; 100, Ts.

Colours. A Hand-book for Painters and Art Students, on the use
of Colours, Vehicles, ete. By W. J. MuckrLey, Principal
of the Manchester School of Art.  Second edition, price 3s. Gd.

Consumption. Consumption, as a Contagious Disease, with Treat-
ment : including an Inquiry into the Relative Merits of the Air
of Mountains and Plains; to which is prefixed a translation of
Cohnheim’s Pamphlet. By D. H. CurLtimorg, M.K.Q.C.P,,
F.R.C.S.1., Physician North-West London Hospital, formerly
Consulting Physician to the King of Burmah ; Iéurg&un H.M.
Indian Army. Pnce bs,

Consumption. Consumption and its Treatment by the Hypophos-
phites. By Joux C. THorowGoop, M.D., F.R.C.P. Lond.,
Physician to the City of London Hospital for Diseases of the
Chest, Victoria Park. Third edition, price 2z 6d.

Consumption. Consumption, its True Nature and Successful
Treatment, with Appendix of Cases. By Gopwin Tinus,
M.D. Lond., M.R.C.P., Senior Physician to the North London
Consumption Hospital, Consulting Physician to the Western
City Dispensary, etc. Second edition, price 10s. 6d

Consumption. How to Prevent and Treat Consumption. By G.
RurLAND Howart, B.A. Lend., LR.C.P. Ed.,, M.R.C.S. Eng.
Cloth. Price 2s. 6d.

 He writes from the standpeint of a sobor, well-insbrmcted, and experienced medical man,
as distinguished from charlatans. "= Literary W orld,

Consumption. A Re-investigation of its Causes, showing it to
arise from an Excessive Action of Atmospheric Oxygen. Its
Dietetic, Climatic and Therapeuatical Treatment. By C. W.
DE Lacy Evans, M.R.C.S. Eng. Price 2s. 6d.

Consumption. Tuberculosis from a Sanitary and Pathological
Point of View. By G. FLeminG, F.R.C.V.S,, President of the
Royal College of Veterinary Surgeons. Price 1s.

Cremation. The Disposal of the Dead, a Plea for Cremation, Dy
E. J. BErmancHAM, A M, M.D. Illustrated. Price 2s.

Deafmutism. On the Education of Deaf-mutes by Lip-Reading
and Articulation. By Professor HARTMANN. Translated by
Dr. PaTTERSON CASSELLS. Price 7s. 6d.

¥ The instruction of deaf-mutes is here rendered easy." —Atlenaum.
“* Comtaing so much real information that we can honestly recommend it to anyone sceking

for knowledge,"—The Lencel.
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Deafness. (See Ear.)

Deformities. The Nature and Treatment of Deformities of the
Human Body. - By Lamserr H. OrMspy, M.B. Univ. Dub.,
Surgeon to the Meath Hospital and County Dublin Infirmary.
Crown 8vo., illustrated, price s,

Deformities. 1. A Short Sketch of Rational Medical Gymnastics ; |
or, the Movement-Cure. By B. M. Rory, M.D., F.R.C.5. Eng. |

With thirty-eight engravings, price 1s,

2. The Prevention and Cure of Many Chronic Diseases by Move-
ments. By the same Author, With 90 engravings, price 10s.

3. The Hand-book of the Movement-Cure. By the same Author.
With 155 original engravings, price 10s.

4. Contribution to the Hygienic Treatment of Paralysis, and of
Paralytic Deformities. By the same Author. With 38 en-
- gﬁ,vings, illustrated by numerous cases, price 3s. 6d,

5. On Paralysis in Infancy, Childhood, and Youth, and on
the Prevention and Treatment of Paralytic Deformities. 3s. 6d.

6. The Prevention of Spinal Deformities, especially of Lateral
Curvatare, with notes on the causes, productiin, and treat-
ment. By the same Author. With 53 engravings, 3s. 6d.

Diagnosis.

Part . —Aids to Semeiological Dia%lnﬂsis. By J. MILNER
ForaeErGILL, M.D., M.R.C.P. Lond., Physician to the City of

ar

London Hospital for Diseases of the Chest. Price 1s. and 1s. 6d.

Part TI.—Aids to Physical Diagnosis. By J.C. THOROWGOOD,
M.D., F.R.C.P. Lond., Physician to the City of London Hospital
for Diseases of the Chest, Lecturer on Materia Medica at
Middlesex Hospital. Price 1s. and 1s. 6d.

Part IIL.—What to Ask. By J. MILNER FOTHERGILL,
M.D., M.R.C.P. Lond. Price 1s. and ls. Gd.

i A mine of valuable h:.Eurmn.tion.;‘v—Edi nbiergh Medical Jowirael,

Diagnosis. The Physiological Factor in Diagnosis, By the same
Author. Second Edition. Price Ts. 6d.

" This i dingly «l and well wri ne-

Ml :dmuailllsgﬂ:i r,"ilidi iﬁ:‘:l:‘#k M:dmmﬂi:l .huolr, put together in a very plain, pae

Dictionary of German Terms used in Medicine. By GEoRGE
R. CurrER, M.D. Price 6s. 6d.

' An original work of considerable merit, and of absolute necessity to the student of German
medical literature."—Nee York Medical Jowral,

et
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Diphtheria. Diphtheria, its Causes, Pathology, Diagnosis, and
Treatment. By R. HuxteEr Sempre, M.D., F.R.C.P. Lond,,

Physician to the Hospital for Diseases of the Throat and Chest.
Second edition, price 2s. 6d.

“ It is satisfactory to know that the dectrines laid down by the author, many years ago, do
not noed negation in any sort of way in the new edition."—ZLancet,

Dissections. The Dissector’s Guide, a Manunal for the use of

Students. By D. J. CunNixeaam, M.D., Senior Demonstrator

of Anatorny, University of Edinburgh. Part I. Upper Limb,
Lower Limb, Thorax. Illustrated, price 4s. 6d.

Domestic Medicine. Handbook of Popular Medicine for family
instruction ; for colonists and others out of reach of medieal aid.

By G. H. NapHEYS, AM, M.D. With movable plate and
100 illustrations. Price 7s 6d.

5 “We have rarvely read any form of domestic medicine so simple, yet reliable."—Public
JHTE T

Drugs. The Specific Action of Drugs, an Index to their Thera-
eutic Value, as deduced from experiments on man and animals.
y A. G. Burness, M.D,, and F. MAvor. Price 10s. 6d.

Ear. On Diseases of the Ear their Diagnosis and Treatment. By
OreN D. Pomeroy, M.D., Surgeon to the Manhattan Eye and
Ear Hospital, New York, etc. In one handsome 8vo. volume
of over 400 pages, profusely illustrated, cloth. Price 12s

Ear. Otorrheea; or, Discharge from the Ears: its Varieties, Causes,

Complications, and Treatment. By W. DovcrLas HEMMING,
F.R.C.S. Ed. Price 1s.

Ear. Text-book of the Diseases of the Ear and adjacent Organs.
By Professor PorrTzer, of Vienna. Translated by JaMEs
ParrersoN Cassgrns, M.D., Consulting Physician to the
Glasgow Ear Infirmary. 800 pages, with 257 original illustra-
tions, Price 21s.

" Ty, Cassclls has done good service to English readers, by furnishing them with so exeellent
a translation, "—Lomnest.

“ The work of a recognised master,"—Fritish Medical Sowranal.
“ Wil take rank as the standard book of reference for years to come."—Medicn! Times,

Etiquette. A few Rules of Medical Etiquette. By a L.R.C.P.
Lond. Price 1s.

Examinations. Aids to Examinations. By W. Doucras HEwm-
MminG, F.R.C.S. Ed., and H. Auprey Hussaxp, M.B,, F.R.C.5.
Being Questions and Answers on Materia Medica, Medicine,
Midwifery, Pathology, and Forensic Medicine. Third thousand.
Price 1s. 6d. cloth, 1s. paper wrapper.




Bailliere, Tindall, and Cox’s Books. 19

Examinations. A Guide to the Examinations at the Royal College
of Surgeons of England for the Diplomas of Member and
Fellow, with Examination Papers. By F. J. Gaxt, F.R.C.5.
Author of the *“Science and Practice of Surgery.” Fourth
edition, revised and enlarged. Price 4s. 6d.

