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and it seems clear that, if his carmine gelatin could

through these, s0 could an equally viscid substance,
As “no- injection

places,
penetrate
and with still greater ease, the blood-plasma.
in the intercellular bile-canaliculi nor in the perivascular lym-
phatics nor between the cells” could be detected, the penetra-
tion of the gelatin can hardly be aseribed to undue stress.

ffusion of carmine nor any staining

@T'here being,” also, “Do di
of the cells or nuclei by carmine,” the nucleo-mural net-work to
dent structure, circumserib-

which T refer must be an indepen
ing two kinds of cavities: the canals and the vacuoles. The ca-

nalg communicating with the exterior of the cell, they are prob-
ably the receiving cavities, while the vacuoles, their neighbors,
are the spaces in which the useful products of metabolism are
accumulated. The canals themselves, continuing until Kupf-
for’s vesicle is reached, would thus pour their excrefory con-
tents—bile and its various constituents—into this cavity, and
this, in turn, would convey them to the intercellular bile-capil-

laries through its own canals.
tion between the intereellular

Whether so direct a connec
capillaries and the bile-channels through the cell exists is a

point to be determined. Bile .nd the various bodies excreted .
with it would be vqided as are the intestinal contents, the
canalicular walls taking up certain elements, while physiolog-

jeal substances would be mixed with the substances in transit

for definite purposes.

The first question that suggests itself is the following :

Is glyeogen formed during the active functional activity of the
- liver (during digestion) or during its pussive state (between
meals) ? We have seen that the production of urea is increased
immediately after a meal ; we have evidence, therefore, that an
active state based upon increased oxidation processes must
prevail, and that it is during digestion that the substances out
of which glycogen is formed reach the liver, i.c., while the
oxidizing substance 1 present in the capillaries. This suggests
that the oxidizing substance must itself take part in the forma-
tion of glycogen, though perhaps indirectly,
elaboration of bile.
The main coloring constituent
previously considered as the product o

of bile, bilirubin, T have
f a reaction in the inter-

and also in the

GLYCOGEN AND ITS FORMATION. 549

Eﬂiul;rﬂ rfi?illl)aries. As such it is probably eliminated with the
ecause its high oxygen constituent pl i
‘ y b ‘ aces it bhe-
zond the thmzts of further oxidation. Yet we havlja in a;ot}}::r
component of bile, biliverdin, evide
‘ , evidence that some oxidizi
Esﬁcezs doccurstdurmg the passage of bilirubin through ljllli
, under certain circumstances,—perha i
; . . ps when more iz
ing zubstance is present,—for Howell says: “Biliverdin iosilz
pi(s)g II:o sta:n‘d fp b%lirul.)in in the relation of an oxidatifn
gﬂivmzi : B_‘lhrubm is given the formula, C,,H,N,0,, and
erdin, C1eH,sN,0,, the latter being prepared readil . from
pure \;pecmens of the former by oxidation.” e
/ith this evidence that oxidati .

_ . ation does play some 16l
of .the processes involved, it will facilitate my task to brile(i)ie
;Z\rr?r tlhe mutual rel‘ations of main biliary constituents. By
- ie - arger pr(.)portlon of these is made up of the bile acidsy
t;&m.e \]; .llthe §0d1um salts of cholic acid,—i.e., glycocholic an(i
iz.:;;cfoom acid. These are obtained from cholic acid derived

- Jrom sugars and fats (Voit). Now, Tappeiner®® f
i ). Now, appeiner'” found
vielded fatty acids on ozidati i
taurocholic and gl ic aci el 0
glycocholic acids are fatty aci 1
- ? : . v acids, this suggest
fit they become such during their passage through the hzbaiiS
cells and as the result of an oxidation process. e
becogiledxjnou}f pilz}llses of the process in the hepatic cells

