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a hzmochromogen 18 formed which slowly loses its iron, the

end-product being also hematoporphyrin.
It is evident that the integrity of the haemoglobin mole-
the quantity of secretion that the ad-

cule is dependent upon
renals supply to the bloo
molecule at a given time.

d, and also upon the condition of that
In other words, while the adrenals

may be supplying their normal proportion of secretion, the
hemoglobin molecule in the red corpuscles of venous hlood—
ie., blood about to return to the vena cava for a fresh sup-
ply—may be compared to that of blood during insufficiency.

Even as hamoglobin, the blood-pigment is loosely combined; -

when approaching the end of its systemic circle, it is still
nearer the state of disintegration—according to the activity of
- the oxidation processes which it has subserved. Starting from
the lungs as oxyhzmoglobin, it returns promptly to the heart as
hamoglobin or reduced hsmoglobin, ready to absorb at once
another supply of suprarenal secretion and, once in the lungs,
take up its oxygen.

Blood from the head, extremities, and other structures in
which the drain upen its resources has not been excessive Te-
turns such a molecule to the heart; it is still efficient as an
oxygen-carrier. But not so with the blood from any organ
directly connected with the digestive system. As is well known,
all the blood from the organs of the alimentary tract—stomach,
leen—is not returned to the heart
before it has been cabmitted to whatever action the liver may
have upon it; then only can it re-enter the circulation through
the hepatic veins, which carry the blood to the vena cava. But
not all the blood may thus be rejuvenated; some has gone
beyond ; it has, indeed, almost reached the state of hematopor-
phyrin, the last on the list of pigments, that which appears in the

most advanced stages of suprarenal insufficiency. We have seen

that hamatoporphyrin and bilirubin are similar; and, as is well

known, it is bilirubin which passes out with the bile.

A salient feature of the heemoglobin molecule is missing
here, however, namely: the iron. As stated, a reducing agent,
if used in the presence of oxygem, will reduce hemoglobin
the absence of oxygen; the primary product ie a hemochro-
mogen Wwhich gradually parts with its iron, leaving as end-

intestine, pancreas, and Sp
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Eiodfctdhmmatopor@yrin. As bilirubin and hzmatoporphyrin
bﬂz ;n :Isen;}?lly identical, the presence of the former in the
ust be the result of a similar i i
! . : process in the liver. Th
;1;3}1 ;sf t‘hv]f; .cahse. 1sﬂs}ustamed by considerable collateral evidencit
lc - " ey 2
s is the invulnerability of the hamoglobin mole-
StitutPar;t;loxical as this statement appears, it nevertheless con-
m elsb he key-stone of the entire edifice, since it is only when
inﬂr;:] acels thIatlthe molecule becomes the prey of disintegrating
: ’ \ave used the words “reducin > Sevaell
times; but the hamoglobi e Chse
globin molecule does mnot yield t ‘
H;Odelfatfly-strong reagents of this nature; infleed snle‘v ez
ft lWer u agent.-—-sul]phuric acid, for instance—will ,dissocyiate
th. in exemphﬁcath.l of the wonderful binding power which
pait ;upls'il"ielnal secretion must exert upon all its constituent
s. Still, we must not overlook the fact th idizi
substance in the blood-pl is identi vt
-plasma is identical to this bindin -
E(l);mfd. tlaldied,l I have accumulated so much testimony aﬁgrrioiilg
act that the plasma per se is a
. potent source of
rhhﬂe t'he r:ed corpuscles always played so secondary a igf;':‘:’ilg
e various intrinsic functional mechanism jally
: ( 8, especially those con-
;::gn:;i{ c:;fi lémifi'ulsr and glandular eleme;ts, that I have ;;):n
ude that the red disks are, after all
the blood-plasma : b el
: pack-mules, as it were, f ich i
draw, as needed, enou i i
: : gh oxidizing substance to maintain i
funct;jonal potentiality as previo::sly stated B
nder these circumstances vendl
: : we can readily see how th
i:am;)féol)m molee.ule, gra(?ua]ly deprived of its binding oxidi:
Eug fs z;lnce _duru.lg the inordinate metabolism which the tis-
-ac:isﬁ(t)‘ ts 1? dlldgesifnied organs undergo during their periods of
v, should yield more readily to dissociating i
- L3 . lnﬂ
i }113 evident that a molecule so weakened, thrfst muﬁﬁzfi
hc Sioz;s ‘thalt of the portal vein,—a vast sewer replete with
Eatyhin gogj:a vlvaste-products and deoxidized blood-cells, all
a plasma itself despoiled of its oxidizi ’
. ng sub
;;;hould soon become dissociated. Transported thfoughStg;C;’
y narrowing channels, the walls of whi i )
vhich, like all tissue
igjlr:yblabsorb any loose oxygen that it may contain, it musé
itably undergo the transformation of haamoglobin, refierred
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to, i.c., into the primary hamochromogen, which soon drops
its iron, leaving as end-product bilirubin.

