The physiology of the carbohydrates : their application as food and relation
to diabetes / by F. W. Pavy.

Contributors

Pavy, F. W. 1829-1911.
Augustus Long Health Sciences Library

Publication/Creation
London : J. & A. Churchill, 1894.

Persistent URL

https://wellcomecollection.org/works/ua3d4rud

License and attribution

This material has been provided by This material has been provided by the
Augustus C. Long Health Sciences Library at Columbia University and
Columbia University Libraries/Information Services, through the Medical
Heritage Library. The original may be consulted at the the Augustus C. Long
Health Sciences Library at Columbia University and Columbia University.
where the originals may be consulted.

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/

£S5 STA

MBIy

267




| COLUMBIA UD
| DEPARTMENT OF PHYSIDLOGH

THE JOHN G. CURTIS LIBRARY










THE

"PHYSIOLOGY OF THE
CARBOHYDRATES;

THEIR APPLICATION A3 FOOD AND RELATION TO DIABETES.

LY

W, PAVY: MD, LLD, ERS,

FELLOW OF THE ROYAL COLLEGE OF PHYSICIANS &
COXSULTING PHYSICIAN TO, AXD FORMERLY LECTURER 0¥ PHYSIOLOGY AND ON THE
FRACTICE OF MEDICINE AT, GUY'S HOSPITAL,

{ALL RIGHTS OF TRAMSLATION AND REFRODUCTION RESERVED.)

LONDON :

J. & A. CHURCHILL,
11, NEW BURLINGTON BTREET.

1804.






PREFACE.

THE carbohydrate principles constitute by far the largest portion
of organic matter. They thus hold a position of great sicnificance
in relation to living nature. Taking origin in the vegetable king-
dom as a result of the operation of solar influence throuch living
matter, they primarily play a part in the scheme of life of the
vegetable organism, and secondarily enter, either directly or indi-
rectly, into the food supply of animals.

It is this latter subject which is specially dealt with in this
volume, but a comprehensive view of the bearings of the ecarbo-
hydrates thronghout both living kingdoms requires to be taken, in
order that a right understanding may be obtained of their appli-
cation within the animal system. The prevailing notions have
been constructed upon a fallacious foundation. I have entered
minutely into the experimental evidence by which the error ex-
isting is made manifest. By the glycogenic doctrine the mind has
Leen conducted in the wrong direction, and, as a natural conse-
quence, the search for knowledge has hitherto resulted only in
fruitless gropings in the dark. Through the recognition of the
glucoside constitution of proteid matter a elue was given which
has led te the discovery of what I venture to regard as the true
key to the situation, With the light that has been thrown upon
the question, nature can be intelligibly read, and we have sumply
to look around and take notice of the results that are lying clearly
open to view before us.  The new departure brings the operations
of animal and plant life into harmony with each other. The
simplest of organisms—a yeast cell for example—may, indeed, be
made use of to illustrate the occurrences taking place in our own
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bodies. Moreover, the teachings of experience in eonnection with
diabetes, which may be pronounced to be absolutely irreconcilable
with the prevailing physiological views, not only agree with, but
in the strongest manner support, the doctrine that is in this
volume set forth.

A life’s labour, attended with unceasing laboratory work, has
been devoted to the attainment of the knowledge that has been
acquired. To the authorities of Guy’s Hospital T shall ever feel
orateful for the assistance rendered in the cause of science by the
provision of laboratory accommodation throughout the period of
my association as a member of the acting staff. Since that period
I have found in the research laboratories of the Royal Colleges of
Physicians and Surgeons at the Examination Hall everything that
could be desived for facilitating my experimental work, and thus
promoting advance to the goal that has now been reached.

During the many years that my investigations have been
carried on I have been assisted by a succession of zealons and
able helpers, derived from past students of the Royal College of
Chemistry. Notable amongst the assistants who have rendered
me valuable service are Mr. Scard, Mr. Rowntree, and Mr. Siau.
It is a pleasing duty to tender this acknowledgment, and it re-
mains for me further to say that to Mr. Rowntree [ am, in addition,
indebted for painstaking aid in the labour involved in the issue of
this work.

35, Grosvenor Street,
Grosvenor -S'guu-i-:!,

Muay, 1894,
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INTRODUCTORY CONSIDERATIONS,

Tue carbohydrates constitute a sharply-defined group of prineiples
occurring widely and largely in the realm of organic nature.

They are composed of the three elements, carbon, hydrogen, and
oxygen. The number of carbon atoms in the molecule is ordinarily
six, or a multiple of six,* and the hydrogen and oxygen are always
present in the proportion to form water.

The general formula for the group may be represented as
{Ce(H:0)u}w ; and, looked at simply from their elementary compo-
gition, the constituent members stand throughout in the position
of hydrates of carbon. In speaking of them, however, as earbo-
hydrates, it is not considered that there are grounds for regarding
them as actual compounds of carbon with water, and the expressions,
therefore, that will be subsequnently nsed with reference to transforma-
tion, attended with increased or decreased hydration, merely imply
an increase or decrease in the proportionate amount of the elements
of water,

With this understanding, the term earbohydrates is a convenient
one for associating the bodies of the group together and distingnish-
ing them from other non-nitrogenous principles.

In common with ocher organie compounds, the earbohydrates have
their source, directly or indirectly, in the vegetable kingdom. Under
the influence of the sun's rays, vegetable protoplasm containing

* By artificial means, sugars with 7, 8, and 9 carbon atoms have been constructed
from the ordinary 6-carbon-atom sugar. Examples, s my friend Professor Odling,
of Oxford, has pointed out to me, of less than G-carbon-atom sugars, placed in pro-
gressive order of descent, are presented by arabinose (C,HOg), obtainable by
hydrolysis from gum arabic; erythrose (C My 0,), yielded by the oxidation of
erythrite, a principle extracted from lichens ; glycorose (C3H0;), furnished by the
oxidation of glycerine; and glycolose (Czll,f‘;}, derived from the oxidation of
glyeol,

B
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chlorophyll is endowed with the power of dissociating the elements
of inorganic principles, and recombining them into organic com-
pounds. It is the great provinee of the vegetable kingdom thus to
play a constructive part in the economy of nature, The living proto-
plasm of the plant, by virtne of ita capability of acting npon matter
brought within the sphere of its metabolic influence, serves as an
instrument, throngh the mediaom of which the solar energy effects
the changes that oceur; and the energy so expended becomes locked
up in a latent, or potential, state in the compound formed, ready to be
liberated as actual or kinetic energy when the compound is destroyed.
In the plant the destrnction of erganic matter with its attendant
liberation of energy takes place normally to a comparatively insig-
nificant extent, but in certain special operations, as, for instance,
notably in flowering and germination, it somewhat more largely
occurs. It is pre-eminently in the system of the animal that organic
matter is actively destroyed, the energy set free becoming manifest
in the varied activities which constitute the characteristic attribute
of animal life.

We cannot satisfactorily trace the steps through which the carbo-
hydrates are synthetically formed ; but attempts have been made in
this direction, one of which, the formic aldehyde hypothesis, may be
mentioned by way of illustration. This view assumes that formie
aldehyde (CH.0O) is first produced, according to the equation

GD:+ Hgﬂ _ GH:D +D=,

and that this body then gives rise, by polymerisation, or the union of
several molecules to form one larger molecule, to a carbohydrate of
the composition C;H,.0;, thus—

'G ( GI.I;D} — GﬁlIL;D{,q

But whatever the nature of the steps, we can say with complete
confidence that as the ultimate result carbon is separated from tle
carbonic acid of the atmosphere, and associated with the elements of
water, yielding as the product a earbohydrate.

Instead of the process, however, being a purely chemical one, of
the simple nature depicted above, it may happen that the earbo-
hydrate is the ontcome of a complex physiological change. It may be
that a mo e or less elementary compound is first formed, which be-
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comes embodied in the substance of the living protoplasm, and that
from this the carbohydrate is subsequently thrown off as a cleavage
produoct of protoplasmie activity. To amplify this statement : instead of
the carbohydrate being divectly, or by intermediate steps, synthesised
from its elements, it may happen that these become appropriated by
the living protoplasm and worked up into the proteid matter of which
protoplasm is constituted, and from which the ecarbohydrate by a
further action is afterwards split off. The modus operandi may not
be the same, but the splitting off of a earbohydydrate from a nitro-
genous molecule is an event that, as is well known, may be brought
about by the action of chemiecal agents and ferments in the case of
elucosides.

Pastenr, many years back, showed, as will be more fully con-
sidered at pp. 20—21, that a few yeast cells placed in a medium
containing tartrate of ammonia, sngar, and the ash of yeast live and
multiply. From these simple materials the proteid of protoplasm is
thus built up by the agency of pre.existing protoplasm. Further,
carbohydrate matter is met with in the yeast organism in the form
of cellulose and glycogen : that s, in a lower state of hydration than
the earbohydrate matfer existing in the pabulum. Eeeing, as it must
be considered, that the sugar of the pabulum contributes with the
ammonia to the production of proteid, it may happen by a subsequent
operation that the carbohydrate is split off in an altered form, thus
occasioning the transmutation that is observed to oeccur. The step
from the position existing in the case of the yeast cell to that of the
protoplasmic matter concerned in the primary formation of carbo-
hydrate matter is not a wide one. The ouly essential difference dis-
cernible is that the proteid matter is constructed by the latter from
the more elementary materials carbonic acid, water, and ammonia,
in place of the formed carbohydrate and tartrate of ammonia.

I have spoken of the primary formation of carbohydrate matter,
and the view taken about its being a cleavage product from proteid
matter harmonises with the view that is held with regard to the de-
position of starch and cellulose derived from the preformed carbo-
hydrate of the plant. For growth and storage of reserve material,
large guantities of carbohydrate matter are being deposited as cellu-
lose and starch. These are derived from carbohydrate matter con-
veyed in the form of solable sugar to the seats of deposition, and in

B 2
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the transmutation that occurs it is considered probable that the sugar
becomes incorporated with the protoplasmic matter, through the
agency of which the operation is performed, and from which the
carbohydrate is split off in an altered form. Alike in the primary
formation of starch from inorganic materialg, and in its secondary
formation from pre-existing carbohydrate, the protoplasmic material
in which the starch makes its appearance 18 observed to become
diminished in quantity, or, as it were, used up.

The actual seat of primary formation of carbohydrate matter is in
the chlorophyll corpuscles. These arve little protoplasmic bodies
which, vnder the influnence of light, are endowed with the power of
appropriating materials derived from the inorganic kingdom to the
building up of organic matter.

The form in which carbohydrate matter primarily becomes mani-
fest 1s as starch. Whether, as is by some surmised, this is preceded
by sngar, or whether it is not, the first visible or demonsirable carbo-
hydrate product is starch. As the operations of life in the chloro-
phyll corpuscles proceed, starch granules make their appearance.
Sachs, describing the changes perceptible in ehlorophyll corpuscles
by the aid of the microscope,® says:—* The old observations of
Naegeli and myself show that in the primitively guite homogeneous
green substance, starch grains, at first extremely small, become visible,
usually distributed in twos, threes, or more in the mass of chloro-
phyll of the corpuscle. These enlarge and, as they meet one another
during growth, become flattened and applied close to one another
with plane surfaces, while their free sides remain rounded and be-
come arranged more or less according to the form of the chlorophyll
corpuscle ; oceasionally, however, when they arise at the circum-
ference, they protrude from the Eillﬂrf:[}h:,-'” corpusele. 1 also
observed almost 20 years ago that, under certain circuomstances,
when leaves turn yellow withont being diseased, the starch grains
grow so vigorously in the chlorophyll that the latter becomes, so to
speak, entirely displaced by them; and finally, in place of the chloro-

phyll corpuscle, there lies a starch-grain compounded of several
grains.”

& ‘ Lectures on the Physiology of Plauts,” by Juling von Sachs, translated by
H. Marshall Ward, p. 315 : Clarendon Press, Oxford, 1857,



CHEMISTRY OF THE CARBONYDRATES. ]

Cuemicar CoNsTITUTION.

According to its percentage composition, carbohydrate matter is
constituted of ecarbon with the elements of water, but its behaviour
under different conditions and its derivation products may be taken
as showing that its molecular construction is of a much more complex
uature. I have spoken of its origin as a product of the vegetable
kingdom. It is not exclusively, however, through the operations of
living matter that its formation is eapable of being effected.

Amongst the achievements of modern chemistry has been the
artificial synthesis of several earbohydrate bodies, and the discovery
of the means of effecting the similar formation of others is probably
only a matter of time. The labours of Emil Fischer led some years
back to the synthetic formation of a fermentable sugar having the
composition of dextrose (CU;H;0;) and closely resembling it in
properties, but proving to be optically inactive. This body, desig-
nated z-acrose, became the starting point for attaining the synthesis
of further products, amongst which were several fermentable sugars
of the glucose group, including ordinary dextrose and levulose.

A further achievement has been the successive production from a
six-carbon-atom sogar of sngars possessing seven, eight, and nine
carbon atoms in the molecule. The nine-carbon-atom sugar has even
been found to be susceptible of undergoing fermentation in contact
with yeast. In connexion with these higher.carbon-atom sugars the
question has been raised as to what might be the effect of feeding
animals on them, and the snggestion has been made that possibly
modified forms of glycogen, lactose, fat, and proteid might result.

CHEMICAL CHARACTERS AND RELATIONS.

Of the several carbohydrates known, only a certain number fall
within the range of consideration contemplated by this work. Such
are cellulose, starch and its congener in the animal kingdom glyco-
gen, the dextrins, maltose, cane sugar, lactose, and the glucoses.

The carbohydrates comprise a class of bodies in which carbon is
associated with different proportions of the elements of water, and
from the relation existing between the latter and the former, a con-
venient basis of classification is afforded. Thus regarded, they fall
into three groups :—
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1. The amyloses, with the formula (CgH,0;),, which present the
lowest degree of hydration, and stand, therefore, as the initial
term of the series. They include cellulose, starch, glycogen,
and dextrin ;

2, The saccharoses, represented by the formula C,.H..0,, and in-
cluding maltose, lactose, and eane sugar; and

3. The gluros-s, which present the highest degree of hydration
and possess the formula C;H0,  They ineclude dextrose,

lievulose, and galactose.

1 will proceed to give the main characters and relations, regarded
from a physiological point of view, of the above-named bodies
arranged under the three specified heads.

The A m.y.f[me.::.

Cellulose, iC‘;H“.ﬂa}.,, stands amongst the members of the earbo-
hydrate gl'uuﬁ‘ﬂmt have the least proportion of the elements of water
entering into their constitution. It belongs mainly, but not quite
exclusively, to the vegetable kingdom, and, constituting asit does the
basis material of vegetable cell walls and of woody fibre, it probably
ranks as the most abundant organie principle in nature, It takes
origin from the soluble carbohydrates or sugars by a process of de-
bydration effected by the agency of the metabolic power existing in
living protoplasm. With the chemical transformation oceurring in
the production of cellulose through the instrumentality of metabolie
action, the exercise of something akin to, if not actnally consisting of,
plastic or formative power is brought into play in such a manner as
to give to the newly formed material a definite structural character.
Thus circumstanced, cellulose may be spoken of as taking a place
nearer to the position of organised matter than is held by any other
member of the carbohydrate group.

Insolubility in the ordinary solvents is one of the chief character-
istics of cellulose, but the various forms of eellulose differ in this
respect, some being less resistant to solvent action than others.
Acids, unless in a concentrated form, do not dissolve it, nor is it dis-
solved by potash. A ready solvent, however, happens to be afford.
by an ammoniacal solution of eupric oxide, and from this menstrou.
it is precipitable in a Hocculent form by acids.
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Ceilulose gives no colour reaction with iodine alone, but with iodine
in the presence of sulphuric acid, or, better, zine chloride, a blue or
violet colour is produced.

The effect of sulpharic acid upon cellulose may be studied by
experimenting with cotton wadding. lmmersed in the concentrated
acid, cotton wadding becomes dissolved, and if the solution be at once
largely diluted with water the cellulose is precipitated apparvently in
an nnaltered or but Hli.gll“j‘ altered form. If, on the other hand, the
cellulose is allowed to remain for some time in contact with the acid,
dilation with water no longer leads to the production of a precipitate.
The eellulose has apparently become transformed into a dextrin-like
material, and the solution is found to possess a slight cupric oxide
reducing power. Thus transformed, it may be carried further by a
strength of acid that has scarcely any effect on untransformed cellu-
lose. This is shown by the greatly increased copric oxide reducing
power that may be produced by boiling after diluting the acid solution
to a 2 per cent. strength, under the action of which eellulose is only
to a very slight extent influenced.

The resistance offered by cellulose to conversion into a capric oxide
reducing carbohydrate by boiling with 2 per cent. snlphuric acid
distingnisbes it from starch and glyeogen, both of which bodies, on
boiling for an hour and a half with the strength of acid named, are
completely travsformed into glucose. For effecting the conversion,
to any notable extent, of cellulose by boiling with dilute sulphurie
acid, a 10 or 15 per cent. strength must be employed. At higher
temperatures, applied by means of the autoclave, cellulose is attacked
by 2 per cent. acid in a manner that it is not on boiling with the
inverted condenser, a fact that it is necessary to bear in mind, as will
be subsequently explained (p. 63), in the quantitative determination
of starch and glycogen where aceidental contamination with cellulose
from a filter may have oceurred.

The component molecules of the composite cellulose molecule seem,
to judge from its stability or power of resisting the influence of
different agents, to be held together by a tighter bond of union than
in the case of other carbohydrates.

Doubtless there is much yet to be learnt about the modifications of
cellulose. Even chemically there are differences, some forms being
susceptible of undergoing conversion into sugar by an acid of insufli-
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cient strength to exert any decided amount of inflaence upon cotton
cellulose, to which the remarks in the preceding paragraph about the
effect of acid apply, whilst, physiologically, some of them seem,
instead of existing in an independent state, to be more or less bound
up with living matter, if not, indeed, in some phase of their history,
actually incorporated with it.

Starch, (CgH,,05)., looked at in relation to animal alimentation,
may be regarded as by far the most important of the bodies of the
whole carbohydrate group.

It is very widely and largely found in the vegetable world, and is
the first visible produet of that constroctive metabolism already
deseribed as taking place in all green plants. It is primarily depo-
sited in the leaf, and secondarily, at subsequent stages in its history,
in other parts of the plant, and invariably in the form of a granule.
The starch granule varies much in size and appearance, according to
the particular plant in which it is formed ; but it has always a definite
structure, consisting of a nucleus or hilum and conecentrie, or rather,
strictly speaking, excentrie, layers. This is best made ount after treat-
ment with chromie acid or dilute alkali. The granule is not homo-
geneous, but consists of two isomeric substances, starch granulose
and starch cellulose, with, perbaps, intermediate forms. The gran-
ulose is much the more soluble, and ean be dissolved out by dilute
acids, or by boiling, &e. If treated in the cold, the cellulose skeleton
remains, retaining the form of the grain, though originally con-
stituting only from 2 to 6 per cent. of the weight of substance. The
grain, when intact, is unacted upon by cold water, by reason of the
density of its outer layer, but when it is crushed or ruptured the
granulose is slowly dissolved out. Under the action of boiling potash
the cellulose framework becomes likewise dissolved. The solubility
of starch in hot water is to be accounted for by the bursting of the
swollen granules, which usnally occurs at a temperature of from 50°
to 70° C., liberating the granulose and forming the * starch paste.”

A solution of starch is a semi-transparent, viscid liquid, which,
under examination, exhibits the following properties. In presence
of free iodire it yields a characteristic blue colour, which disappears
on heating, and reappears on cooling. This behaviour is absolutely
distinctive of starch, and affords an easy, delicate, and reliable test
for its detection.
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Starch solution possesses in a marked degree the property of
optieal activity, rotating the ray of polarised light strongly to the
right. This rotatory power is possessed to a variable extent by most
of the members of the carbohydrate group, and on it is based one
method of determination applicable to these bodies.

As a colloid, starch does not diffuse throngh animal membranes.
It is absolutely insoluble in alcohol and ether, and is therefore pre-
cipitable from its aqueous solution by these agents. It is unaltered
by treatment with dilute potash or soda, but boiling with dilute
mineral acids carries it into glucose (dextrose) through intermediate
cupric oxide reducing products. Diastase and other amylolytic fer-
ments exert an analogous action on starch, except that the process of
transformation, in the main, stopsshort at the stage of maltose, instead
of advancing to glucose. There are, however, some ferments in both
the animal and the plant which have the power of effecting complete
hydration into glncose. Starch is also converted into dextrin by
simply heating to between the temperatures of 100° and 200° C.

Starch, like the other amyloses but unlike most of the other
carbohydrates, is devoid of taste. It has no cupric oxide reducing
power.

ilycogen, (C.H,05),, may be regarded as the representative in the
animal kingdom of the starch belonging to the plant. I consider
that nomenclature has been unhappy in the name that has been
applied to this body. The term was adopted on the discovery of the
material from which the sugar developed in the liver after death
takes origin. All the amyloses are, strictly speaking, glyco-gens;
and, as it happens that the physiological grounds upon which the
vame was given to the body under consideration prove to be un-
tenable, it is so far a misnomer. Zvamylin would be the most
appropriate of the hitherto suggested designations to apply to it.
Its distribution and relations in the animal organism will be referred
to in detail in a subsequent part of this work, and in connexion
therewith it will here be sufficient to say that, although counstituting
a principle especially belonging to the animal kingdom, yet it is not
absolutely confined to it. In a large uanmber of fungi it has been
found to be present, and it seems in these organisms to take the
place of the starch of higher members of the wegetable kingdom.
An interesting point is here presented, inasmuch as the fungi con-
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stitute a group of organisms differing from the members of the
vegetable kingdom generally and agreeing with those of the animal
kingdom in the manner in which their aliment is supplied. With
1||lf Ilf.il:ll".'?&'--'ii-'."ﬂl.'-c Ur EIII':JITF]FL_}'” Cﬂ]'].ﬂl?"l.'l-li.'.‘i :]IL"_}" IH".!FI‘II.t- wnn lll!Sl‘lll:'L-"
of starch-forming capacity, and, as a corollary, instead of having the
power of constructing their living matter from prineciples of the
inorganic kingdom, they are dependent, like animal organisms, for
their aliment upon the supply of preformed organic matter. Yeast,
it has been discovered, contains glycogen in large quantity, and from
this source it may be readily procured and ascertained to exhibit all
its characteristic reactions.

Glycogen is soluble in water, but much more so in hot water than
cold. It yields with water an opalescent or white milky liguid
which perhaps is not, strictly speaking, a true solution. On eoncen-
tration it assnmes a transparent state, and becomes milky again on
dilation,

In its various properties and modes of behaviour, glycogen is
almost identical with starch, the only noteworthy difference being in
the colour produced by treatment with iodine, which in the case of
glycogen is a port-wine red, instead of blue as given by starch. The
effects produced on the colonr by heating and subsequently cooling
the solution are the same in each case,

By means of microchemical examination with the employment of
jindine, the existence of glycogen in a granular state or in the form of
amorphons masses within the liver cells ean be demonstrated.

Animal gum (Landwehr), which is to a certain extent allied to
glycogen, will receive notice under the consideration of glucosides.

Dextrin, (C.H,j05),, i8 produced by the action of mineral acids and
by diastatic or amylolytic ferments npon the amyloses which have
been already deseribed. The transformations effected by the diastatic
ferment of malt on starch have been the subject of mueh careful in-
vestigation and of a considerable amount of controversy, and even now
it cannot perhaps Le definitely said that a full knowledge of the steps
of the process has been attained.

The researches of modern investigators point to the ocenrrence of
changes of a highly complex character, and the view at the present
time entertained is that from the compoesite starch moleenle molecules
beeome successively split off, and with the splitting off undergo
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hydration into maltose, leaving at each stage a diminished dexirin
molecule of unaltered percentage composition. Thus each successive
stage in the process yields simultaneounsly a substance of higher
hydration and a dextrin residue, which does not differ in percentage
composition from the original starch molecule. The hydrated portion
split off at each step 1s, according to Brown and Morrs, either
maltose (C,:H.0,) or an intermediate product [either maltodextrin
(CizHy0,):C1sHz0y or amylodextrin (C:Hw0,)eC1:H20y,], which
speedily undergoes further hydration into maltose.

The successive unhydrated residues have all been termed dextrins.
Whilst retaining the same percentage composition, they present a
steadily diminishing molecular weight: they are all, that is to say,
represented by the formula (CgH,O5),, # being diminished at each
successive stage of splitting off.

By the continued action of the ferment the main portion of the
starch undergoes conversion through intermediate stages of dextrin
into maltose, There remains, however,a portion which offers greater
resistance than the rest to the change, and which is with difficulty
made to undergo hydration. This is the dextrin which is most
easily isolated and obtained for examination, and to which the de-
seriptions given of dextrin more especially apply. According to the
latest researches of Brown and Morris, it constitutes a fifth of the
original molecule of soluble starch, the wiew founded upon these
researches being that the first effect of the diastatic ferment is to
lead to the constituents of the molecule becoming ranged into five
separated groups, one of which is so constituted as to be more stable
than the others, by virtue of which it remains intact after the others
have undergone hydrolysis.

The dextrins which are first fermed in the process of hydrolysis
are coloured red by iodine, and are on this account distinguished as
erythrodextring ; whilst those produced from them and met with later
yield no colour with iodine, and are called ackrovdextrins.

Dextrin is produced, not only by the action of ferments and acids
npon starch or glycogen, but also by the mere heating of these bodies
when the temperature approaches 200° C.

Dextrin is unerystallisable, and when dried is a glassy colourless
body susceptible of being ground down to a white powder. It is
easily soluble in water, forming a clear solution possesging no decided
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taste. It is precipitated by strong alcohol. Like starch and glyeogen,
it i1s dextrorotatory, whence its name. Authorities have been some-
what at variance as to whether any of the dextrins are possessed of
cuprie oxide reducing power. They are, however, generally considered

to have no reducing power.

The Saccharoses.

The principles falling under this head requiring notice are maltose
lactose, and cane sugar,

Maltose (C;HxOy,), arising from the hydration of starch by the
incorporation of water, thus, 2C.H,,0,+H.0 = C,,;H..0,,, is a body
soluble in water, aleohol, and ether, and readily diffusible. It crystal-
lises in the form of hard, white, fine needles, Like the amyloses, it
is optically active and dextrorotatory, though in a lower degree;
but, unlike them, it has a distinet taste, which is faintly sweet. It
is, moreover, unaffected by iodine, as indeed are all the carbohydrates
of higher hydration than the amyloses, and it has a enpric oxide redue-
ing power equivalent to 61 as compared with that of glucose taken
at 100.

Althongh maltose constitutes the end product of the action of
diastase, and amylolytic ferments generally, on starch and its con-
geners, it 1s susceptible of being carried on into glucose (dextrose)
by boiling with dilute mineral acids, as also by the agency of certain
ferments. The following expression represents the change :—

CJEHEEDLI + I-[J.[) = Cﬁ‘f]’!?[‘}ﬂ + {1.-.-”110.;.

Maltose, Dextrose,  Dextrose,

Saccharose or Cane Sugar.—Identical in composition with maltose,
though without any genetic relation to the amylose bodies, is sac-
charose, suerose, or cane sugar (C,;H.,0y,). This sogar is found in
parts of many plants. It is a subsiance very soluble in water, and is
also, though less easily, dissolved by alcohol. It erystallises in large
monoclinie prisms, and as a erystalloid is readily diffusible. It does
not reduce cuprie oxide.

A solution of cane sugar ig, like all the bodies hitherto described,
dextrorotatory. By prolonged boiling, however, with water, or by
boiling for a short time with dilute acid, or by the action of yeast and
of certain unorganised ferments at ordinary temperatures, it nunder-
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goes a change with increase of hydration, the first indication of
which is the reversal of its effect on polarised light. It now rotates
the ray to the left instead of to the right, and from this fact has
received the name of invert sngar. This invert sugar on examination
proves to be a mixture of the two glucoses dextrose and levulose in
equal proportions. The greater optical activity of levulose accounts
for the levorotatory power possessed by invert sugar. The inversion
of cane sugar presents another instance of transition from the sac-
charose to the glucose group, and evidently consists in a simultaneons
hydration and decomposition of the molecule, according to the
equation
Ci:H:0,+4+H,0 = C;H,.0: + CH,: 0.

Cane sugar., Dextrose. Lmvulose,
&
- A

L
Invert sugar.

Lactose or milk sugar (CH:.0,) is only known to occur in the
animal kingdom. It constitutes the saccharine prineciple belonging
to milk. It has a faintly sweet taste. It is soluble in water, but
much less so than cane sugar. It is insoluble in alcohol and ether.
Milk sugar crystallises in white, rhombic prisms. Its solution is
dextrorotatory, and exhibits the phenomenon of birotation : that is to
say, the freshly made solution canses a rotation twice as great as
that which it will produce after standing.

Lactose possesses enpric oxide reducing power, but discordancy
exists in the precise figures given for it. Many authorities express
the power at 74, as compared with that of glucose taken at 100.
Figures, on the other hand, as low as 52 have been assigned to it.
Unlike glucose, lactose does not effect a ready reduction of the
copper test solution, and thus the terminal point is modified according
to the precise manner in which the examination may happen to be
conducted. I have made a large number of observations with the
employment of the ammoniated cupric liqguid. As in the case of
Fehling's solution, the terminal point of reduction is less sharply
defined than when other sugars are employed, but the result of my
observations is to place the cupric oxide reducing power of lactose
at 60, or a little over.

It seems, judging from what I have observed, that under boiling
with acetic and citric acids lactose undergoes a certain amount of
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maodification without being converted into glucose. Boiling for from
half an hour to an hour with citric acid of from 2 to 5 per cent.
strength has the effect, according to the results before me, of raising
the cuprie oxide reducing power to about 74, beyond which it eannot
be carried by further boiling. After boiling with a similar strength
of acetic acid, a reducing equivalent of about 64 or 65 has been
found to be given.

Harmonising with these differences revealed through coprie oxide
reducing action, differences are noticeable in the osazones produced
with phenyl-hydrazine. Lactose in its nunaltered form yields, I find,
contrary to what 1s generally stated, a deposit of an :mmrplmus, or
non-crystalline, character, presenting the appearance of minute spores
or beads. Such is what is noticed when, for example, the erystallised
lactose of commerce 1s taken and treated with phenyl-hydrazine
hydrochloride and acetate of soda, or phenyl-hydrazine with acetie
acid in the amount ordinarily recommended for employment. If,
however, the lactose has been previously boiled with, say, 5 per cent.
acetic acid, or even if the acetic acid used in the application of the
test is added in considerable excess, a crystalline osazone is pro-
duced, presenting the appearance of irregularly curved, whip-like
filaments, radiating from a central nucleus. After boling with
5 per cent. citric acid, and, whether acetic acid is subsequently added
in conjunction with the phenyl-hydrazine or not, a crystalline osazone
is given, in which the wavy filaments from the nuclear masses are
replaced by straight spines, or flat blade- or lancet-like projec-
tions. After boiling with sulphuric acid, the long straight needles
and radiate clusters of dexirosazone and galactosazone are pre-
sented.

In experimenting upon lactose derived direct from milk, similar
results are obtained, but it is necessary to guard against being mis-
led by the process adopted for separating the casein and fat pre-
paratory to the application of the test. If the separation be made
by rennet, rendered neutral to test-paper, the amorphous deposit is
eiven with phenyl-hydrazine hydrochloride and acetate of soda, or
with phenyl-hydrazine and acetic acid, unless the latter is used in
excess. 1f, on the other hand, the separation be made by acidification
with acetic acid and the application of heat, the erystalline osazone
deseribed above as yielded by lactose modified by acetie acid is given.
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These results are instructive, by bringing into view constitutional
modifications that were not previously known to exist, and snggestive
that much of a like nature remains to be discovered with respect to
other bodies.

Boiling with dilute sulphuric acid converts lactose into a mixture
of the two glucoses dextrose and galactose in equal parts, thus :—

Ul':lr..'_"ﬁu += lT_.U = [‘n[rn{].;'l' [,.; }'{“ﬂn.

Lactose, Dextrose.  Galactose.

The glneose thus formed gives with phenyl-hydrazine, as already
mentioned, the characteristic dextrosazone needles, intermixed with

radiate clusters of acicular crystals—galactosazone.
Milk sugar readily undergoes the lactic acid fermentation, and
various micro-organisms have been mentioned as productive of the

change.
The Glucoses.

The only members of this group which need be here referred to
are dextrose, lwvulose, and galactose. All have the composition
CsH,205.

Dexirose, known as grape sugar, is to the animal physiologist the
most important of the glucoses. It oceurs widely in the vegetable
kingdom, usually in company with levulose. The two are found in
most sweet fruits, and also in honey. Dextrose is the form of suzar
that ocenrs in the urine of diabetic subjects. It is best obtained on a
large scale by the action of dilute sulphuric acid on starch; and, by
similar means, it is also obtainable from the carbohydrates generally
of lower hydration than itself. From glocosides it is likewise
derivable by the action of acids, and in some cases by that of fer-
ments,

Dextrose dissolves in its own weight of cold water, and is soluble
also, though far less readily, in alcohol. Tt is less sweet to the taste
than cane-sugar, and is highly diffusible. It crystallises in micro-
scopie, rhombic plates, ageregated into nodular, warty masses. It has
the maximum extent of enpric oxide reducing power possessed by the
earbohydrates. Dextrose, subjected to the influence of dilute acids
and the unorganised ferments, undergoes no further hydration
change, It readily undergoes the alcoholic fermentation in contact
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with the growing cells of yeast. Dextrose, as its name implies, is
dextrorotatory. It exhibits the phenomenon of birotation.

Laevulose is a constituent, along with dextrose, of most sweet fruoits,
and also of honey. As previously stated, it is a product of the
inversion of cane sugar. Its optical activity is greater in amount
than, and opposite in kind to, that of dextrose: that is to say, it
rotates the ray of polarised light further to the left than dextrose
does to the right. Hence the levorotation exerted by invert sugar.

Lmvulose is more soluble than dextrose, both in water and in
aleohol. It is also sweeter to the taste, being in fact as sweet
as cane sugar. Its power of reducing cupric oxide is the same
as that of dextrose. In its chemical relations, lmvulose closely
resembles dextrose, but it is more susceptible of being altered by
heat and acids, and less susceptible to the action of alkalis and
ferments. In connexion with the remark that levulose is more
readily acted upon by acids than dextrose, 1 may mention that in the
analytical determination of the nature of a sugar throngh the cuprie
oxide reducing power presented before and after boiling with sulph-
uric acid, it is found that where lmvualose is dealt with a certain
amount of loss is apt to ensue from the action of the acid, and thus
give rise to lower figures being obtained after the boiling than before.

Leevulose crystallises from its alcoholic solution in the form of fine
silky needles.

Both dextrose and lmvulose, on exposure to a temperature of
170° C., lose water and become converted into bodies of the composi-
tion C;H,,0; called respectively glucosan and levulosan, both of
which are susceptible of reconversion by the agency of mineral acids
into their original state.

Galactose is obtained, together with dextrose, by boiling milk sugar
with dilute mineral acids. It is dextrorotatory, and exhibits birota-
tion. It possesses cupric oxide reducing power. It is much less
soluble in water and is more readily crystallisable than dextrose or
lievulose, and differs chemically from these bodies in yielding mueie
acid, and not saccharic acid, when oxidised. Otherwise it very much
resembles them in its properties.



BEHAVIOUR OF SUGARS WITH PHENYL-HYDRAZINE.

Osazoxes,

During the past decade the researches of Emil Fischer, founded
upon the discovery that eombinations of enpric oxide reducing sugars
with phenyl-hydrazine exist, have thrown much light on the constitn-
tion of the sugars, and have afforded a valuable means of separating
and identifying them. It is conceded that the suzars constitute
bodies belonging to the aldehydic and ketonic groups, and, as with all
aldehydes and ketones, the cupric oxide reducing sugars form com-
pounds with phenyl-hydrazine—compounds which possess definite
crystalline characters. The produet is formed in two stages. In the
first place, one molecule of the sugar becomes united with one
molecule of phenyl-hydrazine, giving rise to a hydrazone, a body,
generally of a soluble nature, which in presence of an excess of
phenyl-hydrazine leads on to the formation of a second compound.
The hydrazone first formed undergoes oxidation to a certain extent,
and combines with a second molecule of the phenyl-hydrazine, pro-
ducing an osazone, a body of slight solubility, and usually of a
crystalline nature. The osazones derived from the different sugars
present characteristic differences as regards crystalline form, melting
point, solubility, and optical properties. By appropriate treatment
the sugar may be recovered from the osazone, and, moreover, it has
been fonnd possible,. through the intervention of the osazomne, to
convert one sugar into another, as, for instance, dextrose into
levulose.

Of the various osazones, glucosazone stands out as the one that
reveals itself most readily and most conspicuously. It, indeed, often
separates out shortly after starting exposure on the water-bath, and
may subsequently appear in such abundance as to give to the product
nnder examination a solid consistence. With many sugars, the
heating on the water-bath requires to be prolonged for from one to
two or three hours, and even then the osazone may not separate out
till after cooling or, it may be, till after standing for some hours.

C



TRANSMUTATION OF CARBOHYDRATES.

[n the earbohydrates we have a group of bodies presenting, as we
have seen, varying degrees of hydration, and it is further noticeable
with regard to them that they can be earried from one degree of
hydration to another in both directions. By certain means, which,
whilst operating within the living organism, can at the same time be
thrown inte play at onr command ontside the organism, transmuta-
tion by inereased hydration ean be effected. Passage in the direction
of diminished hydration is very largely taking place around us, but,
with the trivial exceptions to be subsequently mentioned, it is only,
go far as appears from observation, through the agency of the con-
ditions existing in connexion with actually living protoplasmie
matter that it is susceptible of being bronght about. I will give
consideration separately to the two kinds of transmutation.

Transmulation of Carbohydrates by Increased Hydration.

The earbohydrates of lower hydration are easily moved into a state
of higher hydration by the action of acids and ferments, and by both
these agencies we have the power of effecting at will the transmuta-
tion. Imn this way, for instance, the amyloses may be made to pass
into the group of saccharoses, as in the conversion of starch into
maltose; and the saccharoses into the glucoses, as in the conversion
of maltose into dexirose, and saccharose into invert sngar.

The effect of acids in the transformation of carbohydrate matter is
so well known that the subject does not need consideration here.

Ferment action must not be confused with fermentation. Under
the head of fermentation are included transformations such as that
of sugar into aleohol and ecarbon dioxide, effected by the growth of
the Torula eerevisie or yeast plant; that of milk sugarinto lactie acid,
by the wvarious micro-organisms to which the action has been
assigned ; that of alcohol into acetic acid, by the Mycoderma aceli ;
those of putrefaction by bacteria; and perhaps transformations to
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the products of which the evil effects produced upon the invaded
organism by pathogenic baegilli may be in part attributable.

In these transformations we have to deal with a moleenlar disrup-
tion of organic matter lying outside the living cell organism, but
within its sphere of influence—a disruption induced as a collateral
effect of the changes of growth taking place within the organism.

Ferment action, on the other hand, is hl'ua.lg]:lt about l’.}' the agency
of unorganised, though organie, material. It consists essentially in a
process of hydrolysis—a splitting-up of a composite molecule into
segregated parts accompanied with a fixation of the elements of
water. As examples may be mentioned, the eonversion of starch and
other amyloses into maltose by diastase, ptyalin, and the amylolytic
ferment of the pancreas; the conversion of cane sugar into invert
sugar by invertin; and the conversion of albumin and such-like
proteids into peptone by pepsin and trypsin.

Through zymolysis, or ferment action, even bodies of a very stable
nature, looked at from a general point of view, are susceptible of
being broken down and dissolved. Cellulose, for example, which is
resistant to the solvent inflnence of ordinary chemical agents, may be
bronght with facility by ferment action into a state of solution.

A striking characteristic of the ferment, or enzyme, which effects
the transformation is its power of induecing an indefinite, indeed
almost an unlimited, amount of change, without itself undergoing
any appreciable alteration or loss, Further, an almost infinitesimal
amount of the ferment is sufficient to produce a very extensive
effect. In fact, the amount may be so small that the presence of the
ferment is only susceptible of recognition through the ferment action
to which it gives rise.

In constitution the enzymes appear to be of the nature of proteids,
but it cannot be considered as absolutely established that they are
s0. They are soluble in water, insoluble in absolute aleohol, and non-
diffusible. They need not exist at their source of produoction in a
free form, but may become developed from an antecedent zymogen
at the moment the suitable conditions happen to be supplied.

Transmutation of Carbohydrates by Decreased Hydration.

Transmutations in the direction of diminished hydration are not
under our control to bring about in the same way as those attended

o2
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with inecreased hydration, and, as a broad proposition, it may he
stated that it is only throungh the intervention of the power belong-
ing to living matter that they oceur,

A few instances, it is troe, can be adduced in which, by artificial
means, transformations from the higher to the lower forms of hydra-
tion can be effected. Thus dextrose (C;H.0;), when heated to
170° C., loses a molecule of water, and is converted into glucosan
(CeH.0y), a body having the percentage composition of the mu:,‘lﬂf-tl:-ﬁ.
Levulose (C:H,,0;) also, similarly treated, is converted into levulosan
(CeHp0;) ; and cane sngar (C.Hx0,,), heated o little beyond its
melting point (160 C.), becomes transformed into a mixture of

leevulosan and dextrose, thus

Ci:HzOy = C;H,O5 4 CoH, 20,

Cane sugar. Leoevulosan, Dextrose.

Both glucosan and lmvulosan are reconvertible into glucose by
boiling with dilute mineral acids. As another instance, may be
mentioned the transformation into dextrin which dextrose is =said to
undergo (Musenlus) when it is dissolved in strong sulphuric acid
and subsequently poured into 95 per cent. alcohol.

Some years ago I thonght I had obtained evidence of the earrying
down of carbohydrates by ferment agency ontside the body, but from
knowledge since acquired I have discovered that a source of fallacy,
which I was not alive to, existed. Indeed, general observation is to
the effect that it wounld be contrary to the usual order of events for
ferment action to produce dehydration, its characteristic effect being
to produce change in the opposite direction.

There can be no doubt that transmutation by dehydration is very
largely taking place in connexion with the operations of life, and
examples of its occurrence are readily forthcoming.

One of the most striking and conclusive, on account of the simple
nature of the conditions existing, is that which is afforded by what
takes place as a result of the growth of yeast. From the researches
of Pasteur it is known that a few yeast cells placed in a medinm con-
sisting of water, tartrate of ammonia, eane sogar, and mineral matter
derived from the ash of yeast, grow and multiply, and in doing so
supply evidence, not only of the production of proteid matter from the
simple materials named, but also of the dehydration of carbohydrate
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matter. The carbohydrate in the pabulum is in the form of saccharose,
and from this we obtain the products of fermentation, produets issu-
ing from a change taking place oufside the yeast organism, and also
cellulose and glycogen (vide p. 10, regarding the existence of glycogen
in yeast), representations of transformed carbohydrate matter existing
within the organism. As a concurrent event associated with fer-
mentation, in the case of saccharose, and, in fact, as a preparatory
step to it, the saccharose is raised in hydration to glacose by a fer-
ment—invE!riiu—hﬁlunging to the yeast, before the splitl‘{ng up
process occurs. Whether in the appropriation also of saecharose
within the yeast organism it is previously carried into glucose or not,
in either case the production of cellulose and glycogen constitutes an
act of dehydration, effected by the protoplasmic matter of the cell.

Instances of dehydration are afforded in the higher vegetable
organisms by the production, from the sugar of the gap, of starch, and
more rarely of inulin and cellulose, for storage as reserve materials,
and also of cellulose for deposition as a textural material in the pro-
cess of growth.

The production of saccharose from glocose in the ripening of the
sngar-cane furnishes another illustration of dehydration. I am in-
debted for direct information upon this point to one of my former
assistants, Mr, Scard, who is now at the head of the chemical depart-
ment of the Demerara sugar estates of the Colonial Company, and
whose duties include the study of the conditions inflnencing the pro-
duction of sugar in the cultivation of the came. It appears that
during the period of active growth of the cane the proportion of
glucose existing in the juice i1s far greater than when the cane
reaches maturity. As the cane ripens, a gradual diminuotion of
glucose and inerease of cane sugar—the one standing in proportion to
the other—are observed to take place. During the active period of
“arrowing,” or flowering, the proportionate amount of glucose is
large. On the disappearance of the “arrow,” the cane sugar in-
creases at the expense of the glucose, and at the end of abont a
fortnight the glucose is at its minimum, and the cane sugar at its
maximum. Subsequently, with the renewed growth of the cane,
attended with the throwing out of new shoots, the glucose again in-
creases.  As a further point, it is to be stated that in the npper ov
growing portion of the eane glucose and cane sugar co-exist in nearly
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equal proportions, whilst in the lower segments, or more matured
part, cane sugar is present in larger amount than elsewhere, and is
ur_'r:um]::i.u{ud with only traces of glucose.

An apposite illastration of the occurrence of dehydration in the
animal kingdom is afforded by the production of glycogen in the
liver from sugar derived from the carbohydrates of the food and
conveyed to it in the portal blood. The matter in gquestion will form
the subject of consideration in subsequent pages of this work.

Pransmutation of Carbohydrates by Ferment and Protoplasmic Actions,
considered in relation o the Operations of Life.

The effects produced by ferment action, on the one hand, and by
metabolic protoplasmie action, on the other, are of an opposite
nature. In the one ecase, more or less highly complex molecules of
matter become split up into simpler ones with the occurrence of
hydration. In the other, constructive and dehydrating operations are
carried out. Matter existing in, or which has been brought into, a
more or less simple molecular state is influenced in such a manner
that combination ensues, and the more complex molecules belonging
to the living organism ave thus built up. Both operations proceed
upon identically the same lines in the two kingdems—animal and
vegetable, of nature.

Ferment action, as has been stated, breaks down complex molecules
into simpler ones, and hydrates. Non-soluble and non-diffusible
matter—that is, matter the molecnles of which are presumably too
large to pass throngh membranons septa—by such agency broken
down, becomes soluble and diffusible. With the change effected, it
is placed in a position to be susceptible of absorption, and thereafter

of transportation from one part of the living organism to another,
whereby it is bronght within the sphere of inflnence of protoplasmie
matter for appropriation or utilisation in the living economy.

It is by the amylolytie, or diastatie, ferments that carbohydrate
matter is acted wpon. DProteid matter yields, in a similar way, to
the proteolytie, or peptonising, ferments. The effects wronght npon
the two kinds of matter by the respective ferments are of the same
nature, and the two kinds of ferment action ocenr in common in
animal and vegetable organisms. The transformation of ecarbo-
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hydrate matter, as an event pertaining to life, is easy of observation
alike in the plant and the animal. The transformaticn of proteid
matter is also an event pertaining to life that has long been known
to be easily snsceptible of observation in association with organisms
of the animal kingdom. Latterly, proteolytic ferment action has been
recognised as occurring in the vegetable kingdom to an extent that
was not formerly suspected. It is not nnprobable that proteolytic
ferment action is a phenomenon of universal occurrence in the plant,
and instances certainly can be brought forward in which the exist-
ence of an active peptonising ferment is susceptible of ready de-
monstration. The most notable example is found in the Carica
papaya ; and, in reference to this, the remark admits of being made
that from papaw juice so large an amounnt of active peptonising
ferment, called papain, can be extracted that a place has been given
to the plant amongst the materia medica. As regards the existence of
peptonising ferments in the vegetable kingdom, Sachs* says: ** At-
tention was first drawn to the occurrence of peptonising ferments in
the vegetable kingdom by the remarkable phenomena observed in the
so-called insectivorous plants. My earlier studies on the germina-
tion of varions seeds left no doubt that seedlings dissolve and make
active their proteinaceons reserve materials by means of peptonising
ferments. (Gornp-Besanez was, however, the first to detect peptonis-
ing ferments in seeds . . . . More recently, a very energetic
peptonizing ferment in the latex of Carica papaya has attracted par-
ticular attention, and a similar ferment has been detected in the
latex of the common fig (Ficus carica). As we come to know the
proteinaceous reserve materials of plants better, and if we follow
their behavionr in the animal body also, it can scarcely be doubtful
that, in spite of incomplete knowledge, the assumption is, never-
theless, warranted that peptonising ferments are perhaps universally
distributed in plants ; moreover, peptones, the result of their activity,
have actnally been detected by Schulze in the seedlings of the
Lupine.”

1 have entered into these considerations hearing on proteids on
account of their undergoing, under the influence of ferment action,
the same kind of change as carbohydrate matter; and, further, on

* ‘Lectures on the Physiology of Plants,” by Julius von Sachs, translated by
H. Marshall Ward ; Clarendon Press, Oszford, 1887, pp. 344—345.
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account of the interest attaching to the analogy to be traced in
the phenomena occurring in the plant and animal.

Looked at in relation to what has preceded, the province of ferment
action is to prepare for the exercise of protoplasmic action. DBut
ferment action probably, also, plays a part in conpexion with the
multifarions retrogressive 1‘:|m||ge:1 OCCuUrring within the system, from
some of which carbohydrate matter may take origin as a product.
The subject, however, is not as yet one that can be considered ripe
for profitable disenssion.

Whilst ferments split up and hydrate, the processes of synthesis
and dehydration are the result of the action of living protoplasmic
matter. It is a property of living matter to possess the power of
converting suitable principles, brought within its sphere of inflnence,
into the likeness of itself. The power is exerted in two divections :
in giving form, and in producing chemical change. To these two
manifestations of power the terms * plastic " and * metabolic " were,
many years ago, applied by Schwann. Through the agency of the
“ plastic ” power possessed by living protoplasm, matter in a pre-
viously liquid or amorphous condition acquires determinate or definite
form, and, similarly, through the * metabolic” power, undergoes
changes of a chemical nature. This metabolic power it is that is at
the foundation of the chemistry of living nature—a chemistry which
is characterised by its capacity of leading, amongst other results, to
the construction of products of more or less complex molecular con-
stitution, a certain number only of which have as yet proved sus-
ceptible of being formed by the operation of forces brought to bear,
in laboratory undertakings, outside the body. Although it thus
happens that products are formed by the agency of living matter
which the chemist as yet has not been able to form throngh the opera-
tion of chemical forees in the laboratory, it is not to be contended
that a different kind of chemieal force exists in living from that
existing in non-living matter, but merely that in its operation in eon-
nexion with living matter, it is bronght into play in association with
circnmstances of a different nature.

I have spoken of the effects produced by ferment action and proto-
plasmic action. I will now give illustrations showing how these
actions take their turn in the play of changes belonging to life. The
iilustrations will be drawn from the vegetable kingdom, where the
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operations of life can be more easily followed than in animal organ-
isms. They will assist in unravelling the more complicated opera-
tions of animal life that will come before us for consideration later on
in this work,

The primordial, or first-formed, starch, developed in the chlorophylil
corpuscle, is a product of protoplasmic action. By ferment action it
is transformed into sugar, which passes in the sap to seats where the
operations of growth and storage are going on. Here protoplasmic
action again comes into play, and through its agency the sngar is
reduced in hydration and converted into cellulose or starch, or, it may
be, some other allied principle.

Take again the starch which has been deposited in a grain of
wheat or other seed, by protoplasmic action, as storage material for
service in connexion with the evolution of the embryonie organism.
Whilst the formation of the seed is taking place, life exists in its
growing structure, and it is through the property of, or the power
possessed by, the living matter that the sngar reaching it from the
juice of the plant is tramsmuted into, and deposited as, starch.
When the developmental process concerned in the production of the
seed is completed, life, except in the small part comstituting the
embryo, ceases to exist, and transmutation in the direction of that
effected by protoplasmic action can no longer ocenur. The storage
matter possesses within itself no power of resnming or re-acquiring
the living state which existed in connexion with it at the time of its
deposition. But in close proximity to it there lies a minute collec-
tion of matter imbued with the power of starting into living activity
when the requisite conditions are supplied. This, the embryo, is the
part from which the act of germination proceeds, and from it there is
developed the ferment which leads to the conversion of the stored
starch into sugar. Sachs® says: * The ferments appear to be always
produced by the growing parts of the seedlings and buds themselves,
and to penetrate from these into the reservoirs of reserve materals,
there to dissolve or make active the constructive materials. This is
particularly evident in the case of seeds containing endosperm. I
the young seedling (embryo) is removed from the seed of the Indian
eorn (maize), barley, or other plant, and the endosperm alone laid in

moist warm earth, its starch is not dissolved and transformed into
¥ Loe. cif., pp. 343—344
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sngar.” Alongside these words of the scientist of the present day, I
cannot refrain from placing the words of the poet, written nearly a
couple of centuries ago, which not only show the knowledge that at
such time had been aequired by observant attention, but, in an
eloquent manner, give expression to it. In the subjoined passage®
the words te which attention is directed are inserted in italies.
* Tell me “‘]’I:i" the Anf

Midst Bummer's ]lenl‘\' thinks of Winter's want :

H]r constant journeys careful to prepare

Her storea; and firinging home the COFNY £ar,

By what instruction does she bite the grain,

Lest hid in Earth, and taking rool again,
It might elude the foresight of her care ?"

The sugar which has been produced by ferment action from the
stored starch, being conveyed to, and falling within the sphere of
influence of, the living protoplasm of the embryo, becomes appropri-
ated and metamorphosed into the eellulose developed and deposited
as a constituent of the growing organism.

As a further illustration, I may cite what occurs in the case of the
tuber, and take as an example the potato. Starch, in the first
instance, is formed and deposited by protoplasmic action from sngar
derived from the juice of the plant. With the completion of deposi-
tion, the protoplasmic activity which has been previously in operation
ceases to manifest itself. In certain parts of the tuber, however,
there are little buds—*“ eyes,” as they are called—which, as with the
embryo of the seed, under exposure to conditions favourable to
growth, burst forth into active life and produce a ferment that acts
upon the surrounding starch, reconverting it into sngar. The sugar
thus formed is next, by the protoplasmic action of the living matter
of the bud, reduced in hydration and transmuted into the cellulose
entering into the structure of the growing shoot.

% ¢ Poems on Several Ocecasions, by Matthew Prior, Esq.': London, printed for
T. Johnszon, 1720,
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The glucosides have long been known to chemists as a class of
bodies which, by the agency of ferments and by the action of acids
and alkalis, and even, to a slight extent, of water at elevated tempera-
tures, undergo a cleavage or disruption, with sugar as one of the
products. Formule are given in text-books of chemistry represent-
ing the molecular change that oceurs, and they show that the
phenomenon is usnally attended with the incorporation of one or
more molecules of water.

The group comprises bodies of very variable composition. In some
(salicin may be mentioned as an example)only the three elements carbon,
hydrozen, and oxygen are present. In others—as an instance, amyg-
dalin—nitrogen in addition exists. In myronic acid (C,H,N8,0,),
a glul:usiﬂc obtained from the seed of black mustard, there is the
further incorporation of sulphur. Another step in the direction of
increasing complexity carries us to a body standing in close proximity
to the proteids, viz.,, muein, which, as a constituent of connective
tissue as well as of mucus, exists extensively diffused throughout the
animal system. The researches of Landwehr have shown that, under
certain treatment, mucin yields a non-reducing carbohydrate, which
he has described under the name of “ animal gum,” possessing the
formula (C;H,,0;),, and that this is convertible into a cupric oxide
redocing, but non-fermentable, sngar, having the composition of
glucose (C;H;0;), which he calls “ gummose.”

The announcement of the glucoside constitution of mucin was at
first received with some mistrust, but the view has now sufficiently
gained credence to meet with recognition in standard works on
physiological chemistry.