; ear when the oxidizing substance ig inel
; clear w : uded as
of the 1I.lt1‘1n51(3 .factors involved. The blood-plasma :; (1):;112
5{01";&1 vein contributes the sugars and fats (along with t.he
]a;s e-pfoducts to b.e .excrete&), while the hepatic artery eﬁ -
Scteiiep asm? containing the oxidizing substance. All thrze

agents meeting in the canaliculi, a A
. . uli, a part of the su
izgmﬁfl:f ;ott}(ne} proportion of oxidizing substance preqefz)r
‘ e fat (if the proportion of oxidizing sub
abnormally reduced by supr il St
: y suprarenal insufficiency) a
into cholic acid. But, a R
; , a8 the blood also contains gl
: g reocoll
éflr(;}.)abiy tct;llagen-ca,rt1lage, mucin, connective tiﬂsie} ;Ed
atin-waste), glycocholic acid is formed e
blood likewise contains tauri B iy
lo : aurin (probably musele and ;
tigsue waste), taurocholic acid is formed. Just t-hep;ilrer)lsizrgé

oxidizing substance necessary heing supplied by the hepatic

18 4 7 At .
Tappener: Zeitschrift fiir Biologie, Bd. xii, S. 60, 1876
. » B. 60, 1876.
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« artery to each lobule, to properly regulate the functions in-
volved, only the required sugar is burnt by the oxidizing sub-
slance. The rest, under the influence of the nuclei of the
hepatic cells and the mural protoplasm of the latter, is con-
verted into glycogen and collected in the adjoining alveoll.

But we must also account for the elimination of the many
waste-products that are found in bile. An interesting feature
connected with these fatty acids is that they can combine
synthetically with other hodies, even with proteids, while they
are simultaneously able to emulsify the more insoluble soaps
and other fatty acids and thus insure their elimination. Again,
cholesterin, mainly derived from the white matter of the
cerebro-spinal axis and nerves (Flint), in which it occurs in
abundance (Foster), was formerly considered as a fatty sub-
stance capable of undergoing saponification, but it is now
classed among alcohols: the only aleohol that occurs in the
organism in a free state. This body is mot only soluble in
colutions of the biliary acids also, but it combines with acids,
including glycocholic acid. The importance of this fact appears

when it is recalled that insufficiency of glycocholic acid in this

connection—and also, perhaps, of oxidizing substance—is the
main source of gall-stones. The cholesterin being 2 constant
constituent of bile, when there is not enough glycocholic acid
present to take it up, it is precipitated in the gall-bladder and
there forms the calculi of which it is the main component.
Another body derived from nervous structures, but which, like
cholesterin, is to be found in other fluids, especially blood-
serum, is lecithin. This body, besides others not mentioned,
only occurs, however, in very limited proportions.

It is now evident that glycocholic acid and taurocholic
acid should be looked upon as functional acids, 0 the sense
that they are not only vehicles for waste-products of metabo-
Jism, but are also capable of submitting them to dissociating
reactions under the influence of the oxidizing substance. They
are sources of energy precisely as myosinogen appears to be a
source of energy, and capable of becoming factors of combus-
tion phenomena when in contact with the latter substance.
They are also truly physiological in the sense that they serve
to recover or economize those products which can again be