We have here the identical process that occurs in the brain
or other structures when blood-clots are disorganized into
hematoidin preparatory to absorption. “The bile-pigments
originate from hemoglobin,” says Professor Howell; “this
origin was first indicated by the fact that in old blood-clots
or in extravasations there was found a crystalline product, the
so-called ‘hsmatoidin, which was undoubtedly derived from
heemoglobin, and which, upon more careful examination, was
» proved to be identical with bilirubin. This origin, which has
since been made probable by other reactions, is now universally
adopted.” That the influence of the suprarenal secretion rests
upon as solid a toundation is illustrated by the experiments
of Boinet, who found the blood of a large number of rats from
which he had removed the adrenals replete with “hematoidin.”

Mo trace the itinerary of the two products, iron and bili-
rubin, through the liver, naturally brings the hepatic cell
within the scope of our inquiry, since we have to account for
the transfer of the former to the bile and the return of the
iron to the general circulation.

The functional importance of iron in the hamoglobin
molecule is generally recognized. Yet, the pigments, when
geparated from it, are not unable to take up oxygen. Indeed,
we have ample evidence of this in the formule of the very
products’ of which bilirabin is the primary compound. Thus,
while bilirubin is CyeH N0y, biliverdin is C,H,,N,0,, and
the latter can readily be prepared artificially from the former
by oxidation. “It is supposed that, when the blood-corpuscles
go to pieces in the circulation,” says Howell, “the hamoglobin
is hrought to the liver, and then, under the influence of the
liver-cells, is converted into an iron-free compound: bilirubin
or biliverdin. It is very significant to find that the iron sepa-
rated by this means from the hemoglobin is, for the most part,
retained in the liver, a small-portion only being secreted in the
bile, It seems probable that the iron held back in the liver 18
again used in some way fo make new hemoglobin in the hema-

topoietic organs.” We have seen that it is not under the in-
fluence of the liver-cells, as now believed, that hemoglobin is dis-
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socioted: an important feature, since it removes the main ele-
ment of confusion from our path. Indeed, we can now‘ easily
a.ceount. for the retention of the greater part of bilirubin in Lthce
liver, since we have at our disposal all the constituents for the
synthetic production within the portal capillaries of the hepatic
lobule of new hamoglobin, and particularly oxidizing substanc-e‘
bl‘OE%lt there' by the terminals of the hepatic artery. :
n examining, on page 329, the illustration f m Piersol’s
work, Fhe distribution of the hepatic artery’s termii??aftfii?ltz
or eapﬂla‘ries will be found to be unusuald. Immediately abov;
thfe margin of the lobule—i.c., where the portal or inte;lobular
vein I’E)rea,ks up into the capillary net-work of the lobule—th
}1‘epat-1c arteriole may be seen to open info the portal capﬂlarvB
%he inference is obvious. The hepatic artery coming direct;@.
j_mm the cwlac axis, brings freshly oxidized blood,—i.e o-nidfz{
ing substance,—which, mizing freely in the narrow chrz.;m‘p.‘!s ;)f
tfhe lobule with the portal blood, at once groups biliﬂ;,zbin“rmd
iron, and'builds wp all the hemoglobin that the consiituém‘e
present (1.1fwludin-g what iron the splenic leucocytes and tfzo.g;
ff‘()’n"n:l the intestinal follicles have brought) allow. What bah
rubin caamo.t,l owing to deficiency of either of the other cmzst@:‘-
uents, (?e utilized, becomes an exeretory product; and with ﬂllm‘;
others it enters the hepatic CELL and is passed ;ut ffﬁlfh tf;e bﬁrfl
: That deficiency of oxidizing substance (adr_enoxidasej cé;l
increase the excretion of bilirubin has been repeatedly ghown
herein, .I may refer, for example, to the many f.érms of
s.mute Pmsoning and to the diseases attended with suprarenal
1B§uﬁic1enc3f in which there is increased excretion, either in the
urine or faces, of hamatoporphyrin, methemoglobin, urobilin
stercobilin, ete.: i.e., of some derivative of hmmoglobi,n. ,
. I have referred to the hepatic cell as a miI;i-ature sponge
?hl? comparison, due to Berdal, is especially warranted since;
Schiifer'* noted the existence, within this Ucell, of carialiculi