* Tn truth a most useful Guide to the Examinations."—Guy's Hospilal Gazelle,

Examinations. A Guide to the Examinations of the Apothecaries’
Society. By W. E. Dawson, L.S.A.  Price 2s. 6d.

“May be studied with great advantage by a student, shortly before presenting himself for
examination, — British Molicel Jowrnol,

Examinations. Examination Questions on the Medical Sciences,
including the Army Navy and University Examinations.
Selected and arranged by James Greic Leask, M.B. Abdn,

Second edition.  Price 2s. 6d.

Y Dy, Lensk's questions are particularly suitable for pure examination study. Stadents
ghould test themeclves thereby.'—British Medicn! Jouraal.

Eye. A Manual of Examination of the Eyes. By Professor C.
Laxport, of Paris. Translated, with the Author's permission

and revision, by SwaAN M. BurNETrT, M.D. Price 12s. 6d.
“ For those who have a taste for examining Eves, this will prove most helpful."— Lanecel.

Eye. A Manual of Ophthalmic Practice. By H. C. Schell, M.D.,
Ophthalmic Surgeon to the Children’s Hospital, Philadelphia,
with 53 illustrations. Price 9s.

Eye. The Cure of Cataract and other Eye Affections. By JaABEzZ
Hocag, M.R.C.S., Consulting Surgeon to the Royal Westminster
Ophthalmic Hospital. Third edition. Price 2s. 6d.

Eye. On Impairment or Loss of Vision from Spinal Concussion or
Shock. By the same Author. Price 1s. Gd.

Eye. The Functions of Vision and its Anomalies. By Dr. GIRAUD-
TevrLon, Member of the Academie de Medicine. Translated
by Lroyp Owex, F.R.C.8.1., Surgeon to the Birmingham and
Midland Eye Hospital, Ophthalmic Surgeon to the Free Hospital
for Sick Children, Birmingham. Illustrated, price 5s.

Eye. Movable Atlas of the Eye and the Mechanism of Vision.
By Prof. G. J. WITKOWSKIL. Price 7s. 6d. (See Anatomy.)

Fasting and Feeding, Psychologically considered. By L. S.
Forees WinsrLow, M.B., Cantab., D.C.S. Oxon. Price 2s.

Fever. On the Endemic Hwematuria of Hot Climates, caused by

the presence of Bilharzia Hematuria, By F. H. H. GUILLEMARD,
M.A,, M.D., F.R.G.S. Price 2s.

Food. Food ;its Varieties, Chemical Composition, Nutritive Value,
Preparation, Preservation, Adulterations, etc. By the late Dr.
LerHEBY. Second edition, enlarged, price 5s.

“ Dy, Letheby's position and authority on the subject of food is so pre-cminent, that o book
from his pen is above eriticism.”— Lanest, ;

“ Either as a text-book for schools or as & household guide, it is excellently adapted.”—
Public Gpinion.
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Forensic Medicine. The Student's Handbook of Forensic Medicine
and Medical Police. By H. Ausrey Huspaxnp, M.B., F.R.CS. E.
Fourth Edition. Price 10s. 6d.

Forensic Medicine. Aids to Forensic Medicine and Toxicology.
By W. Dovcras Hemming, F.R.C.S.E., and H. AuBrEY HUSBAND,
M.B., FR.C.8.E. Third thousand, price 1s. 6d. cloth, 1s. paper.

**We have no hesitation in recommending Mr. Hemming's boolk. "— Lancef.

Fractures. A Study of one hundred and twenty-seven cases of
Fracture of the Patella. By Fraxk H. Hamivron, A M., M.D.,
LL.D., Surgeon to the Bellevue Hospital, New York. Price 2s.

GED]Og% Engineering Geology. By the same Author. Illustrated
with ¢

oloured map and woodcuts, price 3s. Gd.

A full and lucid deseription of surveying and mapping, the disgnosing of the various
minerals met with, the value of sites and rocks, ete.”—Popular Science Revieir.

Geology. Field Geology, with a Section on Palmontology. By
W. Hy. PenniNg, F.G.S, of H.M. Geological Survey, and
A. J. Jukes-BrownNe, B.A., F.G.5. With woodcuts and
coloured map. Second edition, revised and enlarged, price 7s. 6d.

¢ Others have taught us the principles of the science, but Mr. Penning, as an accomplished
field-geologist, introduces us to the practice."—The Acadeny.

Gynzcology. A Mannal of the Minor Gynsmcological Operations
and Appliances. By J. Hairmay Croom, M.D., F.R.C.P,
F.R.C.5.E., Lecturer on Midwifery and Diseases of Women at
the Edinburgh School of Medicine. Second edition, with 12
plates and 40 woodcuts, price Gs.

Gynecology. Lessons in Gynacology and Obstetrics, By
W. GoopeLrL, A.M., M.D., Professor of Clinical Gynzcology in
the University of Pennsylvania. Second edition, with 92
llustrations, price 18s.

Gynacology. The Diseases of Women and their Treatment. By
H. MacyavguToN Jowes, M.D., F.R.C.81, FR.CS.E, Pro-
fessor of Gynmcology in Queen’s College, Cork, Examiner in
Midwifery, Royal College Surgeons, Ireland, Illustrated, price 5.

Hair. The Hair: its Growth, Care, Diseases, and Treatment;
with Historical Chapters on Fashions in Hair and Beards from
the Assyrian to Modern Times. By C. H. LEoNARD, M.A.,
M.D. With 116 engravings, price 7s. 6d.

** Is entertaining reading, will afford many useful hints to the practitioner, and be much
appreciated by the publie, especially the fashionable portion of it."—ZLaneet.

Fever : its Causes, Treatment, and Effective Prevention ; Ex-
perimental Researches. By Cuas. HArnrisoNn BLackLEy, M.D.

Second edition, revised and enlarged, price 10s, 6d.
“ A piece of real honest work, original and instruetive.”— Laneet.
* Wa recommend it cordially to all who may wish for a practical work on this once mys-
terious disease."—Medical Tinies.

Hydrophobia. The Disease as it appears in Man. By Honratio
R. BicgLow, M.D. Price 5s.
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Heart. On Insufficiency of Aortic Valves in Connection with Sudden
Death. By Jonx Cockrg, A M., M.D., F.R.C.P., Physician to
the Royal Free Hospital. Second edition, price 2s, 6d.

Heart. Contributions to Cardiac Pathology. By the same Author,
Price 2s. 6d.

Heart. An Essay on Fatty Heart. By Hexry KenNepy, A.B,
M.B. Physician to the Whitworth Hospitals. Price 3s. 6d.

“ We have no hesitation in recommending it as amost valuable contribution to the literature
of the all-important subject of which it treats."—Wedicel Preas.

Histology. Introduction to Practical Histology. By Grorce THIN,
M.D. Price 5s.

“* No more viluable text-book for the studemt will be found, nor one containing a greater
amount of useful information.,"— N adiea! Press.

Hygiene. Lessons in Military Hygiene and Surgery, from the
Franco-Prussian War. Reports prepared while on Special
Service with the French Army in Paris, on behalf of Her
Majesty’s Government. By Surgeon-General Gorpon, M.D.,
C.B., Hon. Physician to the Queen. Illustrated, price 10s. 6d.

f A treatise of exceptional merit, dmwn from personal experiences in the greatest war of
modern times."—drmy and Navy fezetie,

Hygiene. A Manual of Sanitation ; or, First Help in Sickness and
when Wounded. A pocket companion for officers and privates
in the army or volunteer forces. By the same Author. Second
edition, price, cloth 2s. 6d., or cheap edition, paper wrapper ls.

* Tt in a most uscful and practical manual, and, as the instructions ave simple and rolinble
it should be placed in the hands of ofMicers and men alike.”"—The Graphic,

Hygiene. Healthy Homes. By Stanitey Havyes, M.D,, M.R.C.S,,
F.R.G.8. Price 1s.

Hygiene. Notes on Nuisances, Draing, and Dwellings. By W. H.
PENNING, I.G.S. Second edition, price 6d.