GLYCOGEN AND ITS FORMATION. 301
T

use i
decgﬂ]iygoz}iﬁoirganﬁm. Indeed, th.ey (or at least a part of their
e m(nmﬂmglr]l() ucts) | are again absorbed by the intestinal
e ?h ansl, passing through the venous channels
e thp | eremn and fransfer to the hepatic cells WhaE
thus have in ﬂfg cz}i;’ult; (133111‘11311 tol'ﬂtle el
s i aliculi two acids endowed wi
i;tanzzfuio af‘imltlei and an active reagent, the oxidizinz Vs‘ulgj
nectea, 5 00@ fo'r the processes of a chemical nature con-
Ofw1 the functions of the hepatic cell. L
contromrclzuieét j,jl 311;9; ;v;ﬁve: th; necessity of showing, as a
ent. The following lines by 1]IE’CI’(ffe(s)ss01?0 gixl:rmon' - E}ISO s
;lauje;l Ser;iﬁmms 5 re'i‘erring to bile, he says: 212%‘11%‘]:53:21&0?223
held in hsu:hc;:jsij Bsglfjgin';’;?ughﬂwi"fﬂbl% Se il
‘ ion that it can : ith u
;gjfl;};;mp tW]‘chout the addition of acid. Tzz :fr::a(:jg :f’lt;;ﬁ
i uent serves as an indication of the extensive metab °
ges occurring in the liver-cells.” eﬂOhL
ep
referiﬁa% t‘;lhe el.eglnf?nt of mervous control implied when T
S bg ogl 1zing substance contributed by the hepatic
Sl shown. TiVe have seen that the vagus was the
o Iﬂ{EWiSurmgr; fl‘lnctlollf‘ﬂ activity of the stomach; that it'
T iSeSgoz-eim hepatic functions is obvions. That such
b o Whus ained by no lets.s an authority than Clande
. gre;test " }c]:m we owe the discovery of glycogen—one 6f
e 1egements—and whose conceptions have heen
S ined by all the labor bestowed upon them since
only found that the vagus was the predominating nerve;

in the liver, but that it i
Ty ) its section also suppressed its glycogenic

Th i
e fate of glycogen, its conversion into sugar for the use

My ysi
o ﬁe a?iijf;lf muscular functions led me to the deduction
e th 1 ; eIemeIEts contained a substance, myosino-
Stal;ce Gf, t,h " (1311 rought into contact with the oxidizing sub-
e i asma, be:ca.me the source of the muscle’s D‘;ﬂvork-
W; : lgy ‘mple evidence was afforded to show that
e dealing with an oxidation process, the intensity of vlvhi‘z}?
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was commensurate with the amount of blood that the- arterioles
ements. There seems to

supplied to the contractile tubular el

be considerable analogy between this process and that which
prevails
following words,
glycogen as the ma
of glycogen is not compl
currence in the muscles.

in the hepatic lobule. Howell alludes to this in the
which well recall the fact that we referred to
in constituent of myosinogen: “The history
ete without some reference to its oc-
Glycogen is, in fact, found in various

places in the body, and is widely distributed throughout the
in leucocytes, in the

animal kingdom, It occurs, for example,
placenta, in the rapidly-growing tissues of the embryo, and in

considerable abundance in the oyster and other mollusks. But

in our bodies and in those of the mammals generally the most
tside the liver, is in the

significant occurrence of glycogen, ou
voluntary muscles, of which glycogen forms 2 normal con-

stituent.”
The similarity between muscular and hepatic sources of

her emphasized when, in the following paragraph.

energy is furt
Howell says: “In accordance with the view given above of the

value of glycogen—namely: that it is a temporary
reserve-supply of carbohydrate material that may be rapidly
converted into sugar and oxidized,” with the liberation of en-
ergy—it is found that the supply of glycogen is greatly affected
by conditions ealling £or increased metabolism in the body.
Muscular exercise will quickly exhaust the gupply of muscle and
liver glyeogen provided it is mot renewed by new food. In a

gtarving animal glycogen will finally disappear, except perhaps
much sooner if

in traces; but this disappearance will oceur
the animal is made to use its muscles at the same time. It
has been shown also by Morat ard Dufourt that, if a muscle
has been made to contract vigorously, it will take up much
more sugar from an artificial supply of blood sent through it
than o similar muscle which has been resting; on the other
hand, it has been found that, if the merye of one leg is cut so
as to paralyze the muscles of that side of the body, the amount
i1l increase rapidly in these muscles as compared

