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In addition to these important operations many other
chemical changes doubtless go on in the liver cells which
we have not yet been able to follow out experimentally
because of the inherent difficulties of such invest i
the liver forms one of the most fragmentary chaptel
our knowledge of biologi chang Even in thos
stances of hepatic activity which have just been enumer-
ated, we know merely the end results because of the
erudeness of our methods of study, and are ignorant in
great measure of the links in the chemical chains of
transformation which oceur in the cell.

It may be pointed out that such important chemical
changes, as oceur in the liver, require a high state of ac-
tivity on the part of the liver cells, and hence it becomes
necessary that an extra stream of pure blood in abundant
quantity shall be supplied to the organ in addition to that
carried from the intestine, in which not merely has the
oxygen been I: ed upin the intestinal capillaries,

t also furthe tiation has resulted from the addition

rn constituents arising from intestinzl absorption.

Such a supply of pure blood is even more necessary in
the case of the liver than in that of the lungs to which
similarly in the body a large stream of venous blood is

ied, for in the first place the hepatic cells are more
physiologically active structures of a secretory type,
while the endothelial cells of the pulmonary alveoli carry
out a much more passive function, acting to a great
extent as physical membranes; and, in the second place,
the venous blood of the portal system is more heavily
charged with substances fore to the circulation and
capable of acting as protoplasmic poisons.

The liver is hence supplied with arterial blood by the
hepatic artery, and in addition the blood coming from the
area of absorption is diluted, so to speak, as regards the
products of absorption, by admixture with the splenic
blood. This is a function of the spleen which has not
hitherto been brought into prominen but it furnishes
an easy explanation of the peculiar position of the spleen
swith regard to the portal circulation, of the well-known
anatomical fact that the blood supply of the spleen is
much larger than the metabolic wants of that organ de-
mand, and also of the increased size of the spleen and of
the vigor of its thythmic contractions during the period
of digestion. By this anatomical arrangement of the
spleen and its vessels as an adjunct to the portal circuit,
a supply of blood which has not been materially vitiated
by metabolic changes can be directly mixed with the
portal blood coming from the intestinal area, before it is
sent on to the hepatic cells, for the interposition of the

ance of the splenic capillaries and splenic spaces
lowers the arterial pressure down to that of the portal
vein. On operative removal of the spleen compensation
probably takes place by means of an increased supply of
blood through the hepatic artery.

The chief experimental methods by which the functions
of the liver have been investigated are the following
Investigations of the chemical composition of the o
and of its secretion, the bile, under varying conditions.
2. Histological and microchemical examination of the
liver cells. 3. Comparative analyses of the blood in the
portal vein and hepatic vein as indica e :
which the blood has undergone in sing through the
liver. 4. Studies of the effects of excision of the liver in
certain animals, and also of short-circuiting it from the
portal circulation by means of an artificial fistula estab-
lished between the portal vein and inferior vena cava. 5.
Observations on the changes in substances added to
whipped blood as a result of perfusion through the
excised liver.

1. CreMmicAL Compositiox.—The liver tissue resem-
bles other tissues in being alkaline during life and turn-
ing acid after death, the acidity being usually ascribed to
the formation of sarcolactic acid. There is a certain
amount of rigor or post-mortem hardening always de-

veloped accompanying the change in reaction, but this
is not due to myosin formation since myosinogen is ab-
sent from the uncoagulated extracts of the fresh gland.
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The proteids of liver have been investigated by Plosz
and by Halliburton who found the following coaguiable
prr-m-i&ls present: (1) A proteid coagulating at 45° to 50° C.
which has all the usual prop of a globulin, and
is not probably intrinsic to the liver, being indistinguish-
able from the cell globulin of Halliburton, which is found
in most cellular tissues. (2) A nucleo-proteid which co-
agulatesat 60° to 7 and possesses most of the common
properties of the cl excepting that it is not readily
salted out of solution, and he the sodium chloride
precipitation method of Halliburton cannot be utilized
for its preparation. (3) A globulin coagulating at 70° C.
(4) Trac albumin.

In addition, the liver contains traces of gluco-proteids
which probably are derived from the connectiv
elements, and also, like other sues, traces of enz

It has been claimed by some that a very appreci
amount of an amylolytic enzyme is presenf, which has
been held responsible for the conversion of the liver gly-
cogen into dextrose (véde infra). but other observers deny
the existence of sufficient amounts of such an enzyme
to accomplish this function and
glycogen to the activity of the cell protoplasm.
~ Undoubtedly the most intere of the proteid bodies
of the liver, are those which contain iron, since it is the
presence of these in the liver substance, taken in con-
junction with the chemistry © the bile pigments, which
conclusively proves the important heematopoietic func-
tion exercised by the liver cell.