‘_whielh are .1'11 direct communication with the blood-capillaries
Having injected carmine gelatin into the portal vein, the col.
: 2

1(3)1'(3(1 subs'tan(.ze filled this vessel and its subdivigions, besides
he canaliculi, but no other structure. It may, therefore, be
T 2

1% Sehifer: Journal of Physiology, Jan. 31, 1902,

0o
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inferred, says Professor Schafer, “that the injection has passed

: ! . 5 .
directly from the blood-vessels into the liver-cells ; indeed, here
hat appear to be such direct commu-

and there one can see W : : i
nications” These can readily be seen in the annexed illustra

¢ion. He refers to the conclusion reached by Browicz,” based
normal and pathological, “that there? must
nutritive conals within the hepatic cells
th lobular capillaries”;
verified by injections.
ts for the direct transfer
along with other

on appearances,
exist a net-work of . .
which are in direct communication Wi
this he had not as yet, however,
Schiifer’s observation probably accounts 1
of the bilirubin to the biliary capillaries,

NG

THE

ROM THE PORTAL VEIN.
LIvERr OF RABBIT INJECTED F o

1
INTBCTION HAS PASSED INTO CANALICULI WITHIN THE L
cELLs. (B 4. Bchifer.)

products of oxidation,
J. W. and E. H. Fraser :
cellular passages communicating Wi
hepatic cells of frogs.
clude that one or more of the
previously referred arest the |
it is in this vacuole that bilirubin joins t
this vacuole is supplied with a canaliculu

15 Browicz: Bulletin de 1'Académie des Sciences de Cracovie, 1899.

i 7, W. and E. H. Fraser:
p. 240, 1895.

to which we will refer later on. Indeed,
15 gre also stated to have found intra-
th the blood-vessels in the
For the present it seems logical to con-
canaliculi may lead to the vacuole

to as nearest the bile-capillaries, and that
he bile. That even

s we have already

Journal of Anatomy and Physiology, vol. XXiX,
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seen; Kupffer found it to afford a direct channel between this
bile-reservoir and the bile-capillaries per se.

The Hepatic Tissues in their Relations to Bacteria.—A
prominent feature of the work so far done is the evidence
furnished that several physiological processes now ascribed to
the hepatic cell in no way involve this strueture, and that the
portal vein itself and the intercellular'™ capillaries are the seat
of several of these processes.

Before proceeding further, however, reference must be
made to the connection between bacteria and the normal liver.
I emphasize “normal” here, because I can thus simultaneously
lay stress upon a feature which plays a predominating réle in

* disease: 1.e., the fact that anatomically, as far as bacteria go,

there is mo direct normal connection between the digestive
system and this organ. The liver, in fact, is essentially a
physiological organ in the sense that it is mainly intended to
rid the system of waste-products and to economize others that
may again prove useful, by preparing them for reabsorption

- in the intestine.

We have seen that the venules of the villi allow iron-
pigment leucocytes to enter the mesenteric veins which carry
their blood to the portal. A depraved condition of all the
digestive structures—such as that induced by alcoholism, for
ingtance—can so lower the functional activity of these struct-
ures as to cause these venules to lose their normal turgescence
and afford passage to bacteria, alcohol in large doses being
known to impair metabolism. The intestinal venules under
these circumstances, surrounded by weakened protective struct-
ures, can well give passage to Adami’s cirrhosis bacillug, for
instance, or any other capable of coping with what prophylactic

conditions may still prevail. “The portal vein can transport
to the liver morbid germs from the intestinal surface,” says

Labadie-Lagrave. “One “of the best established pathogenic
connections of this kind is the influence exerted upon the de-
velopment of hepatitis by dysentery; although this relation-
ship is not constant, all observers have noted it. Phlebitis