general

of glycogen W

20 The italics are my OWI.
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with those of the other le
. g, that ha i
i ?nd e ve been contracting mean-
o igl:)ers; ff}ilcts cl.early indicate that oxidation processes are
sl e;’ erei)smce glycogen is a source of energy, intended
: , lor subsequent oxidation whe it is distri ,
s - rever it is distributed.
8 r remarks, in this connection: “
formerly believed that this : sl
: Y beli : sugar underwent an immedi
Ehres;cﬁ {L?K}datl()]l as it was circulating in the blood o alﬁ‘
lzasd cient flor us at the present to admit that th.e s.ur*;ar g
100.1':;1 luse of 1fn slome way or other.” Referring to the p?];y'sib
gical uses of glycogen, he also says: “Th i :
the deposition of gl i Tor el
glycogen 18 to afford a store, either
zrr‘ﬂlloc'al, of carbohydrate material, which can l:,)e packegez\?: ;
! ;n (})Jut CI{ﬂﬂ(:h trouble so long as it remains glycogen, but Whiclir
w]mne:ar rf}:m upon as a source of soluble cireula:ting sugar
: rer the needs of this or that tissue demand it.” TE b
e oxidizing substance has nothing to do with th " ;
i ¢ process is
T : ;
8 “}:;Stc;(zinvgsu)tl'l of f}llycogen nto sugar in the liver appears
8 netion, the carbohydrates havi
split into dextrose or dextr e s Ui
i ose and levulose in th
o e portal sys-
S:f;l : \Ktl}y they do m.)t merely pass on to the sevelial tisssgss
Ot.h ,-S range. But it soon becomes evident that, were it
kidirmse, i}u%ar would accumulate, then be excrete,d by th
eys, and lost, since there can onl i
y be a fixed and limi
(?Vi 02.0.2 per cent.) amount of sugar in the cireulationm;?d
ﬁehﬁ] : alfile. .Sot }?se}ful a substance is, therefore, stored aftei
hydration, in the hepatic cell as glycogen ’ i
suga% according to the needs of the oréanimi e
ascribé%nzersmn Of; the liver glycogen into dextrose is generall
g 0 a special ferment, thought to originate in the liveg
exper.he I;ah;r% IOdehiCh has remained undetermined The,i
nent of Claude Bernard, upon which thi e
R » upon which this view is mainly
g, as related by Stewart: “A i
% ‘ : rabbit, after
:ndmi%: ]c‘sa.rbohyd‘rate mf.:al—{)f carrots, for instance—is ,kiligcll
R dw;ar rapldlby. excised, cut into small pieces, and thrown
i tac1 tl}ll ate:i hoﬂmg water. After being boile’d for a fe
- 1d es e;l pieces of liver are rubbed up in a mortar and a a'W
: in
in the same water. The opalescent aqueous extrac{i is
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filtered off from the coagulated proteids. No sugar, or only
of it, is found in the extract, but another carhohydrate

fraces
—glycogen, an isomer of starch, giving a port-wine color with
by amylolytic

iodine and capable of ready conversion into sugar
ferments—is present in large amount, Again, the liver, after
the death of the animal, is left for a time in sitw, oT, if excised,
is kept at a temperature of 30° to 40° C. or for a longer period

" at a lower temperature; it is then treated exactly as before,
but no glycogen, Or comparatively little, can now be obtained
from it, although sugar (dextrose) 1s abundant. The infer-
ence plainly is that after death the hepatic glycogen is con-
verted into dextrose by some influence which 18 restrained or
destroyed by boiling. This influence may be due to an un-
formed ferment o to the direct action of the liver-cells, for both
unformed ferments and living tissue-elements are destroyed
at the temperature of boiling water.”

Another explanation suggests itself to me if, instead of a
ferment of hepatic origin, we hypothetically use one of ex-
ternal origin: In the first procedure immediate immersion In
boiling water destroyed the ferment which happened to be n
the blood-vessels, while, in the second, the ferment was given
time to act. The difference in the conclusions vouchsafed 18
simply this: 1o fhought being given to the blood-vessels, the
ferment could only be considered as of cellular origin. We
have seen how many functions aseribed to the hepatic cells
really belonged to the intercellular blood-stream ; this seems
to be an additional one.