That practically all the iron contained in the liver cells
is present in some or ic form, is shown by the fact
that the tissue reacts to the ordinary res 1ts for inor-
sanic iron, such as potassium ferrocyanide or sulphoeya-
nide, only after treatment by an inorganic acid. such as
hydrochloric or sulphuric. The presence of iron may be
demonstrated either microchemically or by making ex-
tracts of the tissue with dilute hydrochloric acid.

There are two distinet types of organie iron-containing
compounds found in the liver. One of theseis in the form
of iron albuminates, which are characterized by the fact

compounds of albumin with irc
fact that they are practicall; ntical i i

with salts artificially preg by the action of o3
iron on alkali albumin. artificial compound
iron under the name of ferratins bave been introduced
into therapeutics, with the it that from their resem-
blance to the naturally occurr > iron albuminates of the
liver they would be prcbe more readily absorbed.
Such ready absorption from the intestine is claimed for
ch compounds, on, however, very dubious experimental
-ounds. There is a certain amount of evidence that if
hsmoglobin is under any stances built up from
such albuminates are found in the liver, it is only in-
termediately throt of iron compounds
found in the liv contain phosphorus in
their composition and bel 1e class of the nucleins.
Such iron-containing nuc re first demonstrated in
the liver by Zaleski, who, - the view that only one
such iron-containing nt present, applied to it
the name of “hepatin little doubt now. how-
ever, that several different i -containing nuclei
nt in the liver cells, and hence the name * heps
orved, would be better applied as a class name for
ns are distinguvished from
the iron albuminates by their behavior toward acid alco-
hol to which they yield up none of their iron: they also
are stained black by alkaline sulphides only after long
standing, and, in s t, are not simple salts of iron like
the albuminates, but #rue organic compounds of iron in
which that element is direetly united to carbon. It is
for this reason that the reactions proper to iron salts are
shown only when the nuclein molecule containing the
iron is disintegrated.
It has been shown by Bunge, and workers in his labor-
atory, that it is these iron-containing nucleins which are
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chiefly concerned in the manufacture of hsemoglobin in
the body, and he aceordingly terms them “ heematogens.”
This has been demonstrated by the hatching of eggs in
the yolk of which “hzmatogens” or iron-containing nu-
cleins are the only form of iron present and from which
alone the hseemoglobin present in the bird on hatching can
arise. The same has been shown by feeding new-born
mammals entirely upon yolk and iron-free food, and
also by analyzing the total iron in ingesta and egesta,
when the former contained iron only in the form of nu-
cleins; it has thus been shown that the iron-containing
nucleins or “Aematogens” are directly absorbable from
the intestine. It is hence supposed that the hsematogens
are absorbed, carried to the liver, and after undergoing

certain obscure metabolic changes in that organ are caT-
ried to the red marrow where they form, in the erythro-
cytes, building material for heemoglobin. (See article on
Blood, Formation of the, vol. ii., p. 19.)

The total quantity of iron in the liver is very variable,
averaging about 2 parts per 1,000. It is present in three
to four times as great quantity in the liver of the new-
born as in the full-grown animal, a reserve being so pro-
vided for the period during which milk is the only food,
because this is very deficient in iron. The quantity
stored in the liver is increased by any circumstance
which leads to destruction of red blood corpuscles, and
hence it is found to be very high in pernicious ansmia.

The bile pigments, from their close chemical relation-
ship to hzemoglobin, furnish another proof of theimpor-
tant part taken by the liver in the metamorphoses of

The liver is under normal conditions very rich in fats,
and in bodies of a phosphorized character containing fats,
such as lecithin and jecorin. Of these, the latter-named
body was first isolated from the liver by Drechsel, who
at that time thought it was exclusively found in that or-
gan, but it has since been identified by Baldi as a con-
stituent of spleen, muscle, and brain.

The total ether extract of liver is stated by Noel Paton
as five per cent. of the undried gland, which is equivalent
to twenty per cent. of the dried weight. Thisetherextract
contains according to the same author an amount of fatty
acid varying from forty to ninety per cent., and on anave-
rage the amount of fat unassociated with phosphorized

s may be placed at three per cent. of the fresh weight.
The amount is increased by feeding richly on either fats or
carbohydrates, and it is probable that on carbohydrate
feeding a fairly large percentage of glycogen is slowly
changed into fats by the action of the liver cells, and
later carried to the connective tissues, instead of being
converted into dextrose is usually taught, and then
discharged into the blood stream. The liver fats contain
less olein and hence have a higher melting point than
those found in other tissues. The

The amount of leci S
as much as 2.5 per cent. of the fr £
per cent. of the total solids; while cholesterin is very low,
averaging only 0.03 to 0.04 per cent. of the gland (Noel
Paton).