1T We find it necessary to give the terminals of the portal this name in crder
to avold confusion; they contain blood from both the portal and hepatic chan-
nels, and in reality form part of both as extensions.—S.
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gtarting from an ulcerated area and directed toward an hepatic
focus has also been observed. When the primary portal struc-
tures are normal, transmission of the putrid material may oceur
through the lymphatics. While this fact seems admissible, it
has not been verified.” Again, pathological conditions of the
stomach, pancreas, Or spleen may supply the portal vein with
pathogenic elements. In the normal subject, however, the liver-
tissues per se are totally isolated anatomically from any of the
ctructures that come into contact with ezogenous bacteria, pre-
cigely as they are in other organs: the muscles, the heart, etc.
That its blood-stream affords protection from disease is un-
doubted, however, judging from the leucocytes that are con-
stantly entering the organ, and the perivascular lymphatic
channels, That the portal vein s also an important field for
the splitting of toxalbumins and their reduction to harmless
bodies we shall also see. But it seems quite clear that the liver
itself is not primarily a germ-killing organ, and that its at-
tributes are essentially chemical. This removes the hepatie
cell still further from the functions now attributed to it, and
suggests that the oxidizing substance in the lobular blood-
vessels may be the main source of the liver’s functional activity.

This brings us to the consideration of the functions in
which the oxidizing “substance in the blood-plasma acts as a
reagent. We have already reviewed, in this connection, the
synthesis of hemoglobin; we will now take up and consider
two equally important subjects: i.c., the origin of urea and the
conversion of sugar into glycogen.

Urea and its Formation—We will first analyze an experi-
ment by Schroder’® in which the liver was taken from & freshly-
killed dog and irrigated through its blood-vessels by a supply
of blood taken from another animal. Howell refers to this
experiment in the following words: “If the supply of blood
was taken from a fasting animal, then circulating it through
the isolated liver was not accompanied by any increase in the
amount of urea contained in it. If, on the contrary, the blood
was obtained from a well-fed dog, the amount of urea con-

18 Sohroder: Archiv fiir exper. Pathol. and Pharm., Bd. xv and xix, 1882
and 1885.
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tained in it was distinctly increased by passing it through
t‘lTe liver, thus indicating that the blood of an animal after
digestion contains something that the liver can convert to
urea.” :

: Considered from my standpoint, this experiment has an-
<')ther meaning. During digestion, especially after copious feed-
}ng, as stated above, the entire organism is, to a certain degree
11.1volved in the digestive process, as shown by the general Sensa:
qu (‘Jf heat often experienced after such & meal. As liver
intestines, pancreas, and spleen, even after gastric digestit)n.
%ms passed, are all operating together, the suprarenal activity
ig dm_lbtless enhanced. In other words, at such times the blood
contains either in its corpuscles or in its serum a more or less
J{narked increase of oxidizing substance. Conversely, the fast-
ing dog’s blood—especially if the fasting has been’proloncretl
—is really abnormal blood, in which the oxidizing substa;ce
ic unusually low, since suprarenal activity is depressed with
that of the rest of the tissues. We have also seen that, under
thege conditions, the tissues mevertheless continue to,absorb
their normal supply of oxygen, the blood being thus actively
depleted while insufficiently oxygenated. It seems clear, there-
fore, that the blood of the well-fed dog contained more’oxidiz-
ing substance than that of the fasting one.

That the injected blood taken from the well-fed animal
shm.ﬂd have been the source of the urea-forming substance is
unlikely. Since the liver alone receives alimentary waste-
products, it is only with blood from the portal vein that S:J.Ch
substances could have been obtained. This is not specified.
’l‘h? urea-forming agent must, therefore, have been in the
excised liver's portal channels, and the only available agenc
ca].;a})le of inducing the reactions involved appears to be thi
oxidizing substance. Experimental evidence may be adduced
to sh_ow that such is the case. T consider the blood of the
hepatlcl artery, as previously stated, as the source of supply of
tha‘omdizing substance, sinee it is directly derived from the
ceeliac axis. Stewart states that, “althouugh the portal vein

~ carries a much greater supply of blood than the hepatic artery

ligation of the latter causes a greater diminution in the ratio
of the amount of urea to the total nitrogen in the urine than
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ligation of the former. This seems to indicate that oxidation
plays an important parf in the formation of urea in the liver
(Doyon and Dufourt).”