Admitting that we are dealing with a ferment of external
origin, from which organ could we expect it to be derived?
Can we attribute the process to ferments from the salivary
glands or pancreas? If it is produced only by digestive fer-
ments,—i.c., amylolytic ferments poured out during digestion,
—why does glycosuria appear irrespective of any digestive
process when the foor of the fourth ventricle is punctired, as
shown by Claude Bernard? He also found that conversion of
glycogen into sugar was a continuous process, carried on to
cubserve the needs of the organism: a perfectly logical con=
clusion if the liver is really a storehouge for this substance.

Again, the quantity of sugar in the blood, as we have seed,
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Sr:;nzlfl, 1:1:};1:11: cox;stant. .How could we account for these feat-
L tr:@ tp?ro lem with ferments transmitted through the
mentfuzi?;te?gg;s t’;}l}l;lsdproigcedt‘i.e., from amylolytic fer-
igestive tract—do not seem to
;izi:os%r(t?e sugar produced by the supposed hepatic fermelzf
ferm;nt Ofe:(if' Foster says: "‘In the case of the -amylolytic
e Othlv.a, pancregtic ;uice, intestinal juice, and, in-
o c,h et er am-yloiytle animal fluids, the sugar into which
1l fai‘rcogen 18 c.onverted‘ i1s maltose. Now, the sugar
i a}t)ple a;t in the liver after death is dextrose, identical,
it 28 can at present be made out, with ordinary
re C(.Jmlect (11s eYldent thgt a,_ferment other than the amy-
kg tgt with the digestive process must be the active
the, intestmal it must reac}-’l 1.:he liver by a channel other than
- Simlla tract, the .wlh, ete. Again, it must be very
o l?.lear Jio the salivary and pancreatic amylolytic fer-
e c.an hardsia 11{93;‘3! g]gnds are so remote anatomically that °
e asyﬂ e considered; we are brought, therefore, to
e diast;; olillly‘organ W.hieh C(.)U.ld act as source of a
Lor e aving for its main function to convert
remoéjl sl;;)wgz}tl by von Mehring, Minkowski, and de Dominicis
b ¢ pancreas causes marked glycosuria, and thi;
iu Itsh: ;z}li::hzim t}le anin}:al be given carbohydrat;s or not
. ymptoms of diabetes mellitus appear,—name
mf.zreased flow of urine, considerable urea acefoie il
‘;7:)11111::? eznle)i }éunf}fr" emaciation, marked I;uscular ’Wic;l-{;eé;:%—t '
e ﬁf :1? in two to four weeks. Indeed, we are vivi:iljr
rey e suprarenal ‘glands, on ascertaining that graft-
g of a piece of pancreas in the abdomen or skin will arrest

¢ : ;
 the glycosuria, and that, if a small portion of the organ is left

the ill di

= g;r;itogzsf;vﬁl disappear. Again, whether carbohydrates

st Yob l?r not, the glycogen disappears from the

e y believe, from these experiments,” says Howell

L. t{))all(;lreasl produces a substance of some kind that is:

‘i e 00€1 or lymph, and ig either necessary for
al consumption of sugar in the body or else, as is

held by some, normall i
; A restrains the output of J
Y i p sugar from the
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liver and other sugar-producing tissues of the body. What
this material is and how it acts has not yet been determined

» That we are dealing with an internal secre-

satisfactorily.
tion is clear, and, such being the case, the secretion probably

passes out into the blood by the pancreatic vein, which “opens
into the splenic and mesenteric veins” As these open, in turn,
in the portal vein, the pancreas would then supply a special
ferment for the conversion of glycogen into a functional sugar.

It the foregoing symptoms are closely scrutinized, it soon
becomes apparent that the eunctions of the pancreas—as will
be shown in the next chapter—are far more important than is
generally believed. For the present, however, We will limit our
inquiry to the subject in point.

