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PREFACE.

Tar lectures which the author delivered last winter,
at King’s College, and which were published in the
Medical Times and Gazette in the Spring, and his paper
in the last volume of the Philosophical Transactions
form the basis of the present memoir.

Tt need hardly be said, that the great expense of illus-
trating his researches in the usual way would have
precluded the author from bringing them forward in a
separate form ; moreover, the sale of a work like the
present must necessarily be very small, as the subject can
only be interesting to a limited number of readers. Feel-
ing the necessity of illustrations, he determined, to
attempt, although against the advice of some, to take
photographs of his drawings. For the success which
has attended this effort he is mainly indebted to the
assistance and encouragement he has received from several
friends who are interested in photography.

The author sees great reason to hope that the plan
which has been adopted will be found of great practical
utility in illustrating scientific treatises, of which only a
few copies are required. In those cases, however, where
a considerable number is wanted, the expense of photo-
_ graphs would be much greater than that of engravings,
and the length of time required to print them forms a
considerable obstacle to their use on a large scale.

b



Vi PREFACE.

For the illustration of scientific subjects the necessary
exactness of photographs offers great advantages, and
some anatomical structures may be delineated far more
like nature in this manner than by engraving. The illus-
trations in the present volume must not be regarded, by
any means, as the most perfect which can be obtained ;
indeed, several which have since been made have caused
the author to become very dissatisfied with those pub-
lished, many of which were taken from diagrams rather
carelessly copied from his drawings. Lately some photo-
graphs have been taken directly from the original drawings
of specimens of diseased livers in every respect far superior
to any in the present volume. Some copies have also
been obtained from the objects themselves, which the
author hopes to publish at some future time.

In spite of the help and wvaluable instruction he
has received from many kind friends, especially from
Mr. Hardwich and from his friend and pupil, Mr. Julius
Pollock, the author can only look upon himself as a most
indifferent photographer, with a very few months’ expe-
rience ; and he feels that some apology is due from him
to those more skilful and experienced than himself, for
the wrong he has done their beautiful art, in bringing
forward some decidedly bad pictures in a photographic
point of view. These delineations may, nevertheless, be
sufficiently good to render his views upon the structure
of the liver intelligible ; for without illustrations, he fears
it would be almost impossible for any one to understand
his meaning.

Several of the best negatives were kindly taken by
Mr. Pollock.

The prints have been worked off in the author's
private laboratory.

It may be interesting here to give an account of the
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EXPLANATION OF THE FIGURES. X1

tained the tubes of the cell-containing network. A part of the eapillary network
is isolated at 5, and a portion of the cell-containing network at ¢. As the
portal capillaries converge towards the central part of the lobule, the meshes
of the network become elongated, as shown at f, and at length the capillary
vessels open directly into the small intralobular vein e, which carries the blood
away from the lobules, Numerous branches of the artery may be traced on
the left of the figure pursuing a somewhat tortuous course amongst the other
vessels at the cirenmference of the lobule, and with care a few small branches
may be followed which open at length into the portal capillaries near the
margin of the lobule, as shown at g. It will be observed that the diameter of
the smallest arterial branches is considerably less than that of the venous
capillaries into which they open. The branches of the duct may be known by
their epithelial lining, and may be followed amongst the divisions of the other
vessels passing into the lobule. The very narrow ducts are seen to be con-
tinuous with the tubular network in which the liver cells lie, The direct
continuity of the narrow efferent duct with the wide secreting tubular net-
work which contains the liver cells is shown at ¢ and in other situations, At
f a distinet interval is seen between the walls of the capillaries and the deli-
cate membrane composing the tubes of the cell-containing network, the meshes
of which, like those of the capillaries, become much elongated in this part of
the lobule. The liver cells situated near the margin of the lobule contain
many oil globules, which are not visible in those occupying a more central
position.

This drawing is to be regarded as a plan which embodies the results of
actual observations made upon many different specimens. It is supposed to
be magnified about 120 diameters.

Fig. 2.—Part of surface of an injected human liver, showing the manner
in which the vessels are distributed. The duct is not represented.
a. Artery, injected with vermilion, of which only two small branches
are represented,
4. Branches of the portal vein, injected with white lead.
¢. Branches of the hepatic vein, injected with lake,

The manner in which the porfal wvein, artery, and duet alternate with
branches of the /epatic vein is well seen. In the upper part of the figure, at d,
part of the capillary network of a lobule is represented. The two small white
vessels are branches of the artery, which are seen to open into the capillaries
near the portal surface of the lobule. The drawing was made with the aid of
the neutral tint glass reflector,

Magnified about 16 diameters.

Fig. 3.—Thin section of several lobules of the human liver, showing the
general arrangement of the ducts and branches of the portal vein, as they lie
in the interlobular fissures,

a. Branches of the portal vein, injected with white lead,

4. Small branches of intralobular vein, injected with lake. At e some
of the capillaries of the lobule are represented,

d. Branches of the duct, injected with Prussian blue, ramifying in the

interlobular fissures, and giving off but few branches in their course
towards the lobules.

The imperfect manner in which the lobules are mapped out in the human
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EXPLANATION OF THE FIGURES. X111

Fig. 12 .—Interlobular branches of vein, artery, and duct of pig's liver.
w. Portal vein, injected with chromate of lead.
5. Hepatie duct, injected with Prussian blue,
¢. Artery, injected with vermilion.
4. Small branch of the duct, which passes through the capsule of the
lobule, to be distributed in the interior.
Magnified 35 diameters.

Fig. 13.—Interlobular branches of the artery and duct of the pig’s liver.
e, Artery, injected with vermilion.
f. Duet, injected with Prussian blue.
Magnified 15 diameters.

Fig,, 14, —Distribution of interlobular duects to several adjacent lobules
upon the surface of pig's liver, the margins of which are shown by dotted
lines. At g, and in several other points of the preparation, the injection has
passed into the cell-containing network of the lobule, in consequence of which
the confused appearance, represented in the drawing, results.

Magnified about 16 diameters.

Fig_ 15.—Ducts with vasa aberrantia, injected with Prussian blue, from
the transverse fissure of the human liver.
Natural size.

Figs. 16, 17.—Ducts and vasa aberrantia from the transverse fissure of
the human liver.
Half the natural size.

Fig. 18,—Dilated portion of a duct, also from the transverse fissure, giving
off long atrajght branches, which pass off to the secreting structure. The
irregularity of outline of some of the larger branches of the duct in this
. situation is shown at e.

Magnified 8 diameters.

Fig. 19.—A part of fig. 16, magnified 4 diameters. The irregular branches
of the vasa aberrantia are seen in this figure anastomosing freely with each
other, and forming a lax network ; at e, the trunk gives off a smaller branch.
Branches are observed coming off from all parts of the circumference of the
larger ducts in this situation,

Fig, 20.—Interlobular duct with lateral appendages and irregular branched
ducts, or vasa aberrantia. The greater number of the lateral channels do not
project beyond the outer surface of the fibrous coat of the duct @. In the
human liver the orifices of these channels form a straight line on opposite
gides of the ducts.