My own investigations carry us vet a step further, and bring the
extensive group of proteids of both the animal and vegetable kingdoms
of nature into the class of glucosides. 1 will proceed to show how I
was led up to this discovery, and npon what grounds the statement I
have made is based. I will afterwards discuss the glucoside consti-
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tution of proteid matter, looked at in relation to the chemistry of life.
Iun the disenssion the utilisation of earbohydrates in the construoetion
of proteid matter, and also the knowledge that has been acquired
regarding the nnotritive chemieal changes that oceur in connexion
with vegetable life, will receive consideration. From this compre-
hensive survey a view will be seen to be opened out, giving to
rluecosides a position of the deepest physiologieal interest and import-
ance, by bringing them sigmficantly into }n:ll*f..il'ip?.t-il::ll, as inter-
mediary agents, in the play of changes appertaining to the chemistry
of life.

The announcement of the discovery of the glucoside constitntion
of proteid matter was made in a communication read at the Royal
Society, June Sth, 1803, of which the subjoined is a transeript.

“ Tue Grucosipe CoxstiTurion oF Provem Marrer.”#

* At quite an early period of my research work I adopted a process
for separating the glycogen of the liver, which consisted in boiling
with potash, pouring into alecohol, and collecting the precipitate. For
the purpose of estimation, the precipitated glycogen was converted
by means of dilute sulphuric acid into glucose, the determination of
which gave the information required. This process 1 afterwards
applied to blood and the various organs and tissues of the body, with
the result that, in all cases, a more or less notable amount of cuprie
oxide reducing product was obtained. This I looked upon as taking
origin, as in the case of the liver, from glycogen. I gave particulars
of the amounts derived from various sources in a communication
presenied to the HRoyal Society in 1851 (* Proceedings,” vol. 32,
p. 4£18).

* In operating upon small quantities of blood, &e., for quantitative
:u_'u?.ljrsis1I no difficulty was cxperiﬂnced mn ubE.aiuing what I took to be
glycogen, from its being convertible, like the glycogen in the case of
the liver, into a cupric oxide reducing product, by the agency of
sulphuric acid; and from my analyses 1 obtained very accordant
resnlts. It stood otherwise, however, when large quantities were
operated npon with the view of collecting the product for the purpose
of studying its characters. In these attempts, which were undertaken

* In abstract, * Proceedings of the Royal Bociets,' vol. 54, p. 53.
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at different times npon blood, eggs, and the spleen, I invariably failed
to obtain anything like the amount that ought to have been yielded
according to the indications afforded by the quantitative analysis
conducted. It was obvious to me that there was something connected
with the extraction with which I was not acquainted. Perplexed at
the loss that was encountered, I resolved to push inguiry, and see if
the discrepaney conld not be cleared np. From what I will proceed to
adduce, it will now be seen that the explanation of my former want
of suecess is sufliciently intelligible,

“ A start was given by the following discovery :—It chanced that
my research assistant, Mr. W. 5. Rowntree, condueted some examina-
tions, in one set of which the analysis was uninterruptedly proceeded
with, whilst in the other set, duplicate specimens, after being placed in
contact with potash, were allowed thus to remain for several ria}'r-; hefore
the subsequent steps of the process were carried out. The fizures
derived from the latter stood higher than those from the former, and
the difference was sufficiently marked to arouse my attention, and
lead me to conclude that it could only be due to the effect of the
varying exposure to contact with potash.

“ Pursuing the suggestion emanating from what had been observed,
I instituted a series of experiments, in which varions products were
exposed to the influence of potash for different lengths of time. It
will suffice here to cite the results obtained from those unpon
muscle, which, from the little colour to be dealt with, yields a very
favourable material for experimenting with. The muscle, after
having been thoroughly extracted with aleohol, was dried and reduced
to a finely-divided state. Kqual portions were taken, and placed in
contact with equal quantities of a 10 per cent. potash solution. After
being allowed to remain for varying periods in this state, they were
boiled, poured into aleohol, and afterwards proceeded with in the
usual way. The results obtained stood as follows :—

Cupric oxide reducing
power, expressed as
glucose per 1000 parts
of dried muscle,

Boiled at once with potash ...... Suata s LR
»  after standing 3 days with potash.. 41'8
» " 6 ., ' .o o081
5 = 117 FE T S

1 1 14 ,, T .. o581
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“ After having observed the manner in which the result was in-
Auenced by the duration of the exposure to the action of the potash,
I tried the effect of altering the strength of the potash solution em-
ployed, and took for experiment separated proteids derived from
various sources. The observations showed that a marked variation
occurred as a vesult. A 2 per cent. strength, it was found, suffices
for dissolving the material and subsequently yielding a good liguid
for titration with the ammoniated cuprie solution, but the amount of
cupric oxide reducing product resulting from its use stands far short
of that met with where a 10 per cent. solution has been employed.

“The steps of procedure were these : The material was in each case
taken in a water-free state. Preparvatory to freatment, it was pul-
verised in a mortar and passed through a fine metallic ganze sieve
(90 to the linear inch). Minuteness of subdivision is an important
condition for securing complete solution by the potash. If boiled in
a coarse state with potash, some particles may escape solution and
disintegration, and thus lead to untransformed proteid matter being
subsequently present when the stage of treatment with snlphuric aeid
i8 reached, the effect of which is to give a violet or rose.red colour
(biuret reaction) in the process of titration with the ammoniated euprie
test, and thus interfere with an accurate determination being made.
Under proper circumstances no such interfering colour is produced.
About 2 grams was the gouantity usually taken for analysis. This was
boiled in a flask, with the use of the inverted condenser, with 50 c.e. of
the potash solution, for half an hour, the vessel being agitated from time
to time, so as to rinse down the particles attaching themselves to the
glass above the liquid, and secure that none escaped solution. The con-
tents of the flask were then poured into not less than 500 c.c. of methyl-
ated spirit, and the beaker was placed aside until the following day
for the thorough settlement of the precipitate. The precipitate was now
collected om a glass-wool filter plug, washed with aleohol, dissolved in
hot water, and, after the addition of sulphuric acid to the extent of
2 per cent., boiled for an hour and a half with the use of the
inverted condenser, or placed in the autoclave and submitted for half
an hour to a temperaturve of 150° C. (about 200° F.). The acidified
product was then neutralised with potash, made up to a known
volume, thrown on to a dry filter, and finally titrated with the am-
moniated cupric solution. The subjoined account gives a representa-

tion of the results obtained.
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“ Bgg Albwmin.—Prepared in some of the instances by precipitation
with alcohol, and in the others by treating with water, faintly acidify-
ing with acetic acid, and boiling.

“ With the 10 per cent. solution of potash, the results showed the
existence of a cupric oxide reducing power which, reckoned as
glucose, averaged about 30 per 1000. With the 2 per cent. potash
it stood at about 10 per 1000,

“ Vitellin from Yolk of Hgg.—About the same average figures were
yielded as by egg albumin.

** Proteids of Blood Sern m.—One observation, in which the fizures
stood at 16 per 1000 after the employment of 10 per cent. potash, and
at 6 per 1000 after 2 per cent.

“ Proteid of Haricot Bean (classed as a globulin).—Obtained by
extracting with cold water, filtering the solution, and coazulating by
faintly acidifying with acetic acid and boiling. The absence of starch
was proved by iodine. 91 per 1000 constituted the figures obtained
after treatment with 10 per cent., 77 per 1000 after 2 per cent., and
47 per 1000 after 1 per cent., potash.

“ Qluten from Wheat Flour.—Washed till freedom from starch was
shown by iodine. The fizures given after the employment of 10 per
cent. potash solution stood at 60 per 1000, and after 2 per cent. at
a4 per 1000, in the case of one specimen ; and in that of another, at
83 per 1000 after 10 per cent., 30 per 1000 after 2 per cent., and
24 per 1000 after 1 per cent.

“As I have said, I formerly looked upon the caprie oxide reducing
product given by the process of analysis I have described as emanat-
ing from the presence of free glycogen. The evidence I have just ad-
duced negatives thie view. If free glycogen or starch had been the
source of the reducing product, the treatment with potash would
have produced no effect beyond dissolving the associated nitrogenons
matter and placing it in a position to be separable by the agency of
aleohol, and no difference would have resulted from varying the
strength of the alkali or the length of fime of contact. The con-
clusion, therefore, deducible is that the cupric oxide reducing product
taking origin under the circumstances must be derived from some
other source, and that the source lies in the cleavage or disruption of
the proteid molecule itself.

*“ Besides the principles referred to above, from which, as T have
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ghown, a cupric oxide redncing produet is to be obtained by the
cleavaze action of potash, the sobjoined have also, with the results
specified, been subjected to treatment with potash of 10 per cent.
strengzth.

“ Filbrin.— Obtained by whipping freshly drawn blood, washing the
stringy coagulom with water till colourless, immersing in aleohol for
dehydration, and afterwards drying by exposure to the air. The
cupric oxide reducing produet yielded after treatment with 10 per
cent. potash amounted in one case to 2207 and in another to
22-72 per 1000, expressed as glucose.

‘¢ Mucin.—Obtained from the vitreous humonr of sheep’s and
bullocks” eyes by precipitation with aleohol and subsequently drying.
274 to 296 per 1000 constituted the range of figures yielded.

* (asein.—Obtained from milk by heating and faintly acidifying
with acetic acid. The coagulum after being washed was squeezed,
dehydrated by aleohol, and treated with ether for removal of fat.
The capric oxide redocing produect yielded amounted only to 2 to 4
per 1000. The difference here presented from the figures in every
case previously given is very marked, and from this and other con-
siderations the idea is suggested that casein may itself be a nitrogen-
ous cleavage product, lactose constituting the complementary
carbohydrate part.

Y Felatin.—It 18 to be noted as a point of difference from proteids that
no cupric oxide reduecing product is obtainable from gelatin. The
gelatin sold under the designation of * French leaf " is the kind I
have submitted to examination.

“In aceord with the known effect of water at elevated temperatures
in leading, toa greater or less extent, to the splitting up of glucosides,
it 1s found that from proteid matter a certain amount of cupriec oxide
reducing product is similarly obtainable, After treatment of egg
albumin with water at a temperature of about 150° C, (300° F.), I
have obtained from the liguid a produet which bas given unmis-
takable evidence of possessing cupric oxide redncing power.

“ Preparation and Properties of the Cleavage Product, susceptible of Clon-
version into a Cupric Oxide Reducing Body (Sugar), derived from
Profeid Matter.

“1 have shown how, through the gquantitative analyses conducted
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with the ammoniated eupric solution, I was led to the discovery
that a eonpric oxide reducing prodnct is obtainable from proteid
matter. 1 have referred to my fruitless attempts to collect the
cleavage product of the action of potash in quantity, and to the
difficulty thereby created through the conflicting evidence presented.
Subsequently an instance occurred in the course of the prosecution
of my researches from which I learnt that the precise strength of the
aleohol employed for precipitation after the boiling with potash con-
stituted an item of greater importance in the process than I had
previously realised. Looking, as I had originally done, on the pre-
eipitated material as glycogen, I had assumed, from the known
sparing solubility of this body in aleohol, that as long as the existing
strength of spirit was not under 60 per cent. full precipitation would
he secured. It now became evident to me, however, that such was
far from being the case, and that unless much stronger spirit were
used only partial precipitation occurred.

*This information regarding the loss that may arise from the em-
ployment of a strength of apirit that I had previously regarded as
snfficient, together with what I have shown to be the different extent
of cleavage effect resulting from the employment of different
strengths of potash, supplies the key to the explanation of the former
want of suceess attending my endeavours to obtain the product in
quantity. In operating upon large amounts of material, the circom-
stances are such as, without the knowledge of the requisite precan-
tions to be observed, to be likely to lead to loss both from incomplete
cleavage by the potash and incomplete precipitation by the spirit.
Suffice it that I have now no difficulty in obtaining the product in
any amount that may e required for the purpose of examination or
experiment, and I will proceed to describe the steps of procedure I
adopt with, for example, egg albumin, which has appeared to me to
be the most suitable form of proteid to take as a representative of
the group.

“The whites of twelve eggs, separated from the yolks, are broken
up in an egg beater, or by whipping, and poured a little at a time
into a large capsule of boiling water, acidulated with acetic acid to
the point required for obtaining a satisfactory coagulation of the al-
bumin. The water is strained off through muslin, and the coagulum
washed, squeezed, and then placed in a flask with 20 grams of potash

D
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dissolved in a small guantity of water. The mixture is placed on
the water-bath for two or three hours or set aside till the following
day, with in either case an occasional shaking, to become liquefied.
The measurement of the liguid is now taken, and potash added to
the extent required to bring to a 10 per cent. strength. The fask
having been fitted to an inverted condenser, its contents are boiled
for half an hour. The liguid is next treated with acetic acid till
rendered faintly acid, and after filtration concentrated on the water-
bath to a bulk of about 100 c.c. in order to diminish the gquantity of
aleohol subsequently requived. It is now in a somewhat viseid state,
and if simply poured into spirit wonld sink as a coherent mass. To
avoid this, a eertain amount of spirit, insufficient for precipitation, is
added, and aferwards the whole poured into a further quantity of
about 2 litres to secure that the strength of aleohol is in excess of
what is actually required. The material then separates ont in a
finely divided form, and on the following day will be found to have
settled into a gunmmy mass at the bottom of the vessel, from which
the spirit may be rvemoved by simply pouring off. This constitutes
the product from which a enprie oxide reducing body is obtainable,
and which T formerly regarded as consisting of glycogen in a crude
state.

“ The properties of the material thus obtained are as follows :—

“TIn the dried state it forms a hard, glassy, resinoid mass.

“Tt is readily goluble in water, giving a clear solution.

“ Tt yields no coloration with iodine.

“ It possesses no cuprie oxide reducing power.

“ It is precipitable by aleohol, but aleohol of considerable strength is
required for the purpose. In the presence of spirit of 85 to 90 per
cent. it is in great part, if not completely, precipitated, settling down
as an adherent, tenacions, gnmmy mass, from which the alecohol may
be decanted off, and which may afterwards be worked up by stirring
with a glass rod into a sticky material. With absolate aleohol, nsed
freely, it is thrown down as a finely-divided white precipitate, without
any tendenecy to coalesce into & gummy mass. When precipitated in
the gnmmy form treatment with absolute alcohol exerts a dehydrat-
ing action upon it, causing it to harden and assume a crambled, in
place of a cohesive, state. In the presence of spirit of less than 85
per cent. strength, precipitation becomes more and more incomplete,
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and the precipitate produced by the weaker kind of spirit assumes a
loose or non-adherent form. The incompleteness of precipitation by
moderate strengths of aleohol is readily made apparent by the
further precipitation that ocenrs npon the addition of more aleohol to
the supernatant spirit.

“In its physical characters it presents a resemblance to Landwehr's
‘animal gum.” Chemieally it also resembles Landwehr's ¢ animal
gum ' in forming a copper compound on being, treated with cupric
sulphate and caustic potash, from which it is susceptible of recovery
by the ageney of hydrochloric acid and snbsequent precipitation with
aleohol. Landwehr's process is in substance as follows :—

“The cleavage product obtained from muein by the action of
dilate hydrochloric acid is dissolved in water, and to the solution
are added a sufficiency of copper sulphate and excess of caustic
potash. The precipitate containing the ecopper compound is
separated by filtration, assiduously washed, dissolved in as small
a quantity as possible of strong hydrochlorie acid, and the
solution poured into three times its volume of absolute aleohol.
On placing the alcoholic liquid on the water-bath at about 60° C.,
a flocculent precipitate almost immediately begins to separate
ont, which constitutes the liberated **animal gum,"” and which, on
being collected and subjected to appropriate treatment with sulphurie
acid, gives origin to a cuprie oxide redueing produet.

“I have applied this process to the product under consideration
derived from the action of potash npon albumin, and have found
that it behaves throughout like Landwehr’s ‘animal gum,’ and
similarly yields a copric oxide reducing body. Moreover, I have
further found that this cupric oxide reducing body gives with
phenylhydrazine needle erystals of glucosazone, of which I have
obtained micro-photographs.

“The product, it may be finally remarked, possesses the property
of diffusibility, a churacter in which it differs from the amylose
carbohydrates—starch, glycogen, and dextrin. I have been unable
to find any statement about the diffusibility or otherwise of ‘animal
gum,” bnt it is described as being a constant constitnent of the
urine, which may be regarded as indicative of its being of a diffu-
sible nature.

=
L)
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** Preparation andd FJ'ﬂpr*;‘”P:ﬂ of the 'I"'a{jr:li'l'r (hride ari'f-r-!'rm'i'u.g Product
(Sugar) devivable, through the preceding product, from Proteid
Maiter.

“ By the action of mineral acids, the first-formed product of which
T have been speaking undergoes conversion into a cupric oxide
reducing material. For effecting this conversion, I have for years
past been in the habit of using 2 per cent. sulphuric acid. T was
under the impression, as I have already said, that the produet con-
sisted of glycozen, and from observations upon the conversion of
starch and glycogen into glucose, I had formed the opinion that
gulphuric acid of the strength named best and most securely met
the requirements, Boiling for an hour and a half with an inverted
condenser was resorted to, unless the auntoclave was used, in
which case half an hour’s exposure to a temperature of 150° C,
was found to produce an equivalent effect, the results given by
the two methods being practically identical. Where a quantitative
analysis bas constituted the object in view, the acid employed
has been snbsequently mnentralised with potash. The sulphate
of potash formed does not, under the ecirenmstances, oceasion
any inconvenience; but, should it be desired to collect the re-
ducing product, the acid must be removed by precipitation, and
this is best effected by the agency of barinm ecarbonate. The fil-
trate from the barium sulphate and surplus barinm ecarbonate being
afterwards evaporated fo dryness on the water-bath, the material
in the state desived is yielded,

“With regard to the cnprie oxide redocing prodoet obtained, I had
all along felt, from ecertain points connected with its manner of re-
ducing the ammoniated cupric solution, that it did not consist of
glucose, and I several times tried to get it carried higher in enprie
oxide reducing power by the acid. I noticed with produects which
had been allowed to stand for some days or weeks after boiling with
the acid that indieations were afforded suggestive of the oceurrence
under examination of inereased cuprie oxide reducing action, but the
evidence did not come out with sufficient distinetness to permit of
my drawing any definite conclusion npon the point. Moreover, I had
the fact before me that standing with potash was attended with an
increased effect, and it seemed to me unintelligible that the same
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result should occur from standing with the acid. In reality, how-
ever, there is truth in what I observed, and I can now demonstrate
that the body I obtained with the 2 per cent. acid is susceptible of
being carried into one of much higher cupriec oxide reducing power.
What appeared to be anomalous is now cleared up. Throngh the
potash, the capacity exists for an influence to be exerted upon the
amount of cleavage product developed ; and through the acid, the
subsequent transformation may be influenced in such a manner as to
give a product with an increased cupric oxide reducing power, and
thus the semblance of an increase of material.

“ Tt was from what I observed whilst working with the phenylhydr-
azine test that the suggestion was supplied which led to the next step
of progress. Struck with the resemblance between the deposit (not
erystalline, it is to be remarked) given by the reducing product
derived from the action of the 2 per cent. acid and that given by
lactose (the ordinary erystallised of commerce), I was led to re-
uew my efforts in the direction of getting the body carried higher
in cupric oxide reducing power. In experimenting with cellulose, 1
had found that but very slight action was produced by 2 per cent.
acid, but that considerable effect followed the employment of acid of
10 per cent. strength, and it ocenrred to me as possible that the hody
I was dealing with might, as regards resistance to the action of acids,
stand in a similar position. I was thus led to try the effect of 10 per
cent. acid, and, as the result, found that the reducing power of the
product beecame nearly doubled—in other words, became raised in the
proportion of from between 50 and 60 to 100. Upon the strength of
this result, I tried the effect of 50 per cent. acid allowed to remain
in contact with the prodnct for from one to three days, then diluted
to 10 per cent., and boiled. The result stood about the same as after
direct boiling with 10 per cent. acid. After 15 per cent. acid, also, a
like result was obtained. As yet I have failed to carry the body to a
higher stage of cupric oxide reducing power than that produced by
10 per cent. acid, but I am, nevertheless, not satisfied that the stage of
glucose has been reached. Indeed, I am led to think that it has not.

“ The effect of raising the cupric oxide reducing power is to give a
semblance of a corresponding inerease of material. The figures,
therefore, representing the amount of cupric oxide reducing product
expressed as glucose, obtainable from the various proteids as a result



el GLUCOSIDES

of th l'!!llr]ll_‘.l||1'||'. of 2 per cent, sulphuarie acid, require, as a result
of the r'|||!||--_l.1||r nt of 10 per cent., acid, to be 'II-!-J[']:‘.' dounbled.

i '['|H-[-:'n-.||i.-'l obtained after the _~:|-I|:||'.|1i'|m of 15'.-':-||]F-]1I||'5-' acid |J}'
barinm carbonate and « '.;||_--|J'.|1i-|1| Ly II.I'I'-u'III"-:" Possesses the following
characters :

L ]I:'l'-l'].1- the appearancs of a '*”I.":H'I".'l"L'I':I"|i‘.l. anil pussesEes a
]H'llllrl;lrn'q'li ]|:.~:11--.|—.~C|1I;::|.|' odonr.

L b very soluble in water, only shghtly soluble 1n absolute
nleohol, E'illlhi.l.]-l"!':l}llll". solnble 1n -['lit'ii of about 90 per cent. ‘\-t]'l"llll__':'"i.l'l.

**1t is readily diffusible.

“On being boiled with canstic potash (Moore's test), the solution
darkens in colour,

“ It dissolves hydrated oxide of copper in the presence of potash in
excess (Trommer's test), without the production of a binret reaction ;
at least, specimens are often |n:'-r-'ln':th]=- of which this can be said.

“With Fehling's solution it gives a strong and neat reaction, the

|'|.'|:I|.'|[_'{"11 Il_'\.ilil," IIII I,'I.I]II:'II,'!" |...'|_||illu' as a 11'.'1I'-I' I'I'II ]P!'I'I'il.li.r.'lll.‘.

Plioto-engraving of micro-photograph of csazone crystals from the cleavage sugar

from ege albumin, Magnified 400 diameters.

=l
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“Heated on the water-bath for from two to three hours witn phenyl-
hydrazine and acetic acid, it yields on eooling a erystalline osazone,
presenting the form of needies aggregated into sheaves or broshes,
or clustered in a radiating manner mto dense round masses.  Fre-
quently the composite character of the round masses 15 only to be
seen on close inspection of the circnmference. Whilst a certain type
of charaeter 1s presented, variations within certain limits amie notice-
able, and sometimes an approach to a spike constitution is observable.
The crystals are soluble in aleohol, from which they may be recrys-
tallised.

“ It gives with benzoyl chloride an insoluble compound, in accord
with the behavionr of earbohydrates.

* With a-naphthol and excess of strong sulphurie acid it behaves
like sugar in giving a deep violet colour, and leading on dilution to
the formation of a wviolet-blue precipitate soluble in aleohol, ether,
and caustie potash, with the production of yellow solutions, but in-
soluble in hydrochlorie aeid, a character by which, according to
Molisch, the precipitate produced from sngar is distingnishable from
that derived from peptone and various albuminouns bodies.

* With thymol and excess of strong sulphurie acid, it, again, behaves
like sngar, giving a deep red coloration, followed on dilution by the
production of a earmine-red precipitate, soluble in alcohol, ether, and
caustic potash, with the formation of pale yellow solutions, and in
ammonia with the formation of a bright yellow solution. The pre-
cipitate, as in the case of the z-naphthol test, is found to possess the
character of iuﬂﬂlubilitf 111 hj’druuhluriu acid.

1t 1s susceptible of being thrown down in combination with oxide
of lead, and is afteswards recoverable from the compound. To de-
monstrate this, the aqueous solution is first treated with neutral
acetate of lead and filtered. Ammonia is then added to the filtrate,
and afterwards lead acetate and ammonia as long as further pre-
cipitation occurs. The precipitate, which contains the sugar com-
pound, is collected and washed with water until by test-paper it is
shown to be free from ammonia. The sugar is now liberated by dis-
solving the precipitate in acetic acid, and the lead got rid of by
precipitation with sulphuric acid. From the sugar thus recovered
the usual reaction is obtainable with Fehling’s solution (provided the
ammonia has been fully removed); and also the crystallive osazome,
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wikh ]r||-;||.1.']||I1.'|l|'.|,:i|||-_ :":u]ljui;n-'-] 15 & r||i|'1fnhr[:]1-|l|;|,_L-'|':1E|||ie: repre-
sentation of the erystals 1| have obtained. On comparing them with
those ]r‘:‘l'riutlﬂr'.' ]'I'JIl'l:".'\L']I[I."iI., it will be seen that a somewhat modified
form is presented as the result of the process that the sugar has

passed throuch.

Osazone crystals from the cleavage sugar from ege albumin recovered from the
lead compound. Magnified 400 diameters.

“From this assemblage of positive characters, it appears to me that
there can be no doubt that the cupric oxide reducing body obtainable
from proteid matter consists of sugar. It is to be stated, however,
that I have not yet obtained it in a form to prove fermentable, and
Dr. Sheridan Lea, who has kindly undertaken its examination with
the polarimeter, informs me that he has failed to notice any rotation
of which he could speak with certainty. If anything, there was,
he adds, a tendency to lmvorotation, but amounting to not more

than 0°1.
“ As regards both fermentability and optical activity, it is known
that sugars exist without the possession of these properties. Land-
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wehr's ‘ gnmmose,” which stands closely related to my cupric oxide
reducing product, if it is not actually identical with it, constitutes
an example of a sngar that does not ferment. With regard to
optical activity, not only are sugars known which do not exhibit this
property,* but there is the further point of consideration that a rota-
tory power which may exist may be neutralised, and thus masked
by a rotation in the opposite direction due to the incidental presence
of other bodies.

“In addition to the evidence derivable from the positive characters
that have been mentioned az possessed by the cupric oxide reducing
product, there is the corroborative evidence to be taken into account
supplied by the characters of agreciuent observable between my
primary non-reducing product and Landwehr’s ‘animal gum.” As 1
have already shown, the produect in question cax be thrown down,
precisely like ‘animal gum,’ in combination with copper oxide, and
is afterwards recoverable and convertible into a cupric oxide reducing
body, which, as I have forther said, yields with phenylhydrazine a
erystalline osazone. Two kinds of crystals are perceptible in the sub-
joined micro-photograph (p. 42}, one consisting distinetly of the long
needles of glucosazone. In its ready mode of separating out, the
osazone, it may also be said, was observed to agree with that derived
from glucose. A 10 per cent. strength of sulphuric acid was employed
in obtaining the cupric oxide reducing product operated upon.

“In closing this communication, I feel it due to my assistants, Mr.
Rowntree and Mr. Sian, to acknowledge the zeal with which they have

% Tt is known, as a practical detail, to those who are engaged in the sugar-cane
industry that the glucose present in the living and growing cane is not possessed of
optical properties, or, at least, if it does possess optical properties, that they must be
of a nature to exactly neutralise each other, for if the freshly-cut cane is at once put
through the mill the glucose contained in the extract is found not to interfere with
the polarimetric estimation of the cane sugar. With the glucose, on the other
hand, recognizable after the cane has been cut or injured, the circumstances stand
otherwise. The juice here contains glucose of an optically active nature, consisting
of ordinary invert, or transformed cane, sugar. This may greatly exceed in amount

the inactive glucose present in the fresh cane; and, in proportion to its amount the
estimation of the cane sugar i3 interfered with.

Upon the question of optical activity Emil Fischer remarks that experience, in
connexion with the bodies belonging to the sugar group, confirms the view that for
every optically active substance there exists an isomeric form of opposite optical

aclivity, and that the two compounds combine together to form an inactive modifi-
cation.
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]I-.'lfﬁlli me in the work that has been |H-r'|'--|':'.:|-||. | further consider

it due to state that the facilities afforded by the Research Labora-

Osnzone erystals from the sugar obtained from the primary non-reducing product

after recovery from its copper 1'--:|||u:nu:|d. Magnified 400 diameters.

tories of the (.‘rJlli'g:‘{'h of |'hl1.'hil:"l:lll.- and Slil':‘_:'l'l'l'll."- have [;l.l‘_:_','-.'|_‘r ¢omn-
tribnted to enable me to carry on my investigation work to the point

that has been attained.”

The above transeript represents the extent to which my knowledge
had reached when I communicated my resnlts to the Royal Society
in May last. I thought it probable that by further work, through
the aid of the copper precipitation of my primary non-reduvecing
product, sugar might be found to be obtainable v a sufliciently pure
form for submission to combustion analysis. I have exerted my
endeavours towards the achievement of this object. The successful
precipitation appears to rest upon the employment of delicately

balanced quantities of the agents used; but, as stated in the com-
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munication above set forth, I have obtained from the copper pre-
cipitate a prodoct which on being subjected to the inverting
influence of sulphuric acid has acquired cupric oxide veduecing power,
and has given with phenyl-hydrazine the osazone crystals represented
by the photo-engraving inserted. Repetitions of the process, how-
ever, have not been always attended with sunecess; and there is this
important consideration, that, whatever may be the case with Land-
wehr's animal gum obtained from muein, my product, obtained by
the action of potash npon albumin after subjection to the copper pre-
ci]}il'.lliun process, 158 aee r111|1:111i{?{1 with other material which comes ont
in the spirit on warming in a flocculent form, precisely as is done by
amimal gum. This establishes a diflienity which entively frustrates
the attainment of the object to which I thought the copper preeipi-

tate IIlif_;fht prove applicable.

Cleavage of Carbohydrate from Proteid Malter by the divect action of
Sulphurie dcid.

An extension of research upon modified lines has led to another
important step being effected. Through the advance made, the pre-
liminary production of the non-cupric oxide reducing material by the
agency of potash is no longer needed. It turns out, in fact, that the
cleavage of the proteid molecule, with the liberation of sngar, can be
brought about by the direct treatment of albumin with sulphuric
acid. Thus the process for demonstrating the glucoside constitution
of proteid matter becomes very much simplified and shortened.

I tried, some time ago, the effect of the direct action of sulphuaric
acid upon the proteid matter of muscular tissue. I had not then
worked with phenyl-hydrazine, and I could make out nothing definite
throngh the employment of the copper test, on account of the ob-
seuring effect of the peptone reaction, although I felt strongly im-
pressed that evidence was afforded of the occurrence of a reducing
action. I made attempts to separate the peptone, but failed to find a
satisfactory means of doing so. Later, whilst working at the osa-
zones, it occurred to me to apply this method of sugar recognition to
the product of the direct action of sulphuric acid on proteid matter,
The result obtained was a copious production of well shaped osazone

erystals.
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For the application of the process, 10 grams of purified, dried, and
finely divided (passed throngh a 90 to the linear inch sieve) egg
albumin constitutes a convenient quantity to take. As sugar is
originally present, which wounld remain undestroyed by the action of
the acid, it is necessary that eare should be exercised to secure com-
plete purification. This, it may be considered, is effected by the plan
adopted, consisting of precipitating by and boiling with alechol, sub-
sequently extracting with boiling water, and fipally with boiling
alcohol.

The material to be dealt with is placed in 50 e.c. of 10 per cent.
sulphurie acid and exposed to heat in the requisite manner., The
form of osazone crystal obtained, as will be presently shown, varies
with the extent of influence exerted by the degree and duration of
the heat brought to bear. 'The further the action of the acid is
pushed, the quicker the osazone separates ont and the more distinetly
acicular, in brush-like or stellate aggregations, the character of the
crystals formed. The less complete the action, the more ball-like the
form of erystal presented and the less speedy the deposition. 1t
appears to me, from all I have seen, that the different forms of erys-
tals arise from corresponding modified forms of sugar; and, that in
the first manifestation of the power of erystallising the character
assumed is that of a nebulous or moss-like radiate body. In the case
of the sugars from other sources, it is found that, the lower the cupric
oxide reducing power, the more, apparently, does the osazone erystal
deviate from the acicular form belonging to the osazone derived from
glucose.

The suggestion arising out of these considerations is that probably
modifications of sugar exist beyond those which are now delinitely
recognised and deseribed, and that the initial product cleaved off
from proteid matter by the action of sulphuric acid is more or less
widely removed from glucose, but becomes progressively carried
towards it by prolongation of the action.

Doubtless much remains to be learnt regarding the extent to which
varying molecular combinations may occur to produce different
varieties of sugar. Just as cane sngar may be conceived to be con-
stituted of a linking together of a dextrose group and a levulose
group (with coneurrent dehydration); maltose, of a linking of two
dextrose groups; milk sugar, of a dextrose group and a galactose
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gronp ; :|.r|_-] ]':Iml'u!:u', of three different L{]Lll':l::.' ;_1']'-:1‘.1[35—ril'.\:i!'nr&.'__
levulose, and galactose: so there possibly may be other linkings of
sngar groups of different degrees of hydration and in varying mult-
iple proportions, giving rise to a large extension of the varieties of
sugar beyond those at the present time particularised by chemists.

A foundation for this hypothesis is presented by the view enter-
tained by authorities of eminence with regard to what occurs in the
successive steps of hydrolysis attending the transformation of starch
into maltose, Amylodextrin, for instance, is spoken of as a body
consisting of one maltose (C,:H-0,,) group linked with six amylose
(C:H,0y) groups, and maltodextrin as a body consisting of one
maltose gronp linked with two amylose groups.

After the r*|3c|u[-it-' 1'_\;I|:|.~i||'|'|' o ]||_':Lt ]l:'|.~c been 1'-!1]1'!]-‘19!1, the .‘-'ul]lpll-
uric acid employed is nearly nentralised by baryta, and neatralisa-
tion finished off with barinm carbonate. The liguid is then hl‘unght
to the bulk required, and, after the addition of phenyl-bydrazine and

acetic aeid, is heated on the water-bath for at least an hour. Crystals

Osazone t'!'_'l.‘:iiul:i. from l'li'Ll‘i‘:I;_fl.‘ gugar obtained from egg albumin by direct action
of sulphuric acid, after limited extent of action, Magnified 400 diameters,
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are found to make their appearance, sometimes whilst on the water-
bath, but more frequently not till cooling commences, and to go on
hl'!'l:]l":[li“l_': Ot r|a|' SO _='=||]|_:'-; .'|‘-'||-r".1.';|_r'-i-;, ||' 1]|!' FLl.:f .-i||1i,[|-|lr| ihi
||--|1:'|--:| into a cool :_[|:|=c- the I'I'_'.':-I||- fall in ||I|i1:~ a shower-like

mannar,

Uspzong |,"|'I';.=1uh from cleavase SUEal obtained from ege albumin by direct action

of sulphurie acid, after more prolonged action. Magnified 400 dismeters.

From the osazone obtained the sugar is susceptible of recovery by
following the procedure deseribed by Fischer, The osazone crystals
are collected on a glass-wool filter, washed with water, and dried.
They are then treated with a little strong hydrochloric acid (sp. gr.
1-19), quickly warmed to 40° C., at which temperature the mixture is

kept for one minute, next cooled to 25° C., and then allowed to stand



GLUCDSIDE CORSTITUTION OF PROTEID MATTEIR,. 47

for ten minutes. The phenyl-hydrazine ]1_1.'1lL'n|-'|1!c1'|'i-ln' which has
been formed is now separated by filtration through glass wool, aud is
washed on the filter with a little concentrated hydrochloric acid.
The filtrate contains a body corresponding with the glocosone
described by Fischer. For the separation and pl]l'iﬁl'llii-'lll of this
body, the acid is first nentralised with lead carbonate, and, after filtra-
tion, the lignid treated with animal charcoal. Excess of baryta-water
ig next added, the glucosone-like body being thereby thrown down in
combination with lead hydrate, from which it is subsequently separ-
ated ||J,' the employment of dilnte sulphurie acid. After the excess
of sulphuric acid has been removed with barium earbonate, the
liguid is concentrated to a syrup h;.‘ {*.v:lpnl':lti-:m at a low tempe-
rature. The body thos separated has the capacity, like sugar, of
nniting with phenyl-hydrazine, and the following is a representa-

tion of osazone crystals obtained from it.

Ozazone erystals from the intermediate body obtained in the process of recovery of

sugar from the cleavage-supar osazone. Magnified 400 diameters.

From the intermediate body sugar is obtained by reduction with

zinc-dust and acetic acid, The recovered sugzar is found, after
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removal of the zine present, to give a clean and definite reaction
Wi!h 1]|1= |_'|+J|.|11'|' tesk, ;1r1|-mh-|'t ‘.".'ETh 1 f[i.in!u-r_ 1lx']h--.~'i[[nt1 of red
oxide particles. [t also yields an osazone with phenyl-hydrazine.
The following is a photo-engraving from a micro-photograph of

1-!“‘-.'.-4f:|]:-l g0 obtained.

Osazone eryvstals from suear recovercd from cleavage-suear osazone. Macmfied

100 dinmeters,

The melting point of an osazone gives information which renders
assistance in the identification of its sugar. I have conduocted
several observations, with the view of determining the melting point
of the osazone from the cleavage sugar from proteid matter, and
find that it may be stated to stand at abont 189—190" C. It thus
more closely approaches the melting point of galactosazone
(190—193° C.) than that of glucosazone (205" C.).

From whal has preceded, it will be perceived that the phenyl-
hydrazine test has proved of immense value in the pursnit of the

investication which has revealed the glucoside constitution of proteid
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matter. Tt has not only served to eorroborate the indieations of
the copper-rednetion test, but has proved snsceptible of applieation
where this test, from the presence of interfering matter, has not heen
satisfactorily available. For instance, the produet from the dirvect
action of snlphuric acid upon albumin, when treated with the copper
test, gives no reaction from which, taken alone, any reliable in-
formation conld be drawn. From the binret reaction prodoced by
the peptonoid matter present a masking inflnence iz exerted. and
the ammonia generated interferes with the deposition of sub.oxide.
With the knowledge supplied throngh the phenyl-hydrazine reaction
it is not difficult now to recognise, notwithstanding the obsenring
effect of the binret reaction, that a reduction of the copper test in
reality ocenrs.  What is observed is that the blue colonr imparted
by the test liquid is, on boiling, removed, without the formation of
any precipitate. That this disappearance of eolonr is actually dune
to redunction is shown by the retnrn of colour which ocenrs from
re-oxidation, when the contents of the tube are well shaken in con-
tact with air and allowed to stand; and, further, by the fact that,
under prolonged hoiling, the ammonia prodnced may be so far dis-
sipated that the deposition of a certain amonnt of redunced oxide is
permitted to take place. Had it not been for the masking action
of peptonoid matter, to which I have beer referring, I ventnre to
think that the liberation of sugar from proteid matter, looking at
the simple and easy manuer in which it is brought about by the
ageney of sulphurie acid, wonld long ere now have stood in the

position of an established fact.

Cleavage of Carbolydrate from Proteid Matter by Digestive
Ferment Action.

Another means can be shown to exist wherehy the cleavage of
carbohydrate from proteid matter can be effected. By alkalis it is
cleaved off in a form devoid of eupriec oxide reducing power, and
likewise of the property of producing an osazone on treatment with
phenyl-hydrazine, but susceptible of acquiring these properties
throngh the converting influence of sulplurie acid. By salphuric

acid, applied divect, the earbohydrate is liberated in the form of a
By the agzeney of proteolytic ferment action the
E

reducing sugar.
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same effect is produced as by sulphuric acid, and we have here a
point of much physiological importance presented. Purified egg
albumin yields, under pepsin digestion, a product which gives charac-
teristic osazone crystals with phenyl-hydrazine. In condueting the
experimental work npon which this statement is based, I found that
precantions require to be taken to secure that no fallacy is allowed
to ereep in.  In the first place, the sugar of the egg albnmin shounld
be thoronghly removed by successive extractions with boiling water,
or—what is better—hy precipitating, in the first instance, with
hoiling aleohol, and, afterwards, successively extracting with boiling
water and alechol; and, in the next place, it must be ascertained
that the pepsin employed does not contain imparity, as many samples
of pepsin do, to constitute a source of osazone production.

Now, the vesult of experimenting with egg-albumin, which has been
thoroughly deprived of free sugar, and pepsin, which, taken alone
and exposed to contact with the acid as a counterpart experiment,
eives a negative result, is that osazone erystals arve obtained. Before
concluding, however, that these crystals are derived from eleavage
effected actnally by digestion, another counterpart experiment requires
to be performed, consisting in the exposure of the egg albumin to
contact with the acid and water without the addition of the pepsin.
Treatment, it is found, of the produet of this procedure with phenyl-
hydrazine yields no erystals of osazome, thus proving that the acid
alone is not the operative agent. Indeed, with a strength of acid of
only 0-2 per cent. and exposure to the moderate temperature required
for digestion, no effect from the acid alone could be reasonably
looked for.

From the evidence presented it is thus permissible to conelude that
in the process of digestion the carbohydrate constituent of the proteid
molecule is set free, and it will be noticed that it presentsitself to our
view under the form of sugar. Subjoined is a photo-engraving of a
micro-photograph of osazone crysials given by the cleavage sngar
arising from the digestion of egg albumin. Digestion was allowed
to proceed for 8] hours at 54° C., the albumin in the coagulated,
dried, and pulverised state in which it was used proving very
resistant to digestive solution.
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Uanzone crystals from the cleavage sugar given by digesting 10 grams egg albumin
with 004 gram I'||'-E|-.i_|:, and 100 e.c. of 02 per cent. E|_1-I|I'III'JLl-l]'iI' acul. Magni-
fiedd 400 diameters.

[-rr-i'.!r‘gf”n'l-'.':L.flr'l'ur! -In"i'-l'j'ln' I:Fa .ir::l'.'hll!‘".'.il" Iil'i."-- ﬂ-'rf“i'il'l.

From what has preceded it is seen that a cleavage product is in
different ways obtainable from proteid matter which possesses
characters presenting the closest points of identity with those of
sugar. The reaction, especially, which it gives with phenyl-
hydrazine, embracing not only the erystalline form and mode of
separating ont of the osazone obtained, but also the manner in which
it subsequently behaves, affords the strongest presnmptive evidence
that sugar is present. There can be no doubt about the fact that an
osazone is produced, and, with the knowledge that we possess
regarding the derivation of osazones, it is not, it may be considerved,
permissible, under the whole cirenmstances of the case, to look to
anything else than sugar as the source of the osazone given by the
cleavage prodoct from proteid matter.

The negative evidence, based npon optical inactivity and non-

g9
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fermentability, cannot be considered to invalidate the positive
evidence that 15 adduneible.

Optical activity is a property in connexion with which much
diversity exists, some sngars being dextro-votatory, others lmvo-
rotatory, others inactive, from the neutvalising effect of the presence
of varieties with opposite rvotatory powers, and, again, others abso-
Inteiy inactive, and not to be resolved into component active sngars.
Further, a sugar with rotatory power in one divection is snsceptible
of being converted into a sngar with a rotatory power in the opposite
direction, as is exemplified by the convertibility of dextrose into
levulose (Fischer).

Fermentability is a property similarly cirenmstanced with regard
to diversity. Suogars, it is known, exist, even amongst the glucoses,
which are not fermentable, and it may happen that one form of a
particnlar group having one kind of optieal activity is fermentable,
whilst another form, with an opposite Kind of npt-{r:il :'ll.'?t-i\'it}', 18
not. For instance, ordinary levulose. which is levo-rotatory, fer-
ments, whilst a dextro-rotatory form of levnloze which has been
artificially obtained is not fermentable. A similar difference is
observable in the dextrose gromp, the ordinary or dextro-rotatory
form of dextrose being fermentable, whilst the lmvo-rotatory form is
not (Fischer). Whatever may subsequently prove to he attainable,
it is not contended that the sugar from proteid matter has vet been

bronght into the form of glucose—indeed, the evidence is to the
effect that it has not. 1If, therefore, so resistant to passage into
elucose, there is nothing sarprising in its being resistant to the fer-
menting inflnence of yeast.

Whilst the recogmition of the glucoside constitution of proteid
matter was entirely founded upon the information drawn from its
subjection to disintegration, the information derivable from the
opposite consideration fits in and supplies confirmatory testimony.
[t will, in what immediately follows, be shown, upon irrefutable
erounds, that in the constroction of proteid matter by the synthetie
power of protoplasmic chemistry, carbohydrate matter is a partici-
pating agent, If earbohydrate matter thus enters into the construe-
tion of the proteid molecule, it only stands in harmony with what
might be expected, that it shonld be susceptible of being again
liberated with the occurrence of disintegration,
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I will pass now to the consideration of the mode of origin of pro-
teid matter, and as we proceed it will be found that what has to be
stated ,f__[ivc:-; support to the view concerning its constitution that 1
bave enunciated upon the strength of vesults yielded by analytical
investigation. It will be of advantage, as a preliminary step, to sec
what light is thrown upon the matter by the artificial production of
glucosides.

Various glucosides have been artificially produced. Berthelot
found that when glucose is heated for a number of lours at
L00—120° C. in contact with acetic, butyrie, and other organie acids,
the two enter into direct combination, with an elimination of the
elements of water. From the synthesised compounds thus obtained
the carbohydrate may be again split off by heating with an alkali,
and it is interesting to note that it reappears, not as glucose (CsH 30y),
but in a state of diminished hydration, viz., as clucosan (C;H,,0;).
In fact, an illustration is here afforded, not only of the production of
a glocoside by the incorporation of a earbohydrate with another
hﬂ-L‘]I, but also of the subsequent separation of the carbohydrate in a
modified form.

If we look now to the production of proteid matter by the syn-
thesising action of living protoplasm, we meet with evidence nnmis-
takably showing that the production may arise from the combination
of carbohydrate with elements dervived from nitrogen- and salphur-
containing compounds.

The facts connected with the growth of the yeast cell may be
adduced n substantiation of what has been stated. Life is here
carried on in so simple a manner that it is not difficult to express in
precise terms the phenomena that oceur, and the conditions as regards
materials sapplied for growth may be so arranged as to furnish a
demonstration of the application of {;tli'buhj'{ll‘attc to the construetion
of proteid.

As Pasteur showed, many years back, yeast cells freely multiply in
a medinm containing sugar, ammonium tartrate, and the ash of
yeast The growth that here takes place implies a growth of cell
protoplasm, and with it a corresponding formation of proteid matter,
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the only souree for which is the gronp of principles contained in the
surrounding medium.  Althongh it may be reasonably inferred that
the earbon, and the hydrogen and oxygen, of the sugar contribute to
the formation of the proteid, the proof of such being the case is not
absolute, seving that all the elements in question are contained in the
tartaric acid of the ammoninum tartrate. It is possible, however, to
supply a medinm in which the growth will similarly take place, and
which coniains no earbon compound except the sagar. Suach a
medinm is mentioned by Sachs® as having been devised by Adolf
Mayer, and is stated to consist of water, sugar, ammoninm nitrate (in
place of the ammoninm tartrate of Pasteur’s lignid), acid potassinum
phosphate, tribasic calcinm phosphate, and magnesinm sulphate.
When yeast is grown in this medinm, it is self-evident that the whole
of the earbon required to form proteid must be derived from the
sugar. The example thus affords incontrovertible testimony that
carbohydrate, in the presence of the other requisite matter, con-
tributes, under the influence of the chemical power with which
living protoplasm is endowed, to the construction of proteid.

The nitrogen supply needed for co-operating with the carbohydrate
in the production of proteid may, as we have seen, Le derived, in the
case of the growth of a simple organism like the yeast cell, from even
an inorganic source. In the higher vegelable organisms, where
nutrient substances have to be transported to distant seats of utilisa-
tion, the nitrogen is supplied in a more elaborated form—very
gi!num"_}q it wonld appear, in the form of what 1s ecalled uh‘pnl‘ngin, a
erystallisable, diffusible principle, allied as an amido-componnd in
constitution to lemcin and tyrosin, and, like these prineciples, sus-
ceptible of taking origin from the splitting up of proteid matter.
Asparagin is foond widely diffused through the vegetable kingdom.
It is recognised by vegetable physiologists as a factor extensively
concerned in the formation of proteid by combination with earbo-
hydrate watter and the salphur of a sulphur-containing body. Tt is
especially to be found m the growing parts of plants, and appears to
be formed from stored nitrogerous material as a principle adapted
for transportation from the seats of reserve to those of active meta-

¢ ‘Leetures on the Physiology of Plants, by Julius von Sachs, translated by
H. Marshall Ward, p. 383 : Clarendon Press, Oxford, 1887,
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bolic change, where a re-combination with carbohyrdate matter is
asserted to take place.

The view represented, implying the joint participation of asparagin
and carbohydrate in proteid formation, is founded upon observations
which show that when the conditions are such as to permit of carbo-
hydrates being present in abundance no asparagin is to be found af
the seat of growth, whilst, if means are taken to limit their supply,
as, for imstance, by experimenting with slips grown in the dark or
with the exclusion of earbonic acid, asparagin is to be readily detec-
ted. It can subsequently be made to disappear by exposing the
shoots to strong light, and the disappearance is coincident with the
formation of carbohydrates on the one hand, and the production of
proteid matter on the other., The natural conclusion to be arrived at
is that the asparagin combines with the carbohydrate and becomes
used np in contributing to the formation of proteid matter.

Proteid Matter and the Deposition of Carbolydrate in the Vegetable
Ohrganisim.

I have spoken of the participation of carbohydrate in the construc-
tion of proteid matter. 1 will now pass to the consideration of the
converse aspect of the question and speak of its splitting off from
proteid matter as an occurrence connected with the operations of life.
It is noticeable that starch, cellulose, glycogen, &c., are deposited in
the interior of the living ecells of growing parts without having pre-
existed as such. There is no doubit, it may be considered, that they
are derived from sugarconveyed to the part in the juices of the plant.
It is possible, it must be admitted, that they may take origin by direct
transmutation of this sugar through an influence exerted upon it by
living protoplasm, but it has been snggested as more probable that
their production is the result of changes in the protoplasm itself.
Sachs, after contending that the processes of primary starch forma-
tion by the chlorophyll corpuscles and secondary starch deposition by
the protoplasmic starch-forming eorpuscles from pre-existing sugar
ave carried out in essentially the same way, writes as follows® with
reference to the former :—* It is, indeed, not impossible that certain
more immediate constituents of the green plasma itself take part in

* Loc. cif., pp. 317—318.
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the process—that dl.'n:ululrurai.liiJIlH and substitutions, for example,
take place in the molecules of the green protoplasm. This possibility
obtains some probability from the observation that in many (not all)
eases the chlorophyll substance gradnally decreases in quantity and
at length disappears entirely, while the starch-grains are growing in
it.” . . . *1 hold it as probable that in this process the proteid
substance of the assimilating chlorophyll itself co-operates and under-
goes a change.”

The purport of what is here said is that proteid plays a partici-
pating part in the process of deposition of carbohydrate as fabric and as
store material—cellulose, staveh, &e. Itistroe, the grounds of reason-
ing, as yet within our reach, do not supply the tangible evidence of the
splitting off of earbohydrate from proteid matter by disraptive meta-
bolism that is supplied of its entry by the exercise of construetive
metabolism. Viewing all the circumstances, however, it is pardon-
able to surmise that the one stands as a natural I:.'U'I"U“Ell'*'l,' to the other.
Carbohydrate is a co-operating factor in the construction of proteid.
It is deposited in a form different from that in which it reaches the
seat of deposition—a form, even, which may be said to present a
semblance of organised strocture, and it iz undoubtedly throngh the
ageney, and only through the agency, of proteid as living protoplasm
that the deposition is effected.

With all this, the discovery, mvived at quite independently by
analytical manipulation, of the glucoside comstitution of proteid
matter agrees, and even might naturally be expected to follow. It
supplies just the link that is wanted to fit in with the other links
and complete the chain.

Under the view set forth, proteid matter, through its glucoside con-
stitution, becomes of functional import in a manner, and to an extent,
not hitherto definitely thonght of. That its carbolhydrate shonld be
susceptible of cleaving off under exposure to certain influences (it
may be considered that ferment agency constitutes one of them) is
only in accord with the condition that is known to exist in the case
of other glucosides.

The cellulose, starch, &c., deposited as above represented, arve in a
lower state of hydration than the sugar veaching the seat of the
deposition. The position may or may not be analogous, but in any
case it is an interesting circumstance that the carbohydrate derivable
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from artificial glucosides 1s, as | have previously stated (p. 23),
similavly of a less hydrated form than the sugar employed in their
constroction.

These considerations, deawn from vegetable physiology. will he
found later on to render service in studying the relations of carbo-

I.lj.".l'l.'il.l-t* matier in t].lU :l'lliill“.l .‘i}'l‘itl..']]fl.
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DESCRIFTION OF ANALYTICAL STEPS OF PROCEDURE.

A DESCRIFTION vequires now fo be given of the methods which ex-
perience shows to be necessary for effecting the recognition and
estimation of the different carbohydrates which may be present in
animal products. It is obvious that these products are, without pre-
paration, not in a fit state for examination, and before any tests can
be applied, it 1s necessary to obtain suitable liquids for the purpose.
This preliminavy treatment must be condncted in such a manner as
to be unattended with a destruction of earbohydrate, or with a change
in the nature of the carbohydrate beyond such intentional change as
conversion into glucose.

Where it is simply required to detect the presence of sugar, with-
out reference to its nature and amount, a process of agqueous extrac-
tion may be resorted to for obtaining a liquid for testing. Thus, for
instance, by boiling the product with a sufficient quantity of sodium
sulphate crystals or by boiling after exact neutralisation with acetic
acid, the colouring and albuminous matters are completely separated,
anid a perfectly clear and colourless lignid containing the sugar is
obtained.

This method is an excellent one for purposes of qualitative testing,
but it is inappropriate for nse where it is required to ascertain the
nature and (unless the nature is previonsly known) the amount of
the sugar existing. For obtaining this information it is necessary to
determine the cupric oxide reducing power of the produet in its
initial state, and again after subjection to the glucose-forming
influence of sulphuric acid. With an aqueons extraction, figures
due to the presence of carbohydrate matter other than sugar would
be given after treatment with sulphuric acid, and error would thus
be introduced into the result. On this account an agent like aleohol,
which takes up sugar but not the other carbohydrate matter, must, as
will be presently more particularly mentioned, be employed for the
purpose of extraction. If the material present is known to consist
of glucose or any other particular form of sugar, a simple deter-
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mination of its cupric oxide reducing power, without the employment
of acid, will suffice for ascertaining its amount ; and the sodinm sulph-
ate method, as affording an easier and more speedy process, may then
he made use of for obtaining a liquid for quantitative examination.
The following is a description of the procedure in this case to be
adopted, where blood, taken as an example, is the product dealt with.

About 40 grams of sulphate of soda in small erystals are weighed
out in a beaker or capsule. About 20 c.c. of the blood intended for
analysis are then poured upon the erystals, and the beaker and its con-
tents again weighed.  Inthis manner the weight of the blood taken 1s
ascertained. The biocod and erystals are well stirred together with a
erlass rod, and about 30 c.c. of a bot concentrated solution of sulphate
of soda added. The vessel is placed over a flame guarded by wire
gauze, and the contents heated till a thoronghly formed coagulum 1s
seen to be suspended in a clear, colourless liguid, to attain which
actnal boiling for a short time is required. The lignid is next to be
separated from the coagulum. This is done by straining through a
piece of muslin resting in a funnel. Some of the hot concentrated
solution of sodium sulphate is then poured on the coagulum, well
stivred up with it, and the whole thrown on the picce of muslin.
The coagulnm is squeczed, and, to secuve that no sugar is left behind,
is returned to the beaker, and the process of washing and squeezing
repeated.

The somewhat turbid lignid is next thoroughly boiled, and then
filtered through filter paper, when a perfectly clear filtrate is
obtained. The washing of the beaker and filter with the hot concen-
trated solution of sodium sulphate completes the process of pre-
paration. The liguid yielded is in an excellent condition for the
quantitative determination of the sugar, by either of the methods,
gravimetric or volometrie, presently to be deseribed.