The fact that, notwithstanding the ingestion of ecarbo-
the glycogen will totally disappear from the liver is
A prominent function of the pancreas
ansform starches into malt-
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hydrates,
easily accounted for.
during intestinal digestion is to fr
ose, to insure absorption of this sugar. When the organ is
removed, therefore, its amylopsin is no longer furnished to the

intestinal contents, starches are mot properly converted, and
¢ hepatic lobule. The

The fact, however,
omenon suggests

the portal vein carries 1o maltose to th
production of glycegen, therefore, ceases.
that we can so easily account for this phen
that :—

1. The pancreas is the organ upon which all the preliminary
funclions connected with the formation of glycogen depend.

9. Its amylopsin converts slarches in the intestine to pre-
pare them for the elaboration of glycogen in the hepatic cell.

3. Tis internal secretion, supplied to the portal system by
way of the splenic vein, converts glycogen into dextrose.

That we are on the right path is suggested by a series of
eriments by Croftan in which the conversion of glye-
ogen into sugar was obtained by means of injections of supra-
renal extract: “Incomplete as these experiments are,” says
the author, “they reveal the fact that the injection of supra-
renal extract can cause the excretion of dextrose provided the

quantity injected is sufficiently large.

exp

Why in the case of one

7 Croftan: American Medicine, Jan. 18, 1902.
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* animal more must be given than in the case of another to pro

duc.e approximately.the same excretion is undecided and re-
:Sililsalto l;e de'terml.ned.” Dweiting upon the presence in the
iy 8 of a diastatic ferment, he states that “two possibilities
fazr presen't thf?mselves, viz.: either the suprarenals manu-
ﬂ]ztuirsefirdla;ta’;lc fflrment or they retain the diastatic ferment
med elsewhere in the body (paner i
when it is carried to them i e
: in the blood- or lymph- stream.”
2;1;; Iauthto; also refers to the investigations of F. I]?%lum ae :Illl-o
A 1fgglycoe ei.fec_ts of suprarenal extract empirically ”;discov’
surla in 22 out of 25 animals th , :
g _ s that he operated on.”
li';[gc ;:(’;e?})}:?tafmu lJtE)f the manner in which these ?nvestigators
Ir results is, of course, not that of i
as [ view the process, the oxidi ; e i
: : oxidizing substance '
active suprarenal age e
o geney as a compound of suprarenal secretion
whe,.?e ]f:irg dgaling with enhanced physiological activity some-
4 r(.)d ndee}i Croftan says: “In order that hyperglycosuria
bloo}é ucfi t e amount of sugar normally poured into the
i bmucs1 be 130r’eased, or the amount normally destroyed
e decreased.” That excessive activit i
cured by the injected extra e
et or by overstimulati
adrenals, both leadin i i phighte
. . g to total insufficiency, is sh
brief history of one of the ani it
e e animals: “The second rabbit di
m one hour and ten minutes; he e
' . ' 5 here some spasmodi
mvyolving chiefly the i/ i, it
posterior extremities d
Referring to two rabbits, i i e
efer: , Including the latter, t i
died in two hours and f it Rl
orty minutes and to “all others
> 5 t
;ﬁz:::;:ﬁ (;f .presently" (six, all told), he says: “Dextrose Owgz
ph.en 1 ; dm .the urmle' by its cupric-reducing powers and the
1 y f razin test; in one of the dogs in addition by eircum-
v};{;:rllliazi 101;ta;d geast fermentation. The substance exereted
i oubtedly dextrose. The amount
: : excreted would be f
g?{)}s ;::i: izebf‘ ex;c)llani)able by a splitting of the jecorin—lﬂ:
: ntioned above; it would not, more
: ; , over, be pos-
::},)]J:c fotr conmderrflble quantities of dextrose derived from Eﬁ?s
ource to appear in the urine for several days after the injec-

R

2 s
F. Blum: Deutsche_Archiv f. klin, Med., Oct. 31, 1901
Ry Y 3
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tion.” Excessive stimulation by a great increase of oxidizing
substance in the blood evidently occurred. As soon as the
extract was injected it was carried to the lungs, and lost its
individuality - immediately therein by taking up oOxygen. It
could no longer, therefore, act as a diastase.