Hygiene. Short Lectures on Sanitary Subjects. By RicHArD J.
Havrow, LK.Q.CP, LR.CP. Ed, LRCS.I., etc, Medical

Officer of Health to Kells. Price 5s,

** A book well adapted to popular reading, and replete with sound knowledge promotive of
good health and long life.”— Sanitericn,

Hygiene. A Manual of Naval Hygiene, with Instructions and
Hints on the Preservation of Health and the Prevention of Disease
on board Ship. By Josern WiLsoxn, M.D., Medical Director
of the United States Navy. Second edition, price 10s. 6d.

Hygiene. Health Aphorisms, and an Essay on the Struggle for
Life against Civilization, Luxury and Astheticism. By FraNk
H. HamivtoN, A.M,, M.D,, LL.D, Price 2s,

Impotence. On Sexunal Impotence in the Male. By Wirniam A,
Hamyonp, M.D., Surgeon-General U.S. Army (Retired List).

In one handsome 8vo. volume of nearly 300 pages. Cloth,
Price 10s.
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India. Experiences of an Army Surgeon in India. By Surgeon-
General Gorpon, M.D., C.B.,, Hon. Physician to the Queen,
A Coneise Account of the Treatment of Wounds, Injuries, and
Diseases incidental to a Residence in that Country. Price 3s. 6d.

Insanity. The Diagnosis, Classification, and Treatment of Insanity :
A Manual for Students and Practitioners of Medicine. By E. C.
SPITZEA, M.D. President of the New York Neurological
Society, ete. Inone handsome 8vo. volume of nearly 425 pages,
Illustrated, cloth, price 12s.

T'" Original and painstaking as everything is which Professor Spitzka undertakes.”—Medival

International Medical Congress. The Commemorative Portrait-
Picture of the International Medical Congress, 1851. By Mg.
Barravp. This Picture, illustrating the most memorable
gathering of Medical Men in the world’s history, designed and
executed by MR. BARRAUD, contains nearly 700 Likenesses of
Members of the Congress, representing Medicine and Surgery
in every part of the world, special sittings having been accorded
for every Portrait.

The Picture is Printed by the New Permanent Clavbon Process in two Sizes :—

EXTRA SIZE, 47 X 30, MoUNTED, BUT UNFRAMED  £7 108, Framen - £10 05,
POPULAR SIZE, 29 x 20, MousTED, BCT UsFrraMen £3 3s. FriMep - £4 10s,
Bpeaking of this remarkable Congress, Sir JAMES PaceT said that it would become historical

for by it was obiained * a loger intercourse and diffusion of information than in any equsl
time and space in the whole history of Medicine."™

Kidneys. Dright's Disease of the Kidneys. By Professor J. M.
CHArcoT. Translated by H. B. Minnarp, M.D.,, A M. Re-

vised by the Author, with coloured plates, price Ts. 6d.
Wa doubt very much if there exists in the English langnage any monograph in which the
varicus forms are s0 accurately and concisely described. " —Medicel Pirezs.

Lunacy. Handbook for Attendants on the Insane ; instructions for
the management, artificial feeding, and mechanical restraint of the
insane ; legal documents required for their confinement, ete.
By L. S. Forses Winsrow, M.B.,, D.C.L. Oxon. ; M.R.C.P.;
Lecturer on Mental Diseases, Charing Cross Hospital, Price 1s.

Lunacy. Mannal of Lunacy. The Legal care and treatment of the

Insane. By the same Author. Price 12s. Gd.

“ A comprehensive digest of every subject connected with the legal care of the insane."—
Meddical Tinies.

Lunacy. A Lunacy Chart: a Synopsis of the Lunacy Acts, with
special reference to the management and care of persons of
Unsound Mind. By the same Author. Price 1s. 6d., varnished

and mounted on rollers, 4s. 6d.
Lunacy. Spiritualistic Madness. By the same Author. Price 1s.
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Materia Medica. Aids fo Materia Medica and Therapeuties.
Part I.—The Non-metallic and Metallic Elements, Alcoholic and
Ethereal Preparations, ete. By C. E. ArMaAND SeEMPLE, B.A.,
M.B. Cantab, M.E.C.P. Lond., Examiner in Arts at the
Apothecaries’ Hall. New edition in preparation.

Part II.—The Vegetable and Animal Substances. Double Parf,
price, cloth 2s. 6d., paper 2s,

Part IIL—Tablets of. Price, cloth 1s. 6d., paper ls.

Materia Medica. Note-Book of Materia Medica and Therapeutics
By R. E. Scoresey-Jacksow, M.D., F.R.S. Revised by
Axcus MacpoNarp, MA., F.R.S. Third edition, price 12s. 6d.

* A work we gan recommend with the utmost confidence. " —Studends’ Journal.

Materia Medica. A Key to Organic Materia Medica. By Joux
MutEr, Ph.D., M.A., F.C.S., President of the Society of Public
Analysts. Third edition, price 12s. 6d.

Materia Medica and Pharmacy. A Text-Book for Medical and
Pharmaceutical Students preparing for Examination. By W.
HANDSEL GRIFFITHS, Ph.D., F.C.S,, F.R.C.P. Ed. Edited by
GrorGe F. Durrry, M.D. Dub., Fellow and Examiner K.Q.C.P,,
Examiner in Materia Medica, (Queen’s University, ete. Price 9s.

¢ A book of great value . . o astandard text-book.."—FEdin, Med, Jouraal.
“0me of the ablest, if not the beat, work on the subject in our langunge.”—Med. Freas.

Medical Education. Medical Education and Organization. The
Hunterian Oration for 1880. By WarTter Rivincrox, BA.,
M.B., F.R.C.S,, Surgeon to the London Hospital. Price ls.

Medical Etiquette. A Few Rules of Medical Etiquette. By a
L.R.C.P. Lond. Price ls.

Medical Laws. The Laws Relating to Medical Men. By JAMES
GREENWOOD, Barrister-at-Law. ice Hs.

“ We expect that it will mect with the success which it really deserves,"—Edinbusgh Modiced
Jowrnal,

i Admirably suited as a guide to the busy practitioner, who frequently runs great risks of
becoming involved in legal penalties, in consequence of an imperfect knowledge of the law,™
— (Feragpoee Mediea! Jowriml,

Medical Profession. The Medical Profession : being the Essay to
which was awarded the First Carmichael Prize of £200 by the
Council of the Royal College of Surgeons, Ireland, 1879. By
Warrer RiviNgron, B.A., M.B,, F.R.C.S. Price Gs.

Medical Profession. The Medical Profession in 1879 : being the
Essay to which was awarded the Second Carmichael Prize of
£100. By Taomas Larrax, LEK.QCPIL, MR.CS. Ed,
Physician to the Cashel Union and Fever Hospitals, Price 4s,
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Medical Profession. Medical Men and Manners of the Nineteenth
Century. By a Physician. Third Thousand, price 3s.

“* At times scathing, at others amusing, the author is never dull, and writes withal, as one
who knows from experience the many blots on our system, and honestly tries to remedy
them, " "—Medieal Press. ]

* A most amusing satire, brimful of humour even when dealing with unpleasant facts."—
Stwdderets’ Jowrnel.

Medical Reform. A Letter to the Right Hon. A. J. Mundella, M.P.
By JaMmes GreY GLoveRr, M.D. Edin. Price 1s.

Medical Reform. The General Medical Council : Whom it Repre-
sents, and How it should be Re-constructed. By ARCHIBALD
HamiutoN Jacop, M.D. Dub., F.R.C.S,, Surgeon-Oculist to His
Excellency the Lord Lieutenant, Professor of Ophthalmic Sur-
gery in the Royal College of Surgeons, Ireland. Price 1s.

Medicine. Aids to Medicine. Part I—Ceneral Diseases — the
Lungs, Heart, and Liver. By C. E. ArMaND SEnmrLE, B.A., M.B.
Cantab., M.R.C.P. Lond. Second thousand, Price 2s. and 2s, 6d.

Part 1I.—The Urine, Kidneys, Pancreas, Spleen, Stomach, Peri-
toneum, Throat, and (Esophagus. New edition in the press.

Part ITI.—Diseases of the Brain, Nervous System, and Spinal
Cord. Price 1s. and 1s. 6d.

Part IV.—Fevers, Skin Diseases, and Intestinal Worms. Price
1s. paper, 1s. 6d. cloth wrapper.

Medicine. Handbook of the Practice of Medicine. By H. AUBREY
Huspaxp, M.B,, F.R.C.S. E. Third Edition. Price 7s. 6d.