6. A smaller branch with numnerous sacculi not projecting beyond the
fibrous coat ; as this branch becomes narrower and less sacculated
its coat is seen to become much thinner.

Figs. 21, 22, 23.—Portions of interlobular ducts.



XVl EXPLANATION OF THE FIGURES.

Flg'. 31.—Thin edge of a rabbit’s liver about the natural size, to show the
manner in which the portal canals and the kepatic venous canals alternate with
each other, a point well seen in this liver, as the course of the larger vessels
is comparatively straight.

The branches of the vein, artery, and duct are somewhat confused in the
photograph.

Fig. 32.—Tubes of the cell-containing network enormously distended with
injection, showing the extent to which this distension may be carried without
rupture.

Magnified 150 diameters.

Fig. 33.—Small ducts from the seal’s liver, injected with Prussian blue,
showing their continuity with the cell-containing network. A small branch
of the portal vein is shown in outline in the upper part of the figure, and in
the same situation the continuity of two small ducts with the tubes of the
cell-containing network is seen. In the lower part of the figure some of these
small ducts may be traced for a short distance into the lobule, before they

Join, or become continuous with, the tubes of the network. Injected with
Prussian blue,

Magnified 150 diameters.

Fig. 33a.—Liver cells from the rabbit, lying within tube of basement
membrane, which has been torn away with them. The walls of the tube
shrink very much where they are not kept apart by its contents,

Magnified 150 diameters.

Flg 34.—Portion of a small interlobular duect of the lamb, showing the
character of its epithelial lining. Some of the liver cells are also represented.
Magnified 200 diameters.

Fig. 35.—Interlobular duct and artery, from a small portal canal of the
cat.
Magnified 200 diameters,

Fig. 36.—A small branch of the hepatic vein from the seal. The con-
strictions are produced by a projection, into the interior, of the lining mem-
brane, which is surrounded at certain intervals by a narrow circular band of
muscular fibres, lying between the lining membrane and the external coat of
the vein. At the lower part of the figure is represented a portion of the cell-
containing network.

Magnified 200 diameters,

Fig. 37.—Interlobular duct with sacculi from the pig’s liver, injected with
Prussian blue. The sacculi are arranged entirely round the duct. Their
neck is not more than 1-5000th of an inch in diameter, The interrupted
lines indicate the fibrous coat of the duct.

. Small artery.
Magnified 20 diameters.

S




EXPLANATION OF THE FIGURES. xvil

Fig. 38.—O0ne of the parietal sacouli magnified 110 diameters, The epithe-
lial lining is shown, and has been forced to the lower part of its cavity by the

accumulation of the injection.
b. Wall of saceulus, extending a little beyond the outer coat of the

duet.

Fig. 39.—Interlobular duets with branches to cell-containing network of
the lobule, and a few parietal sacculi, from the human feetus about the ninth
month.

a. Cell-containing network of lobule,

¢. Anastomoses of some of the small branches of the duct as they lie in
the fibrous coat of the larger one. Injected with Prussian blue.

Magnified 20 diameters,

Fig, 40,—A preparation, similar to the last, from the feetal calf, showing
branches of duct passing to the secreting structure and parietal saceuli.
Injected with Prussian blue. :

a. Part of cell-containing network,
¢, Anastomoses between some of the finest branches of the duct.
Magnified 20 diameters.

Fig. 40a.—Interlobular ducts with fine branches to lobule from the human
fretus.

a. Anastomoses between finest branches,

b. Cell-containing network of lobule.

¢. Sacculi and branches in the fibrous coats of the duet, opening into
its eavity by a row of orifices on each side of the tube.

d. Small branch of portal vein, surrounded by a few branches of the
duct.

Magnified 25 diameters.

F]'_g. 41, —Thin section of a part of the margin of a lobule, with a portion
of the interlobular fissure, from the liver of a man forty-three years of age.
The liver cells have been rendered indistinct by the action of a weak solution
of soda, in which this preparation had been hardened.

a. The point where the ductal part of the tube becomes dilated into the
secreting portion which contains the liver cells.

b. Section of portal capillary.

¢. Section of small artery.

Magnified 150 diameters.

Fig, 43.—A similar specimen from the same liver which has been much
Aattened in consequence of having been subjected to great pressure between
the glasses.

e. Iipithelium within the finest branches of the duct.
Magnified 150 diameters.

Fig. 43.—Another preparation from the same liver, showing meshes of
cell-containing network.
g- Portion of finest duct flattened from pressure,
Magnified 150 diameters,





























































































2 MINUTE ANATOMY OF THE LIVER.
are taken into consideration, Some observers altogether object
to observations made wupon specimens which have under-
gone previous preparation, forgetting that water often exerts
a more powerful influence in altering the natural appearance
of the structure than many of the fluids to the use of which
they object. The alteration in the appearance of a structure
effected by the refractive power of the medium in which it is
immersed is often very great, and must be taken into consideration
in examining different textures. Thus, the same body presents
a very different appearance when examined in air, water, syrup,
oil, or Canada balsam, although neither of these media may have
any chemical action on the substance immersed in them. Again,
a delicate tubular membrane will entirely collapse in a limpid
fluid like water, while in syrup or glycerine it would retain its
original appearance. In the first case all tubular character would
be lost, while in the second, it would remain distinct. In the
present investigation it is important to consider these points.

Hardening the Liver—In order to show the minute ducts in
an uninjected specimen, it is necessary to harden the liver. This
hardening may be effected by placing small pieces in syrup for
some weeks, or in dilute aleohol to which a few drops of solution
of soda have been added. Of the value of this last mixture I
cannot speak too highly. No mode of preparation has afforded
me such satisfactory specimens, not only of the liver, but of many
other tissues, as the one referred to. The advantage of this
solution seems to depend upon the opposite action of the two
fluids. The alcohol precipitates albuminous compounds, and
renders them hard and opaque. The soda, on the other hand,
softens and dissolves them, rendering them transparent. In con-
junction, these operate in rendering the tissue quite hard and
transparent at the same time. T am still prosecuting experiments
with this flnid, TLarge preparations have been preserved in the
alkaline fluid with advantage. 1 have a beautiful preparation of
the feetus, about the fourteenth week, showing the ossification
of all the hones. The condition of those of the extremities is
particularly interesting. ~All the textures are perfectly trans-
parent, while the calcareous matter remains opaque.

In this manner the portion of liver is made perfectly hard, but



INJECTION OF THE DUCTS. 3

at the same time transparent. A thin section is to be made with
a very sharp, thin knife, then slightly washed and examined in
dilute alecohol or glycerine. In many of the sections thus pre-
pared, the appearances represented in some of the drawings in the
present volume were produced. The same suceess is by no means
always met with, and it is necessary to examine numerous speci-
mens treated in different ways. Some of my preparations were
obtained from the livers of animals in which the duct had been
tied some hours before death; and others were taken from organs
into the duct of which injection had been gradually forced until it
would contain no more. Small pieces were then hardened, and
examined after the lapse of some time.