The process, as I have alveady stated, is only suitable for applica-
tion where the nature of the sugar present is known. Where its
nature is not known, a single determination, on account of the dif-
ferent degrees of cupric oxide reducing power possessed by the
various sugars, suffices only to reveal the amount of reducing power
belonging to the product, there being nothing to show whether this
is representative of a certain amount of glucose or a larger quantity
of some budy or bodlies of lower cupric vxide reducing power.
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To acqure information ':'L-g'.n'llfng the natnre of the material, a
method of extraction must be rvesorted to which will admit of the
sugar being obtained free from admixture with other carbohydrate
matter (glycogen, &e.). By means of aleohol the desired sepavation
is eflected, the sngar being taken up in solution, whilst the other
carbohydrate matter remains in the coagulated residue. The extracted
carbohvdrate being subsequently subjected to the converting influence
of sulphuric acid, the determination of itz cupric oxide reduocing
power, both before and after this treatment, affords an insight into
the nature of the sugar present. If the two results coincide, the
existence of glucose is indieated. 1f the figures yielded by the first
determination ave lower than those given by the second, it is indicative
of the existence of a body or mixture of bodies of lower cuprie oxide
reducing power than glucose.

A single determination of eupiic oxide reducing power is thus of
no actual value, nunless the particular form of sugar present is known.
A failove to grasp the importance of this fact is caleulated to lead to
more or less extensive ervor in estimating quantities of carbohydrates.
Maltose. for instance, has a I'E:dutil'lg power of ﬂni}’ 6l as compared
with that of glncose taken at 100. Representative solutions, therefore,
containing respectively 61 parts by weight of glocose and 100 parts of
maltose, would exert precisely the same cupric oxide veduecing effect,
and would appear, as the result of a single determination, to contain
equal amounts of carbohydrate. If each, however, were then boiled
with dilate sulphurie acid and again examined, the resnlts obtained
would be widely different, that from the glucose-containing liquid
remaining as before, whilst the fignves yielded by the other wonld
show a proportional advance of from 61 to 100. In the case of a low
reducing mixture of maltose and dextrin, such as resalts in the carly
stages of the transformation of starch and glycogen, the error arising
from reliance on a single determination of the cupric oxide reducing
action wonld be considerably greater, and wounld, therefore, lead to
the carbohydrate being estimated at a mere fraction of the amount
actually present.

The details of the process of sugar extraction by means of aleohol,
and the subsequent treatment of the residue for the collection and
estimation of the carbohydrate, other than sugar, obtainable in the
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examination, for instance, of bload, which was taken as an example
before, are as follows :—

About 30 arams of defibrinated blood are poured into abont 400 c.c.
of aleohol. Care must be taken that the spirit employed is free
from impregnation with anything capable of subsequently exerting a
cupric oxide reducing action. Ordinary methylated spirit may be
used if 1t has been previously redistilled. 1t any doubt is felt as to
its character, a control experiment may be performed with a portion
of spirit to which blood has not been added.

The sugar present in the blood passes into solution in the aleohol.
It is held, however, very tenaciously by the coagnlated matter, and
requires to be earefully extracted from it by repeated washing and
pressing. The blood and spiril are well stirred together, and it ap-
pears to be of advantage towards obtaining as slightly coloured a
produoet as possible for snbsequent testing to allow the mixture to
stand until the following day. After being exposed for a time to the
heat of a water-bath, for the purpose of promoting the agglomera.
tion of the precipitate, the alcohol is strained off throngh muslin
which has been previously deprived by thorough washing with boil-
ing water of its dressing of starchy matter. Washing with aleohol
is performed, and the coazulum in the muslin is subjected to foreible
squeezing in a snitable press. The residne. which by this process is
eonverted into a dry cake, is pulverised in a mortar, mixed with fresh
spirit, boiled over the water-bath, and again strained and pressed.
The process is repeated once more. After this third extraction, the
residue may be considered to be free from sugar, an agueons extraet
failing to exert any cupric oxide redncing action.

Two extractions with aleohol might prove sufficient, if earvefully
made, but it is safer to use three. After the first extraction, there
is evidence that a considerable gnantity of sogar still clings to the
eongnlum. This is rendered apparent by the following vesults of
actual observation. Upon one oceasion 50 c.c. of sheep’s blood were
extracted with aleohol : the first extract contained 0015 gram of
glucose, the second 0004 gram, and the third no definite amount.
Again, some sugar from diabetic urine was added to sheep’s blood,
and 50 c.e. were taken : the first aleoholic extract was fonnd to con-
tain 0-144 gram of glucose, the second 0009 gram, and the third
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nothing definite. These examples soffice to show the necessity of
attention being given to secnre complete extraction of the sngar,

The three aleoholic extracts, ineorporated together, ave now acidified
with acetic acid, then heated to near the boiling point over the water-
bath, and finally filtered throngh ordinary filter-paper. Whilst the
residne on the filter is reserved to be subsequently dealt with in eon-
junction with the bulk of residue previously collected, the filtrate is
l"i.':L}mr:dt':l nearly to dryness on the water-bath, and then briskly
boiled with a few erystals of sulphate of soda or a few c.e. of its
saturated solution, for the purpose of eausing the eolonring and fatty
matters to agelomerate so as to be easily removed by filtration. The
liguid is filtered off, and, to avoid the inconvenience of the crystallisa-
tion that may take place when a filter-paper is used, it is found ad-
vantageous to have recourse fo filtration through a plug of glass-
wool. The beaker and filter are then washed with the hot solution of
sulphate of soda. Attention, it may be stated, should be given to
seeure that the sulphat: of soda employed 15 free from any admixture
of earbonate, as this impurity may vitiate the result by exerting,
throngh its alkalinity, a destructive influence npon the sugar, besides
leading to the prodnection of a more coloured liquid for testing.

The filtrate obtained presents the product of aleoholie extraetion
in a suitable form for the quantitative determination of the sngar. It
is made np with water to a known volnome—conveniently to 100 ¢.c.—
and then divided into two equal portions. One portion is at once
examined, and its cupric oxide redocing power ascertained. The
other is submitted, after the addition of sulphurie acid to the extent
of 2 per cent., to appropriate treatment for the conversion of the
earbohydrate matter present into glucose.  Another determination of
euprie oxide reducing power is subsequently conduneted, in order that
a comparison may be made between the two. As a preliminary step,
however, the neutralisation of the sulphurie acid that has been nsed
requires to be effected. For this purpese a strong solution of canstie
potash is employed, and, since hot potash rvapidly destroys glueose, the
liquid product must first be thoroughly cooled, and precantion taken
to add the potash slowly so as to avoid any marked rise of tempera-
ture. The ligunid is then bronght up with water to a given bulk and
filtered through a dry filter. It frequently happens that more or less
colour appears as the result of nentralisation, and sometimes, alter
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standing, a certain amount of colonred matter separvates ount, leaving,
on filtration, the liguid in a much better condition for examination.

By treatment of the coagulated vesidue from the alcoholic ex-
traction, the carbohydrate other than sngar—carbohydrate of an
amylose nature—is obtained, and the process to be adopted is the
same as that resorted to for obtaining and estimating the glycozen
of the liver, 'l."i:f._1 l.:|.i.'-i:-'~t11'\'ilt_l_',' h:,' menns of }mtm-ﬂ'l, ]![llll'illg into .‘ip'il"if,
collecting the precipitate, and subjecting it to the inverting action of
sulphurie aeid.

The residue is placed in a flask together with 50 c.c. of a 10 per
cent. solution of potash. It is important that the material should
have been as thoroughly as possible reduced to a minute state of
subdivision, in order to secure that none of the nitrogenous matter
escapes the action of the potash and remains in a state to give rise,
after the subsequent treatment with acid for conversion into glucose,
to the binret reaction when submitted to titration with the copper
solution. It is of advantage to allow the mnxtore to stand for
twenty-four honrs in the cold, as greater seeurity is thus given of
complete solution being effected by the thirty minutes’ hoiling subse-
quently resorted to.

To prevent concentration, through evaporation, of the potash solu-
tion, and the possible destruction of the earbohydrate in the process
of boiling, the operation shonld be performed in a flask fitted to an
inverted condenser, and, in order to escape from the inconvenience
arising from the frothing which not unfrequently oecurs, a large-
sized flask is required.

The 50 e.c. of liguid are now poured into about 500 ec.e. of spirit to
separate and precipitate the earbohydrate present. With a smaller
proportional amount of spirit, a risk is inenrred of the precipitation
being incomplete. By setting the beaker aside until the following
day, the thorough settlement of the precipitate is promoted, and in
this way the subsequent process of separation by filtration facilitated.

For filtration, a plug of glass-wool should preferably be used.
With the employment of filter paper, which is not only constituted
of cellulose, but is, moreover, sometimes found to contain starch, a
risk of error is ineurred through the possibility of glucose-forming
matter being introdunced in the subsequent removal, or washing off, of
the precipitate.
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The precipitate on the glass-wool is next thoronghly washed with
spirit, and the glass-wool plug then turned into the beaker, and the
funnel washed with a little hot water. If much water should have
been required for washing off' the precipitate, evaporation shounld he
resorted to to bring the bulk down to abont 50 c.c. The |]-1-|‘J|:|m~1_1
after its transference to a smitable-sized flask, and the addition of
snlphurie acid to the extent of 2 per cent.. is submitted to the action
of heat, according to the divections given further on, for effecting
conversion into a enpric oxiude reducing sugear.

A certain amount of undissolved black matier is usnally after-
wirds noticeable, and it is advisable that this should be separated hy
filtration, before proceeding to neutralisation.  Otherwise, it may be
taken up by the potash employed, and interfere with subsequent
titration by giving a more deeply colonrved product. The filter nsed
should be small enough to admit of being thoronghly washed with-
out unduly inereasing the bulk of the liquid. The acid is then
nentralised with porash, eautionsly added. This leads to a further
separation of matter in the form of a dark-colonred, and sometimes
bulky, sediment, which should be removed by filtration through a dry
filter after the liquid has been made up with water to a definite
volume.

The amount of glncose present is now determined by titration with
the ammoniated L‘Llpr[r. test, and the resnlt may bhe either represented
as carbohydrate expressed as glucose or hronght by calenlation
into glyecogen—amylose carbohydrate—figures. The equivalents of
elucose and the amylose gronp of carbohydrates corresponding with
their accepied formnle—C,H,.0; and C;H,,0,—are respectively 180
and 162, giving the fraction 162180, or 0°9, as the multiplier for the
conversion of glucose fizures into glycogen figures.

Such is the method of dealing with a flnid animal produet like
blood. If a solid organ or tissne, snch as liver, muscle, &e., is being
examined, it is first thoroughly pounded in a mortar, or otherwise
minutely divided, and a weighed portion placed in a relatively large
quantity of aleohol and well stirred up.  After standing for twenty-
four hours, the aleohol is strained off through muslin, the residue is
pressed, and the extraction and pressing twice repeated in the
manner already deseribed. By this process, the sugar present is
thoronghly extracted, and separvated from the other earbohydrate
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matter, which remains behind in the residue. The aleoholic extract
and the residue are then treated as in the ease of blood, for procuring
suitable products for examination.

Until recent investigation taught me otherwise, I was under the
impression that the earbohydrate matter obtained by treatment of
the residue with potash consisted simply of glycogen. Where
glycogen is present, as in the case of the liver, muscle, and certain
other constituents of the organism, it enters, it is true, to a greater or
less extent into the vesult; but, as I have shown when speaking of
the glucoside constitution of proteid matter, the effect of the action
of potash upon proteid is to split off from it carbohydrate material,
which passes with the glycogen that may be present, and which,
when none is present, I formerly took erroneounsly to be glycogen.

The carbohydrate of proteid origin, as [ have previously men-
tioned (pp. 36, 37), offers much greater resistance than glycogen to
the converting action of sulphuric acid. The 2 per cent. strength of
acid, which suffices readily to carry glycogen fully into glucose, fails
with the body in question to do more than give it about half the
amounnt of cupric oxide reducing power that is given to it by acid
of 10 per cent. strength, and even with acid of this latter strength 1
consider it doubtful whether complete conversion inte glucose is
effected. It hence happens, in the case of this cleavage carbohydrate,
that if the reckoning be applied to it that is applicable in the case of
glycogen, an under-estimation of material will result to the extent of
about half or, it may be, even more.

A difficulty is obviously created by this cleavage carbohydrate in
the estimation of glycogen as a constituent of the components of the
body. As, however, the amount of the cleavage material, given after
the employment of 2 per cent. sulphuric acid as representing glucose,
may be computed to stand at not more than about 2 or 3 per 1000 of
the fresh tissue examined, it may be considered that where glycogen
is present to any significant extent, as may be looked for to be the
case with the liver and some other structures, the error introdunced
does not amount to anything of consequence.

A point of paramount importance, in connexion with the employ-
ment of sulphuric acid for conversion of glycogen, maltose, &c., into
glucose, is the necessity of attention being given to secure that
the sulphuric acid added remains as free acid in the solution, and is

¥
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not appropriated in nentralising an alkali, or in displacing a weaker
acid, as where acetic or citrie acid has been used and afterwards nen-
tralised in some earlier stage of the process.

As regards the length of time to be employed for conversion, it
taay be stated that in operating upon starch, glycogen, dextrin, or
maltose, it is advisable, in order to be quite safe that full conversion
has taken place, to boil for an bour and a half, thongh probably a
shorter time may in reality suffice. An inverted condenser must be
used to avoid concentration of the acid liguid, and thereby risk of
destruction of the produoct.

The following observations may be introduced to show the extent
of transformation met with after boiling with 2 per cent. acid for
snccessive lengths of time.

A decoction of staveh boiled with sulphuric acid (2 per cent. strength)
with the employment of the inverted condenser, and 10 c.c. vemoved and
analysed at the undermentioned periods :—

. Cupric oxide reducing power,

expressed as glucose,

e

At the end of " Obe. 1. Obs. 2._-h
fhour.......... 0200 gram. 0140 gram.
e e e GBS 0248 |,
e B S 0620 ,, 0264
Ve I 0328 ,,
[ QR AP B R ) R 0:350 ,,
A T 0666 |, 0:350 ,,
S e .o 660 0350 ,,

A solution of maltose, derived from the action of saliva upon starch,
sontlarly boiled with sulphuric acid, and 10 c.e. removed and analysed
at the undermentioned periods : —

Cupric oxide reducing power,
At the end of expressed as glucose.

o minutes ........ 0025 gram.
il RS s RIS
| R 0031 ,,
o= DN [T S
e e DT

L home: rie: s e 0041

e C e ChO e
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On looking at the above results, it is observable that in the last
experiment conversion was completely effected within three-quarters
of an hour, whilst in the first two a longer time elapsed before the
complete change was found to have ocenrred.

With exposure to a hight‘:l' temperature, a E?ﬁlll}liti‘i’lfi\'l!‘l}' short time
suflices for the complete conversion of starch, glycogen, &e., into
glucose. Taking advantage of this fact, I am in the habit of using an
auntoclave—a Loiler constructed for the application of heat under
pressure. When used for the purpose referved to, it is set at a
pressure equivalent to five atmospheres, which gives a temperature of
abont 150° C. (300° F.). At this point, the conversion into glucose is
accomplished within about a gunarter of an hour. It is reliably
secured by half an hour, which is the length of time I consider it
advisable to allow.

It is requisite to mention that the presence of sodium sulphate
interferes with the inverting action of the acid when the process is
conducted under ordinary atmospheric pressurve, and that error may
thus arise where the inverted condenser is used. Under the higher
pressure, however, at which the antoclave is worked, this interference
is not, as far as I have perceived, exerted in such a manner as to be
noticeable.

In the case of lactose, one hour suffices for complete conversion
into glucose, and may be taken as the time to be allowed. The in-
verted condenser must be employed, to prevent concentration by
evaporation. The use of the antoclave is inadmissible, on account of
its leading to the development of colour in the product.

With cane sngar, inversion is accomplished within a few minutes.
On account, however, of the charring action exerted by sulphuric
acid upon cane sugar, citric acid is a preferable agent to use for its
inversion. This acid is equally efficaciouns for the purpose required,
and its employment is not attended with the risk of any destruction
of carbohydrate. Boiling for seven minutes with a citric acid solu-
tion of 2 per cent. strength amply suffices for securing full conversion
into glucose. The operation may be conveniently performed in a small
open flask, the employment of an inverted condenser being unneces-
sary.

On account of the greater proneness of cane sngar and its deriva-
tive invert sugar to undergo destruction by the action of sulphurie

F2
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acid than other carbohydrates, the use of the antoclave should be
avoided where the presence of these sugars is suspected.

(Qualitative and Quantitative Testing.

Having described the processes by which the carbohydrates exist-
ing in animal products are separated from other matters and prepaved
for the application of testing, I have next to deal with the manner in
which the process of testing 15 conducted.,

The copper test, based on the power possessed by glucose and some
other sugars of reducing cuprie oxide (CuQ) to the state of cnprous
oxide (Cu,0), affords, I cousider, by far the most suitable means of
obtaining the information desired, whether of a qualitative or guanti-
tative nature.

The form of copper solution ordinarily employed is a liquid in
which enpric oxide is held in solution by alkali through the influence
of an alkaline tartrate. The test perhaps in most general use is the
lignid known as Fehling's solution, which bas the following com-
position ;:—

Ft'.i'r-f-f-ﬂy's Solution.
Cupric sulphate ...........cv000.. 3465 prams.
Potassic sodie tartrate ( Rochelle salt) 173-00 .,
Caustic soda solution (sp. gr. 1'1200) 60000 c.c.
Distilled water to 1 litre,

Fehling's solntion is, in my opinion, improved by using a larger
proportion of alkali than that commonly employed. Thus modified,
it is more stable and less liable to give rise to fallacious indications
by undergoing spontaneous reduction on boiling. I am accustomed
also, on grounds of convenience, to use potash instead of soda. The
following is the composition of the liquid I employ :—

Modufied Fehiing's Solution.
Cupric sulphate .................. 3465 grams.
Potassic sodic tartrate {Rﬂchelln salt) 17000 .,

Canatio potagh .. ... vresamesnnsisee L0000
Diistilled water to 1 litre.

It is necessary to bear in mind that these cupric solutions, the



SUGAR ESTIMATION BY GRAVIMETRIC COFPER PROCESS. 69

latter, however, less readily than the former, undergo, on keeping for
some time, especially under exposure to light, change of such a
nature as to lead to the spontaneous deposition of some suboxide, and
to the deposition of more on beiling. When in a state thus to give
rise to the appearance of suboxide precipitate on boiling, the liquid
may be restored for a while to its former condition by the addition of
alkali.

Due attention must needs be given to the sounrce of fallacy here
presented, and when this is done the test may be regarded as an
exceedingly valuable one for the recognition of sugar.

The test may also be made use of for guantifative purposes, and be
thus applied either gravimetrically or volumetrically. Its employ-
ment for gravimetric determination is based on the fact that five
molecnles of cupric oxide are reduced by one molecule of glucose;
and, for volumetric determination, on the fact that the amount of
cupric oxide contained in 10 c.c. of the lignid is just reduced by
0-050 gram of glucose.

For the gravimetric process, the produet to be examined is boiled
with an excess of the cupric solntion. In the ecase of blood, &e., the
preparation of the product may be conducted by the sodinm sulphate
method deseribed at p. 59.  Afier full reduction has taken place,
the cuprous oxide is collected and may be weighed as such, and the
sugar calenlated upon the basis of one molecule of glueose for every
five molecules of enprous oxide obtained.

A better method, on account of its extreme delicacy and preeision
of dealing with the precipitated suboxide, consists in dissolving it in
nitric acid and then submitting the solution to galvanic action in such
a manner as to occasion the deposition of the whole of the copper in
a pure metallic state upon a weighed eylinder of platinnm foil. The
weight of the copper is thus readily ascertained and the required
ealenlation made. This process, which T at one time employed when
engaged npon a series of comparative observations on the amount of
sugar existing in blood taken from different parts of the system, is
deseribed in detail in a communication presented by me to the Royal
Society in 1877, and contained in the ‘ Proceedings' for that year
(Vol. 26, p. 314). The results which will be introduced later oa will
afford evidence of the exactness of the process as a means of sogar

estimation,
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Holding the position it does, as regards rveliability, the electro-
gravimetric process is not only of intrinsie value for the purpose of
quantitative analysis, but may be considered to possess additional
valne as a means of ganging the aceuracy of other tests. It is, how-
ever, a lengthy and, it must be said, a tedions process, and is, on this
aceount, not well adapted for ordinary employment.

The estimation of sugar gravimetrically through the copper test,
h:,- whatever method conducted, is open to the mmportant source of
fallacy that if ammonia (whether free or in combination), or a nitro-
genous product capable of developing it during the process of boiling
with the fixed alkali of the test, is present, error will necessarily
follow, in consequence of the solvent action it exerts upon the cuprous
oxide, and its effect in thereby leading to more or less of this produet
escaping deposition and thus failing to appear in the result obtained.
It may be assumed, in the case of the liver, that this in reality occurs,
for the figures yielded by the method are so absolutely insigmificant
and so inconsistently low, compared with those obtaived in other
ways, that it is evident they cannot be correct. With blood, in a
fresh state, I have no reason to think that any such sonrce of fallacy
exists. Indeed, the evidence that is presented points to the contrary.

In the volumetric method, the estimation is effected by noting the
fading and loss of the blue colonr of the test solution, as the conver-
sion of its enpric oxide into cuprons oxide takes place. The method
is a much more expeditious one than the gravimetrie, and is not
influenced detrimentally by the presence of ammonia. The reckoning
is based upon the cupric oxide contained in 10 c.c. being just reduced
by 0:050 gram of glucose, which is equivalent to saying that the blue
colonr belonging to 10 c.e. of the solution is just removed by 0-050
gram of glucose. Theoretically, there is nothing to be said against
this process ; but, practically, it is found that its application is attended
with the disadvantage of the reduced oxide interfering, by remaining
suspended in the liquid, with the accurate recognition of the terminal
point of reduction. For purposes where minute accoracy is not
essential, a sufficiently approximate result can be obtained, but for
physiological purposes, and in other cases where great precision is
required, the process is nnsnited for employment,
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fQuantitative Determination .Jl,r' FI'H[_,HH' by the A neimoniated f'ft}ir'fu_’ Test,

A test which I introduced about fifteen years ago, and of which a
daily experience during the whole of this period enables me to speak
with confidence, is not open to the objection above alluded to, and has,
moreover, special advantages in other respects, rendering it eminently
valuable as an agent for sngar estimation. [ refer to the ammoniated
cupric test, the principle of action of which is that through the
presence of ammonia the cuprous oxide formed by the reducing
influence of sugar is held in solution in a colourless state, instead of
appearing as a colonred deposit. The progress of the reduction is
thus attended with a simple fading of colour, unobscured through-
out, and no diflieulty is experienced in recognising precisely when
the terminal point is attained.

The ammonia present in the liquid, whilst holding in solution the
reduced oxide of copper, does not interfere with the process of redne-
tiom. It is incidentally advantageouns in deepening the colour of the
cupric solution, and thereby increasing the defining capacity of the
test, which is proportional to the range of colour passed through.
Further—and this is a point of great importance—ammonia confers
upon the solution a perfect self-preservative power, the conditions
being such that so long as any air is in contact with the fluid, the
copper is of necessity kept in a fully oxidised state, and prevented
from undergoing deposition.

The test is an exceedingly delieate ome, and is further recom-
mended by its readiness and speediness of application. [t possesses,
indeed, all the delicacy and reliability of the electro-gravimetric
process, together with more general applieability, and infinitely
greater facility for nse.  When the two processes are applied side
by side, the results yielded are found to stand in the closest agree-
ment. It is not too much to say that without the assistance of the
ammoniated cupric test I could not have obtained the information
which stands at the foundation of this work.

The following is a description of the mode of preparation of the
test liguid, with particulars regarding its position in relation to
eupric oxide reduction and sugar oxidation.

I originally directed that the ammonisted enpric test should be
preparved from Fehling’s solution, by adding to 100 c.e, of it 300 e.e.
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of ammonia and 600 e.c. of distilled water ; and, in operating with the
liguid, I at first took it for granted that the same relation existed
between the amount of oxide of copper rednced and that of sugar
oxidised, as under the employment of the copper test of the ordinary,
or non-ammoniated, kind, namely, that five molecules of oxide of
copper were reduced by one molecule of glucose. The liguid made
in this way contained one-tenth of Fehling’s solution, and if it com-
ported itself in the same manner as the latter, 10 c.c. of it would
stand equivalent to 0-005 gram of glucose. In working with it, the
results obtained stood in harmonions relation with each other, but
when checked by trying it with liquids containing known guantities
of sugar it was found that the figures given were invariably too
high. At first, I was at a loss to account for this resnlt, but subse-
quent observation showed that in the case of the ammoniated liguid
six molecnles of enprie oxide, instead of only five as with Fehling's
solution, are reduced by one molecule of sugar. When the reckoning
was made upon this basis, the results exactly corresponded with the
actnal amounts of sugar known to be present. Moreover, with
liguids containing glueose, examined comparatively with Fehling's
solution and the ammoniated cuprie test containing one-tenth of
Fehling's solution, the results stood exactly in accord, under the
reckoning that five molecnles of cupric oxide in the one case and
six molecules in the other were reduced by one molecule of
rlucose.

It was further revealed, in the course of the enguiry conducted,
that, with the liguid prepared as above from Fehling’s solution, the
result of titration was to some extent dependent npon the manner in
which the product was dropped in from the burette. When the
rate of dropping was such as not to involve a prolonged period of
boiling, a correet result was obtained, but when the operation was
more slowly performed, evidence was afforded of the ocenrrence of a
certain amount of spontaneous reduction, This is comprehensible
from the behaviour of Fehling's solution itself. When in a fresh and
not over-dilute state, it does not, even on prolonged boiling, show
any sign of the oecurrence of reduction, but if brought to a very
dilute state, it undergoes, on ebullition, spontaneous change attended
with a deposition of suboxide. The ammoniated liguid as compared
with Fehling’s solution presents consideralle dilution. It is, there-
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fore, not surprising that it should be unable to resist the influence
of unduly prolonged ebnllition withont undergoing spontaneous
change.

In experimenting with the test, it was found that the addition of
fixed alkali to the extent of 1 gram of potash for every 20 c.c. had the
effect of removing the instability referred to, and of giving to the ligunid
the power of resisting the tendency to spontaneous reduction under
exposure to a prolonged period of boiling. Further investigation
showed that a great excess of fixed alkali, such, for instance, as resalted
from the addition of 5 orams of Iml:l:-:h for every 20 e.c., modified
the character of the lignid, and brought it into the same position as
the ordinary copper solution, in relation to the number of molecules
of cuprie oxide reduced by one molecule of sugar; in other words,
that whilst the addition of potash in the proportion of 1 gram for
every 20 c.c., and somewhat over this, did not modify the character
of the liguid in relation to extent of reduetion occurring, the addi-
tion of 5 grams to the 20 c.e. so far altered the behaviour of the test
that five molecules only of eupric oxide, instead of six, were reduced
by one molecule of glucose. With the addition of potash in gnanti-
ties somewhat under this, the amount of enpric oxide reduced by
one molecale of glucose was found to stand between the five and the
six molecules.

To bring the ammoniated copper liguid into a position to repre-
sent an exact tenth of the sugar-value of Fehling's solution, the pro-
portion of copper requires to be increased so as to give six molecules
against five. When this has been done, as by taking 120 c.c. of
Fehling's solution instead of 100 for the litre of the ammoniated
lignid, the results obtained from titration coincide for the two
lignids, and conform with those that are to be looked for when
known guantities of sugar, determined by the balance, are employed.

When Fehling’s solution is used for the preparation of the am-
moniated liquid, the required stability, without alteration of sugar-
value, is given by doubling the amount of caunstic soda present. With
the modified Fehling’s solution, the composition of which is given at
p- 68, and which, for all purposes, I consider a preferable ligunid for
nse, the amount of fixed alkali is snficient to meet what is wanted,

No need exists, however, to prepare the ammoniated cupric test
from either of these solutions, and T mever, now, have recourse to
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their employment for the purpose. I consider it better to proceed in
a dirvect way, and the following are the quﬂ.ntitifm to be nsed -—

Ammoniated Cupric Test Solution. (Pavy.)

Crystallised copper salphate ....... ... . 4158 grams.
Potassic sodic tartrate (Rochelle salt) .. 20400
Cametic potagh .. <. . oo iio st oo 2l

Strong ammonia solution (sp. gr. 0°880) 300 c.c.
Distilled water to 1 litre.

[n preparing the test, it is fonnd desirable to dissolve the potash
and Rochelle salt together in a portion of the water, and the copper
sulphate separately in another. The latter requires the aid of heat
for solution. When completely dissolved, it 1s pounred into the mix.
ture of potash and Rochelle salt.

After the mixed liquids have cooled, the ammonia is added, and
then a sufficiency of water to bring up the volume to a litre.

In sugar-value, 10 c.e. of the lignid stand equivalent to 0-005 gram
of glucose.

Such is the theoretical sugar-value of the solution, from the copper
present. For many purposes it may be zccepied as the actual value,
but when security of elose acenracy is required the liguid shonld be
standardised by means of a solation t‘.'utl'l-:li:ling a known [lltil..ntitjr h_v
weight of sngar. This I am in the invariable habit of doing when
the test is used in conducting physiological investigations. For the
purpose, it is best to employ cane-sugar and to convert it into glucose
by the agency of an acid. What is sold in the form of coarse colour-
less ecrystals, under the name of *‘ white erystal,” and used par-
ticularly for sweetening coffee, constitutes a very pure kind of cane-
sugar, and therefore an advantageous one to take. It shounld be
reduced to a fine powder, and freed from adherent moisture by ex-
posure for a short time in a hot-air oven to a temperature near
100° C. (212° F.). Afterwards it may be kept over sulphuric acid in
a desiccator, ready for use at any time. A carefully weighed portion,
say 1250 gram, is subjected to inversion by boiling for seven
minutes with 50 c.e. of 2 per cent. citric acid  This acid is employed
in preference to a mineral acid, to avoid any chance of destrnetion of
sngur. When ecool, the acid is neutralised with potash, and the
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volume made np with distilled water to 250 c.c.  The liguid is sub-
sequently titrated with the ammoniated solution, and the value of
the test ealenlated from the result obtained. No disparity of any
account shonld be found between the theoretical and the actunal
value.

In the employment of the test solution, 10 e.c. and 5 e.c. are con-
venient guantities to work with, and do not eall for the nse of any
appliance to obviate the inconvenience arising from the evolved
ammonia, such as I found to be necessary when 1 first introduced
the test and nsed a larger quantity for operating with. By diluting
the specimen to be examined, as much acenracy 15 attainable as with
the employment of a larger amount of the test and a less dilute
product.

The apparatus best snited for the application of the test consists of
a flask of about 150 e.c. capacity, throngh the cork of which passes a
delivery tube from a Mohr's burette, for dropping in the product to
be examined, and also an exit tube for the escape of air and steam.
The burette is gradnated into 20 e.c., each centimeter being divided
into tenths, and is fixed in a suitable stand (vide accompanying
photo-engraving). Instead of the spring elip commonly used to
regulate the dropping of flnid, T employ a screw arrangement, by
which the flow is snseeptible of being regnlated to a nicety.
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The product for examination having been introdoced into the
burette, a little is allowed to escape in order to free the delivery tube
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from air-bubbles, after which the height of the liguid is read off and
noted down. The 10 c.c. or 5 c.c. of test liquid, or whatever quan-
tity it is intended to employ, are then placed in the flask, and about
20 c.c. of distilled water added to inerease the bulk to a convenient
extent for boiling to be performed. The flask is now affixed to the
cork belonging to the burette and allowed to hang suspended over
the flame of a spirit lamp or Bunsen burner. To facilitate observa-
tion of the progress of decoloration, a white background of opal glass
is provided. When the contents of the flask have well commenced
to boil, the serew which governs the flow from the burette is turned
so as to permit the liquid to escape by drops at the rate of about
60 to 100 per minute, according to the effect produced upon the
colour of the test. What is wanted is a gradually advancing decolora-
tion until the contents of the flask are bronght to a perfectly colour-
less state. Towards the end, the dropping in has to be conduneted
more slowly than at first, so as to avoid going beyond the exact point
required. When decoloration is complete, the flow is stopped. A
reading of the level of the liguid in the burette shows the amount of
the produet which has been used in decolorising the 10 c.c. or & c.c.
of test solution; in other words, the amount which contains sugar
equivalent in cupric oxide reducing power to 0005 gram or
0-0025 gram, as the case may be, of glucose.

A basis is thus afforded for ascertaining the amount of sngar con-
tained in the entire product, and, as the product represents the
weighed material taken for examination. ealeulation suffices to give a
per cent. or per mille expression of the amount of sugar that was
present.

If, in conducting the amnalysis, the contents of the burette are
dropped in too slowly and the boiling becomes prolonged, some sub-
oxide may fall in consequence of the expulsion of the ammonia before
the operation is completed. Should this oceur, a fresh titration must
be undertaken, and the contents of the burette dropped in a little
more quickly. Any snoboxide happening to have been deposited npon
the surface of the flask in a previous titration promotes a more
speedy deposition of subozide than would otherwise occur. It must,
therefore, be removed by a little nitriec or other mineral acid before
the flask is again used.

The chief precautions to be observed in conducting a titration are
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to avoid dropping in the liquid from the burette so rapidly as to incur
the risk of ronning beyond the point required for decoloration, and,
at the same time, not to drop in so slowly as to lead to a deposition
of suboxide from the expulsion of the ammonia. The liquid should
be kept steadily boiling, so that the upper part of the flask may be
continuously filled with vapeur. An interruption of ebullition wonld
permit the entrance of air, and thereby some possible re-oxidation of
the reduced oxide, which would have to be again reduced hefore the
end of the process, thus leading to a fallacious resualt.

With everything conveniently at hand, a few minutes only are
required for the performance of the process, from beginning to end.
To give precision to the analysis, at least two, and sometimes three
or four, titrations are required to be conducted. If the first two
titrations yield accordant rvesnlts, they may be considered to suffice.
The first titration, however, is obviously of a somewhat tentative
nature, in the absence of any previous knowledge of the gnantity of
hiquid that will be required to be dropped in from the burette. The
titrations should be repeated until closely accordant results are ob-
tained, the mean of which may be accepted as the final result.

In first employing the test, the operator must be prepared to find
that a certain amount of practice is required to work with it satis-
factorily. When, however, the requisite experience has been gained,
no difficulty is met with in obtaining precise results. Proof is easily
afforded of the precision of which the test is snsceptible by examin-
ing two liguids containing different amounnts of sngar, and then
mixing them in equal proportions and examining the mixture. The
figures given by the latter, under experienced hands, and when the
lignids nsed are in a good, colourless state, will be found to exactly,
or almost exactly, coincide with the caleulated mean drawn from the
separate examinations previously conducted.

As a further illustration of the precision attainable through the
medinm of the test, I may adduce a few results of duplicate analyses
belonging to experiments recently conducted at the Examination Hall
Research Laboratories for the purpose of extending and checking my
former work. The results in guestion serve, it may be remarked, not
only te illustrate what has been mentioned with regard fo the test,
but also to show the satisfactory position in which the analytical pro-
cedure, taken in its entirety, stands.



ACCURACY OF AMMONIATED CUPKIC TEST. Th

Duplicate Analyses with the employment of the Ammoniaied Cwpric Test.

Hu;_:m- per llh’_l"l, q*xprr:-'at:l HE]
rlueoze.

]_}I,llllii,':ihf.‘i.

I. l.'lng'.u. blood from right ventricle—
Before ::ulpl:uria- T 10 N I 11| 17 ) BN

After e SR B E 0-937

1. Dog’s blood from portal vein—
Before snlphuric acid ........ 0977 0943
After " o ar minitaten, ad RN 1-0F0

IT1. Dog's blood from portal vein—
Before sulphuric acid ..... aax 0968 =47
After i e ] L 1:130

IV. Dog's blood from portal vein—

Before salphurie acid ........ 1823 1:723
After = e SR 2187
V. Rabbit’s blood from portal vein—
Before sulphuric acid ........ 1-575 1630
After is he e 085 2085
VI. Rablit's muscle
Before sulphuricacid .. ...... 2:-130 2-297
After % o 1 ) 3743

VI1I. Rabbhit’'s muscle—
Before :-mlplnn'iu aoid . ceade 2427 2-570
After - YT T 11 ], 3403

Evidence of a somew hat different nature is also addueible in sup-
port of the validity of the resunlts yielded by the process of analysis
that has been described. Some years ago I subjected specimens of
blood to examination by the electro-gravimetrie process, and also by
the ammoniated cuprie volumetrie process. The vesults obtained are
recorded in the * Proceedings of the Royal Society ' for April, 1879,
and, although the two processes for the determination of the sugar
differ in prineiple, the one being dependent upon the deposition and
collection of the suboxide of copper, and the other upon the redue-
tion being measared by the loss of blue colonr accompanying the
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transformation of the eapric into euprous oxide, the figures obtained,
as will be seen by the subjoined table, present so close a general
accord as to mutually confirm the trastworthiness of each other.

Iitesnlts _p"g'-.m e ;lh’rffﬂ.'.i!‘a' UJ" Blood f:_.ll,r the Qravimelric awd the

Amuoniated Cupric Volumetivic Processes.

Sugar per 1000, expressed as glucose.
A

rI.1]:-n'n.'i]m'-lriu: process, Ammoniated l.'lJ]_JI'j.:‘:

Mean of two :l;l:ul.]_‘l'ﬂ-l,’..'i, volumetric process.
L. Sheep .. ceumes 0080 a7l
I1. Bullock ....... 0735 U650
ITI. Bollock ....... 0921 (546
1V. Sheep ........ 0933 0567
Y. Ballock ....... @35ll (554

WA sheent oo 0631 (- Gau
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INGESTED CARBOHYDRATES TRACED TO THE
PORTAL BLOOD.

We have next, by the aid of the methods deseribed in the foregoing
pages, to follow the main carbohydrates concerned in alimentation,
from their introduction into the mouth to their passage, by absorption,
into the blood of the portal system, and see what {-Iumges OCCNr.

Attention will be given to them in the following order :—

Starch, with its congener g]}'t:ngc—n and their derivatives, dextrin
and maltose.

Cellulose.

Cane sngar.

Lactose.

Glucose.

Starcu, &c.

Starch enters more largely than any other earbohydrate into the
composition of the food of animals, and oecnpies, on this account, the
position of chief importance. Although itself exclusively derived
from the vegrtable kingdom, it is represented in the animal kingdom
by its congener glycogen. Glycogen, so far as is to be learnt from
the indieations of eupric oxide reducing action, comports itself in its
transformations precisely in the same manner as starch, and, sinee it
ouly oceurs to a comparatively insignificant extent as a constitnent of
food—chiefly in muscular tissne and liver—it will not receive separate
attention in the sncceeding account of the digestive changes, but must
be nnderstood to be included in what is said under the head of starch.

As has been previously mentioned, starch exists naturally in the
form of a granule, composed of successive layers, of which the outer
layer offers great resistance to solvent inflnences. When the granules
are ruptured, however, by the application of heat, an aqueous decoe-
tion is obtainable ; but, even in this form, the starch, by virtue of its

colloidal properties, is unsusceptible of being absorbed from the
¢
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alimentary canal. To be serviceable, therefore, as an alimentary
article, starch must, as a necessary preliminary to absorption, be
brought into a soluble and diffusible form, and this is effected by the
process of digestion. Through the inflnence exerted upon starch in
the digestive system, it becomes converted into a form of sngar, with
an admixture of the intermediate products of transformation known
as dextrins.

There are varions secretions possessing this transformative power
B

over starch—secretions, that is to say, containing an amylolytic
ferment. The first with which the food comes into contact is the
saliva, a somewhat viseid, slightly alkaline secretion, containing an
nnorganised ferment known as piyalin. The extent of the change
exerted by saliva is probably small, owing to the ineompleteness, as
well as the short duration, of the contact between the ferment and
the starch.

Experiments with starch and saliva show that maltose, and not, as
was formerly believed, glucose, is the main end produoct of the action
of ptyalin. Apparently, however, a certain, but inzignificant, amount
of glucose is produced at the same time. As to the precise nature of
the changes occurring, and of the intermediate products formed,
anthorities are at variance, and it is not necessary to enter into the
question of the theoreiical mode of splitting up of the starch mole-
cule further than has been done in a former part cf this work.
Broadly speaking, the change may be described as one of increasing
hydration, attended with advaneing enprie oxide reducing power.

The action may be studied, and information obtained regarding the
general nature of the products, by adding to a decoction of starch a
little saliva, and making observations on successive portions taken at
short intervals. By means of aleohol the products of transformation
may be obtained free from any admixture of untransformed starch,
should such exist; and by subsequent treatment with the ammoniated
cuprie lignid, before and after boiling with sulphurie acid, the cuprie
oxide reducing power, as a simple expression, is obtained. In
eleven observations that I find recorded in my laboratory books on
mixtures of saliva and starch soluticn, the eupric oxide reduncing
power of the respective products varied from 39 fo 60, taken in
relation to that of glucose reckoned as 100. Thus, in certain cases,
conversion of the starch into maltose had practically been accom-
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plished, whilst in others a large proportion of dextrin, or something
with a lower cupric oxide reducing power thar that of maltose, was
still present.

After the short period of detention that the food undergoes in the
mouth, it is propelled along the gallet to the stomach, there to be
brought into contact with the gastrie juice.

Acids, as i3 well known, exert an influence in the direction of
checking the amylolytic action of saliva; and it is generally asserted
that, on the arrival of starch in the stomach, this action is at once
stopped by the hydrochloric acid existing in the gastric juice. This
statement is not, however, to be accepted too literally or too abso-
lutely, for it must be remembered that the gastric juice is nob
normally produced exeept in response to the stimulus of the presence
in the stomach of extraneons matter, so that food received into a
stomach previously empty will not immediately come under the influ-
ence of this secretion; and, during the short interval, whatever may
be its duration, which elapses between the eniry of food into the
organ and the snbsequent flow of gastric juice, starchy matters may
undergo some further change under the continued action of the saliva.
Beyond the interference with salivary action, gastric juice exerts no
influence upon starch digestion.

A power of absorption of diffusible principles is possessed by the
lining membrane of the stomach, and, by virtue of this power, what-
ever diffusible matter may have been produced by salivary action
stands in a position to pass, at this early stage, into the eirculation.
That such matter 1s present in considerable amount in the contents of
the stomach, after the ingestion of starch y food, is shown by observa-
tion. In illustration, I may refer to the results obtained from an
examination of the stomach contents of ten rabbits, killed at a period
of digestion. In each instance, an aleoholic extract was made, for the
purpose of obtaining the transformed earbohydrate matter free from
admixture with starch. The examination of the extracts revealed
the presence of a considerable amount of carbohydrate matter possessed
of cupric oxide reducing power, varying in the several instances
from 25 to 53 expressed in relation to that of glucose taken at 100.
In two of the observations, a portion of the contents of the stomach
was dealt with at once, whilst another portion was allowed to stand

for thirty minutes at a temperature of 48° (., previous to extraction
G 2
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with aleohol. Upon examination, it was found that the cupric oxide
reducing power had become raised in the one case from 25 to 48, and
in the other from 25 to 50. It thus appears, be the precise cause
what it may, that a certain amount of change of carbohydrate may
ocenr nnder eertain conditions, within the stomach.

From the stomach the :‘|'|ilm‘rlt1'|.tj' matter, in a semi-fluid condition,
is conducted to the small intestine. the part of the alimentary tract
which may be regarded as constituting the main seat of starch
digestion. Tt is here brought under the influence of the hile, the
pancreatic juice, and the secretions derived from the intestinal walls.
Bile, throngh the alkali contained in it, contribntes towards nentral-
ising the acidity of the chyme as it passes from the stomach, and
thus, indirectly assists in promoting the subsequent digestion of
starch by the other secretions; otherwise little or no action is prob-
ably exerted by it upon the carbohydrates.

Pancreatic juice is an alkaline secretion, possessed of marked
power of acting upon starch, its action, like that of saliva, leading to
the production of dextrins and maltose. Within the intestinal canal
there exist the most favourable conditions for the exercise of the
transformative power—for example, intimate contact, alkalinity, and
a moderately elevated temperature

and, accordingly, the conversion
of starch begun in the mouth is now carried on with its highest
degree of activity. The process of transformation and the nature of
the products formed may be studied ip a similar manner to that
mentioned in the case of saliva. The results of ten experiments
with starch and panecreatic ferment derived from the sheep, the cat,
and the dog, showed the attainment of cupric oxide reducing power
ranging from 23 to 60, expressed in relation to glucose taken at 100,
Thus in some cases complete conversion into maltose had practically
been am:umplished, whilst in others the product must have consisted
largely of dextrin.

The effect of the presence of acid or of carbonated alkali is to
modify the action of the amylolytic ferments, whether pancreatic or
salivary. For instance, the addition of sodium carbonate seems to
determine the formation of a final product with a lower capric oxide
reducing power than that which would otherwise be obtained. The
change 18 prevented from passing beyond a certain point more or
less short, apparently according to the amoant of sodinm carbonate
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nsed, of the production of maltose. This is shown by the subjoined
observations.

100 ec.c. of a decoction of starch were mixed with 50 c.e. of an
aqueons extract of pancreas, and exposed to a temperature of 48° C,
10 e.c. portions were removed at the undermentioned periods, and
the cupric oxide reducing power of each taken. Parallel experi-
ments were made with the addition of 2 grams and 4 grams (giving
the respective percentages of 1'3 and 26) of carbonate of soda. The
eupric oxide reducing power, expressed as glucose, was found in the

several instances to stand as follows :—

Eugur Fl]lll]li... I‘IIII‘I!"!EHI.!II Hs El'l.li_'ﬂﬂﬁ'.

10 ¢.e. portions

after Withouwt With 13 per With 26 per
Na C0s,. cent. of NayO0,. | cent. of NoyCO,,
=, |

15 minutes.... ......| 0015 gram 0006 gram 0° 005 gram
a0 S o A 0=018 ., Q009 Q-00%
43 e B T ot s 0-018 0o-009 0009
LT S S e s e 0018 Q000 0008
T e Ty, PR e - 0008 Q=00

A similar experiment was upon another occasion performed with a
different decoction of starch and aqueons extract of pancreas. The
following, expressed as before, were the results obtained :—

Sugar found, expressed as glucose,
10 c.c. portions
after Lo — . . :
Without With 1:3 per With 2'6. per
Nu,CO;. cent. of NayCOy. | cent. of NayCOy.
L5 mminntes oo o ois 0031 gram 0013 gram 0009 gram
&0 i e T 0-Ca6 0014 ool
HESE 0mM7 0-014 . 0010 ,,
LT 0 R e T e 0046 o-0le |, 0-010

Acids, as already mentioned with reference to saliva, exert a re-

tarding or an actually preventive influence on the action of these

ferments upon starch. The presence of even an organic acid, such as



36 INGESTED CARDBOHYDRATES TRACED TO PORTAL BLOOD,

citric, whilst not wholly preventing the transformation, exeris a
marked degree of interference with such change, and determines the
non-conversion of a considerable quantity of starch.

The following results of experiments made with starch solution
and agueous extract of the pancreas of a dog, will serve to show the
influence exerted by eitric acid and sodium carbonate respectively on
the process of transformation.

30 c.c. of a solution of starch were placed in contact with 5 e.c.
of the pancreatic extract and allowed to stand for 18 hours at the
ordinary temperature. At the end of that time an aleoholic extract
was made, and the sngar determined before and after treatment with
sulphuric acid. A parallel procedure was adopted with the addition,
in the one case, of 05 gram (1'4 per cent.) sodium carbonate, and, in
the other, the same quantity of citrie acid. The results obtained
stood as follows :—

Relation of the
cupric oxida
Bugar produced, reducing power
expressed as of the product
glueose in to that of
grams. glucose at 100,

Experiment 1.

After action of ferment [ before sulphuric acid .. 0°074 o7
BlIOTE . .vuesivsns oy | 0fter - s e T :
After action of ferment
in presence of 1'4 | before sulphuric acid ..  0°034 26
r cent. sodinm ear- | after o, o e 0130
l'.r'!ll].tl.': R
After action of ferment
in presence of 1'4 | before Fllll]]llll"iu acid .. trace
per cent, of eitrie [ after -2 w «a 07058 ==
Mid WL R R NS R e
Experiment 11.
After aetion of ferlm}llb{ hefore aul].-'hurn., acid .. 0070 }51
H’IOIJE Ak TR0 R AR =N nfl&r " * # ﬂ.laﬁ
After action of ferment
i presence of 1'4 | before sulphuric acid ., 0034 ag
per cent. of sodium [ after = iala AOETAR
carbonate. . .. ......
Afer netion of ferment
in presence of 1-4 | before sulphuric acid .. 0032 33
per cent. of citric [sfter = . as  D0DG

L I R I T I I
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Helation of tha
cupric oxide
Sugar produced, reducing power

expressed as of the product
glucose in to that of
grams, glucose at 100,

E.\'pul'ilncut I11.

After action of ferment [ before sulphuric acid ., 0°-074 }ﬂ
alone .....c. 000000 | afer - " 0322 i
After action of ferment
1 presence of 14| before $L||E+|1 urie acid .. D084 20
per cent. of sodium [ after 0 S i
carbonate.. .. ... an
After action of ferment
in presence of 14 | before sulphurie acid ..  0-014 27
per  cent. of citrie [ after - R | L] Fi1 >
I'H.'-ill --------------
Experiment IV.
(In this instanee glycogen was substituted for starch )
After action of fr:r:mcnt.{ before sulphuric acid .. 0-116 }-1-9
alone . ...... veanoe | after " a sx 0-238
After action of ferment l
in presence of 14 | before sulphuric acid .. 0-004 }q{_
per cent. of sodium [ after 5 PR - 2
Cﬂl‘hﬂﬂﬂ‘tt‘.. Bd e s @@ e 8
After action of ferment
n presence of 14| before Eu]plmrin acrid .. 0016 =
per cent, of citric [ after . o Al Y

H.L'Il]. B EE EE EE EE EEoEE

The other secretions pertaining to the intestine are those derived
respectively fron: the glands of Brunmer and the glands of
Lieberkiihn.

The secretion of the glands of Brunner, glands special to the
duodenum or first portion of the intestine, probably operates in the
same way as that of the pancreas in relation to starch digestion ; but,
from the anatomical sitnation of the glands, their secretion eannot
properly be isolated, and therefore nothing definite has been ascer-
tained with regard to it.

On the other hand, the succus enfericus or intestinal juice, prodaced
by the glands of the intestine, called glands of Lieberkiihn, has been
ascertained to have a definite action upon starch, which differs from
that of the salivary and pancreatic secretions in possessing a glucose-
forming capacity. Under the influence of this secretion, starch is
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carried throngh a succession of products possessing an increasing
cupric oxide reducing power; but the change does not, as in the
case of the salivary and pancreatic ferments, stop at the stage of
maltose. If a large amount of the ferment be used, and the action
continned for some time, the process of transformation may be found
to proceed actually to the production of glucose. Apparently the
change is a gradual and continnous one, withont any definite halt or
interruption ; and the point of termination seems to depend upon the
amount of ferment and the time during which it is allowed to act.
We have here, therefore, under suitable conditions, a glucose-forming
ferment to deal with; but the final cupric oxide redueing power pre-
sented by a product may stand at any point between maltose and
glucose or short of maltose.

The following observations show the results obtained from sub-
mitting starch to the action of the ferment existing in the intestine :—

Some starch decoetion was mixed with a large guantity of sheep’s
intestine, and exposed for three hours to a temperature of 48° C. A
portion was examined at the end of the three hours, and it was found
that a product existed with a cupric oxide reducing equivalent of 50 in
relation to glueose at 100. The remainder was allowed to stand for
twenty-four honrs. The cupric oxide reducing power was then found
to have been raised to 85.

Some starch decoction mixed with a large quantity of rabbit's in-
testine was exposed to a temperature of 48° C. for three hours, and
then allowed to stand aside for twenty hours. At the end of the
three hours, the product possessed a cupriec oxide reducing power a
little above that of maltose. At the end of the twenty hours, glucose
existed.

Some starch deeoction, mixed with a large quantity of rabbits’ in-
testine, was exposed to a temperature of 48° C. for three hours, and
then set aside for twenty-four honrs. After the three hours’ exposure
to 48° C., the cupric oxide reducing power was found to be 87. After
the subsequent twenty-four hours, it stood at 93,

Some starch decoction was mixed with a watery extract of cat’s
intestine, and the mixture left for eighteen hounrs at the ordinary
temperature. The cupric oxide reducing power was then found to be
91.

The intestinal muecons membrane is found to retain its transforma-
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tive power after having been dried, provided the drying has been
effected at a temperature insufficient to lead to the destruction of the
ferment. Of seven experimental observations, conducted with the
dried intestine of the horse and a solution of starch, two yielded re-
sults, showing that the sugar produced consisted of glucose. In the
other five, the extent of transformation fell more or less short of this,
the cuprie oxide redncing powers of the several products being repre-
sented by the numbers 71, 79, 80, 81, and 86, in relation to that of
glucose taken at 100. The temperature employed was 38° C., and the
period of exposure to it varied from thirty minutes to four hours. In
one of the two eases, in which the product was found to consist of
glucose, the mixture had simply been set aside for twenty-four hours
at the ur{'Eilmr:_r temperature.

These observations suflice to show that a ferment exists in the walls
of the intestine which has the power of carrying the process of
transformation on till glucose is reached. The process passes on
gradually throngh successive stages marked by advancing eunprie
oxide reducing power. It is evident, however, from the observations
to follow, that glucose is not to any large extent produced by the
action of the secretions within the alimentary canal, whatever may be
the ferment power existing in the intestinal walls themselves.

The contents of the intestine were examined in five rabbits, taken
at a period of digestion. The rabbits bad been fed in three of the
instances on oats and green food, and in the other two on oats
moistened with water. An alcoholic extract was made so as to
separate the transiormed from the untransformed starch. The enprie
oxide reducing power of the product obtained was in every case helow
that of maltose, and where the food had consisted of moistened oats, it
was lower than in the others.

Product of Starch Digestion found in the Portal Blood.

We are now bronght to the consideration of the question of the
precise form in which the changed starch reaches the portal blood, as
revealed by observation conducted upon the blood itself. The point
touches the practical issue of starch digestion. I have performed a
large number of experiments upon the subject. The detailed results
will be introduced under the general consideration of the portal blood
(pp. 105—106). All that is necessary here to state is that a sig-
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nificant, and often even a very notable, amount of sugar 1s discoverable
in the portal blood as the effect of the ingestion of starchy matter ;
and that the sugar in its totality has a cupric oxide reducing power
varying between that of maltose and that of glneose, thus showing
that, whether glucose is present or not, sugar other than glucose must
to a greater or less extent exist.

CELLULOSE.

Cellulose is characterised by its resistance to solution by ordinary
solvents. Little of a definite nature is known abont its solution in
the alimentary canal of animals. Probably in the human subject but
little cellulose is digested and absorbed. In some of the herbivorouns
animals, however, notably in the large group of grass and hay feeders,
it enters to so large an extent into the food that the capacity for
digesting and rendering it of alimentary value may be inferrved to
exist. This inference is supported by the proof that can be adduced
from the vegetable kingdom of cellulose being susceptible of under-
voing transformation and solution by the action of certain kinds of
ferments. Thus, to quote from Sachs* . —

“ The non-nitrogenous reserve material [in the stone of the date]
consists of hard cellulose, which is deposited in the endosperm in the
form of thickened cell walls, and which constitntes the great mass of
the date stone. The embryo, at first very minute, protrudes its root
and plaumule at the beginning of germination, and only the upper-
most portion of the primary seed leaf, which now gradnally develops
into a cup-shaped absorbing organ, becoming larger and larger, re-
mains within the endosperm. This organ consists of a very delicate
parenchyma, and excretes ferments which dissolve the hard endo-
sperm in its immediate neighbourhood. The products of solution are
absorbed by the organ and then conveyed into the growing parts of
the seedling ; until, finally, the whole of the hard date stone is dis-
solved and its cavity ocenpied by the developed absorbing organ.
The seed of Phytelephas (known under the name of vegetable ivory),
which is at least a hundred times larger than the date sione, and the

& : Lectures on the Physiclogy of Plants.'! By Julius von Sachs: Translated by
H. Marshall Ward ; Clarendon Press, Oxford, 1887,
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endosperm of which consists of much harder cellulose, behaves
similarly.