That the substances thus oxidized reach the liver by the

portal vein peeds hardly to be emphasized. But Foster says:
“The introduction of even a gmall quantity of proteid mate-
rial into the alimentary canal at once increases the urea in the
urine, and in the curve of the discharge of urea in the twenty-
four hours each meal is followed by a conspicuous rise.
We have seen reason to think that the proteids of a meal are
absorbed mot by the lacteals, but by the portal blood-vessels,
and such bodies as leucin probably take the same course. This
being so, all these bodies pass through the liver and are sub-
jected to such influences as may be exerted by the hepatic
cells.”

Quch bodies of lencin—one of the main products of nitrog-
enous dissociation—naturally follow the same course. Drech-
sel has suggested that all bodies of this class—i.e., leucin,

tyrosin, glyeocoll, eto.—first undergo oxidation in the tissues, -

and that their ammonia and carbonic acid then combine syn-
thetically, forming ammonium carbamate, this, in turn, being
carried to the liver and there transformed into urea.

It is clear that these qmmonia compounds take the course
outlined by Foster: i.e., the venules of the villi, the mesenteric
veins, and finally the portal vein. That they undergo oxida-
tion in the blood of these vessels, however, is not likely, for
they contain probably the most watery blood of the organism,

and that most depleted of its oxygen.

Quite another field of activity is afforded, however, when
the hepatic lobule i veached ; here the ammonia compounds
meet the oxidizing substance brought by the hepatic artery’s
capillaries. Taking the ammonium compound referred to by
Drechsel, for example, the ceies of reactions outlined by him
seem to follow in normal sequence: 1. In the portal vem:
hydrolytic cleavage with the formation of amido-bodies, such a8
leucin, tyrosin, aspartic acid, glycocoll, ete. 9. Tn the hepatic-
Jobule capillaries and their oxidizing substance: oxidation,
with the formation of ammonia, carbonie acid, and water, fol-

lowed by the synthetic union of ammonia and carbonic acid,

UREA AND ITS FORMATION. 345

form:l.ng the carbamate of ammonium. This being dehydrated
urea is formed, as shown in the following equation :— ” :

NH,

C
O<owg,

NH
—H,0=C s
0=00< g’

That the conversion of ammonia compounds into urea does
occur in the liver is sustained by experimental physiolo \:
ﬁowell refers to the experiments of Schroder, in which ti‘;s
i (Ie‘monstrated as follows: “As further proof of the urea-
forming power of the liver, Schrider found that if ammonium
calébonate was added to the blood circulating through the liver
;;‘0 t?it fr‘om the 'fastir.lg as well as from the well-nourished
animal—a very decided increase in the urea always followed
It foﬂows, from the last experiment, that the liver-cells ar.
abh_% to convert carbonate of ammonium into urea TI'; :
actions may be expressed by the equation:— . b

(NH,),C0, —2H,0 = CON,H”

i fThe f(.)regomg fac’Fs, consi.dere(] collectively, indicate that
e ormat.lon of urea in the liver is probably accomplished in
iil:niollgwnflg manner, taking Drechsel’s series of react.ionq as
standar :
Sk t]-:])iS iiszajln:ferous ones of the same class that must
Granting that the nitrogenous bodies are absorbed by tl
verEules'of the intestinal villi and transmitted by the mes -
terie veins to the portal vein, the ramifications of wl.lich W‘;EE
then carry them to the hepatic lobules, the first reaction w uld
occur in the prelobular portal vessels: i.e., the nitro e‘-.nou Z::’o; '
would _undc’-.rgo hydrolysis, with the formation of a.ga-idessl o
aspartic acid, tyrosin, efc. The second reaction wﬁuhi ;:]{f:;

a8 soon as these bodies reached the pericellular capillaries

owing to the presence therein of the oxidizing substanc

plied by the terminal branches of the hepatic bsu‘ter\f' ine ZEP_

2;1;19, .fu.rf?z‘;r red;lction of these bodies by oxidation to ,rzm n:(;n'izr
nic acid, and water would occur in the ericellu-},’a" ' -,

gx;::s tzf rth.e .Zabule. The' thir(.l reaction wouzljd geen, llik;a?gfe

mt,h equire (‘011?1)'31"21’[.1"91}' inert surroundings: t.c., a fluid

charged with oxidizing substance as is the blood of th i
cellular capillaries. Such a medium we have, iﬂ all iikefih]i)zré-
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in the afferent venous channels, sinc? it .is very 1111‘1Pr10b551()3$