But, although, in many instances, I was able to satisfy myself
' of the truth of the most important points which I have to bring
forward with regard to the arrangement of the minute duects, a
vast number of the preparations failed altogether, and T could not
demonstrate the arrangement in every liver which I tried, so that 1
was compelled to resort to new means of preparation. Injection I
had tried many times, and had only succeeded so far as consisted in
driving the bile into the small duets. I could not force the injec-
tion far enough. The injection usually only reached the surface
of the hepatic cell-containing network, and, in many instances,
accumulated at this point, in which cases, the appearance of a
duct terminating in a blind extremity was produced.

Method of Injecting the Ducts of the Liver, and the Hepatie
Cell-containing Network.—Although 1 felt certain of the correct-
ness of my observations upon uninjected specimens, it appeared to
be absolutely necessary to inject both the duets, and from these,
the cell-containing network, before their continuity could be
regarded as proved. The presence of the bile in the ducts always
prevented the passage of the injection into their most minute
ramifications, and no long eontinued pressure, which I applied by
means of a high column of fluid, or with a syringe, was sufficient
to force this bile through the thin walls of the duect, and give
place to my injection. A most imperfect injection or rupture was
the invariable result. After some time it oceurred to me to
endeavour in the first place to force out the bile by injecting the
vascular capillaries with water, and, to my great delight, in the
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§] MINUTE ANATOMY OF THE LIVER.

less.  After a time water only slightly tinged with blood will
escape from the hepatic vein, while at the same time almost pure
water will pass out from the gall duct. The force used must be
as gentle as possible, for otherwise some of the minute vessels
will be ruptured, and the preparation will not succeed. After the
vessels have been fully distended in this manner, the water is
allowed to escape from them, and the liver wrapped up in two
or three soft cloths, which will absorb much more of the water.
The cloths are to be changed when soddened with water. In the
course of from twelve to twenty-four hours, the liver will appear
shrivelled, and of a soft clayey consistence. It is now ready to be
injected from the duct. A mixture of about two-thirds water,
and one-third spirit, in which recently precipitated Prussian blue
1s suspended, 1s strained through two or three layers of the finest
muslin, and earefully injected into the duct, applying slight, but
gradually increased, pressure. The injection should be performed
with a small half-ounce or ounce syringe, or by pressure of the
fluid placed in a glass tube about four feet high.

As soon as the blue injection is seen at several points at the
circumference of the lobules, and more flmid cannot easily be
forced into the duct, 1t 1s better to wait a few hours, and then
inject a little more; but the injection of the duct must not be
pushed too far, for although in some places no colour whatever
18 to be seen, in other parts a good injection has, perhaps, been
effected. After the duct has been injected, the liver is again set
aside for a few hours in damp cloths, so that the superflaous fluid
may be absorbed.

Preparation of the Injection.—The Prussian blue is prepared in
the usual way, by adding gradually a solution of Ferrocyanide of
Potassium to a very dilute solution of Perchloride of Iron. The
mixture should be of a dark colour, but should contain no flocculi.
It should not deposit a precipitate even after it has been allowed
to stand for some time. Without care an abundant deposit of
Prussian blue is obtained, which does not flow well. The mixture
should have the appearance of a dark-blue solution, rather than of
a deposit held in suspension. The addition of a little spirit has

the advantage of hardening the delicate walls of the smaller ducts
as the injection passes into them, and thus preventing their



PREPARATION OF THE INJECTION. i
rupture. The great advantage of the Prussian blue arises fromn
the circumstance that the precipitate is so fine as to appear like a
solution ; but still the minute particles camnot be made to pass
through the basement membrane of the ducts.

The addition of glycerine to this fluid causes it to flow better.
The following is the composition of the injecting fluid which I
have been lately in the habit of using. It is well adapted for all
ordinary purposes of injection. Tt is used cold, and it does not
run out from the openings of the divided vessels when a thin
section is made—a disadvantage from which few injecting fluids
which can be used cold are free.

Glycerine o s 1 oz.
Wood Naphtha.... 14 drachm,
Spirits of Wine ... 1 oz.
Water ... 4 oz.
Ferrocyanide of Potassium ... P B 1
Tincture of Sesquichloride of Iron* ... 1 drachm.

The Ferrocyanide of Potassium is to be dissolved in an ounce of
the water, and the Tincture of Sesquichloride of Iron added to
another ounce. These solutions are to be mixed very gradually,
and well shaken in a hottle, fhe iron being added to the Ferro-
cyanide of Potassium. When thoroughly mixed these solutions
should produce a dark-blue mixture, in which no precipitate or
floceuli are observable,

The naphtha is to be mixed with the spirit ; and the glycerine,
and the remaining two ounces of the water added. It is important
to mix the solutions in the above order, for otherwise a dense pre-
cipitate and free floceuli which will not run well are formed.

Lastly, the colourless fluid is to be mixed gradually with the
Prussian blue, the whole being well agitated in a large bottle
during the admixture.

Injection of the Portal Vein and Hepatic Artery with plain Size.
—After the duct has been injected in the manner above referred
to, the liver is placed in warm water, and when it has become warm
through the portal vein and hepatic artery are to be injected with
fine size. If the injection of the duct has been well conduected,

* The Tinct. Ferri Sesquichlor. of the London Pharmacopeeia, commonly
known as Muriated TVncture of Tron, is recommended because it is a solution of
a persalt of Iron, which can always be readily obtained of uniform strength,
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14 MINUTE ANATOMY OF THE LIVER.

Lobules of the Pig’s Liver.—A lobule contains all the elements
of the liver. The entire organ is a collection of lobules. Every lobule
may be regarded as an elementary liver. The small liver of the
mouse differs from the large liver of the elephant in a certain
degree with respect to the size of the lobules, but enormously
with regard to their number.

Now, the lobule is most perfectly seen in the pig’s liver, and
also in that of the polar bear, according to Miiller, and in that of
the Octodon Cummingii (one of the Rodents), according to the
observations of Hyrtl ; and these livers, in their anatomical
arrangement, differ vastly from those of other animals with which
I am aequainted, as regards the separation of the lobules from
each other. With care, a portion of the liver of the pig may be
separated into a number of small roundish masses, like very small
peas. Each is invested with a firm, fibrons membrane of its own ;
and, if it be pressed strongly, it bursts, and its contents may be
squeezed out. Upon the surface of this lobule ramify small twigs
of the portal vein, hepatic artery, and hepalic duet ; many branches
from these perforate the capsule at various points, and are distri-
buted in the interior of the lobule.