“ The action of those fungi which destroy wood and kill trees may
be compared directly with the action of such seedlings on their endo-
sperm ; the thin mycelial threads of these fungi, as has been shown
by Robert Hartig in his magnificent work, penetrate into the al-
burnum and heart wood of trees, evidently becavse they excrete
ferments at their growing apices, which dissolve the hard cell-walls
of the wood.”"—(p. 344.)

With a sunitable ferment present, there is no reason that cellulose
should not be susceptible of undergoing digestive solution by trans-
formation into sugar, and of being thereby placed in a position to
prove of equal alimentary value to starch or any other carbohydrate.
A more or less considerable disappearance of cellulose has been
ascertained to take place in the digestive tract, especially of herbi-
vorous animals, which stands in harmony with the hypothesis
suggested. Bat it must be stated that no specific cellulolytie fer-
ment belonging to the alimentary eanal has yet been recognised, and
the proposition has been advanced that the disappearance of cellulose
may be in part accounted for by a transformation of an altogether
different kind. Under the influence of putrefactive action cellulose
may be broken up, with the evolution of marsh gas as a product, and
it has been pointed out that during the detention of the alimentary
matter in the very voluminous coeecum of some of the herbivora marsh
gas is to a certain extent developed.

Caxe SvcGar.

Cane sugar, considered as an article of food, is, on account of its
ready solubility and diffusibility, in a position widely different from
that held by starch, glycogen, and cellulose. As far as its physical
properties are concerned, it is, therefore, in a state to be susceptible
of absorption from the alimentary canal, without requiring any pre-
paratory process of digestion. It does not, however, follow from this
that it becomes absorbed and reaches the portal system without un-
dergoing alteration. This is a point to which attention will be given
after certain preliminary considerations haye been disposed of con-
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cerning the chemical relations of ecane sugar, and the methods em-
ployed in its estimation,

Cane sugar does not possess any enpric oxide reducing power, but
like the other carbohydrates is converted into glucose by boiling
with dilate sulphuric acid, the change in the ease of cane sugar
being known as inversion, and its product, as tnvert sugar., Invert
sugar 1s in reality a mixture, in equal quantities, of two forms of
glucose—dextrose and lwvulose, each of them possessing the cuprie
oxide reducing power belonging to glucose derived from other sources.
A ready means of effecting a guantitative estimation of cane sngar is
thus afforded, it being only necessary that the sugar should be sub-
jected to inversion, and the cupric oxide reducing power of the
product determined. From this, an expression of the amount of
cane sugar is obtainable by calealation. The relation existing be-
tween cane sogar and glucose gives as the factor for convert-
ing glocose figures into figures representing the corresponding

pLER

- F!'Lz 1 -
amount of cane sugar, the expression, | —— | or 0°95,
2 1 (SLU jl
Thus :—

Amount of invert sugar (glucose) x 0'95 = Amount of cane sugar.

For conversion of cane sugar into glucose by boiling with sulph-
urie acid, a 2 per cent. solution of acid is used, as for the other
carbohydrates; but the time required for the completion of the
process is much shorter than that needed for the other bodies. Full
conversion may, in fact, be reckoned to have taken place after boiling
fur five minutes. 1 have indeed observed that three minutes have
sufficed. The boiling should not be continued beyond the point which
will reliably secure complete conversion on account of risk of
destruetion and the development of colour which would interfere
with the subsequent process of titration with the copper test. It
may happen that no colour is perceptible at the end of an unneces-
5;1,1-'[]:,' pru}]r_mgr.:ll hniiil‘lg, and yet that more or less colour appears
when the acid is nentralised.

Cane sugar is, however, convertible into glucose, not only by the
mineral acids but also by dilute organic acids, and citric acid is a
convement—indeed, I consider, the most convenient—agent for em-
ployment for the porpose. A 2 per cent. strength suffices, and seven
minutes arve sufficient to allow for the period of boiling. No risk is
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involved of the production of colour or the oceurrence of any destrac-
tion. Cane sugar in this respect differs from starch and glycogen
and the various products emanating from them. None of these
bodies, as I have satisfied myself by direct observation, are affected
by boiling with citric acid.

By taking advantage of this property, it becomes practicable to detect
and estimate cane sugar in the presence of other bodies (lactose ex-
eepted) of the carbohydrate group. The method of procedure consists
in dividing the solution to be examined into two equal portions. One
portion is titrated at once, and the cupric oxide reducing power belong-
ing to the productascertained. The second portion is boiled with citrie
acid (added in proportion to give a 2 per cent. solution), neuntralised,
and then titrated. An identity between the two results is indicative
of an absence of cane sugar. An increase, on the other hand,
noticeable after treatment with the acid denotes the presence of cane
sugar, and affords a measure of its amount:

It shonld be mentioned that in all investigations involving the
question of the transformation of cane sugar it is necessary to be sure
that the specimen employed exerts no ecnpric oxide reducing action.
Specimens often contain more or less glucose as an impurity, and
vitiated results may thus be given. The sugar sold in ecoarse,
colourless erystals—that which is known as * white crystal” and is
used for sweetening coffee—may be instanced as being of the requisite
purity. No copric oxide reducing power existing at starting, what-
ever cupric oxide reducing power is subsequently met with may be
read as affording a measure of the amount of cane sugar that has
undergone transformation.

With these preliminary remarks we may now follow the cane sugar
after its ingestion.

Cane sugar taken into the mounth undergoes no change before
reaching the stomach. I have submitted the point to actual observa-
tion, and my observations, in accordance with what is commonly
stated, have furnished no evidence that any action i1s exerted upon
cane sugar by saliva, and I may here further state that the same
holds good with regard to the pancreas.

Some confusion exists with regard to what occurs in the stomach
in relation to cane sngar. The general belief, expressed in broad
terms, is that cane sugar is not acted upon to any extent by the
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stomach, bot that in the intestine it comes mto contact with a
ferment which transforms it into invert sncar. Neither of these
statements must be taken as literally and wholly correct.  Observa-
tions I have conducted have shown, in the first place, that a ferment
exists in the stomach-walls capable of producing a certain small
amount of transformative effect ; and, in the second, that althongh
the intestine of animals generally possesses an active transformative
power, in the rnminant such is not the case. In this class of
animals the transformative power is located in certain portions of the
stomach.

The subjoined experimental evidence, obtained from varions
animals, shows in a decided manner that a certain amount of trans.-
formative power is, as a general condition, possessed by the stomach
as well as by the intestine. It is true, the power in the intestine is
very much greater than that in the stomach. This will be seen from
the quantitative results to be adduced. In the case of the intestine,
the transformative energy is sufficiently strong to produce an effect
that is readily perceptible throngh rongh qualitative testing. In the
cage of the stomach, however, the effect might easily be overlooked if
a more delicate method of proceduare were not adopted. The follow-
ing are the results, briefly expressed, of some of the experiments I
have conducted.

A solution of cane sngar was introduced into the thoronghly
cleansed stomach of a recently killed rabbit. The stomach, ligatured
at its two orifices, was then placed in a beaker of water, and, after
being exposed for thirty minutes to a temperature of 48° C; was set
aside in the laboratory for twenty-four hours. At the end of this
time a considerable amount of sugar had diffused through the
stomach-walls, and was to be found in the surrounding water. Ex-
amination showed that 9 per cent. consisted of glucose. Analysis of
the liguid remaining in the stomach showed the presence of glucose
to the extent of 24 per cent. of the sugar found.

A coil of intestine was dealt with in a similar way. At the end of
the twenty-four hours, examination showed that 40 per cent. of the
sugar contained in the diffusate, and 30 per cent. of that present in
the contents of the intestine consisted of glucose. In a duplieate
experiment with the intestine, 53 per cent. of the diffused, and 45 per
cent. of the undiffused, sugar consisted of glucose.
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It will be noticed in the above experiments that, on the one hand,
a certain amount of sugar had passed through the membranous
medinm in an untransformed state, and that, on the other, a certain
amount of transformed sugar was encountered in the undiffused
liquid.

In other experiments, scrapings from the mucous membrane of the
stomach and the intestine were placed in contact with a solution of
cane sngar, and exposed to conditions favourable to ferment action.
With the intestine, in the case of the rabbit, pig, horse, dog, and cat,
a marked transformative action was found to be exerted, whilst in
the case of the ruminant an absence of effect was observed. With
the stomach (the stomach of the ruminant will reccive separate con-
sideration later om), there appeared to be evidence of a certain,
though comparatively insignificant, amount of transformation, the
evidence being more decided in the case of the pig than in the other
animals.

The muncous membrane not only possesses transformative power
in its fresh state, bui also after having been kept. Indeed, the
setting in of decomposition appears to lead to the production of an
increased transformative energy. The following experimental results
may be adduced in support of this statement :—

25 grams of fresh rabbit's intestine were mixed with 05 gram
of cane sugar dissolved in 50 c.c. of water, and allowed to stand for
15 minutes at 358° C. The product obtained by subsequent treat-
ment with sulphate of soda contained 0-126 gram of transformed
cane sugar. In curr&upmlding experiu:enla, made with the same
rabbit’s intestine which had been previously allowed to remain
exposed to the air for periods of 24, 72, and 96 hours, the amounts of
olucose found were respectively 0-363, 0405, and 0312 gram.
Another 25-gram portion of the intestine was allowed to stand for
120 hours, and was then mixed with only half the guantity of sugar
previously employed. After proceeding as in the other experiments,
examination of the product showed that the whole of the sogar
present existed in the form of glucose.

Alcohol precipitates the ferment without destroying its activity.
The precipitated material, dried at a suitably moderate temperaiure,
may be kept, and will be found to retain its virtue for an indefinite
period. 1 have recently experimented with a specimen, derived
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from the mucous membrane of the horse, which has been kept for
four years. It yielded the following evidence of activity :

30 grams of the dried substance in a powdered state were mixed
with 5 grams of cane sugar dissolved in 100 c.c. of water, and kept
at a temperature of about 38° C. 20 c.c. portions were removed at
intervals and examined. At the end of 1! hours it was found that
17 per cent., at the end of 41 hours 32 per cent., and at the end of
21l hours (during the latter part of the time the temperature had
fallen to 26° C.) 72 per cent. of the sugar present consisted of glucose.

The ruminant animal, as has already been stated, stands in a
position different from that of animals generally, in relation to the
point under consideration. The intestine possesses only an insignifi-
cant amount of transformative energy. The effect produced upon
cane sugar by its mucous membrane 15 about comparable to that
which I have deseribed as produced by the stomach of other animals,
A compensatory action is exerted elsewhere. The reed, or fourth
division, is the portion of the ruminant stomach which represents the
ordinary stomach ; and, in harmony with this, it is found that only
an insignificant power of transforming cane sugar is possessed by its
mucous coat. In connexion, however, with the other portions, a
more or less marked transformative energy is shown by ohservation
to exist. The following stands in illustration of what 1 have
stated.

Portions of the cleansed paunch, reticulum, manyplies, reed—or
true stomach, and intestine of a sheep, were minutely divided, and
10-gram quantities of each taken. After the addition of a little
water, they were severally mixed with 5 c.c. of cane sugar solution,
containing the equivalent of 0-104 gram of glucose, and exposed
for two hours to a temperature of 48° . Subjoined are the re-
spective amounts of glucose that were found to be present :—

Pamneh ... ..cioavaaaaa OH0E6G gram.
BoenInm: .. oo e sesassmee (OO L,
Marpphagie it e DGR
Reed, or true stomach .... 0016
Intestine. ..o cecvnv. v & trace.

Other observations have been conducted, and though the figures
obtained have not uniformly held the same relation, a general agree-
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ment with those given above has been noticeable. The pannch and
manyplies bave given evidence of possessing more transformative
energy than the reticulum, and the reticulum than the true stomach.

The experimental evidence adduced in the preceding text has
shown that the walls of the stomach possess a certain, though slight,
power of inverting cane sugar. The enquiry hitherto has only
tonched the effects producible by the struetural parts of different
portions of the alimentary canal. Another point that presents itself
for investigation is whether any effect is produced within the stomach
by the action of the contents at a period of digestion. I have made
a number of experiments upon this point, and will give, as examples,
the results obtained in some of them. Evidence, it will be seen, 18
afforded of the occurrence of a marked amounnt of transformation.

A dog was fed npon meat, and, during digestion, 30 grams of cane
sogar in solution were injected into the stomach throngh a tube
passed down the msophagns. Twenty minutes later the animal was
killed. The lignid contents of the stomach were collected and ex-
amined. In a total of 7-500 grams of sugar found to be present,
0:600 gram existed in the transformed state. The contents of the
intestine were also examined, and it was found that in a total of
1-470 grams of sugar rather less than balf consisted of glucose. .

A solution containing 28 grams of cane sugar was given to another
dog, which had been fed with meat four hours previously. The
animal lapped the liquid out of a vessel. Twenty minntes afterwards
it was killed. Of the 6492 grams of sngar found in the ligquid
portion of the stomach-contents, 1'081 grams, or about one-sixth,
consisted of glucose. In the intestinal contents, taken for examina-
tion, the sngar found amounted to 0645 gram, of which 0-244 gram
consisted of glucose. From the figures thus yielded in this and the
preceding observation, evidence is presented that cane sngar, to a
greater or less extent, reaches the intestine in an untransformed
state, and therefore, in part, escapes absorption by the stomach.

In the observations just referred to, the sugar was introduced into
the stomach of the living animal. The effeet has also been ascer-
tained of bringing cane sugar into contact with the contents of the
stomach outside the hnd_r,.*. In the observations conduoeted, the con-
tents of the stomach of rabbits were employed, and exposure for
half an hour to a temperature of 48° C. allowed. The sugar was then

H
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extracted with aleohol, to eliminate from the prodact the starchy
matter present. From a comparison of the fizures representing the
amounts of sugar found before and after inversion with those repre-
senting the sngar contained in a corresponding amount, similarly
dealt with, of the stomach-contents taken alone, evidence was
afforded of an extensive transformation of cane sugar having in each
instance taken place. In one of the experiments the whole had
become transformed.

The effect of what has preceded is to show that when cane sugar
is brought into contact with the contents of the stomach, whether
within the living animal or not, a marked extent of transformation
into glucose oceurs. That such a result should ensne is only in
accord with what might be expected, seeing that dilute acids have
the power of iln'urliug cane sugar, even at moderate temperatures.
This I learnt in the conrse of my experiments, and the fact has not
escaped the notice of others. To show the kind of effect produced,
1l may give the following particulars of two observations on the

Imi nt:—

1. A liquid containing 3 drops of hydrochlorie acid in 100 c.c. of
water was placed in contact with 5 grams of cane sugar and
kept at 358° C. 20 ce. portions were removed at the end of
five, and of twenty-four, hours. The amounts of invert sugar
respectively found in them were 00157 and 0392 gram.

2. A solution of citrie acid, to represent an organic acid, of 5 per
cent. strength was, in the other case, used, and the same
method of procedure as in the previouns observation adopted.
The 20 c.c. portions removed at the end of five and of twenty-
four hours respectively contained 0112 and 0326 gram of
invert sugar.

Product derived from Ingested Cane Sugar found in the Portal Blood,

The next matter for consideration is one which stands as the main
point of physiological interest gnd importance in connexion with the
ingestion of cane sugar, viz., the form of sngar which actually reaches
the portal blood.

Careful experimenting is required in order to obtain the desired
information, and it 1s necessary, in the first place, to have a know-
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ledge of the condition natural to the portal blood apart from the
ingestion of cane sugar. This constitutes the basis for the interpre-
tation of the results obtained after its ingestion. Later on, attention
will be given to the state of the portal blood under various conditions
(vide p. 101, ¢t seq.), and it will be advisable to defer till then
entering into detailed considerations of its condition after the inges-
tion of cane sngar. It will here be sufficient to state that an inereased
amount of sugar is met with, and that glucose is the form of sugar
present. In my own experiments no indication has been afforded of
the passage of cane sugar, as such, into the portal blood, but the
statement is made that after the ingestion of large amounts of cane
sugar traces may be found both in the blood and the urine. 1 learnt
from observations (vide p. 116) conducted many years ago, that,
under the eircumstances named, glucose in notable amount became
discoverable in the urine, but it did not occur to me to examine and

ascertain whether cane sngar was also present.

LiACTOSE.

Lactose is a readily solnble and diffusible body, and, by virtue of
these properties, does not require to undergo change within the
alimentary canal to be rendered fit for absorption. 1 have subjected
lactose to the action of the coais of the stomach and intestine of the
rabbit, cat, and sheep, and have not obtained evidence of a decided
nature of any transformation being brought about. It is stated,
however, that, under the influence of inverting ferments, in the same
manner as by the action of acids, lactose is convertible into galactose
and dextrose, and that the swecus enfericus has the power of produe-
ing this effect. Whether or not the transformation occurs physio-
logically, proof, it may be assumed, is afforded of the possibility of its
oceurrence within the system by the fact that in the diabetic ingested
lactose appears as glucose in the urine.

Lactose, as is well known, readily ondergoes the lactic acid fer-
mentation in presence of certain micro-organisms.  Apparently a
certain amount of the lactose reaching the alimentary canal becomes

transformed in this way.

b

H
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FLUCOSE.

Gluecose stands as the end product inside the carbohydrate series
of the action of ferments, &e., on the varions members of the group.
No change can therefore be looked for under exposure to the infln-
ence of the diges!ive secretions, and none is required to be exerted,
seeing that, by virtue of its high solubility and diffusibility, it exists
in a fit state for passage into the circulation by absorption. After
ingestion, it ean be traced into the portal blood. Like lactose,
though less readily, glucose is suseeptible of undergoing the lactie
acid fermentation, and this change, nnder certain eircu:istances, may,

to some extent, ocenr in the alimentary canal.



101

PORTAL BLOOD IN RELATION TO INGESTED
CARBOHYDERATES.

I have traced the ingested carbohydrates on to the point at which
they stand as soluble diffusible bodies within the alimentary canal, in
close proximity to the vessels distributed upon its inner surface, and
thus in a favourable position for absorption into the cirenlation to
occur. I will now pass to the examination of the portal blood, and
see what evidence is adducible of their passage into it.

In entering upon this enquiry, it is necessary in the first place to
know the constitution of the portal blood, in relation to sugar, apart
from the influence of ingested earbohydrate matter. The blood of
the portal system contains a certain amount of sugar derived from
that existing as a constituent of the blood of the general circulation.
As 1 shall show in detail later on (p. 161), the blood of the general
circulation contains a standard or definite amount of sugar, which,
under natural and ordinary conditions, may be stated to range from
about 06 to 10, or a little over 10, per 1000, and which presents no
evidence of any essential variation in the different parts of the
system spoken of. In considering, therefore, the guestion of the
effect produced upon the portal blood by the absorption of ingested
carbohydrate matter, the existence of this initial amount of sugar,
common to the blood as a whole, must be taken into account.

We start, then, with blood containing from about 06 to about
1:0 per 1000 of sugar, due to that belonging naturally to the general
circulation.

With this preliminary observation, I will proceed to give results
showing the condition of the portal blood found : —

a. At a period of fasting.

b. After the ingestion of animal food.

¢. After the ingestion of food rich in carbobydrate matter.

Some years ago I conducted an extensive series of experiments
upon the point under consideration, and the results showed a
marked increase of sugar after the ingestion of carbehydrate
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material. Looking, however, at the importance of the matter from
the point of view of the conclusions that may be based upon it, I
have recently undertaken, in the Research Laboratories of the
Colleges of Physicians and Surgeons, a number of additional experi-
ments, which have been conduected with the advantage of the ana-
Iytical experience gained from previous work. The results of these
experiments, it may be stated, exhibit a general conformity with
those formerly obtained. 1 will here give them in their entirety.

In each case the animal was suddenly killed by pithing. Instantly
afterwards, an ineision was made through the abdominal parietes, and
the portal vein ligatured. The blood flowing to the liver was thus
caused to accumulate below the ligature, whilst at the same time any
backward flow from the organ was prevented. Blood was then
collected direct from the vessel. In some of the instances, it will
be noticed, two portions were collected and analysed. In these
cases the flow was for a few moments stopped, by compression of the
vessel, before the collection of the second portion.

It will be observed in the analytical results to follow that the kind
of sugar found in the portal blood is one possessing a enpric oxide
reducing power standing ordinarily below, and sometimes consider-
ably below, that of glucose. As will be seen from what will be stated
later on, a point of difference here exists between the sugar of the
portal blood and that present in the general cirenlation, which, under
natural eircnmstances, is found to have the cupric oxide reducing
character of glucose.



'ORTAL BLOOD AFTER FASTING. 103

P'ortal Blood at a Period of Fasting.

Relation of the
cupric oxide
reducing power

Sugar of the sugar
per L, present
expressed to that of

as glueose,  glucose at 100,

I. Dog, nearly 48 hours after last food -
a before sulphuric acid  0-580
I
DPortal blooad ..., {nft-.-r : 0643 ]. a0

=

II. Dog, nearly 48 hours after last food :

» before sulphuric acid  0-66G
o T after ¥ w 710 } 2
IIT. Rabbit, fully 24 hours after last food :
1 before sulphuric acid 1-583
Portal bloed .. .. oo = 2 1-533 } ]
IV. Rabbit, fully 24 hours after last food :
before RI.:IIahurjP acil 2454
¥
Portal Hlood ..o f Bpre WpHuFeackd S4B - L g4
V. Rahbit, fully 24 hours after last food :
o before sulphurie aecid 2-244
Bortalibloud «... f Jpice e asd 2248 . 1100

In the case of the two dogs (Experiments I and II), it will be
observed that the blood was collected after a fast of nearly 48 hours.
It may be coneluded that influence from ingestion would be here
absolutely excluded. The amount of sugar found stood within the
natural range given for the contents of the general circulation. The
prolonged fasting consequently, on its part, did not canse any
sensible diminution.

In the case of the rabbits (Experiments [II, 1V, and V), a different
condition existed. Notwithstanding that fully twenty-four hours had
elapsed since the last food was taken, the blood gave evidence of
containing sugar derived from ingestion. In this animal, it is to be
remarked, the stomach is known to contain a considerable quantity
of material even after a much more prolonged period of fasting, and
doubtless the condition found is thus to be accounted for. Seeing
that the animal ordinarily will not be without food for twenty-four
hours, the circumstances, it will be perceived, are here such as to
lead to the pertal blood containing as a constant condition more
sngar than thut of the general civeulaticn.
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Portal Blood, after Animal Food.

Relation of the
cupric oxide
reducing power

Sugar of the sugar
per O, present
expressed to that of

as glucose,  glucose at 100,

I. Dog, fed for 3 days on lean beef ; killed 4 hours
after last food ; abundant I.‘IJ:I.':L'I:IL' in infes-

tine :
Portal blood,  1st [ before E-\Iiliil.lll‘il:: acid 17117 53
portion eollected | after o 17340 1
Portal blood. 2nd [ before sulphuric acid 1-335 } a2
portion colleeted | after + w  LGBL
IT. Dog, fed for 3 days on lean beef ; killed 4 hours
after lust food 3 no -_:'I'i_\'nul- visible in intestine :
FPortal blood. 1st | before sulphuric acid 0-893 } a2
portion collected | after 7 b EE e
Portal blood. 2nd [ before sulphuric acid 0°743 73
portion collected | afier i i 1023 :
III. Dog, fed for 2 days on lean beef; killed 6} hours
after last foud; apparently in full diges-
tion:
) I before sulphuric acid 0°633 } .
Portal blood .... fL aféor % L 0683 03
IV. Dog, fed for 2 days on lean beef ; killed 5} hours
after last food :
: before sulphuric acid 0°503 }
Portal blood ... after 3 0880 b1}

V. Dog, fed for 2 days on lean beef; killed 53
hours after last food :
before sulphuric acid (633
Portal blood .. .. s R 0707

YI. Dog, fed on lean beef; killed 5 hours after last
food :
Portal blood.  1st [ before sulphurie acid 0750
Purtiun collected | after e o, 0776
Portal blood. 2nd { belore sulphurie acid 07693
portion collected | after o, » D817

VII. Dog, fed on lean beef; killed 5} hours after
last food :

=

before sulphuric acid 0720
Portal blood .. .. { Mefor Meecen } 100
YIII. Cat, fed on meat; killed 5 hours after last
food :
hefore sulphuric acid (851
Portal blood ... { "1 e } 77
IX. Cat, fed on meat; killed 5 hours after last
food :

Portal blood . {"“fm ﬁulp'l-urm acid 0675 } o

after L
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Portal Blood after the Ingestion of Starchy Food.

Relation of the
cuprie oxide
reducing power

Sugar of the sugar
per LG, present
expressed to that of

a8 glucose,  glucose at 100,

I. Dopg, shortly after having been fed with a
little meat ; 22 grams of starch in 200 ¢.¢. of
water injected into stomach through an
weophazgeal tube; killed 30 minutes after-

wards :
: before sulphuric acid  1°210
Portal blood .... St 2 ) 1267 } ag
II. Doe, fed on bread and milk ; killed 24 hours
afterwords:
Portal blood. 1st [ before sulphuric acid 1-183 80
portion collected | after i SR By
Portal blood. El.ul.{ before sulphurie acid 1763 0
portion collected | after - 2500 } 2
III. Dog, fed on bread and milk ; fed badly ; killed
4 hours afterwards :
before sulphurie acid 1-153
].:'I.'irtﬂ.i. hlﬂud @ o { H.E[Ef' = 2 1_2-;.'] } Ell

IV. Dog, fed on bread and broth ; killed 2 hours
afterwards :
before sulphuric acid 0977
Poastal Blocd 5o h {ut.m e

V. Dog, fed on bread and broth; killed about 1
hour afterwards :

Portal Blood .- { before sulphuric acid

068
albex S e 95

VI. Dog, fed on bread and broth; killed 2 hours
afterwards
before sulphuric acid 1723
Porlal blood .... aftar g " aasy
VII. Dog, fed on bread, milk, and meat ; killed 2}
hours afterwards :

J

j

}
S e S

J

}

}

78

after s 7 1930
VIIT. Rabbit, fed on moistened oats ; killed 2 hours
afterwards -
before sulphurie acid 2:587
Portal blood .... e 2 . o4
IX. Rabbit, fed on moistened oats and green foud ;
killed 3 hours afterwards:
before sulphuric acid 2:346
Portal blood .... S : " 9ar8
X. Rabbhit, fed on moistened oats; killed 4 hours
afterwards :

Eortaltlood o5 [ erurs aulphuric ged. _LEAD

82

78
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Portal Blood after Ingestion of Stavchy Food (continned)
Relation of the
cupric oxide
reducing power

Sugar of the sugar
per 1000, present
expressed to that of

ns glucose.  glucose at 100,

XI. Rakhit, fed on moistened oats: killed 4 Lonrs
afterwards :

. before sulphuric acid  2-109 =
Portal bload .... {u“ﬂ_ - 2003 } 73
XIT. Rebhit, fed on moistened oats ; killed 4 honrs
afterwards :
Portal blood .. .. {j:;rl'::“‘ H'll']::'r"' “‘::‘l }r;::é } T
XT1I11. Rnl-hit, fed on moistened odats ; killed 4 to 5
hours afterwards ;
= before Hnlphllri{: acid 3 6R5
Postaliond ci..{ SOIFLAToRAA SO le. Ty
XIV. Rabbit, fed on moistened oats ; killed 44 to 5
hours afterwards ;
. hefore Au]p]mrir acid  4-500)
Pontal Blood os v { befor e } 86
XYV, Rabhit, fed on moistencd onts ; killed 43 to &
hours afterwards :
5 before sulphurie acid 4 070
Portal blooil <o) oo RMECRSE BT S L } s
XVI. Rabbhit, fed on moistened oats; killed 5 to 5)
hours afterwards ;
before sulphuric acid 1461 '
Portal blood .. .. {ut't.vr s 1687 J» 58
XVil. Rabbit, fed on moistened oats ; killed 5 to 5§
hours alterwards :
before sulphuric acid  1°442
Portal blood ... { PeFor i } 80
XVITI. Rabhlit, fed on moistened oats; killed 6 to 5}
hours afterwards :
before sulphurie acid 1-413
Borlal Hlood o § Jeee ClphanS sl 500 ] tag
XTX. Rabbit, fed on moistened oats; killed 5 to 5%
hours afterwards : 5 5
before sulphuric acnd 1603
Portal bloed .... S % ., 1608 J' o
XX. Rabbit, fed on moistened oats ; killed shortly
after being fed :
before sulphurie acid 1407
Portal blood. o0 . {nfh:r St el ]» 82
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Osazone from the sugar of the portal blood of rabbits at a peried of digestion.
Magnified 400 diameters.

Portal L".!iri'r'-'li| rrj.lrr i I".;Iu' rlt_-fr'ﬁa'flr-'-‘i' f"r.fl .1-1rr1“f-:-'-"'.

Relation of the
cupric oxide
reducing power

Bugar of the sugar
per 1000, present
pxpressed to that of

ns glucose,  glucose at 100,
I. Dog, 24 hours after last food: 32 grame of
maltese 1n 85 ce. of water injected into
stomach through an  @sophageal tobe;
killed 25 minutes afterwards
[ before sulphurie acid  1-600 }
Srr Ii after e by 21200

=%
[

Portal blood .
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Portal Dlood after the Ingestion of Cane Sugar.

To ascertain if cane sugar passes as such into the portal blood, it is
necessary to resort in the process of analysis to the employment of
citric acid instead of sulphurie acid. Alcoholic extraction is under-
taken in the usunal way, but at the end of the evaporation sulphate of
soda must not be used, as the presence of this agent, it is found,
more or less interferes with the inverting action of organic acids
upon cane sugar. A less satisfactory produoct is given for titration,
but this is unaveidable. After filtration, preferably through glass
wool, has been performed, the liguid is brought to a given bulk and
divided into two portions. One portion is titvated at once, whilst
the other is boiled for seven minutes with 2 per cent. citric acid,
nentralised, and then titrated. Any increase revealed by the second

titration 1s representative of cane sngar.
Sugar
per 10400,
expressed
as glucose,
I. Dog, shortly after having been fed with a little
meat ; 33 grams of cane sugar in 200 ec.e. of
water injecled into stomach through an
wsophageal tube; killed 80 minutes after-

wards ;
Portal blood. 1st [ beforecitric acid.. .. 1:333
portion collected | after o e 1SR
Portal blood. 2nd { before citricacid. ... 1:520
portion collected | after i ] G

II. TDog, not fed since previous day ; 70 grams of
cane sugar in 210 c.e. of water injected into
stomach ; killed 30 minutes afterwards

: before citrie acid.. .. 2113
Portal blood .., EIEIE e e

ITI. Dog, not fed sinee previous day ; 70 grams of
cane sugar in 210 c.c. of water injected into
stomach ; killed 80 minutes afterwards:

Bortaliblood .. R Sm e a8t e 100

It will be noticed in the first two observations that the figures
yielded before and after citric acid stand in strikingly close accord.
In the third a disparity exists which can only arise from error of
analysis, seeing that the figures after citric acid are lower than those
before. The inference from these results is that carbohydrate derived
from the ingested cane sugar reached the portal blood as glucose and
not in the state of cane sugar,
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THE LIVER IN RELATION TO THE SUGAR DERIVED
FROM INGESTED CARBOHYDRATES.

From the results which have preceded, evidence is afforded that
ingested carbohydrate matter passes in the form of sugar from the
alimentary tract into the blood of the portal system. By the portal
system the sugar is conveyed to the liver, and the next point for con-
sideration is the gquestion of what now becomes of it. Does it pass
through the organ and reach the general circulation, or is it stopped
and disposed of in some other manner ?

The examination of this question may be approached from two
gides : from the one, by comparing the condition of the blood taken
before and after passing throngh the liver; and, from the other, by
looking fo the condition of the liver itself, in relation to the influence
exerted by the ingestion of carbohydrate food. TLet us see what
light is thrown on the matter by appeal to experimental investiga-
tion, looking first at the information derivable from an examination
of the blood.

1. Evidence afforded by the Blood of Sugar being stopped by the Liver.

Seeing, as has been shown in the preceding pages, that the blood
of the portal system after the ingestion of carbohydrate matter con-
tains move sugar than that of other parts of the circulation, we have
a fact to deal with which points in two direetions. It implies not
only entry of sugar by absorption through the capillary radicles of the
portal system in the walls of the alimentary canal, but also exit by
abstraction on reaching the terminal eapillaries in the liver.

It is the latter point, namely, the abstraction of sugar from the
por tal blood bf the liver, that we have now to consider, and its con-
sideration requires that attention should be given to the condition of
the blood flowing from, as compared with that flowing to, the organ.

The portal vein, after entering the liver, terminates in eapillaries,
from which the hepatic vein takes origin and passes to empty itself
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into the inferior cava. The blood, therefore, to be compared is that
contained, on the one hand, in the portal, and, on the other, in the
hepatic vein. The collection of blood in a snitable state for examina-
tion from the former is easily made. It is also within the range of
possibility to make the collection from the latter. It can be done
during life by passing a properly constructed eatheter down through
the right jugular, the superior cava, the right aoricle of the heart,
and the inferior cava, to the seat of entrance of the hepatic veins.
The operation, however, like other operations on the living animal
attended with a disturbance of the tranquil and natural state, con-
duces to the production of an altered condition of the blood in rela-
tion to sugar, and cannot be relied upon to yield the desired informa-
tion, which must therefore be sought for in some other way.

How specdily an alteration in the state of the blood, attended
with the presence of an abnormal amount of sugar, may take place
throngh the influence of altered conditions connected with the liver,
I illustrated at the outset of my researches, now upwards of thirty
years ago. From the readiness with which the blood flowing from
the liver is thus thrown into an altered state, it is necessary that
close attention should be given, and proper precautions observed, to
escape being misled ; otherwise, sugar may be met with more or
less greatly in excess of what is ordinarily present, and the inference
thence be erronconsly drawn that its discharge from the liver takes
place in a manner that does not naturally occur.

In dealing with the problem before us, it is, then, a matter of
primary importance that the blood taken for examination should be
in a state representative of that naturally belonging to life. To
obtain such a specimen directly from the hepatie veins is, I consider,
a procedure attended with so much liability to the introduction of
error as to be unsuited for employment. With the blood of the right
side of the heart, however, in which that flowing from the liver is
present, mixed with that derived from the systemic veins, no such
difficulty exists. This is easily obtained in a state representative of
that naturally belonging to life, and, through its examination, in-
formation may be indirectly obtained regarding the constitution of
the hepatic blood of which it in part consists. Later on (vide p. 164),
I shall enter into details about the operative procedure to be adopted.
Suffice it here to state that I consider the best method is to make the
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collection instantly after the sudden destruction of life. With the
observance of quickness throughout, the blood may thus be obtained
before time has been given for any change of condition to occur.

The amount of sugar found in the blood collected from the heart
in the manner just described ranges, as I have previously stated,
from about 06 to 1'0, or a little over 1'0, per 1000—the amount
agreeing with that met with in the blood of the systemic veins as it
is circulating under natural conditions. If an influx of sugar took
place throngh the hepatic veins, the effect should be visible in the
cardiac, on being compared with the general systemic venous, blood ;
but observation does not show that any recogmsable difference exists
between the two.

I may mention that it has sometimes happened, in my experiments
for collecting blood for examination from the right side of the heart,
that, in the haste of manipulation, the scissors have been plunged
into the chest in too much of a downward direction, and that the
diaphragm and contiguous portions of the liver adjoining the inferior
cava have been incised, without the heart being touched. Under
these circumstanccs, the blood which escaped was derived, in con-
siderable amount, directly from the divided hepatic veins, but the
analytical results subsequently obtained showed no perceptible differ-
ence from those yielded by the blood procured from the heart.

The position, then, of the matter actually before us for considera-
tion stands thus:—The portal blood, after the ingestion of carbo-
hydrate matter, ccntains sugar amonnting to from about 1'5 to 2, 3, 4,
or even more per 1000, whilst the blood on the other side of the liver,
under similar circumstances, does not afford evidence of containing
more than from about 0°6 to 10, or a little over 10, per 1000. The
conclusion to be drawn is that the surplns amount of sugar found in
the portal blood is abstracted from it during its passage through the
vessels of the liver.

It will be noticed that what I have asserted is in direct opposition
to the tenets of the glycogenic theory propounded by Bernard. The
discrepancy, as shown elsewhere in this work, is attributable to a
want of recognition of the fact that the amount of sugar found in
the blood on the cardiae side of the liver, in the absence of the pre-
cantions requiring to be observed in procuring it for examination, is
largely in excess of what is natural.
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The office performed by the liver, of abstracting sugar from the
portal blood, has the effect of maintaining the contents of the general
circulation in a state of uniformity. If the sugar derived from
ingested carbohydrate matter were allowed to pass through the liver
and reach the general ecireulation, a disturbance of this uniformity
would be constantly ocenrring. Such a state of things, indeed, is
precisely what exists in diabetes. Whilst, in health, the blood of
the general cireulation is shielded from variations due to the influence
of ingested carbohydrate matter, and the urine remains impregnated
(vide p. 156) with only an insignificant amount of sugar, correspond-
ing with the small amount existing naturally in the blood: in
diabetes, sugar reaches the general cirenlation, and thence the nrine,
in proportion as carbohydrate matter enters the portal system from
ingestion. The blood of the portal system, in the natural order of
things, is variable in character, from the inflnence exerted by inges-
tion ; and should it happen that such variability of character is allowed
to be transmitted to the blood on the other side of the liver, the vesult
in other

oceurring is a proportionate escape of sugar with the unrine
words, the production of the condition belonging to diabetes.

2. Evidence afforded through the Liver ifzelf of the Stoppage by it of
Sugar derived from Ingestion.

Having dealt with the question under consideration from the point
of view of the comparative condition of the blood on the two sides of
the liver, we have next to look to the state of the liver itself to see if
evidence is obtainable of the detentior of the carbohydrate matter
eonveyed to it by the blood from the alimentary tract.

In entering upon the examination of this question, I am ecarried
back to investigations conducted almost at the commencement of my
association with physiological research, some thirty-five yearsago. The
announcement had been made by Clande Bernard, in 1548, that the
liver possessed a sugar-forming function. Bernard had set before
himself the task of ascertaining what became, within the system, of
the sugar derived from ingested carbohydrate matter. In the prose-
ention of his inguiry, he condueted observations nupon animals which
had been kept on food of a saccharine nature, and was led to conclude
that he had traced the sngar through the liver into the general circula-
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tion as far as the right side of the heart. In order to prove that the
sngar here met with had been derived from the food, he performed a
eounterpart experiment upon an ammal which had been kept upon
meat only, and, contrary to expectation, still found sugar in the
contents of the cirenlatory system, in the same manner as before.
Here arose the starting point for his glycogenic theory. At first, as
a part of the theory, he regarded the production of sugar as due to a
vital process of the nature of secretion, looking upon albuminoeid
matter as contributing to its formation. Subsequently, however, he
discovered the body from which the sugar actually takes origin, and,
from the physiologieal position which he regarded it as holding, he
gave it the name of glycogen. In the course of his investigations, he
found that this material underwent transformation into sugar, not
only after removal of the liver from the animal, but even after the
passage of a stream of water through the vessels, to l‘.hurnughlj wash
out the blood. He further extracted and isolated the newly dis-
covered body, and found that it consisted of a carbohydrate. The
announcement of its isolation was made in the year 1857.

Up to this time, onr knowledge had not been brought into a more
advanced position than this. But the new line of research which
was opened out excited a great amount of iuterest in the scientific
world, and drew various workers into the field of enguiry. I stood
as one of these, and, at the same time, as one who had been an eye-
witness of Bernard's experimental work ; and, in the prosecution of
the researches I zonducted, I found that the principle which had
been recognised as the source of sugar in the liver was itself derived
from ingested carbohydrate matter. This discovery was made in the
year 1858, and the particulars relating to the subject were given in a
communication published in the ¢ Phil. Trans.” for 1860 (p. 579). 1
will here introduce an epitomised representation of the points of
evidence bronght forward in the communication referred to.

I will direct attention first to the observations condueted upon
dogs, and in these observations it will be understood that all the
animals were in good econdition, and in no way specially selected. In
each case, the dog was fed for some days npon the particular food the
influence of which upon the liver it was desired to examine, and was
then killed by pithing, after being weighed. The liver was at once

removed and weighed, without the gall bladder and after the blood
1
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had been allowed to drain off. In most instances a determination
was also made of the amount of glycogen present. The process em-
ployed for the determination of glycogen had not, it should be stated,
then attained the satisfactory position of that now at our disposal, in
which the estimation is effected by converting into glucose and deter-
mining the amonnt of this principle by means of the ammoniated cupric
test. At that time the plan adopted was simply to boil the liver with
potash and then to precipitate the glycogen by pouring inte spirit.
This precipitate was weighed and reckoned as glycogen, and, although
not consisting purely of glycogen, it gave a fair representation of the
relative amount existing in different livers.

To serve as a basis of comparison, eleven dogs were killed after
being restricted to a diet of purely animal food. In these instances
the average relation of liver-weight to body-weight was as 1 to 30,
The actual figures ranged from 1 to 33, as the lowest, to 1 to 21, as
the highest, the latter instance standing alome in giving so high a
relative weight of liver. A determination was made of the per-
centage of erude glycogen precipitate yielded by seven of the livers,
and the figures obtained ranged from 488 to 10-95, averaging 7-19.

To obtain information as to the effect upon the liver of a diet of
vegetable food with its preponderance of carbohydrate material, five
dogs were fed for several days on barley-meal and potatoes, or, when
this was refused, on bread and potatoes. The average weight of the
liver was here found to be one-fifteenth of the body-weight, the
figures expressing the actual ratios standing thus :—

to 145
, 145
2
., 105
, 225

— e e e k=

No analyses were made of the livers of the first two of these dogs,
but the qaantity of glycogen, as evidenced by the strongly milky
character of the decoctions yielded, was unusually large. In fact, it
was whilst examining these livers in relation to the question of sugar
that I was first led to notice the effect of vegetable food, to which I
am now referring. The liver of the third dog was not examined
until an hour and a half after death. The crude glycogen precipitate
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then yielded amounted to 9'87 per cent. In the fourth instance the
liver gave 25:30 per cent. of crude glycogen precipitate, and in the
fifth 16:50 per cent. The average percentage of erude glycogen pre-
cipitate for the three livers was therefore 17-23, a result standing in
marked contrast to the amount obtained after animal food.

In another set of observations sugar was given in conjunction with
animal food. The sugar employed consisted of cane sugar—the
brown or moist sugar in common use. Four dogs were subjected to
this regimen.

1. A nearly full-grown dog was kept for eight days on a diet con-
sisting of a bundle of tripe, with at first 4 1b. and afterwards } 1b. of
sugar per diem. The liver-weight was found to stand to the body-
weight as 1 to 13'5, and the liver yielded 12'8 per cent. of crude
glycogen precipitate.

2. A young dog was fed for nine days on a bundle of tripe and | Ih.
of sugar daily. The ratio between liver- and body-weight stood as 1
to 145, the liver yielding 17'55 per cent. of crude glycogen pre-
cipitate,

3. A full-grown dog was kept for eight days on a daily allowance
of a bundle of tripe and } 1b. of sugar. The weight of the liver stood
to the weight of the body as 1 to 26, The percentage of erude glyco-
gen precipitate yielded was 12-33.

4. A nearly full-grown dog was fed for five days on a diet similar
to that last mentioned. Here the liver-weight was one-fourteenth of
the body-weight, and the percentage of crude glycogen precipitate
15-37.

The four examples here given present, as the average of liver-weight
to body-weight, the ratio 1 to 15, and an average of 145 as the per-
centage of crude glycogen precipitate yielded by the liver: results
pretty closely corresponding in character with those observed after
a diet of ordinary vegetable food.

In both of these last sets of results it is noticeable that the liver
is markedly increased in size and weight as compared with what is
found to obtain after a diet of animal food, and this increase stands
in harmony with the large proportion of crnde glycogen precipitate
yielded.

With reference to the observations on the effect of an admixture of

sugar with animal food, it may be incidentally mentioned that the
12
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liver was found to present an appearance strikingly different from
what is usual. After purely animal food it is comparatively dark
coloured, and of so firm and fleshy a consistence as to require consider-
able pressure to break it down between the fingers. After the ad-
ministration of sugar, however, the liver was found to be pale colonred,
with a tinge of pink, and soft enongh in consistence to be readily
broken down by a very slight pressure. It had the appearance of
being swollen and flabby.

Another point that is worthy of being mentioned is that in three
out of the four instances where sugar was administered, the urine
collected from the bladder after death was found to contain sugar in
the form of glucose, although eane sugar had been administered.

Proceeding now to the experiments on the rabbit, we find that the
evidence yielded is such as to show in a simple and conclusive manner
that ingested carbohydrates lead to the formation of glycogen in the
liver.

1. A couple of full-grown rabbits, as ¢losely as possible resembling
each other in weight and condition, were taken for experiment. One
was kept fasting, whilst the other was fed daily for three days, through
a flexible tube passed down the msophagus to the stomach, with 1 oz
of starch and § oz. of grape sugar, made into a semi-fluid mass with
water. On the fourth day both animals were killed. The weight of
the fasting animal was 3 lbs. 1 oz, that of the other 3 lbs. 4 ozs. The
liver of the fasting animal weighed 1% ozs., that of the other 2% ozs.,
or exactly twice as much.

The liver of tke rabbit fed on starch and grape sugar was rich in
glycogen, yielding 154 per cent. of crude precipitate, whilst that of
the other rabbit only yielded 1'3 per cent.

In another experiment two half-grown rabbits, likewise as nearly
as possible resembling each other, were made the subjects of a com-
parative observation. One was kept fasting, whilst the other was fed
daily for three days in the same manner as before, with 1 oz. of starch
and 1 oz. of eane sugar instead of grape sngar as in the former ob-
servation. On the fourth day both animals were killed, and the
examination conducted. The weight of the fasting animal was 1 b,
14 ozs., and that of the other 1 1b. 145 oz. The liver of the fasting
rabbit weighed 1 oz, and that of the other 22 ozs., or considerably
move than twice as much. The liver of the rabbit fed on starch
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and cane sugar yielded 16-9 per cent. of ernde glycogen precipitate,
whilst the liver of the other yielded only 1'4 per cent.

As in the case of the dogs after the administration of sugar with
animal food, the livers of the rabbits fed on starch and sugar were of
a very pale colour, and so soft as to be readily broken down by slight
pressure between the fingers. This, as 1 have already remarked, is
the condition presented by the liver when rich in glycogen. In an
instance of nnusual richness that hﬂp];cnml to fall under my observa-
tion, the liver was, indeed, so soft as to be almost pulpy, scarcely
holding together when taken up by a pair of forceps.

The result of experience since these observations were made is to
confirm the conelusion that was drawn from them

namely, that the
ingestion of carbohydrate matter leads to the presence of an inereased
amount of glycogen in the liver. This, indeed, may now be regarded
as an accepted physiologieal fact, and it is turned to account in the
practice which is resorted to of feeding an animal largely with carbo-
hydrate matter previously to its being killed, when it is desired to
obtain glycogen in quantity from the liver.

Looking, then, to the information derivable alike from the blood
and from the liver, we find evidence is afforded that the sugar
emanating from ingested earbohydrate matter is ecarrvied to the liver
by the portal blood and there checked in its progress, instead of being
allowed to pass on and reach the general eirenlation. It is through
the agency of the hepatic cells that this effect is produced, and within
them a concurrent accumulation of glycogen has been observed by
micro-chemical examination to take place. Thus the diffusible earbo-
hydrate which has reached the portal blood becomes abstracted and
transmuted by the hepatic cells into the non-diffusible form of it—
glycogen. The process of transmutation that here occurs constitutes
an instance of the carrying down of carbohydrate matter to a lower
state of hydration, an operation of the reverse nature of that which
is noticed to be brought about by agencies acting apart from the in-
fluence of living matter. The transformations effected in the labora-
tory by ferment action and chemical agents are, as is known, trans-
formations attended with increased hydration,
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Animal Food as o Source of Glyeogen.

The issue of what has preceded is that ingested carbohydrate
matter can be traced from the alimentary canal through the portal
system to the liver, where it becomes stopped in its progress, and
transformed from the state of sngar into that of glycogen, with the
result that the amount of the latter present in the organ flnctuates
according to the amount of carbohydrate matter ingested.

[t is known, however, that glycogen is discoverable in the liver
apart from the ingestion of saccharine and starchy articles of food.
Under a diet of purely animal food, glycogen, to a certain extent, is
fonnd to exist, and its origin has been referred to a breaking up of
nitrogenous matter within the liver itself. Another explanation,
however, which carries us back to what takes place antecedent to
absorption and stands in harmony with the general train of
events ocenrring in connexion with digestion, is susceptible of being
oiven.

In the first place,it may be said that animal food contains a certain
amount of sugar. Probably the statement is within the limits of
truth that no lhiving substance exists which does not contain pl‘ﬂt&id,
earbohydrate, fatty, and mineral matter, and, in accord with this pro-
position, flesh and other animal substances consumed as food ean be
shown by analysis to contain free carbohydrate under the form of
sugar, and, to some extent also, of glycogen. Sugar from these
sonrees will, as a result of the ordinary operations of alimentation,
reach the portal vein and thence the liver.

Ordinary beef tea may be selected to illustrate the point in
question, and subjoined is a photo-engraving of a micro-photograph
fo the osazone derived from the sugar present.
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Osazone from the sugar present in ordinary beef tea.
Magnified 400 diameters.

In the next place, besides the free carbohydrate existing as a con-
stituent of animal substances, there exists, as I have shown in what
[ have said when speaking of the glucoside constitution of proteid
matter, carbohydrate in a locked up state. Not only is this carbo-
hydrate susceptible of being liberated by the cleaving agency of acids
and alkalis, but likewise by that of ferment action, it having, as a
matter of fact, been experimentally shown (p. 50) to be set free by
ordinary pepsin digestion. For the recognition, however, of the
liberated carbohydrate material, the copper test is not satisfactorly
available, on account of the masking effect of the peptone concur-
rently produced. With the phenylhydrazine test, it bappens that
the peptone does not similarly constitute a source of difficulty,
osazone crystals being obtainable in its presence. Subjoined is a
representation of osazone erystals derived from a purchased sample

of }H"'Ht]]ll-“l‘i[ meat. *®

# % Fluid meat ™ prepared by Savory and Moore,
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Osazone from the sugar present in peptonised meat.
Magnified 400 diameters,

In animal food, then, we have a certain amonnt of free earbohydrate
under the forms of both sugar and glycogen, and likewise a source of
carbohydrate in the eleavage action of digestion npon proteid matter.
As with vegetable food, in fact, carbohydrate 13 supplied, thongh to a
less extent, for alimentation ; and, in harmony with this, the resunlts
riven by examination of the portal blood may be taken, I consider,
as affording evidence of the occurrence of earbohydrate absorption.
If reference be made to the collection of results that have been given
of the examination of portal blood after animal food, it is noticeable
that, whilst in several instances no positive evidence, it is true, is
perceptible of augmentation of sngar from absorption, yet in others



GLYCOGEN TFROM ANIMAL FOOD. 121

there are indications pointing to its existence. Moreover, in some of
the instances in which first and second portions of blood were col-
lected, the latter showed the presence of a larger guantity of sugar,
sungresting that with the longer detention in the capillary vessels a
greater absorption oceurred. It must be remembered that with the
ligature of the portal vein the flow of blood through the liver is
checked, and that the contents of the ecirenlation are thereby pre-
vented from being influenced in the manner that ordinarily occurs
as the effect of sugar production after death.

There is evidence, as will elsewhere in this work be shown, suggest-
ing that a certain amount of carbohydrate is applied to the formation
of proteid and fat by the agency of the protoplasmic chemical power
possessed by the cells of the intestinal villi; and it follows that, in pro-
portion as the earbohydrate absorbed from the contents of the alimen-
tary eanal is thus diverted, less will bz left for passage in the free
state into the portal blood. In this way it may happen that the
evidence of absorption afforded by the portal blood is less certain and
pronounced than it otherwise would be.

From the foregoing considerations it is seen that a source for the
glycogen of the liver exists in animal alimentation in every way com-
parable to that existing in connexion with vegetable alimentation.
The only difference is one of degree in the amount of earbohydrate-
supply, and this harmonises with the difference in the respective
amounts of glycogen found to be present in the liver under the two
kinds of alimentation.

Authorities speak of glycogen taking origin from proteid matter
within the liver by a proteolytic action exerted by its cells. It has
been in this way considered that the presence of glycogen is to be
accounted for under subsistence upon animal food. I have shown,
however, that another explanation can be given, withount looking to
the liver for the performance of a proteolytic office. The source of
the glycogen is sufficiently to be accounted for by the occurrence of
the same kind of action as that which is in operation after the inges-
tion of vegetable carbohydrate food. It is the provinee of ferment
action to break up and hydrate, and of protoplasmic action to syn-
thesise and de-hydrate. The proposition, therefore, which T have
advanced stands in accord with the natuoral order of events, whilst to
assume that the protoplasmic liver-cells perform the work of ferment



122 LIVER IN RELATION TO INGESTED CARBOHYDRATE,

action does not. That they shonld de-hydrate or transmute sugar into
glycogen is, on the other hand, consistent with what can be shown to
be aceomplished by protoplasmic matter elsewhere.

(veneral Relations of (lycogen as a Constituent of the Liver,

I have hitherto been speaking of the glycogen of the liver in relation
to its origin from ingested earbohydrate and proteid substances. 1
have now to direct attention to its general relations as a conztituent
of the liver.

Glycogen is recognisable in the liver-cells by micro-chemical
examination, and is represented as existing in a hyaline state, together
with fat globules and proteid granules, in the meshes of the proto-
plasmic network of the cell. As the result of treatment with iodine,
the glycogen is brought into view by the red-brown staining that
oceurs. It may be dissolved ount by water, leaving the network of the
cell-protoplasm intact. In spite of its ready solubility, ifs extrae-
tion by water from the liver-substance is not, however, easily to be
effected, owing, it may be assnmed, to its non-diffusible nature.

It is known that even a diffusible body like glucose requires sedulons
treatment with water for its complete extraction from the lissues.
With glycogen, the difficulty is very much greater, and even after the
liver has been bronght into a state of comparatively fine subdivision
by pounding in a mortar, and has been subjected to snecessive boil-
ings with water until no signs of further extraction are afforded, a
considerable quantity remains nnremoved. If, afterwards, the residne
be set aside in a little water until the following day, the liguid will
be found to have become again milky in appearance from the further
extraction that has ensued. The same ocecurrence may be noticeable
even with several successive daily repetitions of the treatment, and
finally the residue on examination may still be found to contain a con-
siderable gquantity of glycogen. I drew attention to this circumstance
in a communicition presented to the Royal Society in 1881; and
from the detailed observations therein narrated I will select one for
the purpose of illustration.

A weighed quantity of the liver of a recently killed dog was
reduced to a pulp in a mortar and thoroughly extracted with aleohol
for the removal of its sugar. The coagulated residue from the
aleoholic washings was then repeatedly extracted with boiling water
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till the lignid eame away clear, instead of lactescent, from the presence
of glyeogen, as at first. The residue was kept in a moist state till the
following day, when the process of washing was repeated. On the
third and fourth days the process was again repeated until in each
case a clear lignid was obtained. The glycogen in each day’s wash-
ings was estimated by conversion into glucose and reconrse to titra-
tion with the ammoniated enpric test. Finally, the vesidue from the
snecessive washings was boiled with potash and poured into spirit for
the collection and estimation of the glycogen remaining. The figures

yielded stood as follows : —

Per 100K of liver.