that any oxidizing substance, 80 precious in all p?fﬂo ogS; eis

functions—as 1 have now shown——shoul@ be was’gecf 11.1 ve 3

ultimately ending, via the hepatic veins, it the inferior ve ¢f
t fnvolved a preliminary formation o

cava. Hence, whether I . \ | e
an ammonic carbamate OF proceed to immediate synthesis,

appears as if the terminal reaction ending in the formation of
urea occurred in the efferent venous hepatie chm_mels.- i
The salient point of this geries of reactions 18 ’; e ?},e
that, contrary to the general belief, they all occur, no ’L;’L e
but in the blood-stream of the lob-ula_r capillaries.
this to be the case: It 18 clear that,
through the vessels of the organ,
it should appear as soon as, OT at least soon at’ter,v its c?;usatlgflel
agencies are ‘ntroduced in the portal system. \\lewxh reﬂc’s.
the quotation from Professor Foster’s text., in which 'de 8 }te:
«The introduction of even a small _quan.hty of proteid mal
rial into the alimentary canal at once increases the u?'ea,t;ln
the urine, and in the curve of the discharge of urea. in ee
twenty-four hours each meal is followed by a conspicuous TiS€,

hepatic cells,
The following facts show !
if urea is formed in transit

ote” When we consider that the entire circulato.rg' cm;ui’f
occupies but twenty-six seconds, the cause of the rapl afp a
ance of urea—heretofore unexplained—becomes appareht. .
When the role of the oxidizing substance 1n the pro }:}(}:
tion of urie acid from the alloxuric bases was analyzed in the

third chapter, uric acid was conside?ed as the elld-]é)l'()dll(;il: e:i
a series of reactions in which, according ’fo moder'n views, 1A11
toxie nuclein derivatives were converted into benign O;Zles. i
nitrogenous products being transferred to 'f.he porta sysre h;
it now seems clear that normally the rgactmn must oe;ut .
the intercellular capillaries of the hepatlm lo!aulles, and m\thlt
is when this oxidation process in the liver is inadequate tha
the so-called “uric-acid diathesis” symptoms occuf. As .';:11‘1‘8
acid leaves the organism, as does urea, by tl}e 111‘111@1,1 16_13
evident that we are again dealing with a function totally dis-

connected from the hepatic cell per se. Again, we have re-

] ; imination
y i ceding chapters, that the elimina
peatedly seen, In the pre g chap iy

of phosphoric acid was increased by the a e
e T
suprarenal, pituitary, and other organic extracts and by ¥
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drugs. As we have seen, increased excretion by the kidneys due
to drugs always coincides with suprarenal overactivity, hence
with enhanced oxidation. It thus becomes apparent that many
constituents of the urine, normal and abnormal, the origin of
which is obscure, are connected with variations in the oxidation
processes in the intercellular capillaries of the liver, caused by
corresponding fluctuations in the functional activity of the
adrenals.

Glycogen and its Formation.—Glycogen obviously removes
our inquiry from the arteriole to the hepatic cell, since this
organ is that in which it accumulates; but we must not lose
sight of the important fact that two processes are involved in
the analysis,—(1) the formation of the glycogen and (2) its con-
version into dextrose—and that the latter reactions must
occur in the vascular channels. Again, the first process seems
s¢c bound up with the formation of the bile that it becomes
necessary to consider this subject simultaneously to avoid repe-
tition.

The sponge-like construction of the hepatic cell due to its
vacuoles, the delicate canals deseribed by J. W. and E. H.
Fraser, Browicz, and Schifer, and, finally, the bile-collecting
vacuole, or vesicle, leading through its own canaliculi to the
perilobular bile-capillaries, does not appear to afford much
room for protoplasm capable of undergoing functional metaho-
lism, since this would have to he embodied in the partitions
separating all these cavities. Yet, were it otherwise, the
nucleus—often duplicated, particularly in herbivorous animals,
almost one-third in size that of the entire cell, and containing
nucleoli—would represent a useless structure. It seems evi-
dent, judging by the appearance of the cell as a whole, there-
fore, that the nucleus, which, as we have seen, is surrounded
by a thin limiting layer of protoplasm, must impart its energy
to this layer. This, in turn, being the central terminal of all

the partitions, which, along with the cell’s own pseudocovering,
are protoplasmic, the vacuoles become receptacles, as it were,
of the products of their walls.

Again, when we behold the minute canals so clearly shown
in Schifer’s illustration (shown on page 340) a direct commu-
nication with parts external to the cell is evident in several