The question now to decide is this: General stimulation
enhanced the production of an amylolytic ferment either by
the liver or by the pancreas. To which organ can we ascribe
this function? Since oxidation destroys sugar, & great excess
of oxidizing substance in the blood would burn sugar actively
on all sides and produce the opposite of glycosuria: i.0., ex-
cessive combustion and rapid disappearance of the liver gly-

- cogen through abnormal use of it in the other organs. But
here we have, as a result of a great increase of oxidizing sub-
stance in the blood, marked glycosuria, and that evidently
without preliminary feeding, since this fact is mot mentioned
by Croftan. As the oxidizing substance does not affect gly-

cogen, that of the liver could not be converted by it into sugar;

hence the excessive production of the latter can only be ac-
counted for by an equally excessive production of amylolytic

ferment. ]
Claude Bernard showed that conversion of glycogen into

sugar took place more rapidly when the blood was made to
traverse the liver with unusual speed. Yet he attributed the
formation of the ferment to the liver, having obtained it from
pulp rubbed up and treated with glycerin, after the liver had
been washed out so as to remove the vascular contents. But it
scems clear that injections by the portal vein will hardly deplete
the liver of every particle of the ferment in its minute lobular
capillaries, while reduction of ite substance to pulp and a three
days’ immersion in glycerin will dissolve all that contained in
the latter. When we consider how readily conversion can be
produced,—even by traces of soluble albumin, according to
Seegen,—it is evident that upon the addition of water to the
glycerin solution the very small proportion that may have re-
mained imprisoned in some of the lobules will suffice for the
conversion of glycogen.

One of Claude Bernard’s experiments seems to me to afford
proof that the amylolytic ferment reaches the liver through
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the portal vein. By ligating the latter vessel he created
Eﬁllateral clirculation, and shifted the portaI-bfood stream ints
e general circulation. Ten or 12
the_:n given to the animal, and sugar g;:??oesnoioszgaznwge
urine. In a normal dog, on the other hand, 50 to 80 :
had t? be administered before this result was obtaigzgml(]iis
Du;:;;.l-ﬂ). The absence of sugar in the latter animal’s urima:
?illll clﬂya s;zlgs li]l;ii quantitg'r of sugar had been ingested dis-
hat conversion of i
because its portal vein was open; i::tl8 tgiyz;ﬁf d?)nl};t Ovizurre(i
n?onve-rted .glycogen that passed into the wurine Eut ma?tm
1.¢., intestinal starch which had been submitted, to the : i
of the pancreas’s intestinal ferment,—i.c., amylopsin ;(f} 10'11
now couple the fact that conversion of liv:er-glyco%en.onl ”
curs v-vhen the.portal vein is free with Claude Bernard’gr gg:
;sie:vatmn that increased speed of the portal blood through the
dezll'. i;l;est ]::ilecffls;c;igfz: to be converted more rapidly, it seems
sion process is not due to an hepatic fer-
:;wnt, and that .the pancreas supplies, as an intemlgijz:itgjz
he ferment w{mch converts glycogen into dextrose. :
A perplexing feature of all this requires elucidation, h
ever. .If, as we have stated, the blood-plasma contafns g
ox1d1zmg substanc{e, why is the sugar not oxidized on its wzn
fo the. tlssfues of distribution? Armand Gautier® refers to th)r
investigations of Jaquet, which demonstrated thatt su :
mlfxed with blood eo.ntaining the oxidation ferment previoiilr:
;ei:derred to, and w.h1.0h we found to be of suprarenal ori in
.not become oxidized. He ascertained, however, that ot
adding to the blood a small quantity of fine pu]p’ of mHP(Im
lung, or ‘ff any other organ, the oxygen was absorbed U;i\_‘-’,
obnouf:]y indicates that dexztrose passes through the bloo-d wit:
Zt‘zt.bemg. destraged, and it ean only become ozidized after com:
wning with bodies produced by the organs to which it is di
tributed. ke
A chnera.l .Functa-.ons t?f the Liver, Spleen, and Pancreas.—All
he facts reviewed in this chapter suggest the following eoncl
gions as to the functions of the liver, spleen, and pafcre:sc'i