Glyeogen extracted on the Ist day ...... 13833
» » . 2ndany Ctae ) e
i a X = i | R e 2051
53 1% it 'I"t'll (1] (I B :EIH'] ?
,, remaining in the residue ,... .. 335145

It will thus be seen that the vepeated extractions on the four sue-
cessive days removed only something nnder half of the total amount
of glycogen contained in the liver. The above results, together
with others from similarly conducted observations, show how imper-
fectly ordinary extraction with water removes glycogen from the
liver-substance, and account for the small guantity, compared with
what might be expected, that is not unfrequently obtained when
the process of collection by agueous extraction is adopted.

The extent to which glycogen is extracted by water is largely
dependent upon the degree to which the minuteness of subdivision
of the liver-substance has been carried, as the following experi-
ment, taken in conjunction with the one that has been given, con-
tribntes to show.

A portion of the liver of a freshly killed rabbit was plunged into
boiling water for the purpose of checking the loss of glycogen by
post-mortems change. It was then pounded in a mortar, and after-
wards still further reduced to a finely-divided state by being forcibly
squeezed throngh muslin. A weighed quantity was now boiled with
successive portions of water until no appearance of lactescence was
observed. The treatment with boiling water was repeated on the
second day, and again on the third. After the third day’s extraction,
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the residne was onee more thoroughly pounded, and again boiled
with water. The extract yvielded was strongly lactescent, notwith-
standing that the liguid at the end of the previons washing was per-
fectly clear. After this further extraction, the residue was boiled
with potash, and the glycozen precipitated by aleohol and guantita-
tively determined in the usual way. The following are the resnlts

that were obtained :—

Fer 100

of liver.

Glycogen extracted on the 1st day .................. .. 36°629
e = = A T e e B e S 7156

T ”» ”» v = o= in e s e L LR

i i o Srd ,, after further pounding 6107

= remaining in the residoe .uovvvvnvveiniansse G040

The presence of acetic acid appears to promote extraction. A
second portion of the liver made use of in the preceding experiment
was extracted with successive portions of water containing 0°5 per
cent. of acetiec acid. As will be seen from the subjoined fignres,

more glycogen was extracted than where water alone was employed.

Per 1040

of liver,

Glycogen extracted on the 1st T R e, AR
o o = Ly B e L B e e L, B85

: I 3 Sanik e s R s 2:421

% = i Srd ,, after further pounding  2-097

i remaining in the residue ...ccocosesasvrnvens 1620

It is a point worthy of note that, notwithstanding the difficulty
with which extraction is effected by water at 100° C. (212° F.), the
whole of the glycogen is readily and speedily extracted when the
operation is performed under pressure in a digester worked at a
temperature of about 140° C. (2834° F.). Half an hour is found to
suffice for the purpose, as will be seen by reference to the subjoined
results obtained in two experiments in which a comparison was made
through the application of the potash process. Two rabbits were
taken, and the livers removed and treated with aleohol for the extrac-
tion of the sugar. In each case duplicate portions were submitted
to comparative examination with the use of the high pressure digester
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(antoclave) and the applieation of the ordinary potash process. The
following were the figures yielded :—

Glycogen per 1000 of liver.

A,

-

| T
(hbs. 1. Ohbs. 2,

After half an hour's agueouns

extraction at 140° C. ...... 93015 .... 68040
After boiling with 10 per cent.

potash for half an howr .... 91314 .... 64242

Considerations reqarding the Amount of Glycogen in the Liver.

The umonnt of glycogen encountered in the liver presents a wide
range of variation. It is governed not only by influences in operation
lill':‘il'lg life, but also by inflnences :::}Inin_:__-_' into upumtiun after death.
The former have been in part already referred to, and will be further
referved to later on. As regards the latter, the position that we have to
deal with is this : the liver, like other parts of the system, contains a
cerlain amount of carbohydrate. The amount, however, in the liver
is, under ordinary circumstances, much larger than that found else-
where. In form, it mainly consists of glycogen, bat, precisely as
elsewhere, there is present a certain small proportion of sugar. The
carbobydrate susceptible of extraction by alcohol, which is reckoned
as sugar, here presenis a cupric oxide reducing capacity below that
of glucose, and sometimes even considerably below that of maltose,
In the latter case, something of a dextrin-like nature must obviously
be present.

The glycogen is placed under conditions which lead to its speedy
transformation into dextrin and sngar after death, and, unless pre-
cautionary measures are adopted to check this posf-mortemn trans-
formation, a loss of glycogen in proportion to the dextrin and sugar
produced will oceur. In order, therefore, to obtain a representation
of the amount of glycogen existing at the time of death, it 15 neces-
sary either to instantly check post-morfem change, as by rapidly
plunging the liver of a snddenly killed animal into a freezing mixture,
or else to make allowance for the glycogen which has disappeared by
conversion into sugar subsequently to death.

Where the liver is taken after having been dealt with in a manner
to prevent the pest-mortem production of sugar, the result given by
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analysis represents the amount of glycogen corresponding with that
existing during life, associated with the sugar also naturally belong-
ing to life which may be said ordinarily to amount to from 2 to 3 per
1000. ‘Where, on the other hand, the organ is taken for examination
in an ordinary way, a less amount of glycogen than there should be
is given, whilst the sugar accompanying it may be found, according
to the extent to which post-mortem change has oceurred, to amount to
8, 10, or 12, or from this to 15, 20, or even, it may be, 25 per 1000,
Deduction of the amount of sugar naturally belonging to the liver
doring life, which I have put at from 2 to 3 per 1000, from that
found when post-morfem change has not been checked will give the
amonnt produced after death, which stands equivalent to the amount
of the transformed glycogen. From these data it is possible, in the
case of the liver taken in an ordinary manner for examination, to
estimate, with a close approximation to the truth, the amount of
glycogen existing at the moment of death. No matter, then, whether
the liver be taken with special precantions to prevent loss of glycogen
from post-mortem transformation or not, an estimation of its amount
may be made with sufficient aceuracy to admit of physiological con-
¢lusions being drawn.

1t must be borne in mind that it follows from what was said in the
section of this work on *the glucoside constitution of proteid
matter ” that the analytical results taken as expressive of glycogen
melude the cleavage carbohydrate liberated by the potash process
adopted. The amount of this material is, however, too small to affect the
validity of the conclusions deduncible from the vesults, where glycogen
to any significant extent is present. It stands otherwise, it must be
said, where only insignificant figures are yielded. These, in reality,
may be either wholly or partially due to cleavage carbohydrate, and
thus are not to be read as necessarily implying that any glycogen is
actually present.

The material before me, serving as the basis of the remarks about
to be made npon the amount of glycogen found in the liver nnder
varions conditions, consists of upwards of 200 guantitative estima-
tions, extracted from my laboratory books. These I do not put
forward as exhaustive of the matter, but they suflice to afford indica-
tions of a general nature.

In the process of analysis, the carbohydrate is estimated in the



AMOUNT OF GLYCOGEN IN LIVER, 127

form of glucose, but since the body to be represented is one of the
composition CzH,,0; instead of C.H,.0,, it follows that the result
musi be multiplied by 0°9 in order to obtain an expression of the
true amount of glycogen present. With the figures that follow this
has been done.

A survey of the results shows the existence of a wide range of
variation in the glycogen figures that bave been obtained. The
lower limit may be placed as low as 1 or 2 per 1000, or possibly, even
less. The amounts commonly found range from 4 or 5 to 20 or 30
or even 40 per 1000. Such figures as 60, 70, and 50 per 1000 are not
unfrequently met with, and T have come across amounts as large, for
example, as 120, 122, and 126 per 1000. These last quanfities were
found in dogs which had been specially supplied with food rich in
carbohydrates. The animals yielding respectively the figures 120
and 122 per 1000 had been kept for some days upon a diet of sugar,
bread, meat, and milk ; and the one which gave 126 per 1000, for ten
days upon bread and meat. The amount standing next was 114 per
1000. It was yielded by a rabbit which had been taken without any
special feeding.

Of the varouns conditions affecting the amount of glycogen in the
liver the most potent is food. Reference bas alveady been made (p.
113, ef seq.) to the influence of carbohydrate food in leading to an in-
ereased production and accumulation of glycogen, and nothing further
need here be said with regard to it.

The liver of the young animal, whether taken in the fewtal stage
or subsequently, appears to contain more glycogen than is found in
later life. Amongst my laboratory records I find an instance in
which a dog had been kept for some days upon a diet of meat and
sugar, for the purpose of ascertaining the condition of the organs in
relation to glycogen. When killed, it was found to be in pup, and
the organs of the feetus, as well as those of the parent, were ex-
amined.

The liver of the parent, taken in an ordinary way after death,
yielded 27 per 1000 of glycogen, accompanied with 22 per 1000 of
sugar. The livers of the two feetal pups examined showed rvespee-
tively the presence of 59 and 63 per 1000 of glycogen, with 8 and 7
per 1000 of sugar.

I have aiso records of the condition existing in two cats with suck-
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ing kittens. In one case the liver of the parent yielded 31 per 1000
of glycogen, and the livers of the kittens, taken together, 42 per 1000,
No determination of the sugar was made in this instance. In the
other, the liver of the parent was found to eontain 21 per 1000 of
glycogen, accompanied with 21 per 1000 of sugar, whilst the liver of
one kitten yielded 32 per 1000 of glycogen with 17 per 1000 of
sugar, and that of another 45 per 1000 of glycogen with 10 per 1000
of sugar.

The condition of the liver in different animals in relation to
glycogen may next be referred to. 1 have before me the results of a
number of observations which have been from time to time con-
ducted. These 1 will consider in groups arranged under the heads
of the several kinds of animals examined. It will be understood that
the animals at the time of being taken were under ordinary con-
ditions, and that in the great majority of the instances the examina-
tion was conducted in an ordinary way without the observance of
special precantions for checking post-miorfem change. Under these
circumstances, allowance has to be made for the loss of glycogen
oceurring as a post-morfem event, and in order that this may be done
the figures representing the sugar will be inserted after those expres-
sive of the glycogen found. In a certain number of the instances
the liver was taken after having been plunged instantly after death
into a freezing mixture, whereby the loss of glycogen by post-mortem
change was prevented.

Dog.—In many of the observations before me, referring to this
animal, there had been a special dieting with carbohydrate food.
These observations do not properly fall within what is intended to be
here represented, and they will therefore be excluded from consider-
ation, with the remark that the figures expressive of glycogen were
largely in excess of those yielded by the liver nnder the ordinary diet
of animal food. In nine instances of dogs fed only upon meat the
livers gave glycogen figures as follows:—3'3 per 1000 (with 17 per
1060 of sugar), 42 per 1000 (with 14 per 1000 of sugar), 55 per
1000 (with 5 per 1000 of sugar), 87 per 1000 (with 19 per 1000 of
sugar), 89 per 1000 (with 13 per 1000 of sugar), 12:2 per 1000
(with 16 per 1000 of sugar), 18:0 per 1000 (with 6 per 1000 of
sugar), 26:4 per 1000 (with 17 per 1000 of sugar), and 396 per 1000
(with 19 per 1000 of sugar).
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Cat.—1 have a record of a large number of observations upon
this animal. In some instances there had been gpecial dieting
with bread and milk along with the meat, and with reference to
these special instances I consider I need not say more than that
most of the results failed to show an increase of glycogen to any-
thing like the same extent as that noticed in many of the livers of
dogs fed in a similar way. In one case, however, the glycogen figures
stood at 65°3 per 1000 (with 5 per 1000 of sngar), and in another at
286 per 1000 (with 19 per 1000 of sugar). In most of the instances
they were quite low. I cannot undertake to reconcile the discrepancy
which has been referved to, but the suggestion may be thrown ont
that possibly the cats may not have properly taken the bread and
milk provided. In the twenty-four instances where it is recorded
that the animals had been kept upon meat only, the glycogen ficures
varied from 18 per 1000 (with 16 per 1000 of sugar) to 353 per
1000 (with 21 per 1000 of sugar). Only in a few cases did the
glycogen figures, taken irrespectively of the sugar, stand higher than
20 per 1000, and in more than half they stood under 10 per 1000.

Rablit, —Twenty-nine observations, including fourteen in which the
liver had been frozen instantly after death, The highest glycogen
figures stood at 114°1 per 1000 (with 24 per 1000 of sugar). Next
to these were 931 per 1000 (with 26 per 1000 of sugar), 81'8 per
1000 (with 11 per 1000 of sngar), and 78'5 per 1000 (with 2'1 per
1000 of sngar). In five other cases the glycogen figures, taken
alone, were in excess of 50 per 1000. The lowest figures obtained
were 52 per 1000 (with 46 per 1000 of sugar), 58 per 1000 (with
152 per 1000 of sugar), and 73 per 1000 (with 28 per 1000 of
sugar). The others ranged between these extremes.

Bullock.—Two observations. Glycogen figures yielded—21'0 per
1000 (with 24 per 1000 of sugar), and 59 per 1000 (with 15 per
1000 of sugar).

Calf.—Two observations. Glycogen figures yielded—22:0 per 1000
(with 21 per 1000 of sugar), and 13:0 per 1000 (with 14 per 1000 of
sugar).

Sheep.—Eight observations. In two, where the animals had been
specially fed, nnder my directions, upon barley-meal for three days
previous to being slanghtered, the glycogen figures obtained stood
only at 1'3 per 1000 (with 10 per 1000 of sugar), and 34 per

K
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1000 (with 15 per 1000 of sugar). In four, where the animals had
been specially fed upon maize for two days before death, the livers
yielded glycogen figures as follows:—82 per 1000 (with 17 per
1000 of sugar), 11'1 per 1000 (with 15 per 1000 of sngar), 115
per 1000 (with 25 per 1000 of sugar), and 21'4 per 1000 (with
25 per 1000 of sngar). In the other two, in which I have no
record of the nature of the food, and in which the liver was kept
for some considerable time before being examined, the glycogen
figures stood respectively at 60 per 1000 (with 23 per 1000 of
sugar), and 09 per 1000 (with 30 per 1000 of sugar).

Pig—Two observations. Glycogen figures yielded—6'0 per 1000
(with 13 per 1000 of sngar), and §2 per 1000 (with 7 per 1000 of
sugar).

Horse.—8Six observations. In two, nothing is recorded about the
condition of the animal or the nature of the food. The glycogen
figures yielded stood at 30-0 per 1000 (with 16 per 1000 of sugar), and
11:5 per 1000 (sugar not determined). In two others, the remark 1s
entered that the animalswere in poor condition, and had been fed on hay.
The fignres representative of glycogen stood at 128 per 1000 (with
12 per 1000 of sugar), and 11-0 per 1000 (with 3 per 1000 of sugar).
The remaining two animals had been specially fed upon maize for two
days before being killed. One is described as being old and in bad
condition, and here the glycogen figures obtained were 29°5 per 1000
(with 15 per 1000 of sugar) ; the other was in fair condition, and in
this instance the glycogen figures yielded were 731 per 1000 (with
20 per 1000 of sugar).

The conditions ordinarily attaching to the butcher's slanghter-
house are not such as to conduce to the liver being found rich
in glycogen. There is, for instance, the more or less prolonged
interval between the withdrawal from the accustomed conditions of
the stall or pasture and the arrival at the market, with the fatigne
incidental to the journey. Then, there is the indefinite period of deten-
tion in the slanghterhouse. And, finally, the liver, after death, is
likely to remain for a longer time under conditions permitting of loss
of glycogen by post-morfem transformation than is allowed to be the
case in the laboratory.

In the case of the horse the amount of glycogen is seen to range
higher than in that of the animals from the butcher’s slaughterhouse.
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It appears from the statements of other observers, that horseflesh is
coincidently rich in glycogen. Apart, however, from any specific
difference that may exist, there is the point for consideration that the
horse has usnally been less unnaturally cirenmstanced previons to
death than the other animals in question, on account of its not having
had to undergo the sufferance involved in passing throngh the market.
Although, it is trne, many horses are killed on account of old age, or,
it may be, some internal disease, vet it frequently happens that the
animal is merely disabled from work by a local affection of the legs,
which need not derange its general health.

Domestic Fowl.—One observation. Glycogen figures yielded—2-4
per 1000 (with 3-8 per 1000 of sugar).

(frouse.—One observation. Glycogen figures yielded—1'7 per 1000
(with 3-7 per 1000 of sugar).

Tortoise—Two observations. Glyeogen figures yielded—21°7 per
1000 (with 2:2 per 1000 of sugar), and 86:7 per 1000 (with 14 per
1000 of sugar).

Frog.—One observation. Glycogen figures yielded—43-3 per 1000
(with 1'7 per 1000 of sugar).

Cod-fish.—Two observations. Glycogen figures yielded—1'8 per
1000 (with 1'5 per 1000 of sugar), and 40 per 1000 (with 2'6 per
1000 of sugar).

Maclkerel—One observation. Glycogen figures yielded—2-2 per
1000 (with 30 per 1000 of sugar).

Salimon.—One chservation. Glycogen figures yielded—0-4 per 1000
(with 3'6 per 1000 of sugar).

Lobster.—Three observations. Glycogen figures yielded—30 per
1000 (with 2:0 per 1000 of sngar), 50 per 1000 (with 34 per 1000
of sugar), and 2°0 per 1000 (with 2'5 per 1000 of sugar).

Crab,—Two observations. Glycogen figures yielded—2'7 per 1000
(with 81 per 1000 of sugar), and 83 per 1000 (with 4'6 per 1000 of
sugar).

Oyster.—Five observations. Glycogen figures yielded—27-5 per
1000 (with 23 per 1000 of sngar), 99 per 1000 (with 22 per 1000
of sugar), 272 per 1000 (with 15 per 1000 of sngar), 414 per 1000
(with 2'8 per 1000 of sugar), and 135 per 1000 (with 4'5 per 1000
of sugar).

Mussel (Mytilus edulis)—One observation. Glycogen fignres
yielded—174 per 1000 (with 1'09 per 1000 of sugar).

K 2



THE LIVER IN RELATION TO SUGAR.

Having dealt with the carbohydrate matter which exists in the
liver under the form of a material insoluble in alcohol and devoid of
cupric oxide reducing power—that is, a material comprehended under
the term glycogen—I have next to treat of the carbohydrate matter
soluble in alcohol, possessed of enpric oxide reducing power, and
comprehended under the general term sugar. This latter, whilsk
forming a constitnent of the liver, is likewise, as will further on be
shown, found to be present universally throughout the tissues and
organs of the animal system, as far as they have been examined.

If the carbohydrate now being cousidered is merely subjected to
the ordinary processes of sugar detection and sugar determination, the
information is not yielded that is necessary for supplying a know-
ledge of its character, or form. It would under the circumstances
presumably be taken as consisting of glucose, whilst in reality the
form of sugar present might be different. If, however, it is subjected
tothe process of examination to which I have resorted in my investi-
gations, a process which embraces the determination of the eupric
oxide reducing power before and after boiling with sulphuric acid,
data are afforded for supplying more extended information, and it
may be found that, instead of glucose, we are dealing with a product
of lower cupric oxide reducing power. The cupric oxide reducing
power, indeed, that in different instances may be met with is found to
vary from a low one upwards, in the manner that would occur from
the presence of mixtures of dextrins and sugars. Although, as is
obvious, the carbohydrate material present cannot, when possessing a
cupric oxide reducing power below that of maltose, be entirely com-
posed, strictly speaking, of sugars, yet for physiological purposes it
may, for the sake of convenience and brevity, be broadly compre-
hended under the term.

With these preliminary remarks, I will proceed to the consideration
of the relation of the liver to sugar tuken in the sense just defined.
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Examination of the liver reveals the existence of a certain amount
of sngar. The amount found varies according to the conditions
under which the examination is made, If the organ be taken in such
a manner as to represent as closely as possible the condition belong-
ing to life, the sugar met with is insignificant in amounnt, whilst, if
time be allowed to elapse between the death of the animal and the
removal of the liver, sugar is found to be largely present.

In 1860, through a communication presented to the Royal Society
and published in the * Transactions * for the following year, I bronght
under notice the difference existing in the condition of the liver taken,
on the one hand, at the moment of death, and, on the other, a short
time afterwards.

Previously, from the time of the promulgation of Bernard's glyeco-
genic theory, the strongly saccharine condition of the liver met with
under ordinary examination after death had been looked upon as
representing the condition normally existing during life, T had, a
short time before, made the discovery that the blood of the right side
of the heart was not in the saccharine condition during life that had
been previonsly inferred from the examination of blood removed in
an ordinary manner after death. Although I had thus recognised
the difference in the anfe-mortem and ordinary posf-mortem states of
the blood, yet, in common with others, I had not at the time any idea
that the saccharine state of the liver revealed under the method of
examination then adopted was likewise due to a posf-mortem change.
Not being able to understand how the difference in the two states of
the blood was to be aceounted for, I was driven to look to the liverin
search of an explanation. I first tried the effect of injecting blood at
different pressures through the organ after death to imitate different
states of blood pressure in the vessels, and ascertain if this influenced
the escape of sugar. On failing to obtain any satisfactory informa-
tion from these experiments, the idea occurred to me to subject the
liver to examination to see whether there might not be the same
difference between the anfe-morfem and post-mortem states ns bad been
noticed in the blood. T did not start with the expectation that any-
thing would issue from submitting the question to the test of ob-
servation, but 1 nevertheless considered the matter worthy of trial,
and hence resolved to endeavour to obtain from the liver a repre-
sentation approaching as closely as possible to that of the actual
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living state, by supplying conditions at the instant of death to pre-
vent Lue ocenrrence of post-morfem change in relation to sugar.

It was known that the liver contained a substance susceptible of
rapid transformation into sngar by ferment action, and that a ferment
capable of effecting the transformation was present. The object,
therefore, to be attained was to deprive the ferment of activity at the
istant of death.

In my first experiments I sought to effect this by injecting a strong
solution of potash into the liver through the portal vein. As the
result, traces only of sugar were afterwards found 1 the organ.

Subsequently, I resorted to a method of experimenting in which
the desired object of checking post-moriem ferment action was at-
tained throngh the simple physical agency of alteration of tempera-
ture. By sufficiently elevating the temperature, the ferment is
coagulated and its activity destroyed, whilst, by sufficiently lowering
it, ferment action is suspended.

Plunging a portion of liver, excised as quickly as possible after
death, into boiling water leads to the destruoetion of the ferment, and
thns prevents any subsequent production of sugar. Obviously, how-
ever, the effect of increase of heat up to a point short of that neces-
sary for the destruction of the ferment will be to promote trans-
formation, and it must be borne in mind that with a thick mass of
liver an appreciable amonnt of time will be required for the effectual
penetration of the heat to the deeper portion, in which the oppor-
tunity will thus be given for the oceurrence of a certain amount of
change. In spite of this circumstance, I found, on performing the
experiment, that the condition presented by the liver in relation to
sugar stood in striking contrast to that which had been previeusly
supposed to belong to it.

By immersion, on the other hand, in a freezing mixture, as of ice
and salt, ferment action is checked, without the ferment being
destroyed. Contrary to what oceurs with the application of heat, the
effect of exposure to cold operates continuously in the desired direc-
tion, the energy of the ferment being diminished in proportion as the
temperature is lowered, until it is brought to a state of inactivity. If
the liver to be examined is only of moderate thickness, as is the case
with that of the rabbit, it will become frozen thronghount with suffi-
cient rapidity to effect what is wanted; but if a thick mass of
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material has to be dealt with, such as ocenrs with an excised portion
of the liver of a dog, a few incisions should be made across it to pro-
mote the more rapid penetration of the freezing influence.

Upon the grounds just stated, it will be intelligible that, of the two
methods of checking post-mortem change, that by freezing may be
regarded as preferable; but it must not be forgotten in its ap-
plication that the ferment has not undergone destruction, and that,
therefore, the capacity for sngar production still exists, and will come
into play should the opportunity be given, in the succeeding processes
of preparation for examination, for it to do so. Observation, in fact,
shows that a piece of frozen liver which has been allowed to thaw
and is afterwards set aside at an ordinary temperature contains in
some hours’ time about as much sugar as a piece of the liver which
has not been frozen.

The ice and salt mixture employed should be prepared about half
an hour before it is wanted for use, in order that the ocenrrence of a
certain amount of liguefaction may place it in a favourable position
for acting rapidly npon the immersed piece of liver. A minute or
two will then be found to suffice for bringing the specimens into a
hard, frozen state.

At the now distant period when this method of experimenting was
initiated, the snbsequent treatment of the frozen liver consisted
simply in the preparation of a decoction and the examination of this
for sngar by boiling in a test-tube with the copper solution. For the
preparation of the decoction, thin slices were pared off the frozen
liver and pounded to a pulp in a cooled mortar.

A capsule with a little water in it was next placed over a flame, and
after the water was brought to a brisk state of ebullition, the liver
pulp was introduced into it, a little at a time, in a manner to secure
the instantaneous destruction of the ferment., After a few minutes,
the liquid was strained off, and a portion of it boiled in a test-tube
with Fehling's solution, when it was found that, instead of the im-
mediate and copious formation of yellow or red precipitate en-
countered in examinations of the liver conducted withont the
observance of the precautions referred to, the contents of the test-
tube remained blue, and only after standing exhibited a slight sub-
sidence of red oxide particles.

Such was the method of experimenting by which I showed the



136 THE LIVER IN RELATION TO SUGAR.

fallacy of taking the results of ordinarily conducted examinations of
the liver in a posf-mortem state as representing the condition existing
during life. The strongly saccharvine condition of the liver, which
had been erroneously assumed to represent the physiological state,
formed one of the two main points of consideration that led to the
evolution of the glycogenic theory propounded by Bernard ; the other
main point being the character taken to belong naturally to the blood
issning from the liver, which I shall, later on, show fo have been
equally founded on error.

Since the time when my original experiments were conducted, con-
siderable advance has been made in analytical procedure, and we are
now placed in a position to express ourselves in langunage other than
that founded vwpon the results of mere qualitative testing.

Through extraction with alcohol, subjection of the product o the
inverting action of sulphuric acid, and the employment of the
ammoniated cupric test, we can now not only express in definite
numerical terms the precise amount of sngar existing, but also indi-
cate the nature of the sugar that is present.

In the application of quantitative determination to the frozen
liver, the process to be adopted is as follows: a weighed portion of
the pulp obtained by pounding in a cooled mortar is treated with
alechol in a manner to secure the thorough extraction of the sngar,
Once thoronghly permeated by aleohol, the liver substance is no longer
in a condition to nndergo change. Through the influence exerted by
the spirit, the ferment is thrown into a state of snspended activity.
After dividing the product of alcoholic extraction into two portions,
one is titrated at once with the ammoniated enpric test, whilst the
other is titrated after having been previously subjected to the in-
verting influence of sulphurie acid. From the two sets of figures
obtained information is given concerning the character of the sngar
present.

The amount of sugar encountered in the experiments that I have
conducted, in the manner described, upon the dog, cat, and rabbit,
has been found to stand at about 2 to 3 per 1000, but 1 have amongst
my records instances in which it was found to stand as low as about
1 per 1000. If the removal and freczing of the liver have not been
expeditionsly performed, higher figures must be looked for.

The amount of sugar, on the other hand, ordinarily encountered in
a liver removed a few minutes after death, and not subjected to
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special treatment for the arrest of ferment action, may be said to
stand at somewhere about 12 to 15 per 1000; more will be found as
time goes on, and, after the lapse of 18 to 24 hours, the guantity
ordinarily met with amounnts to from about 20 to 30 or 35 per 1000,
Naturally, the amount will vary, according to the eircumstances, as
regards temperature, &c., existing. A necessary factor for the
occurrence o sugar production is, of course, the presence of glycogen,
but I think it may be said that when glycogen is present in very
large quantity the production proceeds less actively and less exten-
sively than when it exists in moderate amount. It seems as if the
ferment power became lessened by the large accumulation existing.
Apparently, a more active production oceurs where the liver is allowed
to remain full of blood after the destruction of life than where the blood
has been permitted speedily to escape from the vessels. The amount
of sugar found after the lapse of a few minutes from death as com-
pared with that found after the lapse of several hours shows that the
production proceeds with much greater activity at first than it does
later on.

As representative examples of the state existing at the moment of
death, I may give the results of four experiments performed in the
Research Laboratories of the Royal Colleges of Physicians and
Surgeons whilst the manuscript for these pages was in conrse of
preparation. Four healthy good-sized rabbits were taken, without
selection, from a hutch. After death by pithing, the livers were as
expeditiously as possible removed and plunged into a freezing mix-
ture, and subsequently dealt with in the manner that has been
deseribed.

Amount and Nature of Sugar found in the Liver promptly removed and

[frozen.
Cupric oxide reducing
power of the sugar
Hugar per 1000, present in relation to
expressed as that of glueose
glucose, at 10K,
Tabbie . s hefm'e mll]}i::lrm n.r:cl:: }z'ilul-_]:‘ }'.i'ﬁ
i before - poaw  2eBdd
Rabbit B. ...... {ﬂmr e s Rk }r2
. before ,, w o 1946
REBMEIC, o Cpiee i 405 4wt 200G }e
: before “ w s+ 1664
AT e e S G teo
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To give completeness to the experiments, quantitative determina-
tions of the glycogen were made, and the amounts found stood as
follows: in rabbit A, 76; B, 59; C, 7; and D, 114 per 1000.

I have given examples representative of the state of the liver in
relation to sugar at the instant of death. I will now give further
examples, also consisting of recently performed experiments, in illus-
tration of the difference found to exist in the state of the organ at the
instant of death and at subsequent periods. Two rabbits were killed
by pithing, rapidly opened, and a portion of the liver of each excised
and plunged into a freezing mixture. A few minutes later, the other
portion was removed, part of it taken at once for examination, and
the remainder set aside until the following day, when it was also
taken for analysis.

Amount and Nature of Sugar in the Liver at the Moment of Death

and at subsequent periods,

Cupric oxide
reducing power
of the sugar
Sugar per 1000,  present in rela-

expressed as tion to that of
glucose. glucose at 100,
Rabhit E.
. before sulphurie acid.. 2000
Frozen liver .....c.. AT % S e egn) } H5
Liver, 0 few minutes [ before - w osu. 12940 -
after death........ | after o e AR 040 } glucosd
Liver, left till the [ before i o ooe 34340 03
following day...... after » w s B6°B20 '
Rabbit F.
Frozen liver ........ :?::_‘}F " ‘" ‘: gg;g } a2
Liver, a few minutes [ before W wioes 11550 95
after death .. ...... | after T oom ASTTED
Liver, left till the [before yoen O3 280
following day...... | after + g »u 22530 } ghucnad

As regards the natore of the sngar, it is to be stated that, whilst in
the liver taken ordinarily after death the sugar present is usually
in the form of glucose, that met with in the frozen liver is usually,
on the other hand, found to possess a eupric oxide reducing power of
a lower degree—a cupric oxide reducing power, indeed, often approach-
ing or even, it may be, standing below that of maltose.

The following are photo-engravings from micro-photographs of
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osazone crystals yielded respectively by the liver frozen at the
instant of death and the liver taken ordinarily after death.

O=azone ervstals from the sugar of a rabbit's liver frozen instantly after death.

Ma :_:I'Ii.fii.'l.l. 400 diameters,
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Avcicular glucosazone erystals from the sugar of a dog's liver taken in an
ordinary way after death, Alagnified 400 diameters,

Whilst it i1s necessary, in dealing with the liver of the warm-
blooded animal, to observe the precantions which I have particular-
ised in order to obtain a correct representation of the state belonging
to life, in the ease of that of the cold-blooded animal the conditions
are such as not to regnire that similar expedients should be had re-
conrse to. With the low body temperature existing, there is not the
same rapid post-mortem production of sngar oceurring, and, if no un-
necessary delay is permitted, an ordinarily condueted examination
suffices. Subjoined are examples of the condition met with in
animals of this kind, and I will allow the fignres to speak for them-

selves,
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Amount and Nalure of Sugar in Livers of Cold-blooded Animals.

Cuprie oxide
ﬁ.‘l[lu'i.nu; power
of the supar

Sugar per 1000, present in rela-
E"{'E'l'ﬂ':i.‘,ii,‘[l ns tion to that of
glucose. slucose at 1040,
Reptile.
] 1t S P TH SRR .2:“' -
Martiise, {E;‘&:;r{' sulphuric acid 1:1;3 }-‘n
O i ] 3
Torloise. -[F::-‘i*;:{ H R e E: 1;; }J-U‘
Ainphibian,
Tio before # i A L L } i
FOE === 1 after ; b R R LA T '

The above three observations were conducted during an Oectober
month, The temperatare was mild for the time of year. The
animals were killed, and the livers afterwards in an ordinary way
removed and snbmitted to analysis. In the case of the frog, fifteen
livers were taken for the analysis conducted. A large amount of
glycogen in each of the observations was found to exist.

The frog may be made use of to exemplify the modifying influence
exerted by the body-temperature existing at the time of death upon
the results obtained from an ordinarily-conducted examination of the
liver. The above figzures were derived from frogs exposed to ordinary
conditions in an atmosphere, as stated, of medinm temperature. A
different result would have been obtained if, previously to death, the
body-temperature had been raised, as is susceptible of being done,
by placing the animal in an artificially-heated atmosphere. Under
these circnmstances, the liver is found to stand in a position corre-
sponding with that of the warm-blooded animal.

I have referred to this matter in my previous writings, and in
these writings I cited an experiment in which I exposed frogs for a
couple of hours to the influence of a temperature of 32° C. (90° F.).
An examination of the livers, conducted in the ordinary way, revealed,
with the employment of Fehling's solution, the presence of a notable
amount of sangar, whilst the livers of a duplicate set of frogs which
had not been similarly exposed to the elevated temperature failed to
give evidence of a similar nature.

The phenomenon to which I have been alluding did not escape the
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notice of Bernard. In the ‘ Comptes Rendus® of the Academy of
Sciences, March, 1857, he stated that by lowering the temperature of
a batch of frogs sugar may be made to disappear from the liver,
and that on afterwards exposing them to warmth it is found to
reappear. He adds that it is possible to produce this singualar alter-
nation of appearance and disappearance of sugar several times,
withont any food being given, solely by acting upon the cireula-
tion through the medinm of temperature, Whilst thus noticing
the fact, Bernard missed its true interpretation, which is connected
not in reality with life activity, but with activity coming into opera-
tion after death and contingent upon the temperature that may
happen to exist.
Cuprie oxide

reducing power
of the sugar

Bugar per 100, present in réla-
expressed as tion to that of
glucose. glucose at 100,
Fish.
before sulphuric acid ...... 1-220
Cod.... 1 after e e R T }”'
before - e « 2-apl .
AL (R S e }"”
before 5 e L] -
Mackerel { Jepo . G B }H'E'
before N = e . 2230 ;
Salmon . | g SR s hiann }‘-‘1

The above livers were obtained from the fishmonger, and were
therefore derived from animals which had been for some time dead.
As often happens with livers obtained from the various animals
employed for consumption as food the total amount of carbohydrate
matter was found to be small. Unless glycogen is present in gnan-
tity at the time of death, there is not the source for a large amount
of sugar, and, in the case of the fish in question, the amount of
glycogen found associated with the sugar was small, ranging below 4
per 1000. '

= A
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Cupric oxide reducing
power of the sugar

Sugar per 1000, present in
expressed as relation to that of
Crustacean. glucose. glucose at 100

hefore sull}huri{' acid.... 1'730 } =

Lobster....... S ftar : o 1-980 BT
before e e B |

Lobster ... .. .. {ﬂﬁﬂ_ . i 3+400 | 63
before h s L ;

Crib s s after R T }"‘3
i before 5 yy eees G600 B

e e {aﬂw SR };{l

It is noticeable that the amount of sngar found in the case of the
crabs was much larger than in that of the lobsters, and it is to be
remarked that, whilst the lobsters when taken for examination were
in a lively and active state, the crabs, on the other hand, showed
scarcely any signs of life. The amount of glycogen present was in
each instance small.

Mollusk.—From the gronp of the Mollusca I have taken the oyster
and mussel for examination. The liver does not here exist in a
separate form, as in the higher animals. It is interwoven with other
structures, and these were included in what was taken for analysis.
So large a proportion of the animal, however, consists of liver that
the fizures obtained may be regarded as in the main belonging to it.
The following are representative examples drawn from the recorded
analyses before me. The animals were taken in the freshly-opened
state :—

Cupric oxide reducing
power of the sugar

Sugar per 1000, present in
expressed as relation to that of

Oyster. glucose. glucose at 100.
: before sulphuric acid.. 1-230 Ee
Dutch native.... e 2 .. 2-330 }.33
; before i s en DT30 =
Dutch native .... after v ” . 1580 }4a

. . _ [before ,, w ++ 0°630 }
Whitstable native Sftir 5 o 2300 27
R T i before ¥ e 0 e
Cooking oyster .. § o “* T 47530 }23
Mussel.
before - i wm -BO0 }

Salt-water mussel {afler : " 1-960 30

From what will be adduced further on (p. 194, et seq.), when refer-
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ence is made to the sugar existing in other structures of the lmd:,', it
will be seen that, laking the condition at the moment of death, no
material difference is discernible between the liver and these other
structures.  In the spleen, for example, and the pancreas, kidney,
brain, lung, placenta, and the same is true of the egg, sugar 1s
imvariably to be found ; and, summarily expressed, the amount may
be said to vary from about 1 or 2 to 3 or 4, and occasionally more,
per 1000, In muscle the ordinary range stands rather higher, and
quantities of 6 and ¥ per 1000, and even beyond, are sometimes met
with.

Looking, therefore, to the state existing at the moment of death,
we find nothing, as far as sugar is concerned, to lead us to view the
liver as standing in a different position from the other stroctures of
the body. There is this, however, that is distinctive as regards the
liver : the amount of glycogen, due to the position in which the
organ is placed in relation to ingested earbohydrates, is, under
normal conditions, much larger than elsewhere; and, in addition,
there is present, or, it may be, there becomes developed, at death a
very energetic sugar-forming ferment.

It is through the coexistence of these two factors that the capacity
exists for the rapid and extensive production of sngar that is noticed
at a suitably elevated temperature to occur. As far as the glycogen
is concerned, there is the capacity during life, but obviously there
must be a restraining or inhibitory influence in operation preventing
the ferment change which occurs after death. It is not permissible
to suppose that the same ferment change is taking place during life
that is observed after death, and that the removal of the resulting
sugar by the circnlation constitutes the only difference existing ; for,
apart from other considerations elsewhere adduced in this work,
which sufficiently negative such a proposition, the following argu-
ment stands in contravention.

From observation, it may be stated that sugaris produced in the liver
during the first few—say ten—minutes after death to the extent of
about 10 to 12 per 1000. With an average amount of glyeogen present,
even assnming the liver of the rabbit to be taken in which the amount is
larger than in many other animals, it is shown by calculation (based
upon a proportion of 50 per 1000) that the whole wonld disappear in
about three-quarters of an hour if the production of sngar took place
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at the rate above mentioned. Fuarther, in the case of the carnivorons
animal, from the smallness of the amount of glycogen existing, it
wonld sometimes happen that only a limited number of minutes
would be required for a total disappearance to oceur. It is true that
whilst digestion and absorption are going on a formation of glycogen
is taking place, which would havea counterbalancing effect. At a
pcriud of fasting, however, no such source of production exists, and
yet, after a fast of twenty-four or even forty-eight hours, a consider-
able amount of glycogen is ordinarily found to be present, it being
only after more prolonged fasting that it may be expected to be
absent.

The train of reasoning that I have adduced does not stand upon a
mere postulatory basis. Under certain conditions, which may be
evoked experimentally, sugar is actually produced in the liver during
life. As a result, it reaches the general eirculation, and thence the
urine, which thus becomes an indicator of the state of things existing
within. Years ago I noticed, and was struck by, the short time
sufficing for the liver to lose its glycogen in experiments attended
with the artificial production of glycosuria. With animals killed at
the end of an hour, or even less, I often failed to observe the presence
either of sugar, by rough testing with Fehling’s solution, or of
glycogen, The inhalation of carbonie oxide, either directly, mixed
with air, or indirectly, employed in the form of puff-ball smoke, con-
stitutes one of the conditions leading to the production of =ugar in
the liver and its passage into the blood and urine. I have recently,
with the improved methods of analysis now at command, conduneted
experiments of a quantitative natore. In these, the blood collected
at the instant of death showed the presence of an abnormally large
quantity of sugar, the amount standing in one instance as high as
4-38 per 1000. The livers were taken without subjection to special
treatment. and thus attention required to be given to the amount
of sngar present, as well as that of glycogen, in order that loss of the
latter from post-mortem change might not escape consideration. In
the case of a cat, submitted for a quarter of an hour to the influence
of puff-ball smoke, the glycogen figures stood at 505 per 1000 and the
sugar at 1369 per 1000, both expressed as glucose. In that of
another cat, submitted to similar treatment for half an hour, the
glycogen figures stood at 3:10, and the sugar at 494 per 1000. In

L.
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that of a dog, similarly treated for three-quarters of an hour, the
figures for glycogen were 427 per 1000, and for sugar 1:05 per 1000.

The position pertaining to life appears to be an anomalous one,
but in reality it may be said to be analogous to that which obtains in
relation to the coagulation of the blood. Here the factors tending to
produce coagulation are prevented normally during life from coming
into play, but are permitted to do so after removal of the blood from
the vessels. The analogy, even, may be followed further, for con-
ditions may arise which permit the blood to coagulate whilst con-
tained in the living vessels, and in like manner the liver may be
placed under conditions to permit of the manifestation of ferment
activity, resulting in the production of sugar, its passage into the
circulation, and its escape with the urine.

Production of Sugar in the Liver after ils Removal and the Passage of
a Stream of Waler through its Vessels to wash out the Blood.

It was discovered by Bernard, at an early period of his investiga-
tions, that in the liver-substance washed free from blood the capacity
exists for the production of sugar. If means be adopted to connect
the portal vein with a water-tap, and the tap be turned on, the water
passes through the continuing vessels and escapes from the hepatie
vein, carrying away the blood, and at the same time sngar and a
certain amount of glycogen. During the process the liver becomes
enormonsly swollen and cedematous, and likewise loses its colour. If
it is subsequently placed in a position for ferment action to ocear,
sngar 18 found to be produced. Whilst such, from Bernard’s time,
has been known, nothing has hitherto been said about the nature of
the sugar that is formed.

Upon the strength of the collection of results before me, the state-
ment may be made that the liver-substance contains a ferment
possessing a glucose-forming capacity, but that a variable kind of
sugar product is met with.

Whilst a product with a eupric oxide reducing power more or less
considerably below that of glucose is ordinarily encountered, glucose,
on the other hand, may happen to be found, It has appeared to me
as though there has sometimes been an extensive amount of glycogen
transformed into a product of low cupric oxide reducing power, and
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at other times a less amount of material traosformed, with the ac-
quirement of a higher degree of enpric oxide reducing power.

The effect of adding blood to the washed liver is to increase
materially the amount of sugar produced. As regards the nature of
the sugar formed, nothing more definite can be said than that a con-
siderable variation has been noticed in the enpric oxide reducing

power of the product found to be present.

Production of Sugar in Liver Substance previously Coagulated by
Alecohol,

It 15 liver-snbstance in a fresh state which has thas far formed the
subject of consideration, and nothing 1s deducible from the mforma-
tion that has been supplied which can be taken as pointing to the
production of sngar being other than the result of simple ferment
action independent of connexion with vital activity : an action com-
parable to that exerted by the ordinary amylolytic ferments—diastase,
ptyalin, &e. The only difference that is presented is that, in the one
case, the capacity exists for carrying on the change to the stage of
glucose, whilst, in the other, it only exists to a sufficient extent to lead
to the production of maltose.

1 now proceed to show that the liver-substance, after subjection to
the coagulating influence of aleohol, still retains its capacity for
sugar production—a fact which affords absolute proof, if indeed the
idea could now exist in the mind of anyone that proof were wanting,
that the phenomenon is not dependent upon the metabolic power
resident in the living cells of the liver.

After coagulation by alecohol, the liver-substance is not prone to
undergo change on keeping, and consequently may be preserved for
any length of time in a condition convenient for the purposes of
experiment in connexion with the question of ferment action. This
question in its bearings npon the liver I have somewhat extensively
studied, and in the succeeding pages I will give an account of the
results obtained.

The liver selected for use should be one containing a fair amount
of glycogen, and should be taken before loss of glycogen by trans-
formation into sugar has been permitted to any marked extent to

occur. After being thoroughly reduced to a pulp in a mortar, it is
L 2
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placed in a sufliciency of aleohol to fully secure coagulation. The
aleohol is afterwards strained off, and with it is removed the greater
portion of the sugar that may happen to have been present. The
coagulated material is now allowed to dry, either spontaneously or
over sulphuric acid in a desiceator. Heat must not be employed,
unless the temperature be kept below the point at which the ferment
becomes destroyed.

If the liver-substance thus prepared be treated with water and
exposed to moderate warmth, change ensues, attended with the pro-
duction of sagar. To reveal this sugar-production the employment
of an analytical procedure is necessary, and a determination must be
made, not only of the amonnt of sugar in the product at the end of
the experiment, but also of the small amount existing in the dry
material that escaped removal with the aleohol nsed in the preliminary
step of coagulation: the figures for this requiring to be deduacted
from the others in order to obtain a representation of the actual
amount of sngar produced.

The process I huve mentioned as being in general use in my in-
vestigalions supplies the information that is wanted. The sugar,
after being fully extracted with alcohol, is estimated by titration with
the copper test, before and after boiling with sulphurie acid. In this
way both its amount and uature are revealed.

The residue from aleoholic extraction is, in the next place, sub-
jected to boiling with potash and treatment with spirit to precipitate
the glycozen present. The amount of this is subsequently ascer-
tained by conversion into glucose by the agency of sulphurie acid
and the employment of the copper test.

By means of this double process, data are supplied for comparing
the gain of sugar with the loss of glycogen, and, if the earbohydrate
is expressed throughout as glucose, we have equivalent terms of
expression to deal with, permitting the figures on the two sides to
be read off as they stand.

On experimenting in the manner that has been described, we learn
that a progressive production of sugar takes place, concurrently with
a disappearance of glycogen. In some of the experiments that I
have conducted, the change has been observed to advance almost to
the point of a complete replacement of the glycogen by sugar. We
learn further, it may be said, that a gradual increase of the enpric
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oxide reducing power of the sugar produced takes place, until the
stage of glucose is reached.

The following tabular representation shows the resnlts obtained in
an experiment where the produet was examined after varying periods
of exposure to a temperature of 35° C. 1'5-gram portions of the
dried liver-substance with 20 c.c. of waler were placed in separate
flasks, and exposed alongside each other for the time speecified in the
table. They were then removed and submitted to analysis. The figares
given to represent the state of the dried liver-substance existing at
starting constitute the mean of four analyses, which, it may be re-
marked, stood thronghout in close accord with each other.



SUGAR.

TO

RELATION

LIVELR IN

T T T

TIIE

il T L

150

._' * soanjuaeduoy Livurpao a1y
“F10.0 001 ©3 26 - ) “ 181.0 v Ju smoy g1 Apyuenbasqns
-. M-H: L1 (11 b il
o 080.0 001 01 1§ *  erl.O0 “ AIT0 PR G g
¥o2T0-0 00T ©1 £8 “  0g1-0 “  oo1.0 il i “« g
o GR0.0 00T 03 £8 “ 9110 * 960.0 ot it 2 G, T
£ Z90. O 00T ©1 51 '] SIT. 0 i e80. 0 i i SINOI] Z i
“ 0800 001 03 ¢ “ 8600 * 0200 Flgina O amoyp ¢
Y00 001 03 74 “ 890.0 “  p20.0 Tty g8 78 SANUIM O IOV
s gyy. O Q0T 23 9% il $10.0 LT 0. 0 Trsetsei00U0 YU S0UBISGNE-ISATT
A *{agoon|3
: 1) : .
: 8 30 38173 0 Janpoad L proe sunrdms
,um?:_._u,u w:.ﬁ_,_ﬂ..:.,:?..._ o]y jo anaod PN ouniins (LM JuamyEal) alojaq
uaBod4 ) duronpax apixo suadno s H.JE...M_,EEQ 193;% auing
a3 Jo uonE Srve

‘@ROIN)E) SV m..mu..n_.ﬁﬁnﬁ..m sjqnsa)y  {MONF ‘__m._m Eaﬁam:hﬂ._uu LD FRUDIEGNE-LIANT UL anbng fo UOYPINPOLT



GLYCOGEN LOSS IN RELATION TO SUGAR GAIN. 151

The figures in the columns under the headings of * Suogar, after
treatment with sulphuric acid (glucose) ” and *“ Glycogen, expressed
as glucose,” enable us to compare the gain of sugar with the loss of
glycogen. Theoretically, on the assnmption that glycogen is simply
transformed into sngar, there should be an accord between the two
sets of figures, or, in other words, no alteration in the total amount
of carbohydrate. Practically, as seen in the table above, which
agrees in the main with what is shown by other results that have
been obtained, a general correspondence between gain and loss 1s to
be observed, especially after limited periods of exposure. Upon the
whole, however, it must be said that the loss is usually somewhat
ereater than the gain, and this becomes more marked as the experi-
ment proceeds, ending with a pronounced diminution in the total
carbohydrate where the exposure has been allowed to run on for a
period of twenty-four hours.

It may here be remarked that experimental observations upon
sugar-production in the fresh liver have yielded the same kind of
evidence regarding the relation between gain of sngar and loss of
glycogen. At the same time, it must be stated that in some instances
results have been met with which can only, with onr present know-
ledge, be characterised as presenting an anomalouns appearance. It
has seemed as though carbohydrate material has, npon some occasions,
been brought into evidence from a latent or some other state, and,
conversely, npon others, has disappeared from view.

With referenze to the disappearance of carbohydrate, the experi-
ments I have conducted in search of an explanation have led to the
discovery of a point in connexion with the analytical procedure for
the determination of glyeogen, which goes towards accounting for a
certain amount of loss. The produet for analysis, it will be re-
membered, is first of all extracted with alcohol for the removal of
the sugars. The coagunlated residue containing the glycogen i1s then
boiled with potash to disintegrate and disselve the nitrogenous
matter, and as far as possible place it in a position to be soluble in,
and susceptible of removal by, aleohol. As long as glycogen is the
principle that has to be dealt with, no sensible amount of destruction is
occasioned by the boiling with potash, and, in harmony, it is noticeable
that in the analyses of glycogen-containing produets which have
not been exposed to the modifying influence of ferment action the
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results are found to stand in elose conformity with what might be
looked for. Where produets, however, are dealt with in which
change through ferment action has oceunrred, a ecertain amount of
loss of carbohydrate is, as an ordinary oceurrence, observable in the
analytical resnlts obtained. Thus it is after, and only after, ferment
action that the analytical resnlts show the loss of carbohydrate.

Upon reflecting on the matter, the question presented itself to my
mind whether, after the ferment action, there might not be a dextrin
precipitated together with the glycogen by the alcohol, which failed
to resist destrnction during the proeess of boiling with the 10 per
cent. solution of potash. I submitted the guestion to the test of
experiment in the following way, and the results obtained furnished
a decided answer.

For the settlement of the point, it is immaterial whether recourse
be had to the employment of starch or glycogen, on account of the
analogons positions held by these bodies in relation to the matter and
the similavity of the products generated. It is also immaterial
which of the amylolytic ferments is made use of. In the experiments
performed, starch, paste, and pancreatic ferment were the materials
employed.

After ferment action had been allowed to proceed for a short time,
aleohol was freely added to dissolve out and separate the sugar and
soluble dextrins formed. The residue was collected as in the ordi-
nary analytical procedure, and, after being washed, was divided into
two equal portions. Both were then mixed with the usunal guantity
of potash. Thus far, the steps adopted presented no variation from
the usual conrse. In the next step, however, one portion was hoiled
for the accustomed time with the potash, whilst the other was simply
placed in contact with it in the eold. Kach was then poured into
spirit, and the respective precipitates were afterwards collected and
subjected to the inverting action of sulphuriec acid. The results
obtained showed a conspicuously smaller amount of carbohydrate
where the produet bad been boiled with potash than where it had
been simply treated with potash in the cold. Seeing that starch is
not attacked by boiling with potash solution of the strength nsed
fand the same holds good for glycogen), it is rendered evident that
the residue remaining from the aleoholic extraction of the produoct
of ferment action contained something besides nntransformed
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starch. Tt may be assumed that some slightly transformed
material, insoluble in spirit, existed, which, unlike the starch, failed
to resist destruction on boiling with the 10 per cent. solution of
potash.  The loss of earbohydrate matter appearing in the results is
thus to be accounted for withont bringing into the question the
occurrence of loss from the ferment action.

Aleok :}Irrrmg;: lated Liver-substance with Blood.

A tabular representation of the results of experiments bearing on
sugar-production in aleohol-coagulated liver-substance taken alone
was given a few pages back. I have conduncted similar experiments
npon the same specimen of liver-snbstance, with the addition of blood
which had been dried at a temperature below that destructive of
ferment activity, and the results, as in the case of those obtained
from the admixture of blood with the fresh liver, show that a larger
production of sugar takes place than when the liver 15 dealt with
alone. A comparison of the table given below with that previously
introduced stands in sapport of this statement. An effect also
noticeable is that the prodnet possesses a somewhat higher cupric
oxide reducing power. The guantity of dried liver taken was the
same as in the other experiments, viz. 1'5 grams, and the quantity
of dried blood employed was 1 gram. The sugar intrinsically
belonging to the blood, as shown by an examination made, was too
insignificant in amount to need consideration.
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EFFECT OF ACID AND ALEALLI ON FERMENT CHANGE. 1

Influence of Sedinm Carbonate and Citvic deid on Ferment Change in
the Laver.

I have tried the effect produced by small quantities of sodinm
carbonate and citric acid npon the change ocenrring in the alecohol-
coagulated liver-substance which has just been dealt with as a basis
of observation. The issue of the experiments conducted is to show
that the influence of the presence of sodium ecarbonate i1s in the
direction of diminishing the amount of transformation taking place,
withont in any marked manner affecting the cuprie oxide reducing
power of the sagar produced ; whilst the influence of citric acid is in
the direction of increasing the cupric oxide reducing power of the
sugar-product, rather than in that of producing any decided alteration
in the amonnt of carbohydrate transformed.

The effect of a large amount of sodium carbonate, like that of the
caustic alkali, is to arrest ferment change. This may be shown not
only by treatment of the liver after death, but likewise by the intro-
duction of the agent into the organ during life. In an experiment
upon a dog, placed and kept under the influence of ether, a lobe of
the liver was isolated by a ligature and execised. 20 grams of sodinm
earbonate in 80 c.c. of water were then injected into a branch of the
mesenteric vein. Death occarred immediately after the completion of
the injection. A portion of the liver, which was shown by its black
colour to have been fully penetrated by the agent, was taken for ex-
amination, as well as the lobe that had been excized before the
injection was made. In each case, a certain period of time elapsed
between the removal of the piece to be examined and the commence-
ment of the analysis. The results obtained were as follows :—

Sugar per 1000,
expressed as glucose.
Portion of liver excised

before the injection | before sulphuric acid . ........ 21 -200
of the sodium carbon- | after 5 A e e LG 1]
BEB o o n T

Portionof liver removed
after the injculiml ufl before T T el iy = 1 600
the sodium carbon. | after " s ke M AT

ataJ

In another experiment a dog was similarly anwmsthetised. After
the isolation and removal of one lobe of the liver, 10 grams of sodium
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carbonate in 40 c.e. of water were injected into the bepatic duct.
Ten minutes later, the animal was killed by pithing. A portion of
the liver that had been penetrated by the injection was, as in the
preceding experiment, made the subject of comparative examination
with the portion previonsly removed. As a further step, portions of
the two specimens were placed aside and examined on the following
day. The analyses yielded the following resunlts :—
Sugar per 1000,

expressed as glucose.
Portior of liver excized)

E:?!;T:.:mt{}'ii"?l\]fﬂiIL:'::I | before sulphurie acid. ... ..... O =400
i TRl A B
ate, taken a short SbRY A R T L
time after removal .. |
.} ~ 4 - 5
: ﬂn?:':?m ‘::]i E!:Ill.u tl—““':::] }hpfﬂm o it S et IR genn
wemen: *ake
: alle e 4 (i)
the following day... M i 4 B geR A R0

Purtion of liver removed )

after the injection of | o 1200
the sodium carbonate, ¢ o ] A 2 000
and taken shortly | © ¥ a2 =
afterwards ... ...