The capsule of the lobule is composed of a variety of fibrous
tissue, The fibres are exceedingly delicate, and so arranged as to
surround small apertures, through which branches of the vessels
and duct pass to the interior. The capsules of adjacent lobules
are connected together by the branches of these vessels, and, in
many instances, by a small quantity of fibrous tissue.

Many observers deseribe the lobules of the pig’s liver as being
surrounded with an expansion of the capsule of Glisson, an
arrangement which is sanctioned by Koliiker, who considers
that the fibrous material forms partitions between the lobules
instead of forming a distinet and separate capsule to each lobule.
If a picce of fresh pig’s liver be injected with aleohol, to which a
few drops of a solution of soda have been added, from the portal
vein, and then the whole soaked in the same solution for a few
days until it has become hard, the lobules can be readily separated
in the manner above described. In very thin sections, from well
prepared specimens in which the vessels have been injected, the
separate outlines of the capsules of adjacent lobules may be dis-
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tinctly seen; there is an interval between them in which the
vessels lie. I have one or two preparations in which this point is
distinetly seen, figs. 11 and 14.

At one particular spot, and here only, a small twig of the
hepatic vein perforates the capsule, and receives on all sides the
capillaries from the interior of the lobule, which converge towards
this small central or intralobular vein. If the hepatic vein be
injected, and the lobules separated from each other to a great
extent, but left attached to the small branches of the vein, they
would seem to be arranged upon the terminal branches of the vein,
almost like leaves upon their leafstalk. In attempting partially
or completely to isolate the lobules from each other, the branches
of vessels distributed upon their surface are, of course, much torn,
since, in all instances, the vessels conducted to the lobules in the
portal canals (portal vein, hepatic artery, and hepatic duct) are
interlobular, that is, run between the lobules, and give off branches
to those among which they pass, as they pursue a somewhat tor-
tuous and irregular course. Such is the anatomical arrangement
and connexion with each other of the small circumseribed portions
of hepatic tissue of the liver of the pig and polar bear. The entire
organ is built up of a number of elementary masses connected
with each other, not by continuity of the capillary vessels, or
of the secreting structure of the lobule, but only by the vessels for
their supply, and by a little areolar tissue in which these vessels
ramify. This separation into lobules serves to give a certain com-
pactness to the entire organ as a whole, while at the same time it
allows great alteration in volume, and a certain mobility between
each of its elementary parts.

This arrangement in the pig’s liver would permit a certain
amount of separation and movement upon each other of the
different lobules, while it would also have the effect of preventing
undue engorgement and distension of any—a provision which,
from the habits of the pig, seems needed more than in the case of
any other animal. A pig’s liver will casily contain a quantity
of water equal to its own weight, which may be injected from the
portal vein; and its lateral and antero-posterior dimensions will
be increased as much as two inches each way ; while, although, by
using great force, almost as much fluid may be forced into the
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artery. The distension of the capillaries with blood in a moderate
degree would tend to force the bile towards the ducts, but if the
bile accumulated to an unusual extent in the smaller ducts, or
if it became so viscid that it would not flow readily through them;
or if the bile were prevented from escaping readily from the com-
mon duct, the free circulation of the blood through the capillaries
of the liver would be interfered with.

PORTAL CANALS.

The course which the portal canals take varies considerably,
being sometimes highly tortuous and irregular, and in other
instances so straight and even, that they appear to radiate from
the transverse fissure of the liver towards the circumference of the
lobes, in which case they are seen to alternate with the kepatic
venous canals. This point is shown in fig. 31, which is a repre-
sentation of the thin lobe of a rabbit’s liver, in which the portal
vein has been injected white, the artery red, and the duct dark
blue, while the branches of the hepatic vein are yellow. The
direction of the portal canals is also tolerably straight in the seal,
but less so in the pig. In sections of human liver, the smallest
channels seem to alternate in the manner described, and, as it
were, to interdigitate with the hepatic venous canals (fig. 2).
When the smaller trunks have been divided at right angles, a
small hepatic vein is seen to be surrounded by several branches of
the portal vein, artery, and duet, nearly equi-distant from it, and
a short distance from each other, as represented in fig. 3, in which
branches of the portal vein are marked @, and those of the hepatic
vein &. In the thickest part of the liver the course of the portal
canals is very tortuous, and a canal lies on many different planes
at different parts of its course. When the lobules of the pig are
divided, the hepatic vein is seen to be the centre of a space
bounded by twigs of the portal vein, artery, and duet, which
ramify upon the capsules of the lobules, and give off branches to the
interior, as shown in figs. 7, 10, 11. The disposition of the branches
of the portal vein is so regular, as to give the idea, when examined
by low powers or with the naked eye, of a complete venous ring,
in the centre of which is situated a branch of hepatic vein; but
this is shown to be a fallacious appearance, by the careful exami-
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CAUSE OF MAPPING OUT OF LOBULES. 23

ducts passing to the lobules are few in number, and have a short
and simple course. In the frog and newt, and in the class of
fishes generally, the markings are very indistinct, and there is no
regular arrangement of small ducts round portions of hepatic
tissue similar to that which exists in mammalia. In the uninjected
state, and without previous preparation, these small ducts are so
stretched and torn by manipulation that it is quite impossible to
distinguish the striated appearance which is produced from ordi-
nary fibrous tissue. The lines between the different lobules of
the human and other livers, seen by the unaided eye, are, in the
majority of cases, due to a difference between the cells at the sur-
face of the lobule close to the ducts, and those in the interior. In
the former situation the cells often contain many oil globules,
which are white by reflected light, and appear like a distinct
line of separation, while in the latter they frequently contain
colouring matter alone.

The small ducts which have been referred to in the last para-
graph have been represented in figs. 3, 4, and 5. Although nume-
rous branches have been successfully injected in the preparations
from which these drawings have been taken, I feel convinced that,
from an examination of such specimens alone, a very imperfect
idea can be formed of the vast number of these finest ducts exist-
ing in the interlobular fissures of a healthy liver.

In the human feetus, the separations into lobules are very dis-
tinetly marked, but the appearance is not due to the presence of a
fibrous capsule, or to the existence of a large guantity of fibrous
tissue; for in a well prepared specimen every portion of space
between one of the lobules, or spaces mapped out, and its neigh-
bour’s, ecan be seen to be occupied with branches of the vein,
artery, and duct, which may be injected. In such a preparation
the complete absence of any structure like fibrous tissue, is very
remarkable, .

The mapping-out is really produced by the different appear-
ance of the little elementary portions of liver which are made up
of the secreting elements of the gland, which are more or less
coloured, and the intervals between these, in which there are no
liver-cells, and which are colourless or nearly so. In these intervals
the portal vessels and duct reach the circumference of the lobules
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often be traced from the interlobular fissures into the lobule,
breaking up into capillaries as they go.