Medicine. A Chronology of Medicine from the Earliest Times.
By J. MorcAN RIcHARDS. Price 10s. 6d.

Medicine. ILssays on Conservative Medicine, and kindred topics.
By AusTiN FrisT, M.D., Professor of the Principles and Practice
of Medicine in Bellevve Medical College, New York. Price 5s.

Medico-Military Services. Our Services under the Crown. A
Historical Sketch of the Army Medical Staff. By Surgeon-
Major ALeERT A. GORE, M.D., Sanitary Officer on the Staff.
Price 6s.

Microbes, in Fermentation, Putrefaction, and Disease. By CHas.
CaMERON, M.D., LL.D., ML.P. Price ls

Professor Tyndall, F.R.8., writes :—* Matthew Arnold himself could not find fault with its
flucidity,” while as regards knowledge and grasp of the subject I have rarely met its equal.”™

Microscope. A Compendium of Microscopical Technology, the use
of the Microscope in the preparation of Histological and Patho-
logical Specimens. By Cart SeiLer, M.D., Director of the
Biological Lectures of the Academy of Natural Sciences, Phila-
delphia. Illustrated. Price 5s.

= — — o
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Microscopical Science. Studies in Microscopical Science for the
use of the Medieal Profession, Students, and others interested
in the progress of the Natural Sciences. Edited by ArTHUR C.
CoLe, F.R.M.S,, assisted by eminent Microscopists. Vol. L
containing 53 plates in chromo-lithography. Cloth, price 27s. 6d.
Half-bound morocco, 31s. 6d.

Midwifery. The Prineiples and Practice of Midwifery and Diseases
of Women. By Avexanxper Mirxg, M.D., Viee-president of
the Obstetrical Society of Edinburgh. Second edition, with
numerous illustrations, price 12s. 6d.

Military Surgery. Lessons in Hygiene and Surgery, from the
Franco-Prussian War. Prepared on behalf of Her Majesty's
Government. By Surgeon-General C. Gorpoxn, M.D., C.B.,

Physician to Her Majesty the Queen. Illustrated, price 10s. 6d.

Mind. The Training of the Mind for the Study of Medicine. A
Lecture delivered at St. George’s Hospital. By RoBERT BRUDE-
NELL CARTER, F.R.C.5., Surgeon to the Hospital. FPrice 1s.

“ A remarkable address.”"—The Lancel.
“ Mo one can read it without learning and profiting much."—Stwdents’ Journel,

Mineral Waters. The Mineral Waters of Europe. A complete
Analytical Guide to all the Bottled Waters, and their Medicinal
and Therapeutic Values. By Proressor TicHporNE, LL.D,,
F.C.S., President of the Pharmaceutical Society of Ireland, and
M. Prosser JamEes, M.R.C.P., Lond., Lecturer on Therapeutics,
London Hospital. Physician to the Hospital for Diseases of the
Throat. Price 3s. 6d.

‘i Bucha book as this is simply invaluable."—Tke 1Farid,
“This admirable and conclse hapd-book meets n very pressing want, " — A omum,

Morals. Cheerful Words : Short Sermons for Asylums, Hospitals,
Gaols, and other Public Institutions. By Dignitaries of the
Chureh, and Clergymen. Edited by Wi HysrLop, Superinten-
dent of Stretton House Asylum. Vols. L, IL., price 5s. each.

Morals. A Physician’s Sermon to Young Men. By WiLLiax
PraTT, MLA,, M.D,, ete. Fourth thousand, price 1s. cloth.

“The delicate topic is handled wisely, judicionsly, and religiously, as well as very plainly.”
—The Guardisn.

Morals. Revelations of Quacks and Quackery. A Directory of the
London and Provincial Quack Doctors ; with Facts and Cases
in Illustration of their Nefarious Practices. By * DErecror.”
Twenty-fifth thousand, price 1s. G6d.
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Myodynamics. The Principles of Myodynamies as applied to
Fractures and Dislocations. By J. 8. WieHT, M.D., Professor
of Surgery, at the Long Island College Hospital. With twenty-

nine plates. Price 4s. 1

Naval Hygiene. A manual of Naval Hygiene, for the Preserva-
tion of Health, and the Prevention of Disease on Board Ship.
By J. WiLson, M.D. Second Edition. Price 10s. Gd.

“ No ship ahould leave port without this instructive manunal; yachtsmen will also find it a
most rendable and useful companion. ' — The Feeld,
Nephritis. The Microscopic Anatomy of Interstitial Nephritis.
The Gold Medal Thesis in the University of Edinburgh. By
Bryax C. WALLER, M.D., F.R.C.S. Edin. Price 4s. 6d.

Neuralgia. Its Nature, Causes, and Curative Treatment. By Tuos.
STrRETCH Dowsg, M.D., F.R.C.P. Edin., formerly Medical Super-
intendent of the Central London Sick Asylum. Price 7s. 6d.

Nursing. Hints for Hospital Nurses. By RacHer WiLrLiams, of
St. Mary’s Hospital, London, and ALICE FISHER, of the
Newcastle-on-Tyne Fever Hospital. Price 2s. 6d.

Nursing. How to Feed an Infant. With an Appendix on the
Common Ailments of Infancy, with their Hygienic and Curative
Treatment. By BEnson BAker, M.D. Price 1s. 6d.

“ Popularly writton, and sensible in the highest degree, its widespread perusal would help
to bring about a more rtional system of bringing up Infants, "—tfraphie.
" Based upon the wide and practical experience of the author."—Sociely.

Nursing. How to bring up Children by Hand. By J. Foster
PALMER, L.R.C.P. Price 6d.

Nursing. Practical Guide for the Young Mother. From the French
of Dr, BrRocHARD, Director-General of Nurseries and Créches,
with Notes and Hints by a London Physician. Price 2s.

Obstetrics. Aids to Obstetrics. By Samuel Nall, M.B. Cantab.,
M.R.C.P. Lond.,, First Class Honours Nat. Sei. Cambridge,
Casualty Physician, and Resident Obstetric Assistant, St. Bar-
tholemews Hospital. Price 2s. 6d. cloth, 2s. paper wrapper.

Obstetrics. Hints in the Obstetrical Procedure. By W. B.
AtkinsoN, A.M., M.D. Obstetric Physician in the Howard
Hospital, Philadelphia. Second edition. Price 4s.

Obstetrics. The Therapeuties of Gyn®cology and Obstetries, com-
prising the Medieal, Dietetic and Hygienic Treatment of Diseases
of Women. By W. B. Arkixson, A.M., M.D. Third edition,
shortly.

Obstetrics. Obstetrics and Diseases of Women. By ROBERT
Barnes, M.D., F.R.C.P. (see chapters in Gant's Surgery).
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Obstetrics. On Fibrous Tumours of the Womb : Points connected
with their Pathology, Diagnosis and Treatment. By C. H.
F. Rourn, M.D.,, M.R.C.P. Lond., Senior Physician to the
Samaritan Hospital for Women. Price Js. Gd.

Osteology. Osteology for Students, with Atlas of Plates. By
ARTHUR TrREHERN Nortox, ILR.C.5,, Surgeon to, and Lecturer
on Surgery at, St. Mary’s Hospital. Atlas and Text in one
volume, 7s. Gd. ; in two volumes, 8s, 6d.

“The handiest and most complete hand-book of Osteology."— The Lanes.

Ovarian Disease. The Pathology and Treatment of Diseases of
the Ovaries, (Hastings Prize Essay). By Lawson Tair,
F.R.C.S., Surgeon to the Hospital for Women, Birmingham.
Fourth edition, revised and enlarged. Price 10s, 6d.

Overwork. Overwork and Premature Mental Decay : its Treatment.
By C. H. F. Rourx, M.D., M.RE.C.P. Lond. Price 2s. 6d.

Pharmacy. Latin Grammar of Pharmacy, for the use of Medical
and Pharmaceutical Students, with an Essay on Latin Prescrip-
tions. By Josern Ince, AK.C.L, formerly Examiner and
Member of Council, Pharmaceutical Society. Second Edition.
Price 4s.

Pharmacy. Aids to Pharmacy. By C. E. ArMAND SEMPLE, B.A.
M.B., Cantab.,, ML.R.C.P.,, Lond., Examiner in Arts, at the
Apothecaries” Hall, eloth, price 2s. 6d. ; paper wrapper 2s.