LG

e e R

- 4 f"

the following day. .. pltor e o oavesenea. 2700

1t will be seen that the sodium carbonate employed in these experi-
ments had the effect, practically, of arresting ferment action. The
agent thus affords a means of placing the liver in a position to eseape
undergoing post-mortem change, and to permit of a representation of the
state belonging to life being obtained without recourse to the precau-
tionary measures otherwise necessary in the process of examination.
If reference be made to the analyses in which post-mortem change
was prevented by freezing (pp. 137—138), it will be found that a
striet accord is noticeable in the figures yielded by ihe two modes

of experimenting.

SR N S



THE BLOOD IN RELATION TO SUGAR.

In accordance with what is observed elsewhere throughout the
system, the blood is found to contain a certain amount of sugar.
Both the natore and amount of this I will proceed to consider.

Nature of Sugar present in Blood.

To determine the nature of the sugar present the process of
aleoholie extraction, previously deseribed in detail (p. 61), should
be adopted in order to avoid the simultaneous extraetion of glycogen
which, to a eertain extent, occurs when water is employed, and which
would lead to the introduction of error through the production of
sugar under the process of treatment with sulpharie acid.

Observation, condneted upon blood derived from different sources,
shows that the kind of sugar found in all parts of the circulation, with
the exception of the portal system, possesses a cuprie oxide reducing
power that is not, as a rule, increased, and, if increased, only slightly
s0, by boiling with sulphurie acid—a character which implies, breadly
speaking, the existence of glucose. This, I may state npon the
strength of a very large number of observations, is the kind of sugar
present under ordinary or natural conditions, but, as will be sub-
sequently shown, under certain deviations from the ordinary state,
as, for instance, after the admimstration of anmsthetics, the inhala-
tion of carbonic oxide, &e., the sugar met with is usually one
possessing a cupric oxide reducing power more or less below that of
glucose.



154 I'HE BLOOD IN RELATION TO SUGAR.

_'||_|_'i,|_'ll]:!]' _ulIL-.'l'l:-»Il.-':-lr'M" |'I:"_'.':-|!:||:- fFrom |:|-||- .|r1||'--|v|i of I]u-_- :‘-H'll-i'l'ﬂ-l- |'i;|'|,'l_q'_;|l:i_|,|“
{I':ﬂlhh.]. Maznified 400 dinmeters,

The blood of the portal system, however, differs from that of the
other parts of the circulation, and, at the same time, resembles, as
will be seen from the analyses to be given later on, the solid organs
and tissues of the body. Its condition was fully referred to in a pre-
vivus part of this work, and it was there shown that it ur:lilmt'i!_f
contains, not only after the ingestion of carbohydrate food, but like-
wise after animal food (and even in some instances the condition has
been observed at a time of fasting), a sngar with a lower, and it may
be a considerably lower, cupric oxide reducing power than that of
glucose.

The blood, then, exclnding that belonging to the portal system,
contains sugar in the form, broadly speaking, of glucose, and in this
vespect it holds a position differing, so far as my observations have
extended, from that existing in the other parts of the economy.

Amount of Sugar present in Blood.

Having spoken of the nature of the sugar in the blood, T will now
pass to the consideration of its amount. Upon this point considerable
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diversity exists in the statements that have been made by different
observers. The question of the amount of sugar naturally present in
the blood is one that must be regarded as possessing more than an
intrinsic importance on account of the meaning it may have in rela-
tion to considerations standing outside the simple guestion of fact
appertaining to the blood itself. It may therefore be looked upon as
a point upon which no doubt should be allowed to exist. The
enquiry requires to be approached and carried out in a serupulously
guarded and carveful way, but, with the adoption of proper measures,
experience would lead me to say, the information wanted may be
easily and reliably obtained. The manipulative process involves two
distinet steps of procedure, each of which calls for the bestowal of
close attention. Not only is it necessary that the method of analysis
should be such as to yield reliable results, but also that the blood for
analysis should be ecollected in such a manner as to afford a repre-
sentation of the natural state.

Analytical proficiency in the early days of research in relation to
the physiology of sngar in the animal system had not attained a
position to permit of satisfactory quantitative determinations being
made in an albuminous and coloured product like blood. Advance,
however, has in this, as in so many other directions, taken place, and
I think it may now be considered, with reference to the point in ques-
tion, that a position has been reached leaving little or nothing to be
desired.

Aqueous extraction of the sngar, with the adoption of appropriate
measures for the separation of colouring and albuminous matters, if
resorted to, will yield a liquid to which the ordinary process of sugar
estimation may be applied, but, unless the nature of the sugar present
15 known, the result obtained will not supply the information required
for the expression of the amount. In the absence of a knowledge of
the nature of the sugar existing, it is necessary that the process of
aleoholic extraction should be employed, in order that the sugar may
be obtained free from glycogen, and so permit, after the usual treat-
ment with sulphuric acid, of a trathful expression of its amount being
given under the form of glucose.

When the process of extraction is carefully carried out, and the
ammoniated cupric test is employed for the subsequent estimation of
the sugar, the degree of accuracy attainable by experienced hands is
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such as almost to excite surprise, looking at the complex and coloured
nature of the original product dealt with. In support of this state-
ment, I may refer to the resalts given in an early part of this work,
when the subject of analytical procedure in general was under
consideration (p. 79). Examples are there introduced showing the
close accord that is obtainable in the figures from duplicate analyses.

The conditions existing in connection with the collection of the
blood for analysis constitute an item of consideration, it may be, of
greater importance than the analytical procedure itself, inasmuch as
neglecting to give due attention to the requisite precantions may give
origin to greater error than would be likely to arise from a faulty
analysis. How rapidly sugar may be adventitiously produced in the
liver and lead to the presence of an abnormal amount in the blood
has been already shown,and in obtaining a specimen for examination
fallacy from such a source must be avoided by the collection being
made under conditions to secure a representation of the natural
state.

This matter, as is known, I drew attention to npwards of thiriy
years ago. In a communieation published in the Transactions of the
Royal Society for 1860, I showed that the condition which had heen
previously taken as representative of the natural state, widely differs
in reality from it. With the occurrence of death, an alteration in the
amonnt of sngar present in the blood speedily ensues, but this had
not hitherto been recognised and taken into account. Thus, through
the post-morteme being regarded as expressive ol the ante-mortem
state, a false foundation existed for the physiological doctrine which
happened to be constructed npon what had been observed. At the
outset a qualitative examination was all that the resources at com-
mand permitted to be made, and what was considered to be the
characteristic reaction to be looked for from the blood of the inferior
cava and right side of the heart was one attended with a plentiful
reduction of the copper test. The amount of sugar now revealed by
quantitative determination as actnally existing in the blood collected
from these parts in an ordinary way after death, depends npon the
extent to which it may happen to have been influenced by the post-
mortem production of sugar in the liver. A varying quantity, from
about that naturally belonging to the living state to one largely

exceeding it, may be found.
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The point under consideration is well illustrated by the results
obtained in a I'U'.'L*nt]_',‘ conducted ﬂxi:i:rilm.'nl.. of which the following
are the particulars. A dog was :-_Lutldunf_\' killed by pithing, and the
chest immediately opened. The heart was then grasped at its base
with the hand, and a ligature applied so as to prevent any further
ingress or egress, and thus permit of the blood contained in its
cavities close to the moment of death being obtained for examination.
By an incision above the ligature, the heart was excised, and the
blood which it contained subsequently collected. With the excision
of the heart, the blood present 1in the large vessels of the system
flowed into the chest. This was dipped oat, and a portion taken for
analysis. The following are the results that were yielded by the
respective specimens,

Eugar per 1000,
expressed as glucose,
Blood from the uu.'l.'iliua} before sulphuric acid .. .. ...... 0850

of the heart.. ...... | after - r U870
Blood eollected from | before ¥ e e e e B
theichest i alter o i AEE AL

The amount of sugar found in the blood of the general circulation
under a natural and tranquil state of the system presents but little
variation, and, as will be seen from the details to be introduced later
on, is less thun what is met with in the solid organs and tissues,
From a collection of upwards of 100 observations, conducted at
varions times over a nnmber of years, upon the dog, cat, rabbit,
sheep, ox, horce and pig, THE AMOUNT OF SUGAR NATURALLY PRESENT IN
THE BLOOD OF THE GENERAL CIKCULATION MAY BE STATED TO RANGE from
ApouT 006 TO 1°0, OR A LIYTLE OVER 1°0, PER 1000,

Most of the determinations upon which the above statement is
based were made with the ammoniated cupric test. In many, how-
ever, the gravimetric process described at p. 69 was employed. By
this process the copper thrown down from the Fehling’s solution
used is collected, dissolved, and subsequently deposited by galvanic
action upon a platinum cylinder for weighing. Althongh there are
sufficient grounds for considering that full reliance may be placed
upon the information supplied by the ammoniated cupric test, it is
nevertheless satisfactory to have it corroborated by a different kind
of analytical procedure; and further so when, as illustrated by the
examples given at p. 80, the acenracy of both processes is confirmed

M
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by the close accord in the figures obtainable under their application
to the same specimen of blood.

The blood, then, of the general cirenlation possesses a constitution
in relation to sugar presenting bat little variation whilst ordinary or
natural conditions exist. Distarbed states of the system, however,
quickly occasion the presence of an inereased amount, but the kidneys
perform an eliminative office like that which they discharge in the
cage of urea. Under any increase of sngar in the circnlation, the
uring is immediately influenced to a proportionate extent, and the
escape of sugar thus occurring constitutes a provision for keeping
down accumulation, as is exemplified by the elimination that is
observed to take place in diabetes.

In former times, when less facility existed for the quantitative de-
termination of the sugar of the blood, the amount corresponding with
what I have represeuted as naturally present during life was usually
spoken of as a * trace,” the expression being founded npon the slight
reaction yielded by the copper test. 1 do not think previous attempts

had been made to determine what this * trace’ meant, expressed in
figures, but in my communication contained in the Transactions of
the Royal Society for 1560, I gave the results I had obtained from
the analysis of three specimens of the blood of dogs, and stated that
the gnantities stood respectively at 0°470, 0-730, and 0°550 per 1000,
These amounts, it will be seen, although obtained upwards of thirty
years ago, coincide closely with those yielded by the present improved
methods of analysis.

I consider there onght not to be any disagreement, certainly at the
present time, about the amount of sugar present in blood ; and, should
a discordance exist, it is more likely to depend npon something con-
nected with the collection of the blood than upon the analytical
procedure. The fizures given by some observers stand in close
accord with, and by other observers even a little lower than, my
own. A striking want of uniformity is noticeable in the resulls
obtained by Bernard, and, whilst placing the lowest point of range
at 1 per 1000, he says (* Comptus Rendus," 1876, p. 1409} that in the
norical state the sugar varies from 1 to 3 per 1000. Seegen repre-
sents the amount as oscillating between 1 and 2 per 1000, and
remarks that it is only exceptionally that it exceeds 2 per 1000. The
state of the urine soffices, I consider, to show that these ranges of
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Bernard and Seegen cannot be otherwise than founded upon error.
The larger qunantities are incompatible with the state presented by
healthy urine. They mean, as is rendered evident by reference to
the table at p. 192, representing the condition of the bleod in cases
of diabetes, the existence of a state that would be attended with the
presence of a large amount of sugar in the urine.

A contrast exists between the blood of the portal system and that
of the general circulation. Whilst the amount of sugar in the former
is in a direct manner influenced by the ingestion of earbohydrate
matter, no such influence is exerted upon the contents of the general
circnlation,

1 have mentioned that precautions must be observed in collecting
‘he blood for examination, in order to obtain a representation of the
natural state. If the collection be made from an artery or vein
during life, the animal must be at the time in a state of tranguility.
Obstruction of the breathing, violent strugeling, aud the administra-
tion of an anmsthetic suffice, through their disturbing effects npon
the system, to produce an inerease of sngar in the blood.

Bernard poticed that the blood of the jugular vein of an animal
contained more sngar after muscular efforts provoked by holding the
nose for a short time so as to impede the respiration than it did
before. 1 also, in an experiment performed some years ago, found
that blood taken from a dog which had been subjected to obstruetion
of the breathing for balf-an-hour possessed a strongly saccharine
character, and, in another instance, where the experiment was carried
on for a longer period, that the urine even had acquired a saccharine
impregnation sufficient to give a strong reaction with the test for
sugar. In like manner, after the administration of an anmsthetic,
the urine may be found to give even a fairly strong saccharine
reaction with the copper test. 1 took the opportunity at one time to
institute observations upon the urine of patients in Guay’s Hospital,
before and after the inhalation of ehloroform, and found in every
instunce a decided effect, in some even a strong effect, produced in
the direction mentioned.*

In obtaining blood from the killed animal for examination, the

* The cupric oxide reducing effect of urine after the administration of chloroform
is now stated to be due to glyeuronic acid, a body closely allied to and supposed to
be derived from dextrose, but presenting a rather higher state of oxidation.

M 2
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collection must be made bzfore time has been allowed for its con-
stitution in relation to sugar to become altered from that appertain-
ing to life.

In the laboratory the conditions are under the command of the
experimentalist, and the method of killing empioyed should be one to
occasion death as instantaneonsly as possible. After the destroction
of life, say by pithing, a scalpel, or pair of scissors, should be
instantly thrust into the chest, and the heart and large vessels freely
incised. The chest being then quickly opened, the required guan-
tity of blood should be at once dipped out or otherwise procared for
examination.

At the slauzhter-house different methods of killing are adopted.
The method to be chosen for securing the attainment of the object
in view, is one in which death is occasioned purely by hemorrhage.
In the case of the sheep, the neck is pierced with a knife, and the
blood drained off by severance of the vessels. The first portion of
the blood that escapes is the proper specimen for examination. The
bullock slaughtered by the Jewish method affords another in-
stance of killing by hmmorrhage. By a single incision with a long,
sharp knife, all the soft structures of the neck in front of the
vertebral column are divided. An immense gush of blood from the
arteries takes place, and, as in the case of the sheep, the first portion
shonld be collected.

In the course of an inguiry I was some time ago condneting, I was
led to submit to examination specimens of blood from the eut bullock
obtained, one at the first instant of its escape, and the other a few
moments later. The specimens were subjected fo the gravimetrie
process of analysis, and, as will be seen from the subjoined figures,
a slight difference was fouund to exist between the two in the direec-
tion of a larger amount of sugar in the second portion, showing how
the lapse of an apparently insigoificant amount of time suffices to
bring about an altered condition.
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Blood of Bullock killed by Jewish Method, collected at the Commencement
and at a later Period of the Flow. Gravimetric Process of Analysis.

Sugar per 1000 parts.

- e

; =,
First collection. Second collection,
—— i — CEE —_

Duplicate Duplicate.
analyses, Mean. analyses. Mean.
. 0544 - 0 581 e

Ohservation 1...... {0‘;_:__35 }ﬂ 249 {“':'3""\:3 }l} e

_ Jiwr] 0620 $ 0673 S

Observation 2.. ..., {0'“2!] }D 24 0 ‘656 }U LiT]

After the employment of the pole-axe method of slaughtering
higher figures are ordinarily obtained, and, concordantly, the method
involves the lapse of a longer time before the blood is withdrawn.
The animal is first felled by the blow of the axe, and throngh the
opening made a cane is then passed down the spinal canal to crush
the medulla oblongata and spinal marrow, a proceeding which not
only effectually kills ontright, but puts a stop to the oceurrence of
reflex movements. An inecision is next made into the lower part of
the neck, and the knife passed on into the chest so as to penetrate
the superior vena cava, or possibly the right aunricle of the heart,
and permit the blood to escape. Subjoined are the resalts derived
from the analysis of four specimens obtained in this way. In con-
nexion with these specimens the remark is recorded that instructions
were given to my assistant to get the incision and collection made
with as little loss of time as possible after the felling of the animal.
In two of the observations the fignres happen to about agree with
those obtained nnder the methods of slanghtering previously referred
to. Intheother two, however, the higher kind of fizures are presented.

Blood from the Bullock Slaughtered by the Pole-axe. Gravimetiic
Process of Analysis.

Sugar per TMy parts.

— =P

Duplicate analyses, I‘-l::-:u-:.
Observation 1.. ... Rt { 3:::::? } 0 5%
Observation 2., ..., .. {g::ﬁg }-0 HhHS
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Aiterial and Venous Blood tn velafvon to :';I'H.-_flr-l’l'i‘.

Bernard wade the statement® that a larger amount of sngar s
present in arterial than in venons blood, and the inference has been
drawn that a disappearance, occurring as a result of the funetional
disposal of carbohydrate matter in the system, takes place during the
transit from the arterial to the venous system. Considerable discord-
ance, however, is to be observed in the experimental resalts upon
which the statement has been based, and I notice an instance amongst
them in which an identity existed in the amount of sngar found in
the blood of vein and artery. According to the particulars given of
the experiment, a first collection of blood was made, from which the
figures obtained were 1°250 per 1000 for the venous, and 1480 per
1007 for the arterial, blood. A second collection was afterwards made,
when it was founl that the fizures stood at 1-560 per 1000 for both
the venous and arterial blood. In the instance where the largest
amount of difference was observed, it appears from the details for-
nished that the experimental procedure adopted was as follows :
Blood was withdrawn from the right erural vein, and immediately
afterwards the corresponding artery was opened and blood eollected
from it. The results derived from the analysis of the two speeimens
are stated to have been 0-730 per 1000 for the venous, and 1450 per
1000 for the arterial, blood, representing a difference of 0°720 per
1000 between the two—a difference, that is to say, abont equivalent
to the whole quantity of sugar which, according to my own observa-
tions, is found naturally to exist in the blood of the dog, the animal
upon which the experiments were conducted.

The question that is being considered is one of great importance
on acconnt of the reasoning that may be based upon it. It happens
at the samec {ime to be one in connexion with which fallacy may most
easily ereep in through the difliculties attending the experimental pro-
cedure. Owing to the readiness and rapidity with which the blood
becomes charged with an increased amount of sugar, as an effect of
disturbed states of the system, error is certain to arise, umnless the
most scrapulous and gunarded care is exercised with regard to the
maunner in which the collection of the respective specimens of blood

# Bernard, ‘ Comptes Rendus,” Tome lxxxiii, No. 6, p. 373; and * Legons sur le
Diabite,” Paris, 1877,
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i3 made. To obtain a truthful representation of the natural relative
state of arterial and wenous blood, the specimens to be compared
must be colleeted absolutely at the same instant. Should the eollec-
tion happen not to be absolately simultaneous, the position is open for
the ocenrrence of an alteration in the amount of suzar contained in
the entire cirenlation, and this naturally would be read off as repre-
senting a difference in the relative amount present in the blood of the
artery and vein. It is further desirable that before the collection of
blood is made the animal should have been allowed to recover from the
influence of the anmsthetic, and the effect of any strngzrling that may
have attended the operation, so that a settled state of the contents of
the eirculatory system may have become established.

With a full realisation of the rigovous care and attention reguiring
to be bestowed nupon all the details of the enquiry, I conduocted the
experiments which are to be found recorded in part in the ® Fro-
ceedings of the Royal Society ' for 1577 (vol. 26, p. 346), and in fall in
my Croonian Lectures “ On Certain Points connected with Diabetes ™
(pp. 71 ef seq.), delivered at the Royal College of Physicians, in 18785,
and published in the same year. In each of the experiments chloro-
form or ether was adininistered for the operative procedure of exposing
the vessels, and the vessels chosen were the carotid artery of the one
side, and the jugunlar vein of the other. After their exposure, and
the required isolation from the adjacent tissues, a ligature was passed
underneath them, and a knot tied in such a manner as to leave a
loose loop surrounding them of sufficient length to serve for subse-
quently drawing them forward without giving pain to the animal,
and thus withont occasioning any strogelinz or disturbance. A
pericd of an hour and a-half or two hours was allowed to elap=e
after this operative procedure for the system to recover from the
influence of the anmsthetic. At the end of this time, without the
employment of any forcible restraint, and whilst the animal was
seated guietly on a table, the vessels were drawn forward, and blood
collected simultancounsly from each. The process of analysis was
then at once commenced, and in the seven observations conducted
the following results were obtained.
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Duplicate Duplicate
analysrs, Mean. analyses. Mean,
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On easting the eye through the above list, it will be noticed that a
close conformity exists in the figures for the corresponding specimens
of arterial and venous blood. In some, the difference presents an
excess on the side of the arterial blood; in others, on that of the
venous. In each case, it does not amount to more than may be
legitimately considered as falling within the limits of variation aris-
ing from the analysis, for it 18 not claimed that absolufe accuracy is
attainable. It must be borne in mind, with reference to the matter,
that about 20 grams of blood were taken for analysis, and that the
figures represent parts per 1000, so that what may be an exceedingly
slight error in the analysis becomes magnified about fifty times in the
multiplication employed for the expression of the result. A differ-
ence, for instance, of one-tenth of a milligram in the actual analysis
would become a difference of 0005 in the resnlt expressed. The
duplicate analyses give a trustworthy character to the evidence,
beyond what it would otherwise possess, and the closeness noticeable
in the counterpart results affords strong testimony of the precision
attainable by the analytical process employed. In observation 6 one
of the results for the venons blood is missing, owing to an accidental
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loss of some of the precipitated suboxide having ocenrred in the per-
formance of the analysis.  In observations 5, 6, a nd 7 the amount of
sngar encountered stands higher than what is found to exist under
ordinary eircumstances. This, it may be considered, is attributable
to the effect of the anssthetic. If blood be withdrawn whilst the
animal is actnally under the influence of the anwmsthetic 1t i1s possible
that upwards of 2 parts per 1000 may be found, and, from the
vesults referred to, it wounld appear that even after the lapse of an
hour and a half or two hours the sugar may not have fallen to its
standard amonut.

Looking now at the results, taken altogether, we lind that the mean
amount of sugar, given by calenlation from the mean fignres
furnished by the seven observations, stands at 0-995 per 1000 for the
arterial blood, and 0997 per 1000 for the venous. The difference
between the two thus amonnts to (0002 per 1000, and it happens, as
1s seen, that the excess, such as it is, falls on the side of the venous
blood.

By another mode of experimenting that suggested itself to me as
open for employment, blood was obtained from artery and vein as
expeditionsly as possible after death, so as to anticipate the altered
state induced by the post-morfem production of sugar. Four such
experiments were performed npon dogs. The animal was in each
case pithed, and, instantly afterwards, a sealpel was drawn across the
artery and vein determined upon, without any attempt being made to
isolate them. The blood that simultaneously flowed from the respec-
tive vessels was collected in capsules. The danger to be guarded
against in the experiment was from the possibility that the flow
might not be precisely even after the first gush, and that, in carrying
on the collection, a little blood might be included which had under-
gone a slicht degree of post-morfem modification. Attention was
therefore given that the collection was not carried further than the
withdiawal of the quantity absolutely required for the purpose of
examination,

In observation 1, the collection was made from the jugnlar vein of
one side of the neck, and the carotid artery of the other. In conse-
quence of the experience gained in this experiment the crural artery
was substituted for the carotid in the other three. Its more super-
ficial position rendered it more accessible for division. The jugular
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was still retained as the vessel for yielding the vencus blood. Since
the blood throughout the arterial systemn possesses at a given moment
the same constitution, it is obvions that any artery that i1s most con-
veniently sitnated for the performance of the experiment may be
taken. In connection with observation 4, it iz recorded that a little
difficulty oceurred in collecting the arterial blood, throngh its flowing
glowly from the divided vessel, and that the last portion was dark in
colour. TIn this condition it may possibly have just commenced to be
influenced by the post-mortem influx of sngar from the liver.

l':,'m_r.lj'.-rr_f'm"frg Frominalion r_n}" Arferial and Venous L'fr.-mf, t"ﬂ”f‘f‘f-?fﬁ
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The results derived from these four ohservations present, it is
noticeable, a less even character than those belonging to the previous
set. The mean amount of sugar given for the arterial blood is (0847
per 1000; and for the venous 0'834 per 1000. The difference stands
at 0°013 per 1000, the higher fizures being furnished by the arterial
blood.

Placing now the eleven observations together we get 0-041 per
1000 as the expression of the mean amount of sugar found in the
arterial blood, and 0°938 per 1000 in the venous. It thus appears, for
the whole of the observations, that the sugar in the arterial blood
exceeded to the extent of 0-003 per 1000 that in the venous.

The conclusion, I consider, may be drawn from the foregoing ex-
periments that no material difference exists in the amount of sngar
present in arterial and vencus blood. As a corollary, it follows that
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no support is given to the view that earbohydrate matter in the form
of sugar is allowed to reach the general circulation, for conveyance
as a functional operation to the systemic capillaries to be disposed of
by the tissues.

Professor Seegen, who widely differs from me upon other points, is,
I find, in accord with me upon the one which has just been con-
sidered. In the French translation, which is before me, of his
recent work on animal glycogenesis,® he says “ Il resnlte de la que,
contrairement & 'opinion de Cl. Bernard et de Chauvean et d'aceord
avee les recherches de Pavy et antres, il n'y a pas de différence appre-
ciable entre le sang artériel et le sang veineux quant a la proportion
de snere qu'ils renferment.”

Blood after Withdrawal, in Relafion to Sugar.

I have now finished what I have to say upon the question of the
disappearance of sugar from circalating blood, and I will proceed to
consider the question of its disappearance from blood after with-
drawal from the system.

In correspondence with the statement that was made with regard
to cirenlating blood, it was farther asserted by Bernardt that a dis-
appearance of sngar takes place in drawn blood, sufficient in extent
and rapidity to furnish additional sapport to the theory of carbo-
hydrate disposal to which attention has above been given.

At qguite an early period of my investigations, and long before the
matter which is being discussed was broached, 1 gave attention to
the subject of the disappearance of sngar from drawn blood, and, from
what I observed, I mentioned that a disappearance occurred, which
seemingly ran coneurrently with the changes that lead on to decom-
position. I further mentioned that I had observed, with blood con-
taining much sugar, an acid reaction produced, which I suggested was
probably attributable to the formation of lactic acid. I also noticed
that in the presence of fibrin and corpuscles the disappearance took
place with greater rapidity than when sernm alone was dealt with.

When the assertions of Bernard to which I have been directing

# * La Glycogenie animale,” by Professor J. Seegen. Translated by Dr. Hahn:
Pariz, 1800, p. 100.

t Bernard, ‘ Comptes Rendus,” 19th Juin, 1876, p. 1406,
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attention were made, I not only conducted the experiments I have
referred to in relation to cireulating blood, but also earried my investi-
gations to drawn blood ; and, in the prosecution of the enguiry, I was
now aided by the methods of quantitative analysis which were not at
my command when my original cbservations were undertaken. The
experiments are to be found recorded in the ‘ Proceedings of the
Royal Society ' for June, 1877 (Vol. XXV, p. 346), and April, 1879
(Vol. XXVIII, p. 520).

In giving a representation of what was found, T will first cite the
particulars of five observations in which the blood was allowed to
stand for moderate lengths of time at the ordinary temperature. The
observations, it will be noticed, were conducted at different pc]-iuda
of the year, and thus under the existence of somewhat different
temperatures,

Blood after Standing, compared with Blood taken Fmmediately.
(fravimetric Process of Analysis.

Sugar per 1000 parts. Percentage

Mean of two loss of
analyses, sugar,
January 20th.
Taken immediately......... b ST —
. aofter 1 hour, . ... e R T 60
April 25th.
Taken immediately.. .. .. cxa .. 02700 —
o afterl hour.......ee0.. QB7F0 43

May 15th.
Taken immediately............ 0766 —
e e B R 0551 2-0
y after23 hours ......... 0285 62 -8

May 21th.

Taken immediately........... 0786 S
o cnfber L howrs. cooaa s 0-728

=]
[l
&

Bfter 24 houra.. ........ 0302

May 2i6th.
Taken immediately. . .. ........ O G421 -
s nfter 11 hours. ... ..0un. 00703 13-9

In another set of experiments blood was allowed fo stand for
longer periods of time. In these the sugar was determined by the
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ammoniated cupric test, and not by the gravimetric process, which is
only adapted for the examination of blood in a fresh state. With
the oceurrence of decomposition, the ammonia generated interferes
with the deposition of the cuprous oxide, and thus in the case of the
gravimetric process gives rise to a vitiated resanlt. In the case, on
the other hand, of the ammoniated cupric test, which in its prineciple
of operation depends upon the solvent action upon the enprous oxide
exerted by ammonia, decomposition produces no vitiating effect and
accordingly stands as no barrier to its employment. By this method
of analysis, thercfore, the examination can be conducted at any
period, no matter whether the blood be in a fresh or a decomposed
state. In these experiments the prodoct for titration was obtained
by the sulphate of soda method (vide page 59) resorted to for the
gravimetric process, that is by boiling with sulphate of soda to
coagulate albumivous and colouring matters, filtering, thorenghly
washing the coagulum, and bringing the liquid to a known volume,
The following examples may be selected and given to represent the
character of the results obtained.

Blood after prolonged Standing at the ordinary Temperature compared
with Blood taken Immediately. Sugar defermined by the Ammo-
niated Cupric Test.

Percentage
Sugar per loss of
1000 parts. CATFLRE
Blood of bullock—
Day of withdeawal .......... 0-775 -
1 day afterwards .. ........... 0334 56-9
2 days i il cow - Or233 67 "4
5 . e 0-231 702
Blood of bullock—
Day of withdrawal........... 1-111 _—
1 day afterwards ..evueeve e 07717 355
2 days T St P | T i 51 0
E - AP e |1 785



174 THE BLOOD IN RELATION TO SUGAR.

Blood with added ({lucose subjected tu prolonged Standing af the

linary T /
0L Iuﬂiﬂ' 11’?”I!-.‘I’i’1:‘!lrﬂ‘.

Pi-meulnge

Bugar per loss of
1K) parts, sLgar,
Blood of bullock—
In fresh state . .cousenrssnsass D776 -
After addition of sugar........ 3636 -
On the following day.. .. .veu.. 2811 227
On the third day . coce s srvess 0296 81 :9
On the sixth day ............. 0-22§ 927

The eriginal blood, to which no
gugar had been added, ex-
amined on the sixth day ..... 0°-225 To-0

In other experiments the blood was exposed to a temperature abont
equal to that of the body, and at the same time was subjected to the
influence of currents of different gases. In order that the resunlts
might be expressed by larger figures, and any effect produoced thus be
rendered more visible, some glucose was added at the commencement
of the experiment.

Blood with added Sugar exposed to a moderately elevated Temperature
and to the Influence of Curvents of different Gases.

Percentage
Sugar per luss of
1000 parts. BUZAT.
Sheep's blood in a fresh state, with added
sugar—
Taken at once .. ...« campasnss L7B00 -—
After standing 7 hours al a
slightly raised temperature... 1°530 16-2

After the passage of oxygen for

7 hours at a slightly raised

temPerature. . .. vo vt avoens s 1-525 176
After the passage of carbon di-

oxide for 7 hours at a slightly

raised temperature.,........ 1925 176
After the passage of hydrogen

for 7 hours at a slightly raised

tempersture ... voassessssss 17270 15-1



BLOOD AFYER WITIHDRAWAL.

Percentage
Sugar per loss of
1000 parts. SNZAr.
Sheep's blood in a fresh state, with added *
sugar—
Takenatonce.. coovvevens weee 1034 =
After standing 2} hows at 357 C. 1-429 107
After the passaze of 0xygen for
2f hours ab 88°C. .. ..ieve o 1283 214
After the passage of carbon di-
oxide for 2} hours at 38°C. ,, 1:100 32-7
Sheep's blood in a fresh state, with added
sligar—
Taken at ONCe .. cc 5555056008 S —
After standing 7 hours at 38° C.  1-°342 19.5
After the passage of oxygen for
7 hours at 88° C. .., .. o et 405
After the passage of carbon di-
oxide for 7 hours at 38° C.... 1-(42 475
Sheep’s blood in a fresh state, with added
Bugar—
Taken ab onoe ..o voivervaress 1475 —_—
After standing for 6} hours at
L B R e e [} 10-2
After the passage of oxygen for
Bt hoursat 38" C. ... .vveuee  1°134 232
After the passage of carbon di-
oxide for 6% hours at 358° C... 1-200 15 0
Sheep’s blood in a fresh state, with added
sugar—
Taken at once......... S e i —
After standing 61 hours at 38", 1367 117
After the passage of oxygen for
6} hours at 88% Q. ovsenwees 1475 16-9
After the passage of carbon di-
oxide for 64 hours at 38° C.,. 1-492 159
Ehcﬁ'p‘a blood in a I]l‘i;'L!Illl}ﬂlR_.‘d state, with
added sugar—
Taken atonee......ouesvanian 17324 —
After standing 6 hours at 38° C. 0667 49 -6
After the passage of oxygen for
6 hoursat 38°C. ........... 0°606 54-2

After the passage of carbon di-
oxide for 6 hours at 38° C.... 0-654 50 -G
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Looked at in their entirety, these experimental results show that
an advancing disappearance of sogar takes place in drawn blood.
Beyond this nothing definite can be said, and nothing I consider is
deducible to warrant the conclusion that what is noticed to oceur
can be interpreted as having any physiological bearing. With an
unstable body like sugar existing in contact with a complex organic
product like blood, it is nothing more than might be expected that
sach disappearance as is observed should oceur, and no need exists to
bring into the guestion the operation of living action.

In the experiments where blood was subjected to the influence of
the transmission of currents of different gases, it is noliceable that a
greater disappearance of -sugar ocenrred in the specimens that were
so treated than in the counterpart specimens which were simply
allowed to remain at rest. It is not, however, discoverable that
more effect was definitely produced by one gas than by another, and
it may be considered probable that the greater loss attendmg the
employment of the gas was due to the physical effeet of the molecalar
movement oceurring.

The largest loss is observable where the blood employed was in a
decomposed state. This is only in accord with what might be looked
ior.

A point to be noted in conneetion with the observations is that the
blood invariably retained a certain amount of capric oxide reducing
power. In no instance, even where evidence of advanced decomposi-
tion existed, did the reducing power of the product fall below from
0-2 to 03 per 1000, expressed as glucose. What, in short, ocenrred
was that the reducing power fell until the point named was reached,
after which no further change ensued, however long the blood was
kept. From this, the conclusion snggests itself that the blood con-
tins a certain amount of something besides the sugar possessing
cipric oxide reduncing power, which, unlike sugar, resists the de-
structive influence of the decomposing matter around. If this is the
case it follows that the sugar actually existing in the blood is less by
2 to 03 per 1000 than what has been l'ﬂpl"[".‘-wul,ud under the
assamption that the cupric oxide reducing effect observed is due
solcly to sugar. ;

Lévine's Theory vegarding Qlycolysis in Blood. —From the results of
observitions on the disappearance of sugar in drawn blood, Lépine
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has founded an argument in which he contends for the oceurrence of
glycolytic ferment action in the blood during hife. Much disenssion
has recently taken place upon this matter. The view is of a nature
to be likely to attract attention, seeing that it aims at accounting for
the destruction of the sugar assumed under the glycogenic doctrine
to reach the general cirenlation—a necessary provision for obviating
the existence of diabetes as a general state. Weighty objections have
been raised by various authorities to the experiments and eoneclusions
of Lépine, looked at upon their own merits. There is, however, the
further point, which has not been considered by others, that if, as
follows from what has been adduced in this work, sugar does not
reach the general cirenlation as the glycogenic doetrine implies, the
raison d'étre of a glycolytic ferment in the blood does not exist, and
the question about glycolysis in the blood is devoid of the physiological
significance that would otherwise belorg to it.
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THE URINE IN RELATION TO SUGAR.

Presence of Sugar in Healthy Urine.

I bave meidentally referred to the elimination of sugar that takes
place from the blood through the medium of the urine. I will now
proceed to fully consider the relationship existing between blood and
urine with regard to sugar. Whilst it is universally admitted that
the blood contains a certain amount of sugar, the urine is in ordinary
language spoken of as free from it. It is true that on testing a
specimen of normal urine with Fehling’s solution—the sugar test in
common unse—no reaction is obtained. This must not, however, be
taken as proving the complete absence of sugar. There is a limit to
the sensitiveness of every test, and in the case of sugar the amount
present may be too small for the test to reveal it. Moreover, with
urine, other materials are present which exert an inflnence upon the
test contributing in some measure to mask the indication of sngar.
Observation shows that an amount of sugar distinetly recognisable in
a pure agueous solution may not be recognisable when existing in
urine. In water there is nothing to interfere with the deposition, and
consequently the ready perception, of any snboxide that may be
formed. TIn urine, on the other hand, the ammonia developed by the
action of the potash of the test vpon the nitrogenous matter present
may suflice to hold in solution the snboxide prodnced when only
small in amonnt. In may thus happen that no precipitate at all is
produced, when in reality a certain amount of reduction has taken
place. The only actual effect under the cirenmstances to be perceived
is a certain extent of fading of colonur, which it may be is so slight as
to be barely appreciable, from the diminuntion of the oxide of copper
by its conversion into suboxide. It is of course only where the
quantity of sugar present is minunte that it is liable to be conecealed in
this way. Where the amount is large the suboxide produced is
beyond the capacity of the ammonia generated to dissolve it, and it
then falls as the well-known precipitate belonging to the action of the
test.
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Althongh it may thus be found that no reaction is perceptible on
testing healthy urine with the copper solution, the presence of sugar
iz nevertheless susceptible of being demonstrated by appropriate
means. Briicke, it is known, some years back devised a process for
the separation of sugar by throwing it down in combination with
oxide of lead. The process is an eminently satisfactory one, and by
its means sugar, to however minute an extent it may be present, can
be extracted and placed in a position to be easy of recognition. By
operating upon a sufficiently large quantity of nrine, an amount of
sugar is obtainable which admits not only of recognition but likewise
of quantitative determination. I will here give the main points of
the process, and for full details upon the whole subject may refer to
an article written by me “ On the Recognition of Sugar in Healthy
Urine,” which was published in the *Guy’s Hospital Reports’ for
L87E.

The urine is first treated with neotral followed by basic acetate of
lead. The effect of this is to lead to the precipitation of the urie
acid, sulphuric acid, phosphoric acid, hydrochlorie acid, and, doubt-
less, some other constituents of the urine, as lead compounds, the
sugar remaining in solation. Filtration is performed, and the filtrate
is treated with ammonia, and a further quantity of acetate of lead,
unless a large excess of it has been in the first place added. The
sugar falls in the precipitate now produced, throngh the formation of
a definite, insoluble compound of sugar and oxide of lead. The pre-
eipitate is then collected, and, in order to secure the complete removal
of ammonia, washed until the washings no longer produce any effect
upon reddened 'itmus paper. The next step is the liberation of the
sugar from the compound existing in the washed precipitate. This
may be effected by the ageney of hydrochlorie, sulphurie, or oxalie
acid, but a somewhat coloured product is the result, and it has been
snggested that the possibility may exist of the formation of sugar by
the action of the acid upon some other constituent of the urine earried
down with the lead precipitate. A more colonrless, and therefore
better, pmduct 8 yie]ded |:r_',i" Hul[}hurettetl hydrogen, A]t,hq}ugh its
application involves the occupation of considerable time, it constitutes
decidedly the preferable agent for employment. The washed lead
precipitate is subjected to the action of a stream of the gas until the
sugar compound is completely broken up, which may be assumed to

N 2
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have ocenrred when the produet has acquired an absolutely uniform
black colour thronghout. Filtration is next performed, and the
excess of snlphuretted hydrogen expelled by heat. The liguid 1s
then reduced to a small bulk, either over the water-bath or in the
ViCmum ﬂF amn !'IEI'-IIIII]]IL

The product thus obtained is in a strongly acid state, and presents
a considerable amount of colonr. Neutralisation with earbonate of
soda leads to the gradnal deposition of a coloured substance, which
should be removed by filtration. If any evaporation by heat is sub-
sequently resorted to, the liquid should first be made slightly acid with
acetic acid to guard against any destruetion of sugar through the
influence of alkalinity. To place the produnct in a more suitable
position for the application of chemical tests, colour should be etill
further removed by the agency of animal charcoal, the charcoal em-
ployed having been well purified from lime. It must, however, be
remembered that animal charcoal not only absorbs colouring matter
but tends also to take up and hold sugar with some tenacity.
Thorough washing is therefore required in order to fully recover the
BOZAT. -
As stated in the article (* Recognition of Sngar in Healthy
Urine ™) to which I have referred, I applied the process that has
just been deseribed in outline, and satisfied myself of the truth of the
assertion that in the product yielded sugar is to be found. 1 sparved
no pains to obtain adequnate quantities of the isolated material to operate
upon. The process of extraction was carried on from day to day for
a considerable time, as fresh portions of urine were obtained, and
altogether, in the counrse of the numerons observations undertaken,
fully 100 litres passed under examination, in quantities of two or
three litres at a time. Attention was given to secure that all the
urine was derived from healthy persons, and the precauntion was
further taken of examining each collected portion with Fehling's
solution, and rejecting any that gave the slightest indication of a
reaction.

Subjected to examination by the application of the undermentioned
tests, the product behaved in the following manner :—

Boiling with a solution of potash was attended with the production
of the deep brown colour known to oceur in the presence of glucose.

The addition of a few drops of nitrate of bismuth, and then of a
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solution of potash or soda (Bottger's test) gave a white precipitate,
which became black on boiling, in accord with the effect produced by
sugar.

Boiling with Fehling’s solution gave rise to the production of an
immediate and copious precipitate of the reduced oxide ot copper.
For this, however, the complete removal of the ammonia nsed in the
preparation of the product was necessary. With incomplete removal,
the neat and decided reaction otherwise observed was replaced by
decoloration and delay of precipitation till after somewhat prolonged
boiling. 1t is to be remarked also that where lime, derived from the
employment of auimal charcoal which had been imperfectly freed
from this principle, was permitted to be present, an interference with
the proper reaction of the test was occasioned by the semi-gelatinous
precipitate it produced.

The tests which have been referred to can only be said, strietly
speaking, to afford presumptive evidence of the existence of sugar.
The occurrence of fermentation, however, manifested by the produc-
tion of alcohol and carbonic acid gas, may be regarded as supplying
absolute proof of its presence. On exposing the product derived from
the urine to the ifluence of yeast, I expected, looking at the statements
that had been made and the reactions afforded by the other tests, to
meet with deeided evidence of the oceurrence of fermentation, and
was sarprised to find that it did not ensue. Not only had fermenta-
tion been described as taking place, but estimations of the amount of
sugar present had been made through the carbonic acid gas evolved.
That the fanlt was not on the part of the yeast I employed was shown
by the brisk fermentation which ocenrred when a portion of it was
placed in an aqueons solnfion of grape sngar and exposed to the suit-
able temperature. At a loss to acconnt for the negative results that
I obtained, I tried the effect of experimenting with urine to which
sugar had been purposely added. Again the result was of a negative
character. It thus became presumable that there was something
connected with the state of the produoct which checked the activity
of the ferment. I noticed tuat a strongly acid condition existed, and
it ocenrred to me to ascertain whether this might exert an arresting
influence on ferment action. I thus was led to neutralise the product
with carbonate of soda, and I then found that fermentation actively
proceeded. Through not bhaving recognised, therefore, the necessity
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of giving attention to this point, I failed in my first attempts to
obtain fermentation. The cireumstances ohserved stand, it is to be
remarked, in accord with the statement of Pasteur, that acidity
opposes whilst alkalinity favonrs the oceurrence of fermentation.

In addition to the evidence already brought forward founded npon
methods of testing with which we have been long familiar, further
evidence is now adducible, derived from the application of other
methods which have been recently discovered to constitute valuable
tests for sugar,

Phenylhydrazine, already frequently referred to in this work, is
an agent which forms crystalline compounds—osazones—with the
varions sngars. A convenient method of applying the test to healthy
urine is the following :—The sugar is thrown down in the manner I
have already had occasion to describe (p. 179), by the hydrated oxide
of lead. The precipitate containing the lead compound is washed
with water (it is not here necessary as for the application of the
copper test to wash to such an extent as to get rid of the whole of the
ammonia), dissolved in acetic acid to liberate the sngar, and the solu-
tion treated with sulphurie acid for the precipitation and separation
of the lead. After filtration, the liquid, which already contains the
acetic acid wanted, is treated with phenylbhydrazine in the requisite
proportion, heated on the water-bath for about an hour, and after-
wards set aside to cool. In the coarse of some hours osazone
erystals separate out. Subjoined are photo-engravings from miero-
photographs of osazones from different kinds of nrine.
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(=nzoi e erystals from the sugar of healthy human urine.
Mugmfh'll 400 diameters.
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Osazone crystals from the sugar of horse’s urine. Magnified 400 diameters.
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i Qeazone crystals from the sugar of the urine of the dor fed on animal food.

Magmbed 400 diameters.

Osazone erystals from the sugar of rabbit's urine., Magnified 400 diameters,
The globular masses consist of free phenyl-hydrazine,
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Benzoyl chloride constitutes another recently introduced test
which possesses the character of extreme delicacy, The reaction is
founded upon the formation of an insoluble compound with sngar.
When shaken up with healthy nrine it gives a white granular pre-
cipitate resembling that yielded with a solution of glucose.

The accumulation of evidence which has been presented may be
considered, I take it, to absolutely set the question that has been
discussed at rest, and leave no room for doubt about ||u:||th_‘," nrine
containing a certain amount of sngar. That such should be the case
i, indeed, only in accord with what might be looked for, in view of
the fact, abont which there is no dispute, that a certain amount of

sugar is present in the blood.

Amount of Sugar present in Healthy Urine.

Satisfied upon the point that sugar was to be regarded as a con-
stituent of normal nrine, I subsequently sought to obtain information
with regard to its amount. Al the time of my first giving attention
to the subject the ammoniated cupric test had not been introdueed
and I employed the gravimetriec process which has been previonsly
referred to in these pages. Under the circumstances existing, this
process is open to the risk that the full extent of cuprie oxide redue-
tion may not be represented by the suboxide colleeted, in con-
sequence of a little ammonia having escaped removal in the washing
of the precipitate containing the lead oxide compound. With the
ammoniated cupric fest, it happens that no such risk of misrepre-
sentation of cuprie oxide reduction is incurred, and it altogether
affords a far more ready and advantageous method for application,
Moreover, we are here placed upon different ground, for the test
admits of being divectly applied to the urine itself, thus dispensing
with the previous separation of the sugar. The uric acid possessing,
as it i= known to do, enprie oxide reducing power, requires to be first
removed, and this may be effected by precipitation with the neutral
followed by the basic acetate of lead. Without the employment of
the latter some of the uric acid fails to be precipitated, and may be
sabsequently recognised by crystallisation, contrary to what is the
case when the basic as well as the neutral ncetate has been employed.
The sugar passes with the filtrate, from which the surplus lead is
removed Ly sulphurie acid cantiously added till it no longer pre-
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cipitates. After filtration potash is used to render alkaline, amd
titration is then performed with the test solution. If the cuprie
oxide reduction found to occur be read off as produced entirely by
sugar, the amount of this principle ordinarily existing in healthy
urine may be said to stand at about 0°5 or a little over per 1000.

Relation of the Sugar of the Urine fo that of the Bluod,

Under the presumption that a negative behaviour with the ordinary
mode of testing was indieative of an absence of sugar, Bernard con-
tended that up to a certain point sugar might exist in the blood with-
out passing off with the urine.

In support of this, he stated that if half a gram of grape sugar
per kilo. of body-weight were injected into the jugular vein of a
rabbit none appeared in the urine, whilst if a gram per kilo. were
employed a certain amount was to be found. He went further, and
asserted that in the dog the blood might contain 240 per 1000 of
sugar without any being discoverable in the urine, whilst if it con-
tained 2:60 per 1000, sngar was to be met with. The mean, or 2:50
per 1000, he spoke of as represeuting the amount that could be
tolerated in the blood without passing off with the urine. With refer-
ence to this last statement, it may be safely assumed thai his experi-
mental basis was at fault, for, as will be seen later on, 2:50 per 1000
of sugar in the blood constitntes a condition that is attended with the
escape of a notable amount of sugar with the urine. In the case of
the injection of the half gram and the 1 gram of sugar per kilo. into
the eirenlation of the rabbit, the difference observable resolves itself
into a question of whether the amount reaching the urine sufficed to
be revealed by the sensitiveness of the test or not.

In reality, up to a certain point, sugar may exist in the urine
without being indicated by the ordinary mode of testing, and the
difference between urine which does, and that which does not, give a
reaction is simply a difference of degree as regards amount, instead
of, as it presents the appearance of being, a difference of kind.

In Bernard's experiments sugar was injected into the cirenlation
and the urine subsequently examined with the ordinary copper test,
n test which, as I have pointed out, has a limit of sensitiveness that
permits a certain small amount of sugar to escape being revealed.
With the urine of the rabbit especially, which is often mach loaded



188 THE URINE IN RELATION T0O SUGAR.

with solid matter, the development of ammonia in the application of
the test may be such as to conceal a considerable amount of sugar.
This I have ascertained by comparing the reaction with that given
by the ammoniated cuprie test. As muoch as 3, 6, or 7 per 1000, or
even more, may be shown to be present by the ammoniated cuprie
test, withont anything but an obscure reaction being given with
Fehling’s solution,

I have undertaken a set of experiments with the view of penetrat-
ing further into the matter under consideration. Sugar was injected
into the ecirculation, and the sugar present in the blood determined,
in some instances immediately, and in others at the eud of different
periods. Where the urine was obtainable, guantitative determina-
tions of the sugar which it contained were also made. The animals
experimented upon were rabbits of about 2 kilos, weight. From 15
to 20 c.c. of honey solution, containing definite guantities of glucose
(determined by titration), were in each case injected into the juguolar
vein, In order that the normal state might as nearly as possible
prevail, the employment of an anwsthetic was purposely avoided.
Steps were taken to secure that the animal remained tranquil during
the operative procedure npon the vein, and, as a matter of fact, but
little notice seemed to be taken by it of what was done. For obtain-
ing the blood, the animal was killed by pithing, the chest opened, and
the right heart incised, the whole being done as rapidly as possible
in order to preclude the influence of post-mortem change. The results
of the experiments stood as follows :—

Injection of 1 gram of Glucose per kilo. of Body Weight.

Rabbit I— Hug:lr per Ty,
Killed at onee ; no urine obtainable. expressed as glucose,
WL il 1 ¥ e 5
R koo before sulphuric sedd .. .....ou0.o,. 5050

after & oo s T DD

Rabbit 11—
Killed at onee : no urine obtainable,

i before sulphuric acid .............. 5°bBEb
Gmﬂmb]ma{ﬂtcr 1 55 LR R R R 5.2'.::1
Rabbit TIT—
Killed 30 minutes after the injection ;
no urine ohtainable.
before sulphuric aeid ..o vevnnn.. 2 450

Cardiac blood § Jpp 00 = e R R T
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Suear per 1000,
Rabhit 1V — expressed as glucose.
Killed 1 hour after the injection,
S ine Hinon {Imfum sulphuric agid veevevenvnwein L1260

“Ftl."r 1 13 P@ P mE %8 -8 =8 48 11';‘{;“
Urine obtained [ before sulphurie acid .. ... T i L 1)
after death . | after = Pl A A e T ey L i L ]

Rabhbit V—
Killed 1} hours after the injection,

T F before sulphuric acid ....... era-aas 1243
Cardiae blood {-.11'ler - Rttt e win b o] et b e
Urnine obtamned [ before 51|.1l1|:nn‘iv Pt |1 R e ee e Sy B B i)

after death . | after i 3 aamamewaasseas el Lot

I.lt;;ﬂ'{’{?t'-fuu EJ'J'. (5 gram r:rf (7 lncose per Eilo. nf Body Weight.

Rabhbit VI— sugnr per 1000,
Killed at onee ; no urine obtainable, expressed ns glucose.
. before sulphuric acid .............. 2°380
Cardine blood {ﬂ.t'h:r 3 A R T
BRabbit VII—

Killed 30 minutes after the injection ;
no urine obtainable.
e before sulphuric aeid .. .« vvevwae.e 1°573
Cardiac blood after 2 e e P ] X Ey R

Rabbit VIII—
Killed 1 hour after the injection.

s before .:iu]l]]lul‘il," B S e 1 -35%0
Sl {.'l.ﬁarr o R Ve e, B
Urine obtained [ before sulphuric acid .....0covevv.. 11370
after death . | after " T AR A e b T )

These experiments fail to snpport the proposition of Bernard re-
garding a tolerating eapacity of the system for a certain amoont of
sugar. The results obtained were such as might naturally be looked
for with the introduction of a diffusible substance like sugar into the
circulation. Where 1 gram per kilo. was injected, and the blood was
examined immediately, the amounts discoverable are observed to
stand in close conformity. From the amounts found immediately
after the injection, both of the gram and the half gram guantities, a
steady fall is traceable in those met with at subsequent periods, At
the end, however, of an hour and a half the fall had not reached the
point representative of the normal condition. The urine, where it
was obtainable, showed the presence, even after the injection of the
half gram per kilo., of a considerable amount of sugar, and in one of
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the experiments after the injection of the one gram the guantity
amonnted to 55 per 1000,

It must not escape notice, in experiments of the nature under con-
sideration, that the state of the bladder, as regards fullness or
emptiness at the time of the injection, will form an important factor
in determining the character of the result obtained, by influencing
the extent to which the nrine secreted after the injection is dilnted
by that previously existing.

A point deserving a passing comment is that in some of the
instances a sngar with a lower enprie oxide reducing power than
that of glucose was present, notwithstanding glucose was the form
of sngar injected.

In another series of experiments, levulose derived from the
recently devised process of manufacture was injected into the ciren-
lation in place of the glucose (mixture of dextrose and levulose) of
which honey consists. 1 gram to the kilo. of body weight was the
gquantity used, and the steps of operative and analytical procedure
were precisely the same as in the experiments recorded above.

Injection of 1 gram of Levulose per Eilo. of Body Weight.

Rabbit T— Sugar per 1000,
Killed at once. expressed as glucose.
before sulphurie acid ........... .. a8y
Cardine blood {“n i 7 AT R
Urine obtained [ before sulpburic acid .............. 3571
after death . | after s R T e TR Dl
Rabbit IT—
Killed 30 minutes after the injection.
Oardine blood {I}Fﬁ}rp hu]phln TORE ] b e e e B S bl .2:':-.__’4_1
ter = 5 S e DR L T
Urine obtained [ before sulphurie actd .............. 97402
after death . | after i Frihun S e e b
Rabbit I1T— '
Killed 1 hour after the injection.
i before sulphuric acid ...... e SleBag
Cardiac blood 4 o0 . S el L
Urine obtained [ before sulphuric acid .............. 870387
after death . | afver - e e R R TR
Ralbbit TV—
Killed 14 hours after the injeetion.
. before sulphuric acid .............. 1603
Card.nc hlutﬂ ﬁ'fter " i CEL B B L R BRI B AL R AR 1.5]?