Manner in which the appearance of a Venous Ring is produced.
—In dried preparations, owing to the close approximation of
trunks which in the recent state had occupied very different
planes, an appearance as if the smaller trunks communicated with
each other, and thus encircled the lobule in a venous ring, is
undoubtedly produced. That such an appearance is fallacious is
proved by carefully examining well injected specimens in fluid.
For this purpose it is better to use a transparent injection, which
can be examined by transmitted light. Very rarely, however,
small branches of the vein do anastomose, but this communication
is quite exceptional, and a similar anastomosis even oceurs, some-
times between branches of the hepatic vein, as represented in
fiz. 6. The diagramatic representations of most authors would
lead to the conclusion that such an arrangement, in the case of
the portal vein, was constant, which is not the case.

The mode of distribution of the small branches of the portal
vein, in the human subject, is represented in figs. 3 and 4; in the
pig, figs. 10 and 12, and in the eel, fig. 54.

Arrangement of Venous Branches in the coats of the Gall-
bladder, Transverse Fissure, and larger Portal Canals.—In the
coats of the gall-bladder, in the transverse fissure, and in the large
portal canals of the human liver, there exists an infimate network
of veins, which pour their blood into the large branches of the
portal vein. The arrangement of these branches is peculiar and
exceedingly beautiful, especially in the gall-bladder, in the coats of
which there exists an abundant venous and arterial network.
Each branch of artery is accompanied by two branches of vein ;
and when these sets of vessels are injected with different colours, a
very beantiful appearance is produced. 1 have a preparation in
which the artery has been injected with vermilion, and the vein

with white lead.

HEPATIC ARTERY.

Branches to the Capsule.—Many branches of the artery pass to
the capsule of the liver, in which they ramify abundantly, form-
ing a network having large meshes. These capsular branches aud
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their anastomoses, are readily injected in the liver of the foetus or
child. They are beautifully scen upon the surface of the pig’s
liver, and encircle each individual lobule with a ring.

Branches in the Portal Canals.—Each branch of portal vein,
in the portal canals, is accompanied with at least one branch of
the hepatic artery, figs. 4, 5, 12, 28, 29, and frequently by two or
three which communicate with each other by anastomising
branches.

The artery gives off numerous branches in the portal canals.
The greater number of these are distributed upon the coats of the
ducts. The thick walls of the larger ducts are abundantly sup-
plied with arterial blood, fig. 9 ; but the smaller branches of the
duct, the coats of which are extremely delicate, pass through the
meshes of an arterial network, fiz. 8. In the pig this network
may be very readily demonstrated upon the surface of each lobule,
as represented in figs. 7 and 8, where it is only imperfectly
injected ; but in the human subject, and in mammalia generally,
the branches are less numerons, and are seen only in the inter-
lobular spaces; other branches supply the coats of the portal and
hepatic veins, The greater quantity of blood, after passing
through these small arteries, is collected by venous radicles, which
empty themselves into branches of the portal vein.

Branches which open into the Portal Capillaries of the Lobule.—
A certain proportion, however, of the blood is undoubtedly poured
into the capillaries of the lobule, as may be readily proved by injec-
tion with different colours. Some very small straight arterial
branches may be traced from the portal aspect of the lobule, or from
the interlobular fissures, for a short distance into the interior, where
they join the capillaries, near the portal surface of the lobule.

The whole of the arterial blood, therefore, which supplies
nutriment to the several structures of the liver, passes through the
capillaries of the lobule before it is returned to the heart, and no
doubt furnishes a small portion of the material from which the
bile is formed. The termination of some of the lobular branches
of the artery is represented in the frontispiece at g, in fig. 2
at d, and in fig. 7 at b, The hepatic artery was originally regarded
by Kiernan as one of the sources of the blood conveyed to the
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to ducts which had been injected with vermilion. Some very
large branched sacculi are represented at b; and at @, a small duct,
the walls of which are very thin, without sacculi in 1its coats.

In the human subject a somewhat different arrangement
occurs. Instead of being situated entirely round the tube, the
openings form two rows or lines, situated upon opposite sides of
the ducts. The greater number of these openings are, however,
the orifices, not of sacculi, like those in the pig, but of small
irregular tubes, which run obliquely for some distance in the
coats of the duct, and anastomose with each other (figs. 20, 21,
22, 23). Some of these branches leave the ducts, and anastomose
just outside the trunk from which they are given off.

Many of the small ducts, about the 1-80th of an inch in diame-
ter, have numerous ccecal pouches connected with them, arranged
pretty close together, gradually becoming shorter as the duct
becomes smaller (figs. 20, 23, ). The branches springing from
these ducts are composed of basement membrane only.

Vasa Aberrantia.—Irregular ducts with ccecal pouches are
very numerous in the transverse fissure of the liver, where they
form an intimate network connected with the larger branches of
the duct in this situation. These were described by Theile as
branching mucous glands, but were first noticed and named vase
aberrantic by Weber. Not only are the right and left hepatic
duets in the transverse fissure of the liver connected by vasa aber-
rantia, as Weber was the first to point out, but the anastomosing
ducts in this situation are so numerous, that they form a network,
which, in well-injected specimens, presents a very beautiful
appearance (figs. 15, to 19, and fig. 25). Through the interven-
tion of such branches, all the trunks in the transverse fissure
communicate with each other. In the larger portal canals, I
have demonstrated the existence of numerous ducts of a similar
character. In figs. 19 and 25, some of these beautiful ducts, with
their numerous follicular appendages, from the transverse fissure,
and at & (figs. 20 and 23) from portal canals, are represented,

Some observers, and, lately, Lereboullet, * have altogether
failed to demonstrate these curious networks. In every mo-

* Mém. sur la structure intime du foie et sur la nature de I'altération
connue sous le nom du foie gras. Paris, 1853,
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derately good injection of the ducts, they are seen in great
number, although it is not always easy to isolate them, in conse-
quence of the quantity of areolar tissue with which they are
surrounded. In order to inject them, it is necessary to foree out
the bile from the ducts in the first instanee, in the manner de-
scribed in Chapter I. It is, however, difficult to understand how
the smaller ducts of a liver could be successfully injected withont
these tubes being rendered sufficiently distinet.

These duets are imbedded in areolar tissue, which is abun-
dant in the parts where they are found. In the transverse fissure
of the adult, the ducts lie nearer to the hepatic substance than to
the coats of -the portal vein; but they can be easily removed,
without cutting into it. I have been able to trace straight
branches from the vasa aberrantia directly into the hepatic sub-
stance. The further course of these branches is that of an
ordinary duct.

In the feetus, these curious ducts are much less numerous;
their course is less tortuous, and they oceur in small patches, in
which the branches are seen to be very numerous, and the anas-
tomoses very frequent. The epithelium is more abundant, and
the cells large, and dark in colour ; so that the injection does not
run so readily as in the adult. The quantity of areolar tissue
about them is much less than in the adult. The vasa aberrantia
lie so close to the hepatic tissue, that it is almost impossible to
remove them without a thin layer of the latter, into which they
are prolonged at numerous points. There are, nevertheless, many
blind extremities connected with them.