Jecorin is contained in the liver in considerable quan-
tity. It is closely allied in character to the protagons
found in the tissues of the central nervous system.

The carbohydrate contained in the liver when the organ
is examined in the fresh condition is present almost ex-
clusively in the form of glycogen or animal starch, a
body belonging to the group of polysaccharides:; but
when the liver is allowed to remain for some time before
examination, and especially if it be kept warm in the in-
terval, the glycogen is found to have been, wholly or in
part according to the percentage present, converted into
glucose.

The amount of glycogen present in fresh liver varies
within wide limits; by somewhat prolonged and exces-
sive feeding upon carbohydrates it may be raised as high
as seventeen per cent., and, asaresult of prolonged inani-
tion, it may be reduced to the merest traces. Itis formed

most readily from ingested carbohydrates, and under nor-
mal conditions it is probable that these are its chief if not
its only source; but it has been shown that, in the absence
of carbohydrates, a formation in the liver of glycogen
from proteid may occur if this form of food-stuff be fed
to the animal in excessiveamount. Thereis, on the other
hand, no clear experimental proof that it can be synthe-
tized in the liver cells from fats. ¥

Glycogenesis.—There have been many volumes written,
and much discussion waged as to the sources, uses, and
fate of the glycogen of the liver.

The simplest view is the one originally advanced by
Claude Bernard which gives expression to what is usu-
ally termed the glycogenic functiorn of the liver. This
theory is still advoeated in its entirety by many physi-
ological chemists, but others nowadays are beginning to
see reasons for modifying it to a certain extent.

According to this theory the glycogen of the liver
solely carries out the function of acting as a temporary
storage of excessive carbohydrate supplies. All the gly-
cogen arises from dextrose and it all passes back again
into dextrose; the effect of the backward and forward
transpositions being to maintain as nearly as possible a
constant percentage of dextrose in the circulating blood.
When the percentage of dextrose in the blood rises above
a certain normal level, amounting toabout 0.15 per cent.,
the excess of sugar acts as a stimulus to the liver cells
causing them to transform the circulating sugar into
glycogen and so keep down the percentage in the blood
to somewhere near the normal level. Onthe other hand,
when no sugar is being absorbed, and that contained in
the circulating blood is being gradually decreased by
oxidation processes going on in the tissues, then a
verse stimulus is given to the liver cells, which causes
them to change the stored-up insoluble glycogen into
soluble dextrose which passes out into the blood stream
and so tends to keep up the percentage, and send carbo-
hydrate nutriment to the other tissues of the body.

There is sufficient experimental evidence to prove to a
demonstratien that this is the primary, and probably the
most important, use of the glycogen storage in the liver;
but at the same time there is also convincing evidence
both that glycogen can be formed by the liver from other
sources than dextrose, and also that by no means all the
glycogen formed in the liver isTreconverted into dextrose,
for a certain amount is certainly converted into fats, and
a further portion isin all probability united with nitro-
genous organic substances, derived from partially disin-
tegrated proteid, to regenerate proteid once more.

The chief experimental evidences in favor of the glyeo-
genic function of the liver may be enumerated as follows:

1. The glycogen is most abundantly formed in the
liver cells when carbohydrate food is given, it is formed
in only small guantity on a liberal proteid diet, and is
probably never produced from fat; also the amount of
glycogen in the cells increases with the time which has
elapsed after a meal rich in carbohydrates.

2. The glycogen contained in the liver cells is after
death converted rapidly into dextrose, and such an ac-
tion is probably due to the exaggerated activity of the
asphyxiated and dying liver cells.

3. A similar disappearance of glycogen occurs during
a period of inanition, the amount which has disappeared
being proportional to the time which h apsed, and
during this period the amount of circulating dextrose is
kept up close to the normal value. Hence the most
probable explanation is that the blood is being contin-
uously supplied with dextrose from the stored-up glyco-
gen of the liver.

4. The kiduneys tolerate only a certain percentage of
dextrose in the circulating blood and commence to se-
crete urine containing dextrose when this low level of
about two parts per thousand is exceeded. Hence, did
the liver not store up the dextrose in some form, it would
reach the systemic circulation, and so the kidneys, and
be nearly all excreted in the urine and lost to the body.
That this is the true explanation of the prevention of
glycosuria after a carbohydrate meal is perhaps most
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