:M. Duval: Loe, eit., p. 378
; Armand Gautier: ‘““La Chimie de Ja Cellule Vivante," p. 98,
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1. The hepatic artery, owing to the ozidizing substance
(adrenoxidase) that its plasma contains and the mode of dis-
tribution of its terminal capillaries, supplies the exogenous
chemical energy which initiates and suslains all reactions in the
hepatic lobule that require 0zYygen.

9. The nervous supply of the liver is composed, first, of
torminal subdivisions of the vagus, which enhance the activity
of all its functions by causing dilation of the hepatic arferi-
oles; and, second, of terminal subdivisions of the sympathetic,
which, by causing constriction of these arterioles, reduce the
functional activity of the organ.

3. In the normal subject the liver 18 anatomically isolated
from structures that come into contact with bacteria, and pro-
tected against their intrusion by the bactericidal products of the
intestinal glands and follicles.

4. The capillaries of the hepatic lobules, owing to the ad-
mizture therein of the hepatic artery’s ozidizing substance
(adrenozidase) with the portal vein’s waste-laden blood, are the
seat of several functions now ascribed to the hepatic cell.

5. Blood-pigments and iron, derived from the intestine and
spleen, simultaneously penetrate the hepatic lobule, ana com-
bine with the adrenotidase therein to form hemoglobin. The
uncombined pigment is climinated with the bile as bilirubin.

6. Urea is the end-product of three successive reactions,
viz., (1) mitrogenous bodies are reduced to amides in the afferent
veins —mesenteric and portal; (2) the amides are dissociated
into ammonia, carbonic acid, and water by the ozidizing sub-
stance (adrenoxidase) in the hepatic lobule; (3) urea is formed
by synthesis in the efferent veins,—hepatic and vena cavd.

7. The hepatic cell contains, besides its vacuoles and nuclet,
numerous canaliculi (Schifer) and a vesicular vacuole which
opens into the bil’e-cnpfil!ari}zs by a canaliculus (Kupffer) ; the
canaliculi and the vesicular vacuole are probably connected.

8. Glycocholic acid and taurocholic acid are functional acids,
inasmuch as they dissociate and appropriate waste-products, and,
under the influence of the oxidizing substance, convert them into
excrementitious products in the canaliculi of the hepatic cells.

9. The waste-products so converted by the biliary acids and
the latter themselves, constituting bile, are transferred, along
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wf;it.h ot'her products for which the latter may serve as vehicle,—
blhrubt?z, .earthy salts, etc.,—to the vesicular vacuole of the c,e?l
{md' eliminated by the canaliculus that opens info the bilt’:-
capillaries.

10. The biliary acids, blood-pigments, iron, and other bodies

or any of their components, that may prove useful to the or-
ganism are, entirely or in part, reabsorbed by the intestinal
venules and returned to the portal circulation.
; 1.1. The sugars converted from intestinal foodstuffs in the
intestines are brought to the hepatic lobule with the portal blood
m.cdz penetrate the canaliculi with the latter and with the o:m':
dizing substance. During the bile-forming reaction the sugars
are dehydrated, and, probably with the assistance of the cellular
protoplasm, converted into glycogen. |

12, :’I’he liver glycogen is converted into dexirose by an
amyla?ytw ferment supplied by the pancreas as an internal
secretion, which enters the portal circulation by the splenic vein

13. Dextrose s distributed to the organs in which it 1'.5:
used as a source of energy by the blood, and only becomes vul-
ﬂj.erable to ozidation when combined with products of metabo-
hism furnished by those organs.