Office of the Vasa Aberrantia and Sacculi.—The circumstances
which have been alluded to, appear to me to militate strongly
against the notion of the vasa aberrantia being modified, and
anastomosing mucous glands. They seem rather to point to the
ductal nature of these curious channels; and I think it not
improbable that they are really altered secreting tubes, and at
one time formed a part of the secreting structure of the liver.
As the portal vein becomes larger at the termination of intra-
uterine life, it is not unreasonable to suppose that the hepatic
tissue, close to it, would recede; and that the most superficial
portion would become so modified, as to be no longer adapted for

e
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secretion. The cells would become altered, the ducts shortened
and contorted, until a condition such as that above described
might at last be produced.

In the very thin edge of a horse’s liver, which was composed
principally of fibrous tissue, I have been enabled to trace the
gradual alteration of the ducts through many intermediate stages
to the ultimate complete disappearance of secreting cells, until at
length nothing remains but a branched tube without any cells in
the interior. The ducts, discovered by Mr. Kiernan in the trian-
gular ligament, in the pons hepatis, and in other situations, are
probably produced by a similar change.

To the sacculi the office of seereting the mucus which is found
in the bile has been assigned by most observers who have investi-
gated this part of the subject, but, from a careful examination of
their arrangement, I cannot help doubting the correctness of this
inference. Cavities opening into a tube, by a narrow neck, often
not more than the 1-5000th of an inch in diameter, seem hardly
adapted for the secretion and pouring out of a highly viscid mucus
(figs. 87, 38). If these so-called “glands” were the seat of the
formation of mucus, one would not expect that injection would so
readily enter them, and, from their arrangement, it is clear that it
would be difficult to force the mucus out of them; again, the
complicated and highly tortuous duets, which Weber termed very
properly “ vasa aberrantia,” possess no characters which entitle
them to be regarded as anastomosing mucous glands, a view which
has been advocated by Theile. They are most readily injected,
and their walls are much thinner than those of ordinary ducts.

It must be remarked that an abundant venous plexus sur-
rounds the vasa aberrantia (fig. 25) and the larger ducts, and
that the bile in the larger ducts, by means of the sacculi, is
brought much nearer to the vessels than would be the case in
simple tubes with thick fibrous walls, If these little sacculi were
mucous glands, one would be led to expect that the bile of animals,
in which they were numerous, would be more viscid than that of
animals in which they were few in number. I have ascertained
that the bile of the rabbit, in which animal these sacculi are
almost absent, contains as much mucus as that of the pig, in which
they are exceedingly numerous, and arranged entirely round the
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GALL-BLADDER AND GALL-DUCTS. 35

cellular passages between the liver-cells. This part of the subject
will be more fully discussed in Chapter V.
GALL-BLADDER.

The gall-bladder may be locked upon as a diverticulum of the
hepatic duct. It lies in a fossa underneath the liver. It is of a
pear shape, and its fundus is directed downwards and forwards; it
terminates in the cystic duct, which is about an inch in length.
The kepatic duct, formed by the union of the right and left duets,
leaving the liver by the transverse fissure, passes downwards, and
soon joins the cystic duct at an acute angle, to form the ductus
communis choledochus, which is about three inches in length, and
lies between the layers of the gastro-hepatic omentum. After
coming into close proximity with the pancreatic duct, the common
duct enters the coats of the intestine with the latter, and passes
obliquely between them for three-quarters of an inch. The ducts
open by an orifice common to both at the junction of the deseend-
ing and transverse portions of the duodenum.

The mueous membrane of the gall-bladder is thrown into reti-
culated folds, which form the boundaries of numerous polygonal
depressions, so that upon its internal surface it presents a honey-
combed appearance. It is highly vascular, and is covered with
eolumnar epithelinm. The folds are prolonged into the eystic
duct, where they are arranged in a crescentic manner, their general
direction being that of a spiral, and they have been compared to a
spiral valve. The peculiar arrangement of the vessels of the gall-
bladder has already been deseribed in page 26.* The cystie
artery is derived from the right division of the hepatic, and the
veins empty themselves into the vena portze. The lymphaties are
very numerous. The greater part of the thickness of the walls of
the gall-bladder is composed of fibrous tissue, but there also exists
a layer, in which muscular fibre-cells, taking partly a longitudinal
and partly a transverse direction, are found. The human gall-
bladder is capable, under ordinary circumstances, of containing
about one ounce of fluid ; but it undergoes great alterations in

* Through the kindness of his friend, Professor Weber, the author has just
had an opportunity of reading his researches upon the anatomy of the liver,
in which he refers to the distribution of the vessels upon the gall-bladder,

described in p. 26. Weber is the only author who notices this very heautiful
and unusual arrangement of the vessels.
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volume, and in it the bile becomes inspissated, and undergoes
other changes. Dr. Kemp has shown, in some recent experiments,
that the mucus of the gall-bladder takes a very active part in
altering the character of hepatic bile and converting into cystic
bile; changes which consist not merely in its inspissation but in
an alteration in its chemical composition.*

The gall-bladder is absent in many fishes; in pigeons, toucans,
and some other birds; in the elephant, stag, horse, and tapir; but
it 1s present in the ox, sheep, and antelope. It is always found
among reptiles. The reason of its absence in the animals above
alluded to has not yet heen satisfactorily explained.

Nerves and Lymphatics.—The nerves of the liver are branches
of the sympathetic, which are principally distributed upon the
artery, and the mode of their arrangement is very similar to that of
other arterial trunks. I have not been able to demonstrate them
on small branches less than the 1-500th of an inch in diameter.

The lymphatics are abundant in the portal canals and in the
transverse fissure, but I have never been able to trace them to
their origin. The manner in which the lymphaties may be injected
has been described in page 5. If any vessels of the liver be
injected with water or size the lymphatics are always distended.
I have not been able to demonstrate their presence in portal canals
less than the quarter of an inch in diameter.

HEPATIC VEIN.

The radicle of the hepatic vein (intralobular vein) is always
seen at a point midway between branches of the portal vein, or in
the centre of the lobulein the case of the pig. The capillary meshes
are elongated as they approach the hepatic vein, and they converge
towards this vessel, the smallest trunk of which is larger than the
gmallest branch of the portal vein.

If the trunk of an hepatic vein of moderate size be laid open,
numerous small openings will be observed upon its interior. These
openings correspond to the centres of the lobules which surround
the trunk of the vein, as described by Kiernan. It is by reason of
the entrance of these minute intralobular branches into the large
trunk of the vein, that the latter remains patent when cut across.
The small radicles of the hepatic vein receive capillaries on all

* Proceedings of the Royal Society, Vol. VIIL, No. 21, p. 133. 1846.
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sides, quite down to the point where they emerge from the lobule ;
and these small intralobular veins, in many instances, open, not
into a vessel somewhat larger than themselves, but pour their
blood at once into a large trunk. In these points the arrange-
ment of the portal trunks contrasts remarkably with that of the
branches of the hepatic vein.