Urine obtained [ before sulphuric acid ........... .. 30303
after death . | after e ooyt e e e 25°000
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On looking throngh these results and comparing them with those
belonging to the preceding series in which 1 gram per kilo. of
glucose from honey was injected, it is noticeable that no significant
difference in the amount of sogar found in the blood exists between
the two. It fortunately happened that urine was procurable from
each of the rabbits after death. In that obtained from rabbit 11, the
proportion of sugar was strikingly large, whilst with rabhits I1[ and
IV a notable amount was also found. The conspicnous point of
difference observable from the preceding series is in the fall in the
amount of sngar occasioned by boiling with sulphurie acid. This
effect of the treatment with acid is only in harmony with the known
property of levulose in becoming more easily destroyed or lost by the
action of heat and acids than dextrose. From the urine of rabbit I,
in which only the sugar naturally belonging to the healthy state was
present, the firures obtained after the treatment with sulphurie acid
are higher than those yicelded before the treatment. The inverted
condenger, it may be remarked, and not the autoclave, was employed
in the case of all the urines.

As the ontcome of all that has preceded, not only may it be said
that sugar normally exists in the urine, but further that it is present
in propm:tion to the amount contained in the blood; and this holds
good for the slight fluctnations occurring under ordinary conditions
as well as for the larger amounts oceurring in connection with
diabetes.

Im illustration of this last assertion, I may give the resunlts of
some observations which I conducted some years ago upon persons
suffering from diabetes, and which were recorded in the Croonian
Lectures, “ On certain points connected with Diabetes,”” 1878, p. 80.
Blood obtained by cupping was analysed, and the urine passed during
the corresponding twenty-four hours’ period was collected, measured,
and examined.

In the appended table the particulars are arranged so as to show
the salient points helmlging to each observation. Case I was that of
a patient suffering from a severe form of diabetes, and subsisting at
the time upon a diet of ordinary mixed food. II and III were also
severe cases, and in these, observations were condocted when the
patients were upon an ordinary mixed diet, and again when the sogar
to be eliminated had been diminished by the exclusion of starchy and
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saccharine matter from the food. Case IV was one of a milder type,
and the sugar passed under a partially restricted diet was less than
that passed under the restricted diet in the other cases.

Nothing could show more clearly than these results that the
amount of sugar appearing in the urine stands in proportion to the
amount existing in the blood. The urine in reality constitutes the
channel of exit for the sugar which is abnormally present in diabetes,
and in this way affords the natural provision for keeping down the
amount within the system. Such being what is noticeable with
reference to the sugar belonging to diabetes, it would indeed be
strange if a different prineiple prevailed with reference to that
belonging to health, and if, with a diffusible substance like sngar, the
contention of Bernard held good that a hard and fast line existed
between escape and non-escape with the urine. The faet, indeed, is
that a small amount of sugar, as has been shown, exists in healthy
urine, in bharmony with the small amount existing in healthy
blood. As the amount rises in the blood so it rises in the urine,
without any ﬂl]:-}ﬂh‘.ltl,‘:tj" sharp line of demareation existing between the
normal and abnormal states. The transition, in fact, from health to
disease, instead of being abrupt, takes place by gradations of an

mmsensible nature.
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MUSCLE IN RELATION TO SUGAR.

In accord with what is noticeable elsewhere thronchout the system,
musecle contains a certain amount of snear. 1 have made a large
number of observations npon the Snerar "lll"!llf"::_',"-.ll'_':' to it, :IIHl '-".'i” FLL"I‘I'
furnmizh a ]'.-]||-¢-54-rl1.|"—--|| of the information which has heen obtained.

Mammalian Animals. —The following digest gives the main points
of information derived from 115 determinations of muscle-sugar in
the {lu!;:‘, rabbit, cat, H!::‘q-p, |h--]'.-~L', and ||i:_~'.

Nature |-_|" r"':'-'g.l-fr'-

As regards the nature of the sugar met with, it is to be stated that
the enpric oxide reduneing power belonging to it stood, in the great
majority of instances, below that of glucose. The ordinary range of
reducing power was from about 45 or 50 to about 50, as compared

with that of glucose at 100, The average was fonnd to be ahount 65.

Osazone erystals from the sugar of muscle (bulloek).
MJ'_:HIL[[rll Tl L|i:|||q|~l|-1'-:.
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Osazone crystals from the sugar of leg muscle (dog). Magnified 400 diameters.

L% ]
-
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Osazone erystals from the sungar of cardiac muscle (dog). Magnified 400 dipmeters.
..I et -'-'II'I -“-'-h,rrr.:'_

The amount of sugar, estimated in the form of glucose, stood in
the largest number of instances at from 2 to 4 per 1000. In no
instance was the guantity found to be less than 1 per 1000, Rarely
was it observed to exceed 5 or 6 per 1000, Upon one occasion, how-
ever, as much as 9 per 1000 was found. The instance falls in the
series of analyses given a little further on of muscular tissne taken
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from different parts of a dog, and applies to the musele of the hind
leg. The accompanying glycogen fignres stood, it was likewise
noticeable, unusunally high. Another large amount that I find re-
corded was yielded by the muscular tissue of the diaphragm of a dog,
the fignres for which stood at 3-800 per 1000 before treatment with
sulphurie acid, and 7-100 per 1000 afterwards. In this case, as in
the other, musenlar tissue taken from different parts was examined.
The analytical figures for the other parts were of an ordinary char-
acter. The amount of the accompanying glycogen was below the
usual.

To ascertain whether an ordinarily conduected examination fur-
nishes a correct representation of the amount of muscle-sugar existing
during life, a piece of musele was in several instances removed
quickly after death, and placed in a freezing mixture, whilst another
piece was taken in an ordinary way. No difference of a definite
nature was encountered. The following detailed account of an
observation may be given :—

Cupric oxide

reducing power of the
Sugar per 1000, sugar present in

expressed ns relation to that of
Rabbit— glucose. glucese at 100,
Muscle of fore-leg—
e : before sulphurie acid .. 1747 }_
Frozen portion v 5 .. 3730 B4
Unfrozen por- | before o T o Akl J_,ﬁ,
tion after o o e 2DOT
Muscle of hind-leg—
- . before o R
Frozen ]_mrllufl after 1 F g “B40 }59
Unfrozen por- [ before X T R e }_5?
tion after e y =e  O7G40

Amount of Sugar in Muscular Tissue derived from different parts.

The muscular tissue taken from different parts of the same animal
was sometimes found to present considerable variation in relation to
the amount of sugar present. The following is an example in

illustration :—
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Cuprie oxide
reducing power of the

Sugar per 1000, stigar present in
expressed as relation to that of
lueose, elucose ab 14,
E g
]'hlg——
before sulphorie acid 2 -458
Muszcle of B R - e [HH
Musecle of tongue {:le = Ty j
: before o  1-062 -
+ diaphragm § o "' " 5.950 } Tt
before = g  S°800 :
L heart +. .. {rl’r'h'r b »  4-F00 }E'l
. before e . 6502 =
» hind-leg.. 4 Jfor i o 9-202 il

Nothing was deduecible from the observations pointing to the
existence of any specific difference associated with a difference in the
kind of animal.

Question of the Influence of Food,

No effect was traceable to food, except that in a group of instances
where sugar was administered in conjunetion with other food a rather
higher rango of Hgllr(-s was l'.rugﬂntmlr

Non-Mammalian Animals :—1 have given a summarised, instead of
a detailed, representation of the observations conducted upon the
mammalian animal, on account of the Jarge number to be dealt with.
Those npon other animals, being comparatively few. may be given
in full. Two points are noticeable in connexion with them. The
amount of sugar is in general less, and its capric oxide reducing
power, especially in the case of the crustacean animal, lower—in
some instances indeed conspicuously lower—than in the mammal.

Cupric oxide
reducing power of the
Sugar per 1000, sugar present in

exprossed as relation to that of
glucose. glucose at 100,
Fowl—
- : before sulphurie acid. . ..  1-380
Muscle of breast attor " v, 334D } 50
before o e e e L]
El leg.. {uﬂ;er - k] }EH

fraomse

Musele of breast J Pef0¥e 4 ] =g }ﬂ

after - el ey B IEA)
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Torfoise—
Musecle ....... after
Tg}ffEFSF"_
heforoe
Musele ...iu. after
Frog—
hefore
Muzele vuweaes {:uﬁ':‘r
Fr‘ﬂ_-ljl'-'
before

Muscle ..o0s after

Salmon—
Muscle ....... Iu:afnnr
after
Cod-—
Musele before
- . B8 44 BE = ﬂt‘i{‘-r
Turbot—
Muscle before
et Y 1
Mackerel—
Muscls .. .... . J oefore
aftor
Plarce—
before
Ree < after
Hel—
before
Musele .. cuunn after
Muscle ,...... [ before
(another portion) | after
Lobgler—

Musele of tail. . {b;!l'um
alter
|.1F.Ff:I11=.

1 claw [I.ﬂ{‘r
Lolster—
: before

Muscle of tail. . S
hefore

1} claw Sfban
Lobster—
Musele of tail.. Eli:t?:u
claw before
i z after
Crab—
_ [ hefore
Muzcle of claw ity
Cralb—
before
Muscle of claw {aftr.r

11}
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Cupric oxide
reducing power of the
sugar present in
relation to that of
;_{ilu'um* at 1O,

for
|56
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THE SPLEEN IN RELATION TO SUGAHR.
|{|'|-'|'|-.-»|-;'.I:|1i1|- l'\.:-:n['-' s from a colleetion --|'|i'l.'-l.H|I1.' observations.

['|.||;-.- oxide

reducing power of the

SLEAr ey 10K, ST [ aent 1m
EX T "‘-I"i HE !-':,||;-||, t i |':|;|1 |||.
olicose, olucose gt 1060
’ . before sulphurie acid. . .. 1 320 |
e d| [} s 4 bl
|:||.| n of horse .. | after i EAE 1634 Jr 1
- - [ before 1 =054 | [
=nlecn of sheep .. < ) ! ool
e P | after L0 f‘l
4 . | |lr |'|||'<- e AT T I I:I"‘T I\i =
?"-|:l|.rl.‘-.l ol l]l.l: A -~I ERs 1 ___\:;. I =y
. . hefore .l E s =032 Tial
= ||_1'|"|| c-l ||||'l‘|_ R I b e
2] 5 | after : e AT ol
| S22
:“FI]:H-“ of -|-|-_r. e : I_II I| : - ain I 57

Usazone crystals from the sugar of the spleen (horse).
.?l].!I."__,’Jljﬁl.'l.l 400 |,|'i:1]|lv|,'t o=,
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THE KIDNEY IN RELATION TO SUGAR.

Representative examples from a collection of fifteen observations.

Cuprie oxide ™

reducing power of the

sSugar per OO, sugar prezent im
expressed as relation to that of
glucose. glucose at LOO.
- e e B e A :
R before sulphuric acid.. .. l ; ok 61
; 1 after & e

- : Eafora
Kidney of horse.. JL e
E atter

‘B0
S E };‘“

bl e e

- 5 before GRD =
liullwl'n.' of dogF ... .{:If‘.l'l‘ 220 }» L
_ . [ I'lq'l.l'\l'l'l."' 25 35, ma mom | I] -.‘t '
i“'l'"_‘ of dog. .. ':Ii:lrl-v . e 1 “VG5 td
- : [ before & e O D -
L T T S A 1 po

Osazone crystals from the sugar lof the kidney (horse). Magnified 400 diameters.
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PANCREAS

IN RELATION TO SUGAR.

Representative examples from a collection of eighieen observations,

Cuprie oxide
reducing power of the
sugar present in

Sugar per 1000,
relation to that of

expressed as

glucosc. glucose at 100,
Panereas of horse { ::::E?:“ F"]Ph‘u”c ﬂ[::d: R i 'ig,; } 54
B v S
Pancreas of sheep {:E:t[:_:lﬂ ": :: iy 2;;? }{ilﬁ
Panereas of dog.. I:Hlﬂ:c : :: i T ?-.lii } 57
3 i
Panereas of dog. . :}Ellfﬂ 1,1 :: S Egllj }E.’l

THE LUNG

Four observations.

Lungs of horse .. {

after
bef
Lungs of dog .. .. E;';":c
belore
Lungs of dog.... 4 no.
Lunge of fetal before
pups after

before sulphurie acid. . ..

IN RELATION TO SUGAR.

Cupric oxide
reducing power of the
sugar present in

Sugar per 1000,
relation to that of

o3 |rr:.~531-t1 ns

glucose. glucose at 100
g }os
AN bor
e e
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Ozazone crystals from the sugar of the lung (dog). Magmlfied 400 diameters.
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THE BRAIN IN RELATION TO SUGAR.

Representative examples from a collection of six observations.

Cupric oxide
reducing power of the

Sugar per 1000, sugar present in
expressed ns relation to that of
glucose. glucose at 100,
. I i L] 7 ) =
Brain of dog:. ... { efere sulphturic acid,. ., 0780 e
5 TR L1
= | 3 TR 1-31 =
Brain of dog. .. .. {E;’t{o:b i & 1 'Tl‘lg }*7
55 TR
Brain of dog. .. .. {}:F’t?rm " o e ?Efg }Dﬂ

THE PLACENTA AND F@ETUS IN RELATION TO SUGAR.

Four observations.
Cupric oxide
reducing power of the

Sugar per 1000, pugar present in
expressed as relation to that of
glucose. glucose at OO,
o before sulphuric aeid.... 1-461 :
Placenta of dog. . {ﬂflcr : Eatlee }glur.mc
.. [ before it T B pe
Placenta of rabbit R . N i @-ags }.m
Fetuses removed
from the uterus | before o il cZRES }ﬁl
of a recently [after = R ()
killed rabbit
Placenta and early [ before a R e Ly 1 } 69
foetuses of rabbit | after ] i e R
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ORGANS OF GENERATION OF FISH AND CRUSTACEA
IN RELATION TO SUGAR.

Cuprie oxide
reducing power of the

Sugar per 1000, sugar present in
expressed as relation to that of
glucose. glucose at 100,
Cod—
: P before sulphuric acid.... 0-430 =
Spermatic Drﬂﬂn{:nl‘rvr : R s }.?.‘
. before 2 T 11 1] 2
Ovary «svavvs 1 after % w ee-. 1950 }:”
Mackerel—
Spermatic organ Iu';::'lm ! 5 FEEs g m }{5‘3.
before T e el B H
Ovary .ooovvee 4 2o : s 4090 }3?
Lobster—
e hefore e w orees  SHD
Byory ........ P 2 STl w380 }-1-?
Lobster—
; before & i wsms  B2000
DPOTY oo vninsion P ” S ve.  B°B0O }lﬂﬂ
Ova atlached to [ before + n sees  1°430 =5
tail after - S oiase 2eETD =
Crab—
before G Tp aisraad e AN
U?arr“”““{after s e N R0 }ﬂl}
Crab—

; before - o cimon e
Spermatic organ 5 4750 }-LE

a3 ¥y FE bR
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THE EGG IN RELATION TO SUGAR.

The egg agrees with other animal produets in containing a certain
amount of sngar. * My observations have been condueted upon the
egg of the domestic fowl, and T have earried my enquiry to the con-
dition existing during the progress of incubation.

Taking the entire ege and including the shell in the initial weight,
the following fizures show the amount and natore of the sngar found
in three analyses :—

Cupric nxide
reducing power of the

Sugar per 1000, sugar present in
expressed as relation to that of
glucose, glucose at 1040,
Fresh egg—
before sulphuric acid.. .. 1-962 }
AN P after - e aae 1963 ginnass
‘ befors o Ao ]
e SCETTE, (- : e R }g!ll:'use
2 hefore i PR B 15 e
Ble s s s s s ® 68 BE BB :'l“l'f‘ A o E'ﬁrj'i‘ E-, L&

An examination of the white and yolk separately gave the sub-
joined results. The egg taken weighed, including the shell, 6313
grams. The white cbtained from it weighed 3706 grams, and the
yolk 1875 grams. The sngar figures respectively yielded stood as
follows :—

Cupric oxide
reducing power of the

Sugar per 1000, sugar present in
expressed as relation to that of
glucose, glucose at 100,
I (T 1 R S
before b P | s =
Xolk ..ceie vt q after ,, .. 0832 }9"

Nearly mature ova, taken from the ovary and therefore compre-
hending only the yolk, gave, on examination, the following figures :—
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{-'1I'|'|1'i|' oxide
reducing power of the

Sugar per 1000, sugar present in
|"\:|II'1'-*-I'-i ns rilation to that of
olicose, Flucose at 1040
Nearly mature ova - : . e
‘1 L ¥ il before sulphurme acid. . .. 0805 |
ake O : : : . el onse
o e atber = et o =8 B TRL-ChE

CYRIY

[t thus appears that the kind of sngar met with is, in both white
and yolk, shown to be practically glocose, and that the white contains
a far larger amount than the yolk. For the entire egg the (uantity
stands at from about 2 to about 2-5 per 1000,

The character of the osazone derivable from the sugar of the ego
confirms what has just been stated regarding the form of sugar
present. Subjoined is a photo-engraving from a micro-photograph
of the crystals obtained from an agqueous extract of the white of egg
treated with phenylhydrazine. They constitute typical crystals of

;_{'lll;'lr.-u'l;f'.-.llll.‘.

Osazone erystals from the sugar of the egg.  Magnified 400 dismeters,

e e : -
I'he effect of incubation was studied through the employment of an
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inenbator. Pains were taken to procure fertile egzs, but many of
them, nevertheless, failed to undergo any development. In others
{l{-v[-]clpmr_'.nt. prm_:u_‘w'lf!{l up to a certain lmint. and then Rtnppeﬂ. It
faurther unfortunately happened, in connexion with a batch, that just
before the eompletion of the full term of incubation the temperature
was permitted to fall below the proper point, which led to several
nearly matnre chicks being found dead within the shell. It was
found in all ecases thatf, under exposure in the ineubator, a loss of
weight steadily occurred, amounnting, at the end of the twenty-one
days term of incubation, to something considerable. In one instance
it was noticed to have reached to as much as over 20 grams. To
secure a uniform basis of comparison, the initial weight of the egg
was taken in making the calculation. If ealeulated in relation to the
diminished weight existing, higher proportionate figures would be
presented, giving a semblance of the oceurrence of an increase in the
amonnt of sugar where no increase had actually taken place, or con-
cealing a fall where such in reality had ocenrred.

When the erg was removed from the incubator, the shell was
broken and a careful examination made, to see if any development
had ocenrred. Of the eggs which were found not to have undergone
development, several were submitted to analysis, as well as those
which had done so. The results obtained ran as follows :—

C'l‘tpr'iﬂ' oxide
reducing power of the

Period when taken Sugar per 1000, sugar present in
and condition. expressed as relation to that of
8th day— glueose, glucose at 100,
- : before sulphuric acid..., 0918 B
Live chick ... o ™1 - e ] }ﬂ”
Oth day—
Live chick b fore s A e O B e
ALV GRS muns ), aftar t o eess DB gl
11th day—
: 4 before = e LD ;
Live chick voss } gfigr . o ov.. 0789 }5"3
12th day—
Live feathered [ before B e T 74
chick after i o awan D=BED
14th day—
Live feathered [ before i b anas 0*618 90
chick after 2 S i e e (= 0

Small  dead before o S | B 1 98
ﬂ‘lli,ﬂk E.ft("l!‘ " ¥y wE EE ﬂ 142?
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Period when taken
“and condition.

Bugar per 1,000,

expressed as

16th day— glucose.

Live feathered {ht'ﬁ‘rre sulphuric acid,. .. 0578

chick after v A (DBEE
Evidence  of

some incipi- |
ent develop- | hefore
ment, but no | after
distinet em- |
bryo noticed |

18th {i.'lJ.'—

Small  dead before

chick after
2lst day—
Fair-sized dead
chick of | before
about the [ after

10th day

208h E|!I.:|.'—

Nearly full- s
gized  dead efore
chick after

21t {iaj'_.

Nearly  full-
sized  deaa \ Defore
ehick after

21at day—

Nearly full-
gized  deaq L Defore
chick after

Bth day—
5 ; before

Undeveloped 4o 4 &

10th day—
[ before

Undeveloped .. Lilios

16th day—

Undeveloped .. {:‘F{:rre

17th l‘]n:r_

No appearance
of develop- }Eﬁi?rﬂ
menk

Iﬂtll ﬂ:l.;-'..._

No appearance
of develop- h"t'figm
ment alter,

21st day—
I - hefore

Undeveloped .. et

"

EE
E]

xn

¥

L]
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wee 1203

L R ﬂ.:iﬂl
LI B N ] UPJT*

LR n'?ll:-
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. 0-539

. 0688
seew 00501
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Cupric oxide
reducing power of Lthe
Fllg.'l]" 'l.'ll'L'!H"[lL 1n
relation to that of
glucose at 100.

}53
}9-1

ey
L=
(=

} glucose.

} glucose.

}34
P
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On looking at the above results, two poinls are noticeable—one, a
marked and speedy drop in the amount of sugar at the commence-
ment of embryonic development, and the other, an alteration in the
character of the sugar, represented by a diminution of cuprie oxide
reducing power. Two instances, it is observable, occur amongst the
undeveloped eggs, in which there was a similar drop in the amount
of sugar found, and the question suggests itself, on account of the
general accordance in the results, whether there might not here have
been some incipient development which had eseaped observation.

The analyses, it may be stated, also included the determination,
by the process adopted for the estimation of glycogen, of the carbo-
hydrate matter contained in the residue from alcoholic extraclion.
No alteration was discernible that could be cousidered attributahle
to the influence of development. The same, it may be remarked,

was found to be the case with the figures expressive of the total
l'.:l,l'..li.lulj_'l..'Lll‘.'Lt.[: encountered,



GLYCOGEN AND PROTEID-CLEAVAGE CARBOHYDRATE.

I have now to speak of the carbohydrate matter, other than sngar,
obtainable from the constituent parts of the animal system. After
the removal of sugar by alcoholic extraction, the residue still gives
evidence of the presence of carbohydrate. With certain tissues, this
carbobydrate consizts, undoubtedly, to a greater or less extent of
glycogen—a principle the discovery of which resulted from the
masterly researches of Bernard. In addition, as I have shown in an
earlier part of this work when treating of the glucoside constitution
of proteid matter, the residue yields, under the process of analysis
which I have been in the habit of employing for the separation and
estimation of glycogen—namely, boiling with potash and precipitat-
ing with alecohol—a certain amount of carbohydrate material, not
identical with, but closely allied to, glycogzen.

As regards glycogen, it is well-known history that Bernard, in the
first instance, recognised it in the liver. Subsequent investigation
led to his recognmition of it in muscle and in the lungs, whilst in no
other tissue of the adult animal did he meet with it. In the prosecu-
tion of further research he detected it in cells belonging to the
amnion and placenta, and subsequently found it widely distributed
through the tissues of the fotus. From observing its presence in the
skin and its epithelial appendages, in the lining surface of the
alimentary can:l, in the ducts of glands opening into the alimentary
canal (not the glands themselves), in the respiratory surface, and in
the genito-urinary surface, of the embryo, he was led to regard it as
being concerned in the development of the limiting membranes. In
the liver he noted that glycogen did not make its appearance until
about the middle of intra-uterine life. In fwtal structures other
than those mentioned, with the exception of muscle, he did not detect
its presence.

In my own work in connexion with the liver, I, at an early period,
had recourse for the extraction and estimation of glycogen to a pro-
eess which consisted, as I have previously mentioned, in boiling with

P2
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potash, precipitating with alcohoel, boiling with dilute sulphuric acid,
and titrating with the ammoniated cupric test solution. Circum-
stances afterwards led to my applying the process to other consti-
tuents of the body. I had happened to notice in the case of blood
that the residue from alcoholic extraction, on being treated with
boiling water, vielded a product possessing a certain small amount of
cupric oxide reducing power before treatment with sulphurvie acid
and an amount considerably greater afterwards. This, after being
put to the test of enquiry, I concluded was due to the presence of
glycogen together with a little sngar which had escaped removal by the
aleohol. 1 was led now to apply the potash process made use of for
the separation of glycogen from the liver to the residue from the
alcoholic extraction of blood, and 1 found that it yielded a non-redue-
ing substance precipitable by alecohol and econvertible through the
agenecy of sulphuric acid into a redoneing sugar. 1 afterwardsapplied
the process to the tissues and organs of the body generally, with the
result that in each case a similar product was obtained.

Unaware of what T have recently discovered with regard to the
glocoside comstitution of proteid matter, I looked upon the produet
obtained as consisting of glycogen. Research, however, has taught
me that the proteid entering into the constitution of the blood and
other component parts of the body yields, under the potash process
employed, a cleavage carbohydrate, which accompanies the glycogen
where such exists, and in the cases where no glycogen exists stands
alone as the source of the cupric oxide reducing product obtained.

I may mention here that in my former writings 1 have spoken of
glycogen (and, of course, with it was ineluded the cleavage carbo-
hydrate from proteid) under the term “amyloid substance.” As T
have previonsly stated, I look upon the term * glycogen ™ as a mis-
nomer, on acconnt of the nnsound physiological basis npon which its
application is founded. I have felt that the term “ amyloid substanee ™
is one that simply expresses the nature of the material and involves
no physiologieal error, and, therefore, that its adoption in the place of
“‘ glycogen ” would be exceedingly desirable. The term “ glycogen,”
however, has become so deeply rooted in chemical and physiological
literature, that to avoid complication 1 have considered it wise to sink
my own view on the matter, and have employed it thronghout in this
work, instead of the term “ amyloid substance ¥ which I formerly used.
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A new difficulty is created by the discovery of the cleavage carbo-
hydrate from proteid matter, as this passes with the glycogen in the
results yielded by analysis. I do not at present see how they are
satisfactorily to be separately estimated. The resnlts that follow
comprise the figures derived from both materials. When the analyses
were undertaken I was unaware of what has since been learnt about
the increased cuprie oxide reducing power which results from the
employment of 10 per cent. as compared with 2 per cent. sulphurie
acid when the cleavage carbohydrate is being dealt with. As I have
shown (p. 37), the increase is to the extent of nearly doubling the
cupric oxide reducing power. It follows, therefore, that in the re-
sults given, since 2 per cent. was the strength of acid in all cases
employed, the cleavage earbohydrate is considerably under-estimated.
Moreover, a further source of under-estimation, it must be stated,
exists in connexion with the treatment with potash, for I have found
that if blood or other proteid-containing matter be mixed with
potash and allowed to remain in contact with it for several days
before being boiled, a larger amount of cleavage carbohydrate is ob-
tained than if the boiling is performed at once. The resalts given are
derived from analyses in which the boiling (with 10 per cent. potash)
was conducted without any previous prolonged standing, and thereforn
represent an amount of material short of what might have been
attammably obtained. They must, therefore, be only faken for what
they are really worth—that is, not as affording full or precise informa-
tion of the state existing in the individual cases, but as giving an
approximate representation of the truth relating thereto, and with
this a correct representation of the comparative state of the different
specimens examined. It will be understood that the remarks which
have just been made do not apply to the estimation of glycogen.
Whatever of this principle may be present, is fally and accurately
represented by the process employed.

In the results that follow, then, the figures referring to the cleavage
carbohydrate are considerably under-stated. The cleavage earbo-
hydrate and glycogen I am obliged to express together, as they are
both yielded by the process adopted. For the sake of convenience
they will be comprised, assuming that the cleavage carbohydrate, like
glycogen, is of an amylose nature, under the term “amylose carbo-
hydrate,”” which will thus represent the carbohydrate obtained from
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the residne from which the sugar has been removed by aleoholic ex-
traction. How muoch may be actnally cleavage carbohydrate, or how
much glyeogen, it is impossible definitely to say. All I can venture
upon stating is that, in the results that follow, anything of account
beyond about 2 or 3, or possibly 4, per 1000 may presumably be
regarded as due to glycogen.

Under the description of the analytical steps of procedure given in
a former part of this work, I referred (p. 63) to the fallacy that is
liable to be occasioned by the employment of paper filters, throngh
contamination of the product with cellulose. Glass-wool was in-

variably employed as a filter medinm in the analyses from which all
the results that follow were derived.
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BLOOD AND VARIOUS STRUCTURES OF THE BODY IN
RELATION TO AMYLOSE CARBOHYDRATE (PRO-
TEID-CLEAVAGE CARBOHYDRATE AND GLYCOGEN).

Broop.

Amongst a eollection of observations taken under a variety of cir-
cumstances and conduoected at various times, I find over a hundred
which may be selected as representative of ordinary or natural
conditions. In these the average figures yielded for the blood of the
general cireulation stand at about 1 per 1000 or a little over, expressed
as glucose, the ordinary limits being from about (-8 to 1-3.

As far as the resnlts hefore me show, no evidence is afforded of
any appreciable influence being noticeable in the blood of the general
eirculation as the effect of the ingestion of food. In the case, how-
ever, of the portal blood, a decided influence is perceptible, which
presents itself in its most pronounced form after the ingestion of starchy
food. Under these latter circumstances, the figures met with have
frequently stood as high as 2 to 2'5 per 1000, and in one case they
reached 27 per 1000. In a series of fifty-two observations npon
animals taken at a period of fasting, after animal food, and after
starchy food, the average figures for the portal and the cardiac blood
respectively stood as follows :—

Amylose carbohydrate per 1000,

expressed as glucose.
At a period of fasting—

i T T L S e o o S D P 1-13

BT T T L i e e et i A P e T e e o B e
After animal food—

T s L e P e O Y e e e e 1 Lo

LB e 1 1 o A A e L P el TR e ! G
After starchy food—

Lo B s Ly o B et e R A i S

Cardine BLoml . o v ee s sssnsss susnasssenre L O

Sugar introdunced by injection into the general cirenlation appears
to lead to an increase of amylose carbohydrate in the blood. In some
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experiments upon rabbits where glucose from honey was injected
into the jugnlar vein, not only was a large amount of sugar afterwards
found, as shown at p. 1589, but also, in most of the instances, an
unexpectedly large quantity of amylose carbohydrate. The fizures
for the latter stood as follows in the several instances :—

."I. H1'1.'I1.I:H" t‘!l.'I‘EJI!'l-Il"I'].I'E.'I:‘ [ b o yressed as ]Ll-l"l,'l-:ll:.‘
h » CX] £ '

l.il.'l'"l'.".“:. of blood collected from the heart.
-

= =
Rabhbits Habbite Rabhbitas Rabbit
killed killed killed killed
at once.  after § hour. after 1 hour. after 1§ hours.
Three rablats—
3 gram of glucose per
kilg, of Irud_'r-wuight.
injected into jugular
Tl"i" 1-1‘--11-1-!!-1‘1--- EIEG Eﬂi E‘:EU N
Five rabhite—
1 gram of glucose per
kilo. of body-weight
imjected into jugular
L TR e IO R R o o8 Lkt 2-35 151 202
1-25

In another set of experiments on rabbits, in which 1 gram of
lyulose per kilo. of body-weight was injected into the jugular vein,
the figures obtained stood as follows:—Killed at onece, 1-11; after
4 hour, 1'54 ; after 1 hour, 1°67; and after 1} hours, 1-67 per 1000.

MuscLE.
Amyloge carbohydrate per 1000, expressed as
glucose.
ixterlml museles, Heart. Diﬂphl‘ﬂgﬂl:
Dog.—
rightleg LEE B B B B BB BN N ].58 - &
l{leﬂ; R LT T 1:38 2:08
mighbleg .. voucaaciee 120 : ;
E{Icft I T R 1-67 1-80
3 ke ek amae o ad FEFRE o §E 16"’5? ?‘?3 2‘:'-55
4 nsanicaas - T £ | 196G 1961
B aiwiw w sl Wisara T e 0-42 —
[ R e A ] E 0-19 —_
‘F oA oaom WS W BN R EEoEE o @A 0“5’5 l.ﬂT —
E‘ L R R R RE R B B L IR ] 15.6? —

ﬁ [fﬂﬂlﬂl p“P!} =5 smaw ew 11+3T ]- +Gt —
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Amylose carbohydrate per 1000, expressed as
glucose,

r —: == - -
External musecles. Heart. Diaphragm.

Horse,—

I B oEw am w AW S BE T BN 15"5 ?--_]5 —

e e e e [t B i | —_

e e T e . B°T0 667 -

e e e e e « DT 4 =50 -

L F e e e 11-11 218 =

[ e e e T R . 16 -dd - —
Sheep.—

1 111111 R . - 2"-1 1.1:1 b

2 - - . - LR 2-';!-. ]‘2{; -

:.1 [ oo LR 3-1!-. 1‘*‘3 ——

4 - Bow Brr opE B 8w ]--"IE] 2-15 —
Pig.—

1 LB BN & L] - - 3.22 l.i-;'; e

3 ® R R R R e R R EE R EE R EEAw 3.2[} 1"21 M-
Ralblif.—

1 ® R AR R R R EE R R e EE e D.H.l U.EG o |

n,{l'f_rm b s . 0Bl - S

Sihnnd deg. civia s i, 109

rurnleﬂl-l-i--ii-l-l-l-l-l-ll ﬂ‘:ﬂl — -
hind leg .. i ecncane 0154

In several observations upon muscle taken indiseriminately from

313—1-97—

different rabbits, the fiznres obtained stood as follows :
1:37—1-25—1'04—1-00 and 0°67 per 1000,

C'at.—In eleven observations upon musecle taken indiscriminately,
the figures respectively obtained were—1462—924—735—680—
6 79—572—593—3-95—320—1°49 and 1'35 per 1000.

Fowl.—One observation. Muscle of breast, 0-50 per 1000,

Grouse.—One observation. Mausele of breast, 0°50 per 1000,

Tortoise.—Two observations. Muscle taken indiscriminately,
Figures given—12-11 and 28-62 per 1000.

Frog.—Muscle obtained from two batches of frogs. Figures re-
spectively yielded—5-40 and 9°68 per 1000,

Fish.—Seven observations. Salmon 0'87—turbot 1'98—cod 0-93—
ecl 0-37—eel 0'36—mackerel 033 and plaice 0-34 per 1000.
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Amylose carbohydrate per 1000,
expressed as glucose.
-

Crustacean.— I:‘l-_fu.-l.'ll.‘ of clow, Musele of hllll:‘
Lobater 1 413 162
= i i AT #1418 M AR GRS MU 2 58 116
g e o e e | gl 0 42
C'rab Dt el AR | B i -
e e e T E T -

PANCREAS.
Dog.—Five observations. Figures respectively yielded —2-21—297
—044—0-75 and 3-20 per 1000.
('at.—One observation. Fignres given—1'47 per 1000,
o 03—

Horse—Five observations. Figures yielded—444—590
362 and 1-20 per 1000.

Sheep.—Five observations. Figures yielded—231—2-02—2-74—
215 and 354 per 1000.

SPLEEN.

Dog—Seven observations. Figures respectively yielded—1'04—
2:36—2'14—167—0'76—2-07 and 1'18 per 1000.

Cat (spleens from a litter of sucking kittens).—One observation.
Figures yielded—2-86 per 1000.

Horse.—Four observations. Figures given—2'52—378—2-38 and
062 per 1000.

Sheep.—Seven observations. Figures given—407—3-27—2-08—
2:77—0°94—2:15 and 0°99 per 1000,

KIDNEY.

Dog.—Seven observations. Figures yielded—1-34—1-30—0531—
0r45—1-02—1-13 and 0°57 per 1000,

Cat (kidneys from a litter of sucking kittens).—One observation.
Figures yielded—1'97 per 1000.

Horse.—Four observations. Figures given—3-86—1'55—2-1.3 and
154 per 1000,

Sheep.—One observation. Figures given—1-25 per 1000.

Brax.
Dog.—Six observations. Figures given—1-00—091—0-76—0-36—
051 and 1'04 per 1000,
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Luxas.

Dug.—Two observations. Figares yielded —1-33 and (feelal pups)
502 per 1000,
Horse.—0One observation. Figures yielded—4-88 per 1000.

IxtesTivan Mucovs MEMBRANE.
Dog.—Under fasting. Two observations. Figures given—3-70
and 3°10 per 1000,
Under a meat diet. Three observations. Fignres given—4 03—
3:69 and 3-10 per 1000,
ERabbit. —At a period of digestion. Three observations. Figures
given—1°73—224 and 209 per 1030.

Pracexta axp Fatrs.

Dlog.—One observation upon placenta alone. Figures yielded—1-83
per 1000,

Rabbit—Fonr observations. Figures given—placente, 22-55—
associated foetnses, 3'12—feetuses of another animal, 7:37—placentw
and feetuses together, 2:51 per 1000,

GEXERATIVE STRUCTURES OF OVIPAROUS ANIMALS,

Fowl.—Two observations. Ovarian eggs, 463, and mucons
membrane of oviduct, 11°79 per 1000,

('od.—Two observations. Ovary (hard roe), 473, and testis (soft
roe), 2:20 per 1000.

Mackerel —Two observations. Ovary (hard roe), 3:81, and testis
(soft roe), 3:30 per 1000,

Laobster.—Three observations. Ovary, 8'11—ovary, 10°97, and ova
adhering to the tail belonging to the same lobster, 8:00 per 1000.

('rab.—Two observations. Ovary with ova, 670, and testis with
ducts, 3:70 per 1000.

I must repeat what I before stated with regard to the value to
be attached to the above figures, namely, that they must only be taken
for what they are really worth—that is, as giving a comparative re-
presentation of the results obtained from different components of the
body by the same process of treatment. Glycogen, when present,
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may be taken as fully represented. The cleavage carbohydrate from
proteid matter is, I know, only represented to the extent of about
half the amount that is obtainable by using 10 per cent. instead of
2 per cent. sulphuric acid for conversion into sugar, and grounds exist
for believing that there is more carbohydrate material locked up
in proteid matter than is brought into view by boiling with 10 per
cent. potash in the first instance and the employment of 10 per
cent. sulphurie acid for subsequent conversion.
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As the outcome of what has preceded, the views which have pre-
vailed since the promulgation of the doctrine giving to the liver a
glycogenie function must be absolutely abandoned. The edifice has
been constructed npon a false foundation, and nothing short of its
complete demolition will suffice to meet the requirements of physio-
logical truth.

A clearance of the ground is necessary in order that the nmew
material supplied by research may unimpededly be worked into
form from a new departure, based upon the sounder methods of ex-
perimental procedare placed at our disposal by modern science.

The experimental results 1 brought forward upwards of thirty
years ago, although standing confirmed by others, have not had the
full meaning attached to them that I conceive should be given. For
my own part, throughout the long series of years mentioned, I bave
never wavered for a moment with respect to the interpretation the
results in question should receive.

Formerly analytical knowledge was not sufficiently advanced to
permit of what the experimentalist observed being put into langunage
to secure the production of the same impression upon the mind as
would arise from actually seeing the results of the observations
themselves. All this is now changed, and quantitative sngar deter-
minations can te expressed with such precision as even to excite
surprise at what is attainable. I am constrained, therefore, to think
that, in view of the assemblage of facts presented in this volume,
the convictions which have so irresistibly taken possession of my own
mind cannot fail to penetrate into the minds of others. The error
existing has, I know full well, taken deep root in the belief of
physiologists, but I have no misgiving that, sooner or later, it will
come to be entirely eradicated, and that reference to animal glyco-
genesis, as 1t is now understood, will be expunged, except as a matter
of history, from works on physiology.

The question is one of great importance, standing as it does at
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the foundation of the connexion of the carbohydrates with aliment-
ation—in other words, of their disposal within the system—and the
comprehension of the nature and origin of the wrong action standing
at the foundation of the formidable disease—diabeles mellitus.
There are two aspects, therefore, presented, giving rise to a demand
of a weighty character for exact knowledge. By studying the
question from both aspects—physiological and pathological—the
investigator is placed in a more advantageous position for compassing
its elucidation than when the opportunity 1s afforded of studying it
from one aspect only.

The more extensive the field of observation, the larger the supply
of material upon which to generalise. 1t will not be disputed that
the physician and physiologist combined has a wider range of view
before him than either the one or the other separately. The physio-
logist works upon ground where normal action is at play, and seeks
to find out how the carbohydrates become naturally disposed of. The
physician has to deal with a departure from normal action, taking
the form of a failure of power to properly dispose of carbohydrate
matter, and to prevent its elimination as sugar by the kidney.

It may, indeed, be truly said that in the consideration of the
physiological question I have derived immense advantage from my
experience in connexion with diabetes. Closely watching, as I have
done for years past, throngh the quantitative determination of sagar
in the urine, the relation between the sugar eliminated and the food
ingested, I have been placed in a position I could not otherwise have
attained. Without the knowledge thus supplied, I could not possibly
have expressed myself in the confident terms in which I consider I
am now able to do.

I will now proceed in a concise manner to review the arguments
springing from the facts adduced in this work which stand opposed
to the validity of the glycogenic doctrine. As carbohydrate matter
must, however, of necessity be in some way or other disposed of in
the system, we become confronted with the question of the manner
in which its disposal actually takes place. Until recently, all I
could assert was that earbohydrate matter became assimilated or
placed in a position to be susceptible of utilisation within the system,
instead of being allowed to reach the general circulation as sugar,
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and thence to escape as waste material with the urine. By the per-
severing prosecution of research, however, 1 am now placed in a
different position. The key has been supplied which enables me to
follow the carbohydrates along the path taken by them in their appli-
cation to the purposesof life. Nothing but the disclosures of research
could have suggested to me the solution that has been presented. To
this matter T will direct attention after the clearance of the ground
has been effected from the views that have been hitherto entertained.

Reference to what has been said about the condition of the liver,
taken at the moment of death (pp. 133—138), and that of the various
other structures of the body (pp. 194—205), shows that it is not true
that the liver during life is, as has been alleged, in a more saccharine
state than other parts of the system. Practically speaking, the state
of the liver under physiological conditions is not essentially different
from that of the other structures I have examined ; and in the

case of muscle it has to be said that the amount of sugar present
may be very considerably beyond that found in the liver at the
moment of death. Suogar, in reality, exists as a normal constituent of
all the tissues and organs of the body. The liver, indeed, stands in
the same position as other structures, not only as regards the amount,
but likewise as regards the nature, of the sugar present. In the liver
taken for examination, withont any precautions to prevent post-
mortem change, glucose is the kind of sugar met with, The sugar, on
the other band, that is found in the liver at the moment of death
possesses, as shown by the analyses given (pp. 137—138), a cupric
oxide reducing power more or less below that of glucose, in accord
* with what is seen to be the case in the analyses of the other strue-
tures of the hoay.

Thus one of the main tenets of the glycogenic doctrine 1s seen to
be absolutely untrue, the foundation for it arising from the error of
taking the post-mortem to represent the ante-mortem state,

Reference, further, to the experimental results representing the
state of the blood belonging naturally to life (pp. 110—111 and p. 101
et seq.) shows that the blood flowing from the liver does not contain
more sugar, as it has been asserted to do, than that flowing to it.
Sugar is present thronghout the contents of the circulation, in which,
in fact, it may be considered to exist as a constitutional component,
as in other parts of the system. No appreciable difference is found
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(pp. 166—171) in the amount contained in arterial and venous blood,
nor is there less, as has been alleged, in the blood of the portal vein
than elsewhere (p. 101 ef seq. and pp. 158—171). The analyses given
show that even after prolonged fasting the portal blood contains
sugar similarly to the other parts of the circulation, and that after
the ingestion of carbohydrate matter it contains a greal deal more.
Whilst, speaking precisely, the sugar present in the blood of the
general circulation ranges in amount from about 06 to about 1 per
1000, the amount i the portal blood after the ingestion of earbo-
hydrate matter may stand as high as 5, and upwards of this, per
1000,

The effect of what has been said is to show that there is no
evidence of the occurrence of the disappearance of sugar from the
blood 1n its transit through the systemic capillaries, assumed under
the glycogenic doctrine to take place; and, correspondingly, no
evidence of the transport, as a functional operation, of sugar from the
liver to the systemic capillaries.

The liver, indeed, instead of actually throwing sugar into, or
allowing it to pass into, the general eirculation, in reality checks the
progress of carbobhydrate matter onwards. It prevents the fluctuating
condition, as regards sugar belonging to the portal blood, from
travelling on and being transmitted to the blood of the gemeral
circulation.

Through the instromentality of the liver, then, the blood of the
general circulation escapes being influenced by the ingestion of
carbohydrate matter. In the exercise of this office of the liver, the
sugar from ingestion contained in the portal blood is stopped and
converted into glycogen. Thus much is admitted by all, but it is
generally thought that the glycogen becomes subsequently recon-
verted into sugar to be transmitted on, serving only as a convenient
form of storage carbohydrate material. This implies that the sugar
of ingestion after all reaches the general circnlation, and it is con-
tended that the object of conversion into glycogen is merely for the
sake of temporary storage—in other words, that at the time of active
absorption the carbohydrate matter is detained, to be given out slowly
afterwards. Let us see how this argument stands the test of
eriticism.

Coneisely stuted, it is asserted that when sugar from ingestion is
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passing in the portal blood to the liver it becomes, to a greater or less
extent, temporarily stopped, to be given back into the ecireulation
when the entry from ingestion is not taking place.

In discussing the point I will, in the first place, direct attention to
circumstances existing in the case of the rabbit. In this animal the
stomach never becomes empty, as it does in animals generally.
Digestion is constantly proceeding, and, even dfter the lapse of
twenty-four hours from the ingestion of food, it is found that the
portal blood gives evidence of the presence of absorbed sugar by
containing more (vide p. 103) than naturally exists in the blood of
the general circulation. Assuming, as may fairly be done, that the
rabbit does not ordinarily pass longer than twenty-four hours with-
out taking food, it fellows that there will always exist in the portal
blood more sugar than in that of the general cireulation. This is
tantamount to saying that under ordinarily prevailing eirenmstances
there is always a state existing calling for the exercise of a stoppage
action, which is not reconcilable with stoppage for temporary storage,
but, on the contrary, must involve arrest for applicalion in some
other way.

From the condition of the nrine looked at in relation to different
kinds of alimentation, which I will in the next place consider, we
obtain a strong point of evidence touching not only the limited ques-
tion of temporary storage but the whole question of tenability of the
glycogenic doctrine.

Healthy urine contains (p. 178) a certain amount of sugar. The
amount is in proportion to that existing in the blood of the general
circulation (p. 187). The blood and the urine, indeed, stand
throughout in accord with each other as regards sagar. When sugar
is present to a larger extent than usual in the contents of the general
eirculation it correspondingly shows itself in the urine, Thus the
condition of the unrine in relation to sugar moves with, and in fact
serves as an index of, that of the blood. Through the urine, there-
fore, knowledge is supplied concerning the gnantity of sugar that is
permitted to reach the general eirculation.

Now, with the animal feeder, in which the ingestion of only a
limited amount of earbohydrate occurs (and even it may be said, in
the fasting animal where no ingestion is ocenrring) the urine stands
in the same position with respect to sugar as that of the vegetable

Q
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feeder, whose food contains a large amount of carbohydrate matter.
The blood of the general circulation, in conformity with what has
previously been said, likewize correspounds in the two cases. With
the ingestion of the limited amount of carbohydrate, the blood and the
urine contain a certain amount of sugar. With the ingestion of an
amount incomparably greater, the same state of things is still
encountered, Both the blood of the geaeral cirenlation and the
urine remain uninfluenced by the ingestion of earbohydrate matter,
go long as it does not exceed ordinary limits. But stoppage from
entry into the ecirculation, throngh storage by the liver, cannot be
indefinitely carried on, and, taking into account a lf:ngt.lmuml p[,‘riml
of time, it is obvions that, if ingested carbohydrate were in reality
transported as sngar to the systemic capillaries, its trausit in the case
where there has been free ingestion must proportionately add to that
existing where the ingestion has only been limited in amount.
Sooner or later the extra amount must pass !,hl'ullgh the circulation,
and where from day to day the guantity to pass is ten, twenty, or
thirty fold greater than under an animal diet, the addition must
present a source for the kidoey to draw upon and thereby lead to a
proportionate presence of sugar in the urine,

With the limited ingestion associated with animal food, the urine
contains, as has been said, a certain amount of sngar. Any addi-
tional carbohydrate ingested should have the effect of angmenting
this sugar, and of doing so in proportion to its extent. [t is not,
however, in reality found that under ordinary circomstances the
urine gives evidence of being inflnenced by carbohydrate food.
Hence, for compatibility, we have to say that the passage of any
gquantity of sugar into the circulation from carbohydrate matter
ingested within ordinary limits goes for nothing as regards effect
upon the urine, whilst influence is exerted by the known small
amount of sugar existing in the blood in association with an animal
diet and even w t' an absence of food.

The liver, in fact, instead of doing what is claimed for it under the
glycogenic doctrine, does exactly the reverse. It neither forms sugar
to be discharged into the general cireulation and conveyed to the
tissues, nor temporarily stores up carbohydrate matter from ingestion
to be subsequently allowed as such to pass on. On the contrary, it
keeps the general circulation free from the sugar that would otherwise
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enter and show itself in the urine. Its office is an arresting one in
relation to carbohydrate matter, and if it were not for the exercise of
this oftice we should all be in the same position as the diabetic. Lb
furnishes a line of defence against the passage of carbohydrate in a
free state into the ecirenlation, and thus prevents the sugar, derived
from alimentary absorption, which is contained in the portal blood,
from proceeding further. In proportion as the line of defence is
ineffectual, sugar will reach the general circulation and then the
nrine.

As an outcome, the difference between health and diabetes may be
expressed in the following terms:—

In health the capacity exists of stopping the onward progress into
the general circalation of the sngar derived from ingested earbo-
hydrate matter, when the ingestion stands within ordinary limits.
When the ingestion exceeds ordinary limits the capacity of arrest,
which is not unbounded, may not be equal to effecting a complete
stoppage. A portion may in this way reach the general circulation,
and, in proportion as it does so, will appear in the urine, Hence the
explanation of the saccharine urine found to oceur (p. 116) as an
accompaniment of excessive feeding with sngar. In further illustra-
tion, I may mention that the highest fizures I have obtained for the
sugar in normal blood have been with rabbits which had been highly
fed with oats. In accord, the urine in these instances has given
evidence throngh the ammoniated cupric test of containing a larger
amount of sngar than is ordinarily met with in healthy urine.

In diabetes, on the other hand, carbohydrate matter is not pro-
perly stopped and disposed of, but is permitted, instead, to reach
the general circulation in the form of sugar. The faulty state
presents itself in all stages of advance. Every grade of diversity
exists between the healthy state and the state belonging to the
severest form of diabetes. In some instances the capacity of stop-
page is only just below the normal. In these it is only when carbo-
hydrate matter is rvather freely ingested that saccharine uvine is
encountered. In others more and more impairment of the power to
check transmission into the general eirculation exists, and in corre-
spondence less and less carbohydrate matter can be ingested without
appearing in the urine.

One point is linked with another, and my experience of diabetes

Q2
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counts largely as a help towards enabling me to speak with the pre-
cision and confidence I am doing. Besides a large number of cases
seen in the course of my many years' hospital practice and in private
consnltations ountside my house, I have, extending np to the moment
at which I am writing, a record in my ecase-books of 2,642 cases seen
at home; in all of which I have closely watched, under the most
varied ctrenmstmmees and through the quantitative examination of
the urine, the elimination of sugar in relatior to the food ingested.

Now, the teachings of this experience point unequivocally to its
beimg contrary to the physiological order of events for ingested
carbohydrate to reach the general eirculation in a free state to he
transmitted to the systemic capillaries for destruction in some, it
must be said, unknown way. No other conclusion, I hold, is permis-
sible, and I have no misgiving that sooner or later this view will
meet with general acceptance. In faet, it is through the ocenrrence
of what the glycogenic doctrine implies that diabetes is cansed, and
the symptoms of the disease are due to sugar being allowed to reach
the general circulation. In proportion as it does so, a deviation from
the natural state is created by the sngar of the blood being raised
from its normal standard proportion.

The effect of dietetic treatment in diabetes stands in strict harmony
with the view adopted. As I have already said, the disease essenti-
ally consists of a loss, or of more or less impairment, of the power
which naturally disposes of ingested carbohydrate matter, and pre-
vents its reaching the general circulation in the form of free sugar.
Of the nature and effect of this power I shall speak later on.

Through the defective power existing in diabetes, sugar finds its
way into the blood of the general system, and, in proportion as it
does so, places it in an unnatural state, the effect of which is to inter-
fere with the performance of nutritive action, and of the processes of
life generally in a healthy manner. From the position held by the
blood, it is only in accord with what may reasonably be exnected that
with an altered constitation it should, in proportion to the extent of
alteration, carry disturbance everywhere.

The deviation from the natural state, induced by ingested earbo-
hydrate matter being permitted to reach the general eirculation, to
which the varions troubles belonging to diabetes, it must be con-
sidered, are attii'utable, depends as regards degree, in the first
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place, upon the extent to which the impairment of the power of stop-
page exists, and, in the next, upon the amount of carbohydrate
ingested. The one is at the root of the disease, and if it could be
rectified all would immediately be set right. The other is under our
control, and by proper regulation of the diet munch may be dome to-
wards ameliorating the condition existing. It must be remembered
that animal as well as vegetable food contains a certain amount of
free carbohydrate; and, as I have shown in this work, sugar is set
free by digestion as a cleavage product from proteid matter. There-
fore, in all food a supply of carbohydrate matter is given from
without. This, in part, accounts for the sugar encountered in severe
cases where sugar is passed, notwithstanding restriction to a purely
animal diet.

I have said “in part " accounts for the sugar enconntered ; for, in
severe cases, there must be something {urther to be dealt with, seeing
that sugar is even passed apart from the influence of food. There
can be no doubt that sugar is susceptible of being derived from the
tissues, and, looking at what I bave been led to propound with regard
to the glucoside constitution of proteid matter, there is nothing unin-
telligible about it. On the contrary, in view of all the circum-
stances, it is a reasonable supposition that in connexion with the
altered state of things existing, a ferment becomes present endowed
with the power of wrongly splitting np the glucoside proteids of the
body in the same mannpgr as, for instance, amygdalin is split up by
emulsin,

There is, then, a class of case in which the fault consists only of
a loss, or, it may be, varying degrees of impairment, of the power of
disposing of ingested carbohydrate matter in such a manuer as to
prevent its reaching the general circulation; and another, in which,
in addition to this, a condition within exists attended with the
splitting up, with sugar as a eleavage product, of the proteids of the
body. The former is completely controllable by dietetic manage-
ment, the latter only so to a partial extent.

Most cases, I will not go so far as to say all, are in the incipient
state controllable, with respect to the elimination of sugar, by diet.
In young subjects it is usnal to find that the condition is observed to
remuain only temporarily controllable. An insidious * something "
advances, carrying the case on into a more and more pronounced
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state of development, In subjects of more matare years, on the other
hand, if the morbid tendency is not encouraged by allowing the un-
natural condition, arising from the continued pervasion of the system
with sugar dervived from defectively disposed of ingested carbo-
hydrate, to exist, it is nsually ohservable that the case may be kept
indefinitely controllable. I may, even, go further and say that, nnder
strict and persevering atteniion to dietetic management, conjoined
with a certain form of drng treatment which I believe affords
material help, experience shows that a tendeucy to restoration is
promoted ; and that, as a result, whilst at first no starchy or sacchar-
ine food counld be taken without giving rise to the elimination of
gugar, in the course of time more and more power of properly dis-
posing of carbohydrate matter is acquired, leading to the toleration
of more and more earbohydrate matter in the food withont giving
rise to saccharine nrine until, it may be, the capacity for the resump-
tion of un ordinary diet is re-established.

It may be safely accepted that the point to be attained for pro-
moting the restoration of the power of properly disposing of carbo-
hydrate matter is to establish and maintain as close an approximation
as possible to the natural state as regards the blood, and thereby the
system thronghout, in relation to the presence of sugar. On bringing
the position to a normal one in this respect, all the symptoms of the
disease at once disappear, whilst previously it may have been noticed
that they were more or less speedily growing.