Pharmacy. A Treatise on Pharmacy. A Text-book for Students,
and a Guide for the Physician and Pharmacist. By EDWARD
Parrisa.  Fifth edition, revised by T. S, Wiecaxp, F.C.8.
With 300 illustrations, half-bound morocco, price 30s.

** Thera is nothing to equal Parrish’s Pharmacy in this on any other language."—Plasna-
eelice! Sowrnal,

Pharmacy. WNotes on the Pharmacopwial Preparations (being
Part II. of a * Text-book of Materia Medica and Pharmacy.”)
By Drs. HANDSEL GRIFFITHS and G. F, DUrrFEY. Price 3s. 6d.

Physiology. A Manual of Physiology. By E. D. MAPoTHER,
M.D., Professor of Physiology ; formerly President Royal College
of Surgeons, Dublin, Third edition, edited by T. F. Knorr,
Demonstrator of Anatomy, Royal Coll. of Surgeons. Price 14s.

A8 a storehouse of information, it is superior to any manual of its size with which weare
acquainted.""—Mhblin Jowrnal of Medical Scicnee.

Physiology. Aids to Physiology. By B. TuompsoN LOWNE,
F.R.C.S., Arris and Gale Lecturer, and Examiner in Physiology,
Royal College of Surgeons of England. Fourth thousand, illus-
trated. Complete in two parts 2s. each, or bound together in
one vol., cloth, 4s, Gd.

*“As “aids ’ and not substitutes, they will prove of real value to students. "—Medical Press.
¥ Certainly one of the best of the now popular * Aid Series,” "' —Students’ Jowrnal,
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Physiology. The Physiologist in the Household. By J. MILNER
Foraerciun, M.D., M.R.C.P. Part I,—Adolescence. Price 1s.

Physiological Chemistry. Aids to Physiological Chemistry. By
J. L. Tavpicausm, M.D., F.R.C.P., Lond. President of the
West London Medico-Chirurgical Society. Formerly Lecturer

on Physiological Chemistry, St. Thomas's Hospital. Cloth,
price 2s. 6d. Paper wrapper, 2s.

Physiological Factor in Diagnosis. By J. MiLxer FoTHERGILL,
M.D., M.R.C.P., Lond, Physician to the City of London
Hospital for Diseases of the Chest. Second edition. Price 7s. 6d.

Physiological Laboratory. Manual for the Physiological Labora-
tory. By ViNcent Harris, M.D., M.R.C.P., Demonstrator
of Physiology at St. Bartholomew's Hospital, and D’Arcy
Power, B.A. Oxon., Assistant Demonstrator. Second edition,
price s,

**This mannal is already well and favourably known, and the new edition eontains many
valuable additions. — Loaweet,

“The first edition was one of considerable merit, but the illuatrations in the present volume
have greatly increased its value."—British Mecdical Jowrnawl,

“The instructions are practical, cloar and preeise, and the amount of ground eovered is
surprising by large. "— Glasgoir Wedical Jowrnal.

Population. On the Evils, Moral and Physical, likely to follow,
if practices, intended to act as checks to population, be not

strongly discouraged and condemned. By C. H. F. Routn, M.D.,
F.R.C.P. Second thousand, price 1s.

Posology. Posological Tables: a Classified Chart, showing at a
glance the Dose of every Officinal Substance and Preparation.
By Haxpser GrirritHs, Ph.D.,, L.R.C.P. Fourth edition.
price 1s. ; or mounted on linen, rollers, and varnished, 3s. 6d,

Posological and Therapeutic Tables, containing the Doses, Ac-
tions, and Uses of the Medicines of the British Pharmacopeeia.
By Arexanper HEeNRry, M.B. Second edition, cloth, 2s,

Prescriptions. The Student’s Pocket Prescriber. By H. AUBREY
Huseanp, M.E,, F.R.C.S.E. Price 1s., cloth.

Prescriptions. Favourite Prescriptions of Distinguished Prac-
titioners, with Notes on Treatment. By B. W. PALMER, A.M.,
M.D. Price 4s.

Public Health. The Practical Guide to the Public Health Acts
and Correlated Acts, for the use of Medical Officers of Health
and Inspectors of Nuisances. By Thos. WaiTesIDE HIME,
B.A., M.B, Medical Officer of Health for the Borough of

Bradford, lately Medical Officer of Health for the Borough of
Sheflield.
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Plant Analysis. Quantitative and Qualitative. By G. DRAGEN-
DORFF, Professor of Chemistry and Pharmacy in the Universit
of Dorpat. Translated by Hy. G. Greenisu, ALC. 7s 6

Salt. History of Salt, with Observations on its Medicinal and
Dietetic Properties. By Evan MarrLerr Boopy, F.R.C.S.,
F.8.8, LLR.C.P. Price 2s. 6d.

Sanitary Law. A Digest of the Sanitary Acts of England and
Scotland, By H. Ausrey Huseanp, B.Se, F.R.C.S, Edin.
Price 3s. 6d.

Sewage. The Sewage Question: Reports upon the Principal
Sewage Farms and Works of the Kingdom, with Notes and
Chemical Analyses, By the late Dr. LETHEBY. Price 4s. 6d.

“ These Heports will dissipate obseurity, and, by placing the subjeet in a proper light, will
enabile loeal authorities, and others Interested in the matter, to perceive the actual truths of
the question, and to apply them practically.”

Skin. Diseases of the Skin. By Sir Erasmus WiLson, F.R.S,,
F.R.C.5. (See chapters in Gant's * Surgery ”).

Skin. Some Diseases of the Skin which are produced by derange-
ments of the Nervous System. By T. StrRETCH Dowsg, M.D.,
F.R.C.P. Edin. Price 2s.

Skin. Lectures on Ring-worm and other Diseases of the Skin, due
to Vegetoid Parasites, By Jas. StarTin, M.R.C.S. Price 1s.

Sphygm ph. The Sphygmograph : its History, and use as an
E iid to Diagnosis, By R. E. Dubncron, M.D. Price 2s. 6d.

Sphygmograph. The Use of the Sphygmograph in Surgery. By
F. A. Manmomep, M.D., M.R.C.P. Lond., Assistant Physician
Gruy’s Hospital. (See chapter in Gant’s “* Surgery.”)

Spinal. Diseases of the Spinal Cord. By Byrom BRAMWELL,
M.D., F.R.C.P. Ed., Pathologist to the Royal Infirmary Edin-
burgh. Price 15s.

Surgery. The Science and Practice of Sur§. ry, being a Complete
ext-hook. By FRrEDERICK J. Gant, F.R.C.S. President of
the Medical Society of London, Senior Surgeon to the Royal
Free Hospital. Second edition, illustrated by nearly 1000 en-
gravings, new and original, in 2 vols,, price 31s. 6d.
With special chapters by

Wim. Adams, F.R.C.8., Deformities. Hy. Power, F.R.C.8., Ophthalmic Surgery.
Robt. Barnes, M.D., F.R.C_P., Obstetrics. | Loidlaw Purves, M.D., Aural Surgery.
Morell Mackenzie, M.I)., The Throat. C. 8. Tomes, F.R.8., Dental Surgery.

F. A.Mahomed, M.I., The Sphygmograph. | Sir Erasmus Wilson, F.R.5., The Skin,
* Gant's able and laborious workt must be commended.”— e Lomeet,
“ Does credit to the author’s thorough surgical knowledge. "—Brilish Medical Jowrnal,

 Will become one of the most popular Burgical Text-books in the English language."—
Medical Press.

i A very complete aud trustworthy guide to practice." — Medical Thmes.
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Surgery. Aids to Surgery. By GrorceE Browx, M.R.C.S.
Parts I. and IL, price 1s. Gd. and 1s. each.

Surgery. The Text-book of Operative Surgery. From the French
of Professors CLAUDE BErNARD and HurTTE. With 58 plates.
Text edited and re-written, by ARTHUR TREHERN NORTON,
F.R.C.5., Surgeon to, and Lecturer on Surgery at, St. Mary’s
Hospital. Price, plain, 25s. ; coloured, half-ealf, 50s.