The reason of this difference is clear. In no other manner,
consistent with the compact nature of the mammalian liver, and
without loss of space, could a part of the portal blood be equally
distributed to, and made to pass through, the extensive capillary
system existing in the lobules. After having passed through this
plexus, the blood is poured into the veins, and carried away from
the liver in the most direct manner possible.

Hepatic Vein in the Seal.—In the seal, the capacity of the
branches of the hepatic vein within the liver is enormously greater
than in other animals, an arrangement which has reference to the
accumulation of blood in this organ, and in the great venous
sinus into which the trunk of the hepatic vein is dilated, when
the animal remains for some time under water. Aeccumulation of
the blood, in the small branches, to an improper extent, is prevented,
while its further progress towards the hepatic venous sinus, after
its accumulation, is promoted by a beautiful arrangement to
which I must briefly refer.

This peculiarity was first noticed by Mr. Kiernan, who describes
the external coat as consisting of circular fibres. In the smaller
trunks these fibres are arranged in the form of circular fasciculi,
external to which is a certain quantity of lax areolar tissue, which
permits of great alteration in the volume of the veins taking place.*
When the hepatic veins were injected with plain size, I was sur-
prised to find that a beaded appearance was produced, which is
represented in fig. 36, in which this arrangement is very well shown.
Upon making a section of a small branch of the vein which had
been injected, it was seen to be partially divided into a number of
small chambers, by means of septa, which are shown in the figure.
At the situation of each partition a circular band of muscular
fibre-cells, which is enclosed at intervals in the lax fibrous coat,
may be very easily demonstrated. Tt is no doubt the office of

* Op. Cit, p. 738.
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BASEMENT MEMEBRANE OF TUBES. 41

fusion of their substance had taken place, cansing the formation of
a highly refracting mass within the basement membrane, the out-
line of which was rendered very distinet. The appearance of this
preparation is represented in fig. 58, and at ¢ is shown one of the
tubes separated and drawn out, with its contents contracted within
it, so that the outline of the membrane itself can be distinctly
seen.

In fig. 66, &, a somewhat similar change is shown in the liver
of a flounder which had been treated with soda, and afterwards by
acetic acid, causing the precipitation of some of the constituents of
the bile, which had been previously dissolved by the soda. By
pressure, some of these highly refractive masses were broken, and
by examination with a very dull light the continuity of the delicate
basement membrane could be traced between them. When certain
specimens of liver have been soaked for some time in strong syrup
or glycerine, the cells in the interior of the tubes shrink from exos-
mose, and the delicate tubular membrane contracts upon its con-
tents. The tubes, therefore, become much narrower, and, except
in the highly refracting nature of their contents, the altered cell-
containing network closely resembles the capillary network. Such
an alteration, as it occurred in a very thin section of pig’s liver,
is represented in fig, 49.

Capillaries displayed in one section, and Tubular Neltwork in -
another section, from the same Liver.—In a properly prepared
liver it is often possible to demonstrate the cell-containing net-
work in one section, and the capillary network in another.
When the vessels are distended with clear size, the meshes of the
cell-containing network are seen ; but if a section be well washed
and placed in glyeerine, the sharp, well-defined outlines of the
capillary vessels ave brought into view. In such a section, from
which the cells have been removed, I have seen, in some places
just at the thin edge of the specimen, stretched across the space
between two capillary vessels, the exceedingly delicate basement
membrane of the tube in which the liver-cells lie, recognizable
rather from the small quantity of débris and granular matter which
adheres to it, than from any positive characters distinguishable in
the membrane itself. This appearance can only be seen under
the influence of a very dull light. T have one preparation pre-
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injected specimens. The cells of which the rows are composed for
the most part form single lines, although here and there, where
the tubes are wider than usual, two cells may be seen lying trans-
versely across the tube. A well prepared specimen of this kind
appears to me to prove the existence of the tubular network in the
lobules of the liver, almost as distinctly as a good preparation of
the kidney demonstrates the presence of long tortuous tubes in

the cortical portion of that organ.

In specimens in which these radiating tubes have been injected,
not only has the existence of a basement membrane been proved,
but one distinet from, and not adhering to, the walls of the capil-
lary vessels. The meshes of the capillary network are slightly
elongated towards the centre of the lobule, but it is obvious that
such an arrangement could not alone account for the appearance
observed ; for if the cells lay promisenously in the meshes of the
capillaries, without being circumscribed by any basement mem-
brane, the radiating lines would necessarily be connected trans-
versely by numerous cells, forming a wide stratum, but they are
only united by narrow tubes containing a single row of cells,
Some of these tubes from the human liver are represented in
fig. 45, which was taken from an injeeted specimen,

Diameter of the Tubes of the Network.—The contents of the
cell-containing network are liable to considerable alteration in
volume, a change which can be readily effected artificially. In the
same specimen, the diameter of the network varies, but only to a
very limited extent, according to the size and number of the cells
within the basement membrane. Tt is usually about 1-1000th of
an inch in diameter in most mammalian animals, and is consider-
ably wider than the narrowest part of the ducts with which it
is immediately continuous.

The width of the spaces between the tubes of the network, or,
in other words, the diameter of the vessels, varies much in differ-
ent parts of the lobule of the human liver, being much wider at
the portal surface of the lobule, where the small branches of the
veins enter, than at a greater depth, where capillaries are alone
found. This point is shown in a thin section from the lobule of
the li‘rer‘nf the f'ua.:tus, represented 1n fig. 61. The photograph,
however, is not so distinct as could be wished,
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Interval between the Walls of the Capillaries and the Membrane
of the Tubular Network.—In the feetus there is a distinet interval
between the wall of the tube in which the secreting cells lie,
and that of the capillary vessels, so that when a good section is
obtained, two distinct lines are seen between the hepatic cells and
the cavity of the capillaries, fig. 61, d. These two lines are sepa-
rated by a perfectly transparent, apparently structureless substance,
in which no trace of fibres can be detected.

The circumstances above enumerated impress me with the idea
that the liver is originally composed of two distinct networks, which
intimately interdigitate with, or fit into, each other—one, containing
the secreting cells,—the other, the blood. As development advances,
the walls of these two sets of tubes gradually become incorporated,
except in those situations where the capillary network is less dense,
or where the meshes of the cell-containing network are more widely
separated from each other, in which cases a distinet limitary mem-
brane to the tubes containing the liver-cells can be demonstrated in
the adult. The cell-containing network and the vascular network
can be alternately distended. The membrane is very permeable to
water in both directions, as I have proved by first forcing fluid
from the vessels into the duect, and afterwards in the opposite
direction. Subsequent injection proved that no rupture had taken
place. Nevertheless, the greatest force which can be applied will
be found insufficient to cause the bile to pass through this delicate
membrane into the capillary vessels.