I have seen it asserted, nnder the erroneous notion of there being a
functional transport of sugar to the systemic capillaries, that earbo-
hydrate articles of food ought not to be totally withheld even although
a considerable voidance of sugar may be ocenrring.  This is equivalent
to saying that a deviation from the normal state as regards the blood
and the system throughout is to be disregarded. Moreover, even
if the premises were sound, the argument is illogical, as the voidance
of sugar affords proof that already the blood is surcharged with sngar
which is ronning off as waste material. To add more through the
medinm of the diet would be simply to inerease the surplus existing.
It is true, through failure of appetite and inability to take sufficient
food under restriction to the list of appropriate articles, reasonable

grounds for relaxing the diet may avise, but this is a totally different
malter.
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Restriction from carbohydrate food should not be carried further
than experience shows to be necessary, in the particular case under
consideration, to maintain a normal state of urine. The amount of
carbohydrate matter that can be taken withount leading to the void-
ance of sugar presents considerable variation in different cases, and
it happens that if what can be utilised is not supplied, a loss of body-
weight and failure of strength ensune. Often the complaint sets in
with only a slight diminution of the natural assimilative power,
presenting itself under the form of what is spoken of as glycosuria.
Under such eircumstances only a moderate restriction of diet is
needed to meet what is wanted. If more be enforced, loss of weight
will probably follow and the appearance be given that the treatment
is inflicting harm. By extending the liberty to that which the state
of the urine shows may be done without over-stepping the range of
toleration, immediate improvement will occur. Sach, in every case,
should constitute the principle of action to be adopted.

It may happen that restriction in diet is needed to he enforced
to the full extent at the commencement of treatment, and not so
later on. An interesting sequence is noticeable in these cases.
The patient, it may be, has heen the subject of diabetes for some
time without knowing from what he was suffering. The nature of
his malady becomes discovered, and he is placed, as a part of the
treatment adopted, on the restricted diet. He had been hitherto
steadily losing ground, but now his symptoms disappear ; he gains
in weight, and, altogether, in the course of a short time he hecomes
restored to a greatly-improved condition. The treatment has at once
produced a marked effect upon the urine, but perhaps a little time
has been requiied to get it entirely free from sugar. It remains now
constantly free, and the patient continues to improve in health and
strength. After a while it may happen to be noticed that a change
begins to set in. Notwithstanding that the urine continues free from
sugar, the treatment, which before produced improvement, is now
attended with a rvetrogression in weight, and naturally the patient’s
mind becomes disturbed from apprehension of a return of his
disease,

Instead, however, of ground for concern existing, my experience
informs me that the loss of weight under the circnmstances men-
tioned is to be taken as an indication of restoration, to a greater or
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less extent, of the power of properly disposing of carbohydrate
matter. The power existing, and the opportunity not being given
for its exercise, the want appears to be felt by the system. At all
events, in these eases I have confidence in concluding that on trying
a little starchy food (best, 1 consider, in the form of ordinary bread,
as the loss of this may be regarded as constituting the pgreatest
privation) it will be found not to give rise to the appearance of sugar
in the urine. On this proving to be the case, the amount should be
guardedly and gradually inereased, short of leading to a return of
sugar. The result noticeable will be a speedy recovery and sub-
sequent maintenance of weight.

Remarkable, but nevertheless correet, to state, in cases where a
loss of weight does not, nnder corresponding eirenmstances, super-
vene, my experience justifies the inference that the power of utilising
carbobydrate matter has not become raised, and that, consequently,
the ingestion of starchy food will be followed by the appearance of
sngar in the urine. Thus, when the power of making use of starchy
food has been restored, and starchy food is not given, a loss of body-
weight is observed, whilst such is not noticeable where a restoration
of power has not occurred. Information is here supplied which in
practice I torn to account as a guide in the details of dietetic
management. Every case requires to be dealt with npon its own
merits, and for successful treatment a rational and intelligent plan of
procedure, founded upon a precise knowledge of the condition of the
urine, must be adopted.

The only point remaining for consideration is the manner in which
carbohydrate matter becomes disposed of in the system. This veally
is the most important point of all in connection with our subject, as
it deals with the purposes to which the earbohydrates are applied in
the economy of life.

The glycogenic doetrine throws no light upon this matter. Tt
falls short of reaching the point. It assumes that earbohydrate
matter is thrown into the general eirenlation in the form of sugar
for functional transport to the systemic capillaries, but it fails to
proceed further, and to show in what manner the sugar is disposed
of. It simply leads into darkness, and nothing but fruitless efforts
have been made to obtain light in the direction looked for. This
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is not, it may be said, to be wondered at, seeing that there is not
the functional transport that has been assumed to oeccur; and that
the facts before ns show that we must seek for the disposal of earbo-
hydrate matter before the opportunity is afforded of its reaching
the general circulation. To attempt to discover the manner of dis-
posal in a situation that the sngar does not naturally reach is not
likely to be attended with any satisfactory issue, and those who con-
tinue to prosecute enguiry upon such a foundation can scarcely fail to
be left endlessly groping in the dark.

There is no living matter without proteid, and probably even the
broader statement may be made, that there is no living matter with-
out proteid, carbohydrate, fat, and certain mineral constitunents.
Carbobydrate matter may thus presumably be looked upon as univer-
sally diffused through the living kingdom of nature; and, so ecir-
cumstanced, it must have a comprehensive part to play in the
economy of life. In speaking of the manner in which 1t becomes
disposed of in the animal system, it seems to me that this considera-
tion should be held prominently in view.

If we look around and give attention to what is happening, it is
observable that certain changes are wrought upon carbohydrate
matier th the agency of living protoplasm., By virtoe of the power
with which living protoplasm is endowed, carbohydrate matter located
within its sphere of influence is noticed, it may be said, to undergo :—

1. Transmutation ;

2. Application to the production of proteid ; and

3. Transformation into fat.

The capacity for producing these effects may be regarded as con-
stituting a coramon property appertaining to protoplasm in an active
state, quite irrespective of which of our conventional divisions of
living nature the protoplasm belongs to. Universality of action is
traceable without distinetion in the animal and vegetable kingdoms.

I will proceed to speak in detail of the disposal of carbohydrate
matter by protoplasmic action under the respective heads ennmerated
above. From what has to be said upon the snbject, I think it will
be seen that we need not seek further for the explanation that is
wanted to place the matter in a elear and intelligible light. Not
only do we find that an adequate explanation is presented to account
for the disposal of carbohydrate within the system, but that the seat
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of dispnsal is located just where it properly should be, in order to
permit of escape from the production of a diabetic state—that is,
before the entrance to the general cirenlation is reached.

1.—Transmuiation.

The transmutation of carbohydrate matter was dealt with at some
length in an early part of this work (p. 18, ef seq.), and it was seen
that, whilst ferments and chemical agents transmute by increase of
hydration—carrying, for instance, the principles of the amylose into
the saccharose and glucose gronps—the effect of the influence exerted
by living matter is to reduce from the higher to the lower states of
hydration. For example, the sngar contained in the sap of the plant
is observed to be transmuted into cellulose, which constitutes a fabric
material of the organism, and into starch, inulin, &e., which serve as
storage materials, and, in reality, contribute in the end to fabric
construction.

Through transmutation, carbohydrate matter meets with its chief
application in the vegetable ki:]gdﬂmi the cellulose from which the
fabric of the plant is constructed constituting an ultimate produet.
I do not know whether it is to the full extent realised that the
storage carbohydrate of the seed, tuber, &c., passes in reality to the
same destination and that the proecess of storage only represents a
temporary halt on the way. By protoplasmic action certainly, and
probably by incorporation with nitrogenous matter into proteid and
transit throngh protoplasm, the sugar of the sap becomes transmuted,
apparently in each case in a similar manner, into fabric and storage
material. The storage carbohydrate, when exposed to conditions te
lead o= to its application, becomes first of all hydrolysed by ferment
action. Thus reconverted into sugar, it again stands in the position
it held in the sap from which it was taken for storage deposition ;
and now by the exercise of protoplasmic action in the developing
organism it is carried as a final step into cellulose, for it is from the
starch of the seed, &c., that the cellulose of the growing structure is
derived.

In the animal kingdom evidence is adducible of the ocenrrence of
transmutation in an analogous manner {o what is observable in the
vegetable kingdom. Transmutation, however, does not here to a



PROTOPLASMIC TRANSMUTATION OF CALBOHYDRATE. 235

like extent lead on to application to texture construction ; indeed, it
is only to quite an insignificant extent that it does so. An example
is forthcoming in the deposition of cellulose as a texture basis of the
test or onter investment of the tunicata.

Transmutation, however, comes somewhat largely into operation in
reducing sngar to the state of a carbohydrate of lower hydration for
storage purposes. Gl_v,‘t:ngeu is the form of earbohydrate into which
the sugar is in the animal transmuted, and it is interesting to notice
that in the tribe of organisms of the vegetable kingdom, which
are wanting in some of the attributes of plants, and present excep-
tional analogies to the animal, namely, the fungi, the storage carbo-
hydrate exists under the form of glycogen and not of starch.

A notable illustration in the animal kingdom of transmutation
by reduced hydration for storage is supplied by what occurs within
the liver. The sngar contained in the portal system, taking origin
from the carbohydrate matter ingested, is stopped by the cells of the
organ and transformed into glycogen. By transmutation into
g[}'cogull the carbohydrate 1s checked in its onward progress to the
general eirenlation, and sabsequently, it may be reasonably assumed
from all the knowledge at our disposal, meets with application
throungh one or both of the other methods of disposal of carbohydrate
matter by the agency of living protoplasm.

It is interesting to note that in tracing the sequence of events
occurring in the animal system in connection with ingested starch,
we have the same train of pheromena to deal with as in the growing
seed. The starch is first transmuted by ferment action—by diastase
in the one case and the amylolytic ferments of the digestive secre-
tions in the otier—into sugar, a body susceptible of diffusion and of
transport in solution. By the portal system the sugar is conveyed to
the liver and bronght within the sphere of influence of its cell-proto-
plasm. Here transmuvtation of the opposite kind to that before
oceurring takes place, with the production of glycogen. By diffusion
the sngar taking origin from the starch in the growing seed arrives
within the reach of the power belonging to the living protoplasm
of the embryo, and,.as in the case of the liver, transmutation in the
direction of diminished hydration oceurs, resulting here in the pro-
duction of cellulose. The same train of phenomena may be traced as
constituting a part of the life-history of the plant itseli. The
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primordial starch produced by the chlorophyll corpuscles in the leaf
reaches the sap as sugar, which on arriving at seats of protoplasmic
activity is transmuted down in hydration to fabric and storage carbo-
hydrate. The sap of the plant, looked at from the point of view in-
dicated, stands, it will be observed, in an analogons position to the
contents of the portal system of the animal.

1 have referred to the protoplasmic transmutation of sugar into
glycogen in the liver. But the transmutative power by no means

exclusively belongs to the liver—indeed, I am disposed to think that
it exists as a general property of the protoplasmic matter of the
body. Certainly, glycogen iz recognisable, and even it may be
largely so, in other parts of the body, and it is probably produced at
its seat of presence. KEvery part of the body contains sugar in-
trinsically belonging to it, which may come from the cleavage of the
proteid matter around. The glycogen may be derived from this
sugar, or may possibly constitute a product of the cleavage process.
In the multifarious actions occurring in a living part there is, doubt-
less, much complexity of result avising from the antagonistic effects
of ferment and protoplasmic actions.

Further evidence is afforded through the kind of sugar found in
the urine after the direct introduction of glucose into the system of
the carbohydrate-transmuting power of living matter in the diree-
tion of a diminution of hydration, taken as represented by a diminished
cupric oxide reducing capacity.

At p. 189 I gave a description of experiments in which glucose,
derived from honey and proved by examination to have the same
cupric oxide redncing power before and after sulphuoric acid, was
injected into the jugular vein. In two out of the three instances in
which urine was procurable the sugar eliminated was found to be in
a state considerably removed from glucose, the initial eupric oxide
reducing power belonging to it being considepably less than that
shown to exist after treatment with sulphurie acid. The results of
other experiments were also given, conducted with levulose derived
from the recently introduced trade article, Here, however, the
destructive action exerted npon the sugar by boiling with sulphurie
acid, in accordance with the known effect npon levulose, was such as
to lead to considerably lower fignres being obtained after than hefore
treatment with the acid. From this counteracting circumstance no
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opportunity was given of ascertaining whether in reality any dimi-
nution of cupric oxide reducing power ocenrred.

It would hardly have been surmised that such results would have
been yielded. They agree, however, with the general tenor of ex.
perience set forth in this work which is to the effect that by the
agency of living matter the ecarbohydrates are moved within the
system in the direction of lessened cupric oxide reducing power
instead of in the reverse direction as happens as a consequence of
ferment action. Thus fitting in with and supporting, as they do, a
general principle of action shown by other evidence to be in opera-
tion, they acquire considerable importance. On this account, in
order that the point might be placed beyond doubt, I deemed it
advisable to undertake a further series of experiments, and I found
that I could simplify the operative procedure by injecting the sngar
solution into the subcutaneous tissue instead of into a vein. As will
be seen from the results to follow, confirmatory evidence was supplied,
and it may be considered to be established that sugar reaching the
general circulation as glucose, and thence brought into contact with
living protoplasmic matter whilst contained in the vessels and whilst
passing through the secreting structure of the kiduey, escapes in a
form possessed of a lower cupric oxide reducing power than glucose.

The list comprises seven experiments conduncted upon rabbits con-
secutively taken. In each case 1 gram of glucose (derived from
honey) per kilo. of body weight was injected into the subcutaneouns
tissue of the back, the animal being temporarily placed under ether
for the performance of the injection. Urine was obtained from the
bladder about two hours afterwards. The delicacy of the ammoniated
cupric test is such as to permit of very small quantities of urine
suflicing for analysis, and dilution to the extent of 30, 40, or 50 times
i8 requisite. The urine, snitably diluted, was divided into two por-
tions, one being titrated at onee, and the other after boiling for an
hour and a half with 2 per cent. sulphuric acid under the inverted
condenser. In each case, as shown by the tabular arrangement given
of the results, the sngar present in the urine possessed a cuprie
oxide reducing power much below that of glucose, although glucose
was the form of sugar injected.
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Nature and amount of Sugar in the Urine after the subculaneous injec-
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The above results very strikingly show that the amount of cuprie
oxide reducing power after treatment with sulphuric acid greatly ex-
ceeded that existing before. It is asserted that animal gum, an
amylose carbohydrate, may exist in the urine. If present, it would
serve to account for the difference revealed in the results obtained.
To ascertain if the difference were attributable to such a source, a
portion of the urine in three of the experiments was poured into a
large guantity of absolute alcohol. The effect of this upon animal
gum would be to precipitate it. After standing for twenty-four
hours the alcohol was filtered off, evaporated down, and the product
subjected to titration with the ammoniated cuprie test before and
after treatment with sulphuric acid. The results obtained revealed
the same kind of difference as was noticed in the original examina-
tion, thus rendering it evident that the phenomenon observed mmust
be ascribed to the presence of sngar with a lower cupric oxide redue-
ing power than that of glucose.
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I have mentioned that a certain amount of sugar exists in normal
urine, and the evidence before me points to the nature of the sugar
standing in accord with what has been mentioned above in exerting
an increased cupric oxide reducing action after treatment with sulph-
urie acid.

The kind of sugar eliminated in diabetes 1s, on the other hand,
ordinarily glacose. 1 have had a number of examinations made, and
it is only in a few instances that a sogar with a lower cupric oxide
reducing power has been met with.

2. Application to the Production of Proteid,

The observations of Pasteur upon the growth of yeast may be
considered to reduce to demonstration the production of proteid by
the agency of protoplasmic action from the incorporation of carbo-
hydrate with nitrogenous matter. The question was considered in
an early part of this work (p. 53, ef seq.), and it was there shown that
yeast eells, which consizst of little masses of living protoplasm, placed
in a medium composed only of sugar, tartrate of ammonia (nitrate of
ammonia, which has no carbon entering into its constitution, and,
therefore, renders it absolutely evident that the carbon of the newly
formed proteid must be derived from the sugar, may be substituted
for the tartrate), mineral matter, and water, grow and multiply—a
fact which implies that fresh protoplasm, and hence proteid, must
be produced. The conditions here are so simple as to leave no room
for hesitation in accepting the conclusion to which they lead up.

Upon the strength of what is observable in the higher vegetable
organisms, it is likewise aflirmed in settled terms by vegetable
physiologists that carbohydrate matter is utilised in the production
of proteid by incorporation with a nitrogenous prineiple (vide pp. 54
—o6). Asparagin, a erystallisable and diffusible nitrogenous prin-
ciple widely dispersed throngh the vegetable kingdom, appears to play
an important part in connexion with the operation. Sachs, in his work
on the * Physiology of Plants in several places speaks of it as an
established point that from carbohydrate matter and asparagin proteid
is formed, and farther asserts that the converse process of splitting
np of proteid with the liberation of asparagin, for fresh service in the
same direction, likewise constitules an operation oceurring in associa-
tion with metabolic activity. Other nitrogenous prineiples may take
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the place of asparagin, and with the supply of the nitrogen-contain-
ing compounds, on the one hand, from the soil; and the production of
carbohydrate in the leaves from the carbonie acid of the atmosphere
and the elements of water through the influence exerted by the sun's
rays, we have before us the source of the principles entering into the
constitution of proteid matter,

It is, then, distinetly affirmed that proteid in the plant 1s con-
structed from carbohydrate matter and asparagin, or some other
nitrogenous prineiple, by the agency of protoplasmie power, and,
further, that a dissolntion of the proteid thus formed afterwards
takes place, with the liberation of asparagin, which again enters into
the construction of proteid by conjugation with fresh carbohydrate
matier. Nothing is here said by Sachs about earbohydrate issuing as
a cleavage product from the proteid, although it is spoken of as con-
stituting the complementary part to the asparagin in the process of
construction. Klsewhere, it is true, reference is made to protoplasm
being concerned in the deposition of starch, &c., as storage, and
cellulose as fabric material, but the question is not pursued to any
further extent. Looking, however, at all the knowledge in our pos-
session, I am led to go on and say that the weight of evidence and
probability is in the direction of proteid constroction constituting an
important intermediary in the physiological progression of earbo-
hydrate matter. Throogh its glucoside constitution, proteid matter
stands as an important factor in the play of changes connected
with life, into which the earbohydrates enter.

Let me carry the discussion into the domain of materiality, and take
for illustration a growing bud. At the seat of metabolic activity
asparagin is prodoced by the dissolution of previously formed
proteid matter. The asparagin thus originating exists in contact
with sugar continuously being derived from the starch taking its
source in the chlorophyll corpuscles under the operation of the solar
energy. Through the instrumentality of the living protoplasm within
the sphere of influence of which the two pr-inciples are lying, in-
corporation into proteid takes place with the contemporaneous growth
of protoplasm. Observation testifies that where the protoplasm has
existed, fabrie eellulose becomes deposited, and, from a review of all
the circumstances, it may be looked upon as probable that the depo-
sition occurs as the result of proteid cleavage, with the concarrent
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liberation of asparagin to contribute to a repetition of the operation
with fresh carbohydrate matter, generated by the starch-forming
chlorophyll.  Under the view presented, the protoplasm of the grow-
ing part incorporates into itself the newly formed carbohydrate, and
subsequently leaves it behind as lignified cellulose in its track, just as
a coral polype incorporates into its substance caleareons matter
which it leaves behind in the form of the coral structure as it
Zrows on.

The accouni that has been given will equally apply to the growth
of the seed and the shoot of the tuber, the only difference being that
the new organism draws its carbohydrate from storage material in-
stead of from a generating source.

Eeonomy of nitrogenons matter is noticeable in the process de-
seribed. A certain amount, it is true, of the protoplasmic nitrogen is
left belind with the fabrie carbohydrate, and in connection with the
storage carbohydrate there is evidently a special deposition of nitro-
genous matter to meet the requirements of the growth subsequently
to take place; but with the repeated service of aspuragin that has
been alluded te, an economical provision, as regards nitrogenous
matter, exists for bringing about the utilisation of a large amount of
carbohydrate material.

I have drawn proof of the production of proteid by the incorpora-
tion of carbohydrate with nitrogenous matter through protoplasmie
power, from the actions occurring in the vegetable kingdom. Ac-
cording to the view I am propounding, the disposal of carbohydrate
matter in the several ways to which I am referring is the result of an
attribute or povrer belonging to living protoplasm, withont distine-
tion as to which of the conventional kingdoms of natnre it happens to
fall into, I will proceed to adduce evidence pointing to the utili-
sation of carbohydrate in the animal kingdom in the production of
proteid matter; but, before deing so, I may remark that what has
been said in this work about the glucoside constitution of proteid
matter gives very great support to the whole proposition. Utilised
in the formation of proieid, it is only in accord with what might be
expected that it should be susceptible of withdrawal under the
operation of influences effecting a disruption of the proteid molecule.
The two stand in harmony, and mutunally substantiate each other.

We start with the carbohydrate matter derived from ingestion in

i
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the alimentary canal. The chief portion takes rise from free carbo-
hydrate contained in the food, but a portion (p. 50) issues from the
cleavage of the proteids of the food by the proteolytic ferments of the
digestive tract. From whatever source starting, carbohydrate
matter in the form of sugar is lying in association with the nitro-
genous product of proteolytic ferment aection—peptone—within the
sphere of influence of the extremely active little masses of protoplasm
constituting the cells covering the villi. The eircumstances here
present no essential difference from those existing in Pasteur’s ob-
servation. For the yeast cells we have only to substitute the cells of
the villi; and, one kind of protoplasm having the power of conjuga-
ting carbohydrate and nitrogenons matter into proteid, it may not
unreasonably be looked for that the other should also be endowed
with it.

I have shown that the portal blood, after the ingestion of ecarbo-
hydrate food, contains considerably more sugar than is met with in
other parts of the circulatory system. From the application of the
analytical procedure for obtaining cleavage carbohydrate from pro-
teid matter, it is learnt that higher fizures are here also given than
by the blood existing elsewhere. This matter is referred to at p. 215
et seq., and it is there further seen that, after the injection of sugar
into the jugular vein of rabbits, the contents of the circulatory
system furnished considerably larger amounts of amylose carbo-
hydrate than under other circnmstances has been found. The evi-
dence upon the point, taken in its entiret,_f, ﬂEI"’.E’Li]]l}’ tends to show
that the presence of carbohydrate leads to inereased results being
yielded by the analytical procedure for obtaining cleavage carbo-
hydrate, thus falling in with the view propounded regarding the
application of carbohydrate to proteid formation.

What is noticed with regard to peptone stands in harmony with
the disposal under consideration of earbohydrate matter. By the
proteolytic ferments of the digestive system, the proteid molecule is
split up with the production, as is well known, of peptone; and, as I
have shown in an earlier part of this work (p. 50), of sugar. This
is the first step in the application of proteid matter as food. Thus
broken up into more simple principles, it is placed in a suitable state
for the exercise of the synthetic action of the living protoplasm
within the sphere of influence of which the products lie, Peptone
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may be regarded as standing in the position of asparagin and other
allied nitrogenous principles of the vegetable organism, and also, it
may be said, of the tartrate of ammonia in Pasteur's yeast culture
liguid, in relation to the production of proteid. Its incorporation
with carbohydrate matter by the agency of the synthetic power with
which living protoplasm is endowed, suflices to account for the pro-
duction in the same manner as ocenrs in living nature generally of
the proteid matter into which, by common consent, it is conceded to
pass. Nowhere, perhaps, does more active protoplasm exist than in
the investing cells of the villi; and it is doubtful whether sufficient
attention has been given to their importance as protoplasmic instru-
ments of action in the economy of the living animal. The altered
characters they present during digestion, as compared with fasting,
testify to their activity. Their number must be extremely great,
and if, instead of being spread over a free expanse of surface, they
were packed into a glandular mass constructed after the usual
fashion, a good sized organ would result. The position they oceupy
does pot in reality detract from the exercise of an assimilative office
as effectnally as if they were arranged in a compact gland ; and any
other position than that of being spread around the alimentary tract
would be incompatible with applicability to meet the requirements
associated with food.

Now, peptone disappears from view just where it should do under
the view that it is ntilised in the production of proteid by the agency
of the cells of the villi, or, speaking more geverally, the cells belong-
ing to the inner surface of the intestinal canal. The presence of
peptone is easily demonstrable within the alimentary canal, but it is
not to be discovered in the contents of the general circulation, nor
even in the portal blood or chyle. Tts disappearance is spoken of by
physiologists as being involved in a certain amount of mystery ; and
it is stated that all that can be definitely said is that the mnoeous
membrane constitutes the seat of its conversion into proteid. Giving,
however, to the investing cells of the villi the same power that proto-
plasm existing elsewhere is endowed with, there is nothing myste-
rious in the disappearance of peptone where observation shows that
it ocenrs. Indeed, with the presence of peptone and sugar in the
alimentary canal, and the synthetic influence of protoplasm within
reach to exert its action upon them, the disappearance of the former

R 2
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by incorporation into proteid is only what might be looked for. The
chief channel throngh which the newly-formed proteid is conveyed
into the system is probably the lacteals; but, apparently, a certain
proportion reaches the portal blood.

Thus, the Imiuf..l-; that have been referred to l'l:::ilri:{:l,illg pupttmugiw
support to the view that has been propounded with regard to the
application of earbohydrate matter to proteid formation throngh the
medinum of the protoplasmic power of the cells of the villi.

Other considerations of a more general nature tend to show that
the nitrogenous portion of our food is concerned in the assimilation
of carbohydrate matter. Where it is deficient, evidence 1s afforded
that the carbohydrates do not become applied within the system in
the same beneficial manner as where it is present in due proportion.
The food must contain a certain gquantity of pitrogenous matter for
the carbohydrate portion of it to be turned to proper account. The
absorbed material which escapes application by the pmtgplﬁsm of
the investing cells of the villi reaches the portal blood and thence
the liver; and it 1s found that in proportion as carbohydrate food
18 in excess, so does the liver become charged with transmuted sugar
under the form of glycogen. In the laboratory, advantage is taken
of this fact when it is desired to procure glycogen in quantity.

I look upon it that there can actually be no doubt that one of the
purposes to which the carbohydrates are applied in the economy of
life is participation in the production of proteid matter. Such being
the case, the position assigned in Liebig's classification to the nitro-
genous constituents of food as exclusively representing the flesh-
forming principles, can no longer be considered to hold good. With
incorporation into the proteid molecule, carbohydrate matter contri-
butes in reality to flesh formation; and, universally distributed
thronghout the system in this state, it represents a large amount of
locked-up carbohydrate existing in the body. Thus cirenmstanced,
it stands in a position to permit of its retention, and possible further
utilisation, in contrast to the condition existing in diabetes, where,
reaching the general circulation in a free state, it passes off as
unused material with the nrine.

A few pages back 1 spoke of proteid, through its synthesis and
cieavage, constituting a medium for the atilisation of earbohydrate
matter in the vegetable kingdom. The same probably occurs in the
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animal kingdom. For instance, on looking at the various surroundings
of the case, the idea, it seems to me, that most satisfactorily accounts
for the origin of the lactose, fat, and casein of milk is that they all
constitute cleavage products from proteid matter, Casein, it happens,
as I mentioned (p. 32) when speaking of the glucoside constitution of
proteid matter, differs strikingly from the other proteids examined in
yielding guite an insignificant amount only of cleavage carbohydrate—
a condition that harmonises with what might be looked for on the
hypothesis of its cleavage origin. The sugar met with in the several
structures of the body may take origin from proteid cleavage. In the
advanced stage of severe eases of diabetes, some of the sugar elimi-
nated is evidently drawn from the tissues of the body. An excessive
cleavage of proteid, arising from the particular state existing,
adequately affords the explanation wanted.

(3). Transformation futo Faf.

The question of whether it is possible for carbohydrate matter to
be transformed into fat in the animal system was the subject of warm
controversy during the first half of the present century, and several
names of renown stand associated with it. The settlement then
arrived at was in the affirmative, and the advance of knowledge that
has since taken place attests the correetness of the conclusion. The
animal kingdom, indeed, it may now withont hesitation be asserted,
stands in the position of a large constructor of fat from the carbo-
hydrate matter constituting the primordial organic produection sup-
plied to the living kingdom of nature by the vegetable organism
operating under the influence of the power derived from the sun.

If it be true, as is believed, that carbohydrate matter represents
the initial eondition of all organic products, the whole of the fat
enconntered in both kingdoms of living nature must take its origin
directly or indirectly from carbohydrate matter. From the nitrogen-
containing compounds and mineral matter snpplied to the plant
through the roots, and the carbohydrate matter produced by the
leaves, we have the basis for the construction of the varions complex
organic products that exist. Now, evidence is adducible from which
the conclusion may be drawn that fat is susceptible of taking origin
from these complex organic products by dissociation. brought about
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in the presence of certain conditions. We do not in this ecase
discern, npon a superficial view of the matter, any direct connexion
between fat and carbohydrate, but, if carbohydrate is the sonrce of fat
and all the earbon compounds of living nature, the fat must, whatever
the intermediate stages that may have existed, have ultimately taken
origin from it.

I'rom what has been said, however, in this work about the origin
and the constitution of proteid matter, the sequence of events
becomes intelligible. In view of chemical experience, there is
nothing unreasonable in the proposition that carbon may enter the
proteid molecule as carbohydrate, and come out from it in the form
of fat. Under one set of conditions the cleavage may be attended
with the liberation of a carbohydrate, and, under another, with that
of fat. Even with the direct production of fat from carbohydrate,
there may be passage throngh proteid matter. Certainly, protoplasm
is a necessary factor in the process, and there are grounds for con-
pidering it more than probable that the result is attained through
incorporation and liberation, rather than by direct transformation.
Should the former supposition be right, there is no essential diffe-
rence between the production of fat, as an act of assimilation, from
carbohydrate and the origin of fat, by the cleavage of proteid matter
belonging to the textural constituents of the body, which takes place
to a prominently marked extent in fatty degeneration.

The growth of yeast cells in Pasteur’s sugar pabulum has been
already taken advantage of to illustrate the transmutation of carbo-
hydrate matter from a higher to a lower state of hydration, and its
application, in the prcsum::}: of a nitrogen-containing compound, to
the construection of proteid. The example in question may also be
made nse of in connexion with the further point that is under con-
sideration, inasmuch as it likewise serves to illustrate the production
of fat from carbohydrate. Yeast, as Pastenr and others have shown,
contains at least 1 to 2 per cent. of fat. Its growth in a medium
containing no fat, and with sugar as the only possible source of it,
which is the case when the nitrate of ammonium is substituted for
the tartrate of Pasteur's liguid, affords conclusive proof of the
convertibility of carbohydrate into fat.

The fact of the production of fat from earbohydrate is abundantly
attested by examples that can be drawn from the higher forms of
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vegetable orgamisation, in some of which it is very extensively
carried out.

In the oily seeds the fat is preceded by starch and sugar. Sachs*
says * Before maturity such seeds contain no fat, but only starch and
sngar. Such unripe seeds (e.g., of Pwonia) may be detached from the
mother plant, and allowed to lie in moist air with the result that
the starch disappears and is replaced by fatty oil.” Againt “ There
is not the slightest doubt that fat is formed in ripening seeds from
earbohydrates, particularly starch, since this transformation takes
place in the nearly ripe seed, even when taken out of the fruit, when
no other material is available under the eirenmstances for the forma-
tion of fat.”

If, as appears in the oily seeds, it is susceptible of demonstration
that fat is produced from earbohydrates, it is equally demonstrable
that carbohydrates are reciprocally producible from fat. The embryo
of the oily seed grows in the same manner, and, in its growth,
develops the same kind of structure as that of the starchy seed.
The cellulose and other carbohydrates found in the seedling are
obviously derived from the fatty reserve in the one case, just as they
are derived from the starchy reserve in the other.

However inexplicable, from a strictly chemical point of view, snch
trapsformations may be, the fact is evident that in the oily seeds
fatty matter is, in the first instance, produced from carbohydrate,
and, subsequently, in the growth of the seedling, reconverted into
carbohydrate.

In the animal kingdom fat is, without question, prodoced npon a
very extensive scale from the carbohydrates. The animal system
constitutes, i fact, a laboratory wherein the capacity exists for con-
verting carbohydrate matter into fat. In the mileh cow, in the
fattening of animals for the table, and in the production of the joie
gras in the Strasburg goose, we have instances of the extensive
operation of the process, and I need not dwell further npon the
question of fact, but will proceed to consider that of where and how
the change is brought about.

The ferments of the digestive system place the carbohydrate matter

® ¢ Lectures on the Physiology of Plants,! by Julius von Sachs. Translaied by
H. Marsghall Ward, p. 323: Clarerdon Press, Oxford, 1857.
t+ Loc. cif., p. 384
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of our food in a soluble state, if not already existing so. The small
intestine is the part of the alimentary tract where absorption of
the nutrient matter specially occurs, and, here, the carbohydrate is
intimately intermixed with the product of digestion of nitrogenous
matter. Thus prepared, the earbohydrate product falls, in the
process of absorption, within the sphere of influence of living proto-
plasm represented by the cells investing the villi. These eells are
recognised as the agents concerned in the absorption of fat, but no
thought appears to have been given to them as transformers of
carbohydrate into fat, although, if we bestow attention to the matter,
evidence is seen to be forthcoming suggesting that they, in reality,
fulfil this funetion.

It is well known that after food rich in fatty matter the lacteals are
charged with milky chyle, that the cells of the villi are more or less
loaded with fat, and that fat globules pass from these cells throngh
the centre of the villus to reach the enrrent in the lacteal system.

Observation conducted npon the vegetable feeder after the inges-
tion of food rich in carbohydrate matter and poor in fat reveals the
existence of a precisely similar state of things. On taking, for
instance, a rabbit abont four hounrs after a meal of oats, killing i,
and opening the abdomen, coils of the small intestine are seen,
especially after a few minutes’ exposure, to present a white opaque
appearance, with milky streaks or lines upon the surface, due to flow
of chyle beneath the peritonenm ; and the lacteals of the mesentery,
owing to the milky character of their contents, are conspicuously
visible. The receptaculum chyli is also, from the same ecause, readily
perceptible, and, if cut into, gives exit to a strongly milky fluid. On
the intestine being laid open, a more or less densely white condition
of the internal surface presents itself to view, due to the extent to
which the mucous membrane is charged with fat, and the villi stand
out as opague projections.

In order that the condition deseribed may be satisfactorily visible, it
is necessary that favourable circnmstances should exist. The animal
itself must be in a good healthy state. The food must be of a natural
kind and sufficiently rich in farinaceous constituents. Moistened
oats, in the case of rabbits, have yielded the most marked results.
After fasting, with unfavourable food, and in ill-conditioned animals
the appearance strikingly differs. The intestine is transparent and
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watery, and the lacteals are not perceptible. Between this condition
and that in which the lacteals are fully injected, any intermediate
degree of milky character may, of course, be perceptible.

From the appearances presented, then, to the naked eye, it is learnt
that nnder snitable food, rich in starchy matter, the same passage of
fat throngh the lacteals oceurs as after feeding directly with fat. Tt
seems to me impossible that the quantity of fat observed to be thus
entering the system could be derived from that contained in a free
state in the food. Amnalysis of the oats consumed in my experiments
placed the amonnt of fat present at 5 per cent., which agrees with the
estimations made by others.

Upon the facts before us, the following train of reasoning may, I
am of opinion, be legitimately set forth. We know, upon irrefutable
grounds, that the eapacity of producing fat from carbohydrate matter
exists within the animal system, and must be extensively in opera-
tion. The intestine constitutes the main seat of preparation of
carbohydrate matter for absorption and subsequent utilisation, and
from the intestine we find fatty matter flowing into the system
through the lacteals, which cannot be adequately accounted for,
except on the hypothesis of its origin from the carbohydrate matter
of the food. Indisputably, the formation of fat takes place some-
where in the system, and there is mno situation more propitionsly
circnmstanced to meet all the requirements of the problem than the
intestinal villi. Moreover, with the seat of formation in this position,
the introduction of fat into the system as a production from carbo-
hydrate food, is brought into conformity with its direct introduetion,
preformed, from withont. In the one case, the fat is simply absorbed,
and reaches the lacteals; in the other, it is produced by assimilation
from earbohydrate matter, and then similarly reaches the lacteals.

If we now pursne the matter further, and give attention to the
villi, it will be seen that support is afforded to the view that has been
advanced.

It may be confidently assumed that it is through the operation of
protoplasmic action that the transformation is effected. For many
years I have been acquainted with the fact that the lacteals are well
charged, as above deseribed, with milky chyle after the ingestion of
carbo-hydrate food ; but it did not ocenr to me, until recently, that it
was permissible to look to the villi as constituting the seat of the pro-
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duction of fat from earbohydrate matter. I had thought that the
most likely position for the transformation was in the liver, and,
donbtless, as stands in accord with general opinion, the liver possesses
the power of exerting more or less effect in this direction. Buf,
looking to the liver as the special seat of transformation, there came
the question of how the fat reached the system. I sought for it in
the hepatic vein, and took into account the possibility of its reaching
the intestine under the form of the resinoid coustituents of the bile.
After conducting an extended enquiry into the matter, I failed to
obtain evidence reconcilable with the carbohydrate matter of the
food being further than to a partial extent disposed of by the agency
of the liver. I learnt nothing satisfactory abont fat reaching the
hepatic vein, and, with respect to the bile, the information obtained
failed to sufficiently give the explanation needed.

It was upwards of twenty years ago that my experiments were
conducted. Through the medium of a biliary fistula I collected the
bile, and estimated the amount of solid matter passing from the liver
to the intestine, under various conditions as regards ingesta. The
outcome of the results was quite inadequate to account for the fat
manifestly produced in the system from the carbohydrates of the
food. T saw sufficient to lead me to the opinion that some, if not all,
of the fat produced in the liver cells is metamorphosed into resinoid
biliary prineiples, and, in this form, transmitted to the alimentary
canal. Here indications presented themselves of the ocenrrence of
re-conversion into, and subsequent absorption by the wvilli as, fat.
The effect of the acid ehyme escaping from the stomach is to throw
down the glycocholic acid of the bile when the two arrive in contact.
An emulsion-like product is formed, from which it has appeared to
me that milky chyle has arisen. Further, nnder certain circum-
stances, I have witnessed in the strictly fasting dog the lacteals
coming from a limited portion of the intestine to be charged with
milky chyle, and the interior of this limited portion to contain a
coloured bilious fluid, from which other parts were free.

Such was the unsettled position in which the matter formerly
stood. A new light has been thrown upon it by the issue of recent

enquiry. We look to protoplasm as the agent for effecting the trans-
formation. But protoplasm administers to various offices. In some
instances its special purpose is to produce secretions of different
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kinds, in others it may be designed to undergo metamorphosis into
textural elements endowed with particular functional attributes,
Assimilative power over food principles may be looked npon as con-
stituting its most primitive capacity, and, as regards this capacity, it
is possible that it does not become annulled when other functions
are fulfilled. Ewvidence, at all events, is adducible :-thnl.{ing in sup-
port of this view.

The protoplasm of the cells of the villi may be regarded as speci-
ally intended for the performance of assimilative action. If we
study the villi microscopically the appearances seen after the inges-
tion of food and at a period of fasting are very different. In the
fasting state they are covered with a layer of closely set columnar
eells provided with nuclei and granular contents. Here and there
cells may be discovered containing a few fat particles, but nothing
beyond this in the direction of fat is discernible. The appearance
presented by the cells is delineated in one of the sketches on p. 253,
At a period of digestion numbers of cells beeome more or less loaded
with fat, as shown in the other sketch on the page. Of those which
become thus charged, many present a much altered form. The
columnar character, it is trone, predominates, but the columns are
thicker and shorter. Often the cells are conical or pear-shaped.
Sometimes they ave spheroidal, looking in this state very muoch like
fat-containing cells derived from the liver. Speaking of this re-
gsemblance, the cells of the liver, indeed, appear to play a supple-
mentary part in the formation of fat from carbohydrate fo that
played by the cells of the villi, assimilating the carbohydrate matter
which escapes being assimilated in the villi, and which, as a result,
is permitted to reach the portal blood. Itis interesting to notice that
both in the case of the lacteal and the vasecular system a second line
of protoplasmic matter, consisting of the lymph cells of the absorbent
elands, on the one hand, and the cells of the liver on the other, has
to be passed before the general circulation is arrived at,

I do not see that any other conclusion is permissible than that in
the cells depicted, from villi of the rabbit fed upon oats, the fatty
matter was the product of the influence of protoplasm upon the earbo-
hydrate matter ingested. Looked at in their entirvety, the points before
us stand thus. Beyond all question, as previounsly stated, the produec-
tion of fat largely takes place within the animal system from carbo-
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hydrate. After carbohydrate food the lacteals are seen to be charged
with milky chyle in the same manner as occurs after the direct in-
gestion of fat. The protoplasmie cells of the villi intervene between
the carbohydrate material contained in the alimentary canal and
fatty chyle contained in the lacteals. These protoplasmic cells, in
the presence of carbohydrate food, ave found to become more or less
loaded with fat, which finds its way into the lacteal system. Within
the villus there is evidently a great protoplasm-generating capacity.
Besides the columnar epithelial layer, which, as I have before men-
tioned, at the time of assimilative activity assnmes, to a greater or
less extent, an altered character, a number of lymph or wandering
cells are to be seen. The two lie in close juxtaposition, and probably
both contribute towards rendering the villi richly provided with
protoplasm, propitiously placed for exerting an assimilative action on
the food principles prepared by digestion for service in the system.

At pp. 254, 255, 256, and 257, photo-engravings of micro-photo-
graphs are furnished, vepresenting the villi in section, after fasting
and after the ingestion of oats. The intestine was in each case
subjected to the usnal treatment with osmic acid for staining and
bringing into view the fat, and then embedded in parafin for the
section eutting. Preparatory to mounting in Canada balsam the
sections were faintly tinted with hematoxylin. After fasting, no
appearance of fat is presented, whilst, after the ingestion of oats, not
only is black stained fat visible in parts of the epithelial layer, but
likewise coursing along in the centre of the villus, just as is per-
ceptible after the direct ingestion of fat. Thus the channel of actual
entry of fat into the system is shown to be the same whether the fat
is directly ingested or, on the other hand, produced from carbo-
hydrate food. In the one case the protoplasm of the villi takes the
fat preformed; in the other it forms it from carbohydrate. In both,
the channel of entry is through the lacteals.
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Photo-engraving from sketch showing appearances presented by eells of villi from
a fasting rabbat.

Photo-engraving from shetch showing appearances prezented by cells of villi from
a rabbit killed four hours after having been fed with oats,
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Treated with osmic
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Villi in section, magnified 100 diameters, from rabbit killed four hours after having

been fed with oats. Treated with osmic acid, Blackened fat largely visible.
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Point of villus in section, u::ngujtird GO0 aimimelers, from Last i:ltg raubbit. Taken
from a portion of the sectivn represented at p. 264, No indication of fat.
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Point of villus in section, magnified 600 dinmeters, from rabhat killed four hours
after having been fed with ocats, Taken from a portion of the section repre-

sented at p. 255. Blackened fat displayed.
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The cells of the liver, as I kave intimated, probably supplement
those of the villi in produecing fat from the carbohydrate which
escapes disposal in the villi and reaches the portal vein as sugar, If
this be the case, we ought to find in the process of fattening with
carbohydrate food that the liver gives evidence of being involved to
a greater extent in the operation in question, where the villi and
lacteal system are less perfectly developed than under the opposite
condition. Now, this happens to accord with what is actually
observed. In the bird the villi are much less highiy developed than
they are in the mammal, and in the process of fattening (for the
production of the fuie gras) to which the Strasburg geese are
subjected the liver, as is known, attains enormous size from the
deposition of fat, In the mammal the case stands otherwise.
Many years ago I visited the slanghter-houses to which some of the
fat animals exhibited at the Christmas London Cattle show were
taken, and was struck with the healthy and fleshy-looking state of
the liver and the other abdominal organs. With efficiency on the
part of the villi, the liver would escape the tax of work that under
other circumstances would be thrown upon it.

I have for a long time held that what in the human subject is
spoken of as fatty degeneration of the liver is in reality the result of
conditions leading to excessive functional production of fat. Con-
ditions may exist attended with the ingestion of carbohydrate matter
beyond the capacity of the villi for disposing of it to the usnal
extent, and thus leave more than the ordinary amount for under-
going conversion into fat by the arency of the liver.

As rezards the mode of transformaticn, by protoplasmic action, of
carbohydrate into fat, I consider that it may be reasonably surmised
that the process is not a direct one, but one in which the produetion
of proteid plays an intermediate part. It has been pointed ont
(p. 240) that in the transmutation of carbohydrate matter to a lower
form of hydration in the vegetable organism, as, for instance, in the
deposition of fabric cellulose and storage starch, the weight of
evidence and probability is in the direction of its being effected by
entering, in the first instance, into the constitution of the proteid of
the protoplasm that is instrumental in bringing about the change,
and then being deposited in the altered form. Similarly, the proto-
plasmic matter of the cells of the villi may first lead to the incorpora-
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tion of the carbohydrate iuto proteid, from which, by cleavage, the
fat may be afterwards thrown off.

If we here paase for a moment to look af what is observed to oceur
elsewhere, it will be seen that there is nothing irrational in the view
that has been put forward.

According to the description that is given in physiological works
of the secretion of milk by the mammary gland, the alveoli are lined
with cells consisting of growing protoplasm, which undergoes meta-
bolic change so as to give rise to the appearance within its substance
of fat globules of various sizes that become discharged, and constitute
the fatty portion of the milk. Protoplasm exists to begin with, and
from this the elements of the milk are derived apparently, it may be
stated, by a process of splitting up. The cleavage of proteid may
give rise not only to the fat but likewise to the lactin and casein, and
in support of casein constituting a product, from the antecedent of
which carbohydrate has been cleaved, we have the fact, as T men.
tioned (p. 32) when speaking of the glucoside constitution of proteid
matter, that only an insignificant amount of cleavage carbohydrate is
obtainable from it by chemical means, compared with what is obtain-
able from albumin and other proteids.

Again, the same kind of deseription is employed for representing the
deposition of fat in the developmeunt of the adipose tissue of the body.
The deposition takes place in the cells belonging to the connective
tissne. These multiply and become charged with oil globules, which
grow larger and coalesce, until ultimately the cell consists of one large
spherical oil globule, the protoplasmic remains of the cell forming
a thin capsule arcund it. The protoplasm of the cell thus wisibly
becomes replaced by fat, which we are driven to look upon as split off
from the pre-existing proteid substance.

In the pecnliar disease known as myxcedema, which is attended
with an undue acenmulation of connective tissne conspicnously
infiltrated with a redundance of its proteid accompaniment—muein,
the idea, in view of the doctrine I am advocating, forces itself upon
the mind that the condition may be due to an imperfeet performance
of proteid cleavage and liberation of fat. The provinee of protoplasm
is to construet, whilst the effect of ferment action is to split up.
The redundance of connective tissue and mucin may be referable to
default existing in connection with the latter process. It may be, in the

5 2



260 AUTHOR'S CONCLUSIONS,

disease, that there is a want or deficiency of the proper ferment for
splitting off fat from proteid, and that the curative effect of the
thyroid extract treatment is attributable to the want being met by
introducing into the system the ferment derived from an external
source.

In the fatty degeneration of musele it may further be taken that
an allied cleavage of fat from proteid occurs. Although the special
object of the protoplasm may not be, as in the instances that
have been dealt with, to effect the formation of fat, the proteid—
indeed, the same may be said of tissue proteid anywhere existing—
may undergo dissoeiation with the liberation of fat when conditions
deviating from those which tend to the maintenance of a state of
integrity prevail.

From the train of reasoning before adduced (p. 245) the con-
clusion is dedueible that the actual souree of all fat is the primeordial
carbohydrate produced by the chlorophyll corpuscles of the vegetable
kingdom actuated by the power derived from the sun. Starting
with this earbohydrate, the operation of living protoplasm is needed
for its conversion into fat, and the first step of the process pre-
sumptively consists of incorporation into proteid. The step to follow
will be one of eleavage, and this may ensue cither at once, as, for
example, in the case of the villi, or subsequently, as in the case of
the mammary gland, the growth of adipose tissue, and the fatty
degeneration of museular and other structures.

There may be, it is trune, changes taking place within the living
system of an ordinary chemical nature, but the two mainsprings of
power determining the chemical metamorphoses of life are proto-
plasmic and ferment actions. The effects produced by these are
directly opposed. Whilst we witness as the result of the operation of
the one a synthesising or construetive effect, the effect of the other is
to dissever or split up. It is, doubtless, upon a delicately-adjusted
balance of these two operations that the play of changes belonging to
life depends. Assnming earbohydrate to have been appropriated by
the instrumentality of protoplasmic action to the construction of
proteid, we have a body to deal with from which either carbohydrate
or fat may be subsequently evolved according to the surrounding
determining conditions. The blood supply (embracing the state of
the blood which is influenced by that of the arteries through thkeir
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muscular coat governed by the nervons system) probably constitutes
a great factor in the determination of the result. At all events, con-
siderations, it will be seen, can be adduced, giving support to this
conjecture.

Observation, for instance, shows that the conditions conducive to
fat deposition are sluggish cireulation, deficient blood supply, and
deficiency of the red corpuscular element of the blood, all of which
tend to produce a deficiently-oxygenated state. The fattener of
animals knows that, with a given amount of fattening food, his ohject
is more speedily attained by keeping the animal in a state of guies-
cence, and, further, in a darkened place, the effect of which is to
favour escape from the temporary excitations of the vascular system
produced by nerve action. The more vegetative the life of the animal,
to a greater extent does it become a fruitful fat producer. Both fune-
tional fat prodnction from carbohydrate and fat cleavage from tissue
proteid are favoured. -

In illustration of the effect of deficient blood supply, and also of
deficiency of the red corpuscular element of the blood, in promoting
the cleavage of fat from proteid, I may refer to the fatty degeneration
of the muscular fibres of the heart which is observed as an accom-
paniment of ossification and other obstructive conditions affecting the
coronary arteries, and also of the morbid state known as idiopathic or
pernicious anwemia. The oceurrence of fatty degeneration—proteid
fat liberation—it may be added, under the circumstances named, is
nothing more thar a phenomenon standing in harmony with a recog-
nised pathological principle applicable to the tissues generally.

In advanced diabetes, proteid cleavage with the liberation of sugar,
instead of fat as in fatty degeneration, oceurs, and observation shows
that an opposite kind of blood influence prevails.

In mild forms of the affection, and in the early stage of the grave
class of case, the tissues do not suffer when the disease is held under
by appropriate dietetic management. Under these circumstances,
the only fault existing is a defective application or assimilation of the
carbohydrate matter ingested. That this is the case is proved by the
train of reasoning I will proceed to set forth.

The question presented for solution is whether protoplasmic assimi-
lative action is at fanlt, or whether assimilated carbohydrate 1s bronght
back into sugar by the operation of undue ferment influence. As the
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tissues, under the circumstances named, supply no evidence of being
implicated, the exercise of the undue ferment inflnence, if it exist,
must be located in the liver ; and, as is known, we bhave here trans-
muted sugar under the form of glycogen to deal with which, if
re-transformed into sugar by ferment action, would account for the
phenomenon we are considering. Now, should the result be attribut-
able to ferment action, sugar ought to be discharged with the urine
after the ingestion of limited as well as of larger amounts of carbo-
hydrate. The ferment wounld operate alike in each case, and lead to
sugar production equal to the extent of its power of action. But, in
the eases in question, carbohydrate can be ingested up to a certain
amount (the amount varying with, and remaining steady in, the
individual case) without being attended with the elimination of sngar.
There is the capacity of disposing of ingested carbohydrate matter
within the system up to a certain point without leading to its rum-
ning off as sugar. The only difference between such a case and the
healthy state is that the capacity is more limited in the one than it is
in the other, and we are driven to conclude that the fault muost con-
pist of an impairment of the power possessed by the system of
appropriating the carbohydrate, and preventing its escape from the
body as sugar,

I hold, as enunciated in this work, that protoplasmie action is the
agency by which the appropriation of earbohydrate matter 1s effected,
and that the agents of appropriation are the eells of the villi and of
the liver. Under normal circumstances, carbohydrate is not allowed
to pass these lines of stoppage. Conditions leading to its doing so
occasion saccharine urine, which stands proportionate in extent to
the amount of carbohydrate that escapes arrest, and is thus per-
mitted to reach the general circulation. All the facts disclosed by
experience bearing upon diabetes stand in conformity with this
assertion.

I have said that we must look to deficient protoplasmic action as
the source of the sugar which passes off as waste material from in-
gested carbohydrate. It cannot be conceived, however, that the
error 15 due to the protoplasm itself. This, it may be considered, is
endowed with an inherent power which, as long as it is in a living
state, it refains. For the due exercise, however, of this power proper
surrounding conditions are needed. The state of the blood I regard
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as a most important factor in relation to this matter. An unduly
oxygenated state can be demonstrated to constitnte a source of
saccharine urine; and, it is interesting to note, that carbonic oxide
and also, it is to be said, the nitrites—agents which, in each case, pro-
duce analogons compounds with hemoglobin to the oxygen com-
pound, oxyhsmoglobin—lead to the same resnlt. Now, enoogh
evidence exists fo show that an unduly oxygenated condition of the
blood, arising from vasomotor paralysis, and explicable by the in-
ereased fransit throngh the capillaries failing to permit de-arterialisa-
tion to the ordinary extent to oceur, actually exists in connection
with diabetes.

A vasomotor paralysis implieating only the vessels of the chylo-
poietic viscera may stand at the foundation of the form ef diabetes
limited to defective assimilation of ingested earbohydrate. The red,
or raw meat, appearance of the tongue, and it may be of the whole
interior of the mouth, including the fances and pharynx, that is some.
times seen, affords evidence of vasomotor paralysis of a more
extended kind, and in harmony constitutes, as experience shows,
an indication of severity. In cases oceurring in persons of ad-
vanced years, the disposition exists for the complaint to be confined
to a defective appropriation of ingested carbohydrate. In ecases, on
the other hand, occurring amongst young persons, whilst, as a rule,
defective appropriation of ingested carbohydrate constitutes the only
condition existing at first, the affection progresses, and, in the conrse
of time, sugar is eliminated beyond what can be accounted for by the
food, and is evidently in part derived from the tissues of the body.
The conditien which at one time only leads to a manifestation of
defective assimilation subsequently, on attaining a more advanced
stage, gives rise to dissolution of constructed proteid with the
cleavage of sugar, and thus produces the more intensified form of
disease that becomes developed.

It will be observed from what has been said that tlie cleavage of
fat and the cleavage of sugar from tissne proteids are associated
with opposite states of the contents of the vascular system. An
under-oxygenated state is noticed in association with the one, an
over-oxygenated state in association with the other. Probably the
processes of fat and carbohydrate cleavage are always being carried
on to a certain extent, the carbohydrate cleavage vesulting under
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natural cireumstances in glycogen and not sugar, and accounting
for the glycogen met with in varions textures,

Reading nature by the light of the evidence that has been set
forth, we learn that, as a vesult of the operations of life, carbohydrate
matter becomes (1) transmuted to a lower state of hydration, (2) ap-
plied to the production of proteid, and (3) transformed into fat.
Some other changes of minor import contributing to subsidiary
offices in the economy may take place, but I have no misgiving about
carbohydrate matter passing, in the main, in the directions named
for application to the purposes of life. Observers have hitherto been
looking for the acquirement of knowledge concerning the manner in
which carbohydrate matter becomes disposed of in the animal system
by the prosecution of research in the opposite line of inquiry. Fruit-
less results have attended, and, I am of opinion, are not likely to do
otherwise than continne to attend soch cfforts. From an abyss of
darkness, constituting the ountcome of research conducted in the
direction of change produced by ferment action and chemieal agents,
we are led, by research applied in the direction of protoplasmic action,
to a clear and intelligible position. Harmony exists thronghout, and
the whole thing can be epitomised so as to lie in a nutshell. By proto-
plasmic action carbohydrate matter, as observation teaches us, is dis-
posed of in a certain manner. If not disposed of in this manner, it
escapes from the system as nseless material, producing the condition
belonging to diabetes.
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