“0f the highest merit as a puide to operative surgery,"—Students” Journal,

Surgery. Abstracts of Surgical Principles for Students. By
Tros, ANNaxpare, F.R.C.S, F.R.S., Surgeon to, and Lecturer
on Surgery at, the Royal Infirmary, Edinburgh. * Price 7s. 6d.

Surgery. A Manual of the Operations of Surgery, for the use of
Senior Students, ete. By Josepn BerLn, F.R.C.S., Lecturer on
Surgery, Royal Infirmary, Edinburgh. Third edition, price 6s.

Surgical Anatomy. The Student’s Handbook of Surgical Anatomy.
By Joun McLAcHLAN, M.B. Price 2s.

Surgical Treatment. Notes on Surgical Treatment and Minor
Operations. Designed especially for House Surgeons and
Students. By T. F. Horcoop, L.R.C.P., M.R.C.S. Surgeon to
the Sunderland Infirmary. Price 2s. 6d.

Teeth. Dental Surgery. By Cuas. S. Tomes, M.A. Oxon, F.R.5.
(See chapters in Gant’s * Surgery.”)

Teeth. The Dental Student’s Note-Book. By OAKLEY COLES,
L.D.8. Second thousand, price 2s. 6d.

Theories of Disease. The Germ Theories of Infections Diseases.
By Jou~N Dryspare, M.D., F.R.M.S,, President of the Liverpool
Microscopical Society. Price ls.

Theories of Disease. A Parasitic or Germ Theory of Disease :
the Skin, Eye, and other affections. By JABEZ Hoce, M.R.C.5,,
Consulting Surgeon to the Royal Westminster Ophthalmic
Hospital. Second edition, price 2s. 6d.

Theories of Life. Life and the Equivalence of Force. By Jomx
DryspaLE, M.D., F.R.M.S., President of the Liverpool Micro-
scopical Society. ;

Part I Historical Notice of the Discovery of the Law of
Equivalence of Force. Price 1s.

Part II. Nature of Force and Life : containing the Harmony
of Fletcher and Beale. Price 1s. 6d.
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Theories of Life. The Protoplasmic Theory of Life. Containing
the Latest Researches on the subject. By Joux Dryspark,
M.D., FR.M.S. Price 5s.

Theories of Life. Can we Prolong Life? An Enquiry into the
Causes of Old Age and Death. By C. W. DE Lacy Evaxs,
M.R.C.S. Price 5s. :

#“A good aceount of the somatie changes which oceur with the advance of age "—
The Lancel.

“ This is a very ingenious and interesting book."—Chemist and Dirugpist,

Therapeutics. Modern Medical Therapeutics. A compendium
of recent Formula and Specific Therapeutical directions, from
the practice of eminent Contemporary Physicians, English,
American, and Foreign. Edited by G. H. Napueys, A M., M.D.
Seventh edition, price 18s,

i A summary of the best modes of treatment.”— Pracfitioner,

& The volume will supply what many practitioners are often anxious to possess for reference
in the practice of their art,” — &lasgow Medical Jowrnal,

Theraf.peuticg. Modern Surgical Therapeutics. From the Practice

of eminent contemporary Physicians and Surgeons, English
American, and Foreign. FEdited by G. H. Napueys, AM.,
M.D. Seventh edition, price 18s.

“0f much value to the surgeon and general practitioner, "—New Yorl Afdical Journal,
Y Imvaluable to every practising physician.”—>~New York Medicel Record,

Therapeutics. The Principles and Methods of Therapeuties.
Translated from the French of ApoLrHE GueLEr, M.D.,
Professor of Therapeutics in the Paris Faculty of Medicine,
half-calf, price 18s.

Therapeutics. The Therapeuntics of Gynacology and Obstetrics,
comprising the Medical, Dietetic and Hygienic Treatment of
Diseases of Women By Contemporary Specialists, Edited by
W. B. AtkiNson, A M., M.D. Third edition, in preparation.

Therapeutics. Aids to Rational Therapeutics, for the guidance of
Practitioners and Senior Students. By J. MILNER FOTHERGILL,
M.D. Price 2s., paper wrapper ; 2s. 6d., cloth.

Throat. Movable Atlas of the Throat, and the Mechanism of Voice,
Speech, and Taste. By Prof. WiTkowsKkr, (See Anatomy.)

Throat. Diseases of the Throat. By MorELL MacKEnzie, M.D,
(See chapters in Gant's * Surgery.”)
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Throat. The Throat and its Diseases. A Practical Guide to Diag-
nosis and Treatment. With 100 typical illustrations in chromo-
lithography and 50 wood engravings. By LENNOX BROWNE,
F.R.C.5. Edin., Senior Surgeon to the Central London Throat
and Ear Hospital. Second edition. Shortly.

Throat. Affections of the Throat and Larynx. By ARTHUR
TrREHERN NortoN, F.R.C.S,, Surgeon to St. Mary's Hospital.
mecond edition, illustrated, price 6s.

“* Bhort, simple, and thorouglly practical instruction,"'—3adical Timeas,

Throat. Lessons in Laryngoscopy and Rhinoscopy : including the
Diagnosis and Treatment of Diseases of the Throat and Nose.
Tllustrated with hand-coloured plates and woodeuts. By
Prosser James, M.D., M.R.C.P. Fourth Edition. Shortly,

Transfugion. On Transfusion of Blood and Saline Fluids, The
Operation being considered with special reference to Cholera,
and to the Hwemorrhages of Parturition. By CuHArLEs EGER-
ToN JENNINGS, L.LR.C.P., London, M.R.C.5., formerly House
Physician and Resident Accoucheur at the London Hospital.
Second edition, with 1llustrations and Preface, by Sir SPENCER
WELLS, Bart., crown 8vo, 3a 6d.

- Transactions of Societies. Transactions of the Academy of

Medicine in Ireland. Vol. I. 1883. Edited by WiLLiam THOM-
soN, M.A., F.R.C.S., General Secretary, med. 8vo, cloth, 414
pp., with numerous Illustrations, price 14s.

Urine. The Urine; a Guide to its Practical Examination. By
J. Tysox, M.D., Professor of Morbid Anatomy in the University,
and President of the Pathological Society of Philadelphia.
Fourth edition, with numerous illustrations, price 7s, 6d.

s We think it the most practically useful puide we have on the subject."—Medieal Reeord.

Urinary Diseases. Diseases of the Bladder, Prostate Gland, and
Urethra, By F. J. Gaxt, F.R.C.5,, Senior Surgeon to the Royal
Free Hospital. Fifth edition revised and enlarged, with nu-
merous illustrations, price 12s, 6d.

Urinary Diseases. Genito-Urinary Diseases and Syphilis. By
FessENDEN N. Oris, M.D., Clinical Professor of Genito-Urinary
Diseases in the College of Physicians and Surgeons, New York,
ete. It forms a handsome 8vo,, volume of about 600 pp., cloth,
price 18s
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Vichy. Vichy and its Therapeutical Resources. By Prossor JAMES,
M.D.,, M.R.C.P., Lond.; Lecturer on Materia Medica and
Thereapentics at the London Hospital; Physician to the Hospital
for Diseases of the Throat, cloth, price 2s. 6d.

Voice. Artistic Voice in, Speech and Song. Dedicated by special
rmission to Mr. Sims Reeves, Mr, Santley and Mr. Maas,
y CHARLES LUNN. Price 1s.

Voice. The Philosophy of Voice. Showing the right and wrong
Action of the Breath and Vocal Cords in Speech and Song,
By CuArLEs LUNN. Fourth Edition. Price 1s, 6d.

Voice. The Voice Musically and Medically considered. By C.
ARMAND SEMPLE, M.B., Cantab.,, M.R.CP., Lond. (In the
press. )

Whooping-Cough. Its Pathology and Treatment. Being the Prize
Essay to which the Fothergillian Gold Medal of the Medical
Society of London was awarded in 1882, By Taos. M. Dorax,

F.R.CS5., LR.C.P.E. Price 3s. 6d.

Weisen. As a Winter Health Resort in Early Phthisis, with in-
structions on diet, clothing, etc., in the Swiss Alps, during winter.
By A. T. Tucker Wisg, M.D., cloth, with maps, price 3s. 6d.

Zoology. Syllabus of Vertebrate Morphology. A few of the more
important facts regarding the Zoology of the Vertebrata. By

J. E. WEST, Demonstrator Royal College of Surgeons, Edin.
Price 1s, 6d.

Zoology and Comparative Anatomy, Aids to. By Major
GrEENwoop, M.R.C.S, LR.C.P.,, Honours in Zoology,
University of London. Price 25 6d. cloth, and 2s. paper.
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THE STUDENTS' AIDS SERIES.

For all the Matriculation Examinations, University and Medical
College Examinations, including the Classies.

Specially designed to assist Students in committing to memory and
grouping the subjects upon which they are to be examined.

Aids to Anatomy. By Grorct Browxs, M.R.C.S,, Gold Medal-
list, Charing Cross Hospital. Eighth Thousand. Price 1s. Gd.
cloth ; 1s. paper wrapper.

“The little ook is well done."— Laacst,

Aids to Botany. By C. E. Armaxp SempLE, B.A., M.B. Cantab.,
M.R.C.P., Lond., late Senior Examiner in Arts at Apothecaries’
Hall. Third Thousand. Price 2s, 6d. cloth ; 2s. paper wrapper.

Aids to Chemistry. Dy the same Author.

Part I.—Inorganic : Non-Metallic Substances. Fifth thou-
sand, price 1s. 6d. and 1s.

Part IL—Inorganic: The Metals. 2s. 6d., 2s.
Part III.—Organic. Price, cloth 2s, 6d.; paper 2s.

Aids to Dia.gﬁmsis. Part I.—Semeiological. By J. MiLNER FoTHER-
GILL, M.D., M.R.C.P. Lond. Price 1s. 6d. cloth ; 1s. paper.

Part IT.—Physical. By J. C. THorROWGOOD, M.D., F.R.C.P.
Lond. Price 1s. 6d. cloth ; 1s, paper wrapper.

Part I1I.——What to Ask. By J. MiLxEr Foruercinn, M.D.,
M.R.C.P. Lond. Price 1s. 6d. cloth ; 1s. paper.

i A mine of valuable Information."—Edindurgh Medical Jowrnal,

Aids to Examinations. Being Questions and Answers on Materia
Medica, Medicine, Midwifery, Pathology, ete. By W. Dovcras
Hemming, F.R.C.S,, and H. Averey Huseaxp, M.B,, F.R.C.S.
Third thousand. Price 1s. 6d. cloth; and 1s. paper.

Aids to Forensic Medicine and Toxicology. By W.D. Heum-
miNG, F.R.C.S. E.,, and H. Ausrey Huspanp, M.B,, F.R.C.S. E.
Third Thousand. Price 1s. 6d. and 1s.

' We have no hesitation in recommending Mr. Hemming's book. ""— Lanest,

Aids to Gynzcology. By H. Macxaveuron Joxes, M.D,,
F.R.C.8.L, F.R.C.5.E,, Professor of Gyn®cology, Queen's Col-

lege, Cork, Examiner in Midwifery, Royal College of Surgeons,
Ireland. Shortly.
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Aids to Materia Medica and ThEraEEuﬁcs. By C. E. ARMAND
SeMPLE, B.A., M.B. Cantab., M.R.C.P. Lond.

Part I.—The Non-Metallic and Metallic Elements, Aleoholic
and Ethereal Preparations. Fourth Thousand shortly.

Part II.—Vegetable and Animal Substances, 2s. 6d. and 2s.

Part IIT.—Tablets of Materia Medica. Price 1s. 6d. and 1s.

Aids to Medicine. By the same Author,
Part I.—General Diseases. TLungs, Heart, and Liver. Third
Thousand. Price 2s. 6d. and 2s.
Part IL—The Urine, Kidneys, ete. New edition shortly.
Part III.—Diseases of the Brain and Nervous System.
Price 1s. 6d. and 1s. :
Part IV.— The Fevers, Skin Diseases, &c. Price 15.6d. and 1s.

Aids to Obstetrics. By Samver Nawn, B.A., M.B, Cantab.,
M.E.C.P., Lond., Scholar in Natural Science, St. Bartholomew’s
Hospital, late House Physician and Resident Obstetric Assistant,
St. Batholomew’s Hospital. Price 2s.6d. cloth, 2s. paper wrapper,

Aids to Pharmacy. By C. E. Armanp SevrLe, B A, M.B,, Cantab.,
M.R.C.P., London. Cloth, price 2s. 6d. ; paper wrapper, 2s.

Aids to Physiology. By B. TrHomrson Lowne, F.R.C.S., Ex-
aminer in Physiology, Royal College of Surgeons. Fourth thou-
sand. Complete in two parts at 2s. each, or bound in one vol.
cloth, price 4s. 6d.

** Cortainly one of the best of the now popular Aids Series."— Students® Jowrnol.

Aids to Physiological Chemistry. By J. L. Taupicauy, M.D,,
F.R.C.P., Lond. President of the West London Medico-

Chirurgical Society, formerly Lecturer on Physiological
Chemistry, St. Thomas’s Hospital. Price 2s. 6d. and 2s,

Aids to Psychological Medicine. By L. S. Forers WinsLow,
M.B., D.C.L. Oxon. Price 1s 6d. and 1s.

Aids to Public Health. By J. L. Tuupicaum, M.D,, FRCP,,
Lond. Price 1s. Gd. cloth, 1s. paper.

Aids to Surgery. Part LBy GeorcE Brown, M.R.C.S. Price
1s. 6d. and 1s. Part II. 1s. 6d. and 1s.

Aids to Rational Therapeutics. By J. MiLNER FOTHERGILL,
M.D.,, MR.C.P. Lond. Double Part. Price 2s. 6d. and 2s.

Replies to Questions in Therapeutics. By BRINDLEY JAMES,
M.R.C.S. Price 1s. 6d. cloth, 1s. paper wrappers,

Aids to Zoology. By Major Greexwoop, M.R.C.S,, L.R.C.P.,
Honours in Zoology, University of London. Price 2s. 6d., and 2s.
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CATALLOGUE OF WORKS

IN

VETERINARY MEDICINE AND SURGERY.

Amateur. Horses: their Rational Treatment and the Causes of
their Premature Decay. By AMATEUR. Price 5s.

An Abridgment of the above. By the same Author. Price

Is.

Beacock. Prize Essay on the Breeding, Rearing, and Fattening of
Cattle and Sheep, and proper treatment of Cows at time of
Calving. By JoseErH BEAcock. Price 3d.

Burness—Mavor. The Specific Action of Drugs, an Index to
their Therapeutic Value. By ALEXANDER G. Bur~Ess and F.
MavoR, President of the Central London Veterinary Society.
Price 10s, 6d.

Chauveau--Fleming. The Comparative Anatomy of the Domes-
ticated Animals. By A. CHAUVEAU, Professor at the Lyons
Veterinary School, and GEORGE FrLEMING, MLR.C.V.S. 450 en-
gravings, Price 31s. 6d.

The Original Work in French. Price 20s.

Fearnley. A Text-Book on the Examination of Horses as to
Soundness. A course of Lectures enlarged, delivered at the
Royal Veterinary College, Edinburgh. By Professor FEARNLEY,
with an Appendix on the Law of Horses and Warranty. Price
7s. Gd.

¢ Free from technical terms, and eminently fit for every horse dealer’s or owner’s library.™
—lliustrated Sperting Newa.

Lessons in Horses Judging. Price 4s.

The Simple Ailments of Horses their Nature and Treatment.
Price 6s.

— e —
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Fleming. A Text-Book of Veterinary Obstetrics, including the
diseases and aceidents incidental to pregnancy, parturition and
early age in the Domesticated Animals. By GEORGE FLEMING,
F.R.C.V.S, F.R.G.S,, President of the Royal College of Veteri-
nary Surgeons, Principal of the Army Veterinary Department.

Profusely illustrated. Cloth, price 30s.

i Has filled up & void in & more satisfactory and complete way than any other member of

hiis feasion conld have done ' —The Field, .
13.;..}111:1:1 who makes any pretensions to veterinary sclence or stock breeding can dispens.

with this work. "— Live Stocl: JSousol,

A Text-Book of Operative Veterinary Surgery. Shortly.

A Text-Book of Veterinary Pathology and Practical Thera-
peutics. (In preparation.)

The Contagious Disease of Animals: their influence on the
wealth and health of the nation. Read before the Society of
Arts. Price Gd.

Animal Plagues; their History from the Earliest Times,
Nature, and Prevention. Vol. L., price 13s.

Animal Plagues: from A.D. 1800 to 1844, Vol IL, price
12g,

Tuberculosis from a Sanitary and Pathological point of view.

Price ls.

Human and Animal Variole. A Study of Comparative

Pathology. Price 1s.

Practical Horse Shoeing. With 37 illustrations. Third

edition, enlarged, 8vo., sewed, 2s.

A Manual of Veterinary Sanitary Science and Police. 2 vols.
With 33 illustrations. Demy 8vo. Price 36s.

——— The Influence of Heredity and Contagion on the Propagation
of Tuberculosiss. By G. Piemine, F.R.C.V.S.,, HErr A.
LypriN, and M. VAN HErTSEN., Price 3s. Gd.

Hill The Management and Diseases of the Dog. Copiously illus-
trated. By J. Woobrorre Hirr, F.R.C.V.S. Second edition,
10s. 6d.

* Contains muck valuable information.”—The Field.
" An excellent and complete manual,"'—Fie Standard,

Principles and Practice of Bovine Medicine and Surgery.

g:iping%ly illustrated with woodeuts and Coloured Plates.

ce 30s.

Lambert. The Germ Theory of Disease, Concisely and Simply
Explained. Illustrated by Diagrams and References to Im-
ortant Diseases of Domestic Animals, etc. By JAMES LAMBERT,
R.C.V.8,, Army Veterinary Department, Inspecting Veterinary
Surgeon for Ireland. Price 1s.
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McBride—Mayer. Anatomical Outlines of the Horse. By J. A.
MeBripg, M.R.C.V.8.,and T. W. Mayvegr, FR.C.V.S. With
plain and coloured illustrations. Cloth 8s. 6d.

IMeyrick. Stable Management and the Prevention of Diseases
among Horses in India. By J. J. Mevrick, F.R.C.V.S,
Principal Army Veterinary Surgeon to H. M. Calvary in Egypt.
Formerly Assistant Superintendent of Horse Breeding for the
Punjab. Price 2s. 6d.

Reynolds. The Breeding, Rearing, and Management of Draught
Horses. By RicHARD REvNoLDs, MLR.C.V.S. Price 3s. 6d.

Robertson. A Handhook of the Practice of Equine Medicine
By WiLnian Ropertson, F.R.C.V.S., Principal and Professor
of Hippopathology in the Royal Veterinary College, London.
Price 25s.

Strangeways. Veterinary Anatomy. Second edition. By Pror.

VAUGHAN, Lecturer on Anatomy and Zoology at the New
Veterinary College, Edinburgh, Price 24s.

Tellor. The Diseases of Live Stock and their most efficient remedies ;
including Horses, Cattle, Sheep and Swine. By Lroyp V.
TELLOR. 10s. 6d.

Walley. The Four Bovine Scourges: Pleuronenmonia, Foot and
. Mouth Disease, Cattle Plague, and Tubercle ; with an Appendix
on the Inspection of Animals and Meat. By THos. WALLEY,
F.R.C.V.S. Price 16s.

Veterinary Diagrams in Tabular Form. Illustrated with
coloured and plain Engravings. Size of sheet 28] inches by 22
inches. Price per set of Five, 125 ; or mounted on roller and
varnished, 27s, ; or separately as follows :

No. 1.—The External Form and Elementary Anatomy of the
Horse. Price 3s. 6d., or mounted on roller and varnished, 6s. Gd.

No. 2,—The Unsoundnesses and Defects of the Horse. Price
25, 6d., or mounted on roller and varnished, 5s. 6d.

No. 3.—The Age of Domestic Animals. Price 2z 6d., or
mounted on roller and varnished 5s. 6d.

No. 4—The Shoeing of the Horse, Mule and Ox. Price
2s, 6d., or mounted on roller and varnished, 5s. Gd.

No. 5.—The Elementary Anatomy, Points and Butcher's

Joints of the Ox. Price 3s. 6d., or mounted on roller and
varnished, Gs. 6d.

The Veterinary Journal and Annals of Comparative
Pathology. Monthly, price 1s. 6d. Annual Subscription 18s.
prepaid.

i
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AIDS TO THE CLASSICS.

For the University Matriculation and other Examinations. Edited
by PiercE EcaN, MLA. Lond., and A. C. MAvBURY, D.Sc. Lond.
With literal translation and copious notes—Historical, Geo-
graphical, and Grammatical account of the author and his
works, Now ready, price 1s. each—

CIESAR: De Bello Gallico. Lib. I. Text and Notes, By Pierce Ecax.
CESAR: De Bello Gallico. Lib. II. Text and Notes. By A. C. Mayeury.
CHESAR: De Bello Gallico. Lib. I. Translation. By Prerce Ecax.
CZESAR : De Bello Gallico. Lib. II. Translation. By A. C. MAYBURY.
CICERO: First Oration against Catiline, Text, Translation, and Notes.
OVID: Metamorphoses. Lib. IT. Text and Notes. By A. C. MAYBURY.
OVID : Epistole ex Ponto. Lib. I. Text and Notes. By A. C. MAYBURY.
OVID: Metamorphoses. Lib. II. Translation. By A  C. MAYEURY.
OVID: Epistole ex Ponto. Translation. By A. C. Mayeury.

SALLUST : Conspiracy of Catiline. Text, Translation, Copious Notes—

Grammatical, Historical, and Geographical—and Life of the Author. By
Pierce Ecaw. Price 1s. 6d.

CICERO: De AMICITIA. Text, Translation, and Notes. Price 2a.

Aids to Analytical Geometry.—The Straight Line and Circle
(with a chapter on the other Conics) contains, besides numerous
easy exercises in the text, the Questions on the Line and
Circle set (up to date) at the London University B.A. and
B.Sc. Intermediate Examinations; with Answers, and solutions
or hints. By A. LE SUEUR, B.A., Cant. Matriculation Lecturer
at St. Thomas’ Hospital, Assistant, Mathematical Teacher at
New College. Price 2s

The Matriculation Chemistry. Written specially for the use of

Candidates preparing for the University of London. (In pre-
paration. )

The Science Examinator. Experimental Physics.—Containing
all the Questions in Light and Heat at the last Six Matricula-
tion Examinations, progressively arranged ; also those set at

the preliminary M.B. and First B.Sc. Examinations, from 1875
to 1879 inclusive. Price 1s.

N.B.—The Latin Series will be published as announced in the
Regulations for Matriculation (London University).
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DIRECTORIES.

The Irish Medical Directory (Annual). A Directory of the
Profession in Ireland ; their Residences and Qualifications ; the
Public Offices which they hold, or have held; the Dates of
Appointments ; and published writings for which they are dis-
tinguished, ete., together with the various Acts of Parliament
relating to the Medical Profession at large, price Gs.

The Official Register of the Royal College of Veterniary
%qrgeuns ; published in accordance with the Act of Parliament.
rice 28,

The Australian Medical Directory and Handbook. (Annual.)
Edited by Lupwic BRUuck. Price 15s.

Commercial Directory for Spain, its Colonies and Dependences
Containing 500,000 Names and Addresses of the Commercial
Houses, Public Officers, Offices, etc., etc. Aunual, price 25s.

Versiones Inglesas, Uullecciuna.da.s; y Anastadas par J. M. de
ZUBIRIA, Profesor regente de la Catedra de idioma Ingles.
Publica y Gratueta sustenida por el excelentisimo Ayuntamiento

a la 8, Villa de Bilban. Price 3s.

SOCIETY PROCEEDINGS.

Transactions of the Academy of Medicine in Ireland. Edited
by Wu. THOoMPSON, M.A., M.D., F.R.C.S., I. VolumeI:, 1833,
Price 15s. :

*+" Single copies of any work sent post free in the United Kingdom on receipt
of published price. :

Any work not in this Catalogue, will be procured and sent immediately on
receipt of order with remittance or reference.

Special terms made for large purchases, the furnishing of libraries, and shipping
orders,

Messrs, Bailliére, Tindall, and Cox have special facilities for the disposal of
authors’ works in the United States, and abroad; being in almost daily com-
munication with the principal houses and agents. _

Messrs, Baillitre, Tindall, and Cox are the specially appointed Agents for
“*The Revue des Deux Mondes,”
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