Under some circumstances, then, it is demonstrable that the
basement membrane of the cell-containing network is distinct
from the walls of the capillaries ; but in the greater part of the
lobule, where the two membranes come into close contact, they
are incorporated, so that really the majority of the liver-cells,
except at the points where they are in contact with each other, are
surrounded with blood, from which they are only separated by a
thin layer of delicate structureless membrane.

The facts which have been brought forward are the most
important which I have been able to adduce in favour of the
existence of a tube of basement membrane in which the liver-cells
lie. According to this view, bile formed at any part of the net-
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work would find its way between the cells and the tube of
membrane to the margin of the lobule. Upon the other
conclusion, which supposes that the cells lie freely m the
" meshes of the capillary network, the bile formed in the more
central part of the lobule is supposed to be transmitted from
cell to cell, until at last it reaches those at the ecircumference
of the lobule, and it is further concluded that, in its trans-
mission, it becomes elaborated, by being acted upon by each
successive cell of the series. If, then, bile were formed by being
passed on from cell to cell in this manner, the materials
from which the crude bile is first formed ought to be separated
from the blood in the more central parts of the lobule ; for other-
wise, the blood, rich with recently absorbed constituents, would
seem to pass through a considerable extent of that portion of the
capillary network at the circumference of the lobule to no
purpose.

If the above deseription of the anatomy of the parts be correct,
the precise point of the most active formation of bile should be
the outer part of the lobule, for the blood reaches this part first.
It will be shown subsequently that this is probably the case.
Argument alone would render the existence of such a membrane
probable, but, with care, its presence may be actually demon-
strated, and by several different methods of preparation. |

CONTENTS OF THE TUBULAR NETWORK OF BASEMENT
MEMBRANE.

The most important anatomical elements contained in the
tubular network of basement membrane are the liver-cells ; but,
besides these, a certain quantity of free granular matter is always
present ; and not unfrequently oil globules, and granules of dark
yellow colouring matter, are met with. In disease, it is not
unusual to find the network occupied by a viscid, granular, highly
refractive mass, in which only a few nuclei can be observed. Some-
times the network is so shrunken as not to be more than half the
diameter of an ordinary healthy hepatic cell, and its contents
appear to consist of a viscid material, in which are suspended
granules and oil globules, In fishes generally, the tubular net-
work seems to be greatly distended, and entirely oceupied by a



r} . | B E | L' 5
< if- - | i !
3 T s
: : . - - R 1 EAT i ¥
g . | F
! Ci nr | - ! J ~ - : ;
3 I B 1 - L r r ;
2 1 f . L -
1 & L L | 1 J ] ;
T thé VIews O [ 4k :







48 MINUTE ANATOMY OF THE LIVER,

a lax network with very long meshes, or perhaps the specimen
might be more correctly described as being composed of parallel
tubes, communicating with each other here and there. Now, how
can the evidently cylindrical lines of oil globules, depicted in
fig. 55, lie in the meshes of this vascular network, unless they be
contained within a tube of basement membrane? Of the accuracy
of the facts there can be no doubt, and the preparations from which
the drawings were made may yet be compared with each other.
The only interpretation T can offer is that which I have just
advanced, and it seems impossible to associate the two appearances
as they exist in nature in any other manner.

In alarge number of animals, then, the contents of the tubular
network may be said to be continuous; in some it is interrupted so
as to form masses irregular in size, in which nuclei are scattered
at intervals ; and in others, the particles are more uniform in size,
resemble each other very closely in general character, and each
contains a separate nucleus. Between the numerous, well-defined,
and separate masses, or liver-cells of the mammalian animal on
the one hand, and the continuous mass which occupies the tubular
network of the fish on the other, it is easy to demonstrate every
intervening shade of difference; and more than this, at different
periods of development of the embryo, and in various morbid con-
ditions of the human liver, every degree of separation and of
continuity may be observed. Again: by the action of various
chemical reagents, as described in page 40, the distinet and
separate cells of the healthy mammalian liver may be made to
fuse, as it were, so as to form continuous masses, like those occupy-
ing the tubular network of fishes.

In all cases there is room for fluid to pass between the contents
of the tube and its walls towards the duct, as may be proved by
the passage of injection; and, although to our observation the
tubes may appear to be quite full, or even distended, it is obvious
that, independent of any change of size in the cells themselves, a
very slight diminution in the quantity of blood in the eapillaries of
the liver would permit the free passage of fluid along these appa-
rently distended tubes,

The facts T have stated tend to lead to the conclusion, that the
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liver-cell is rather to be regarded as a collection of viscid matter
round a central nucleus, than a true cell provided with a distinet
cell wall. There are many circumstances in favour of such a view,
but I shall not now bring these forward, neither shall 1 attempt
to offer a positive opinion on the matter until some observations I
am making are completed. I may, however, be permitted to
observe that, although such a conclusion would be altogether at
variance with the results of the observations of almost all previous
ohservers,—and if true of the liver-cell, must also be true of the
cells of renal epithelium, and of those of some other glands,—it
would be, in some measure, in accordance with a view upon the
nature of cells lately advocated by Professor Huxley.*

Of the manner in which the Cells are arranged within the Tubu-
lar Membrane.—In the livers of adult mammalia which I have
examined, the cells for the most part lie in a single row, although,
as before observed, some portions of the network have been found
to contain two or three rows lying across the tube, while in other
situations the space within the tubular membrane is so contracted
as not to admit one cell of the ordinary size, in which case it is
occupied only by granular matter, and a viseid material which
refracts highly. The following mammalian livers have been
examined with reference to this point,—that of the human sub-
jeet, pig, dog, cat, rat, rabbit, horse, seal, and some others.

I have never seen such an appearance as has been delineated
by Leidy, who has represented three cells lying across the tube ;
nor have I observed anything agreeing with the description or
drawings of Lereboullet, who figures two rows of cells, and
represents a mass of injection passing between them. My own
observations lead me to conclude that the cells lie somewhat
irregularly, as above described, and differ totally in their arrange-
ment from that of the renal tubes, where there is a central cavity.
Bile would escape from the cells, and pass probably in an irregular
manner, sometimes on one side of the tube, sometimes on the
other, between the cell and the wall of the tube ;—at least this is
the way in which injection can be made to pass in the direction
opposite to that in which the bile flows naturally.

* The Cell Theory, by T. H. Huxley, F.R.8., Medico-Chi 3 :
October, 1853. Y tco-Chirurgical Review,
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CHAPTER V.

OF THE ULTIMATE RAMIFICATIONS OF THE DUCTS, AND OF
THEIR CONNEXION WITH THE CELL-CONTAINING NETWORK.
—ANASTOMOSES OF THE DUCTS.—OF THE FINEST BRANCHES
OF THE DUCTS, AND OF THEIR JUNCTION WITH THE
SECRETING TUBES OF THE CELL-CONTAINING NETWORK ;
MAMMALIA ; BIRDS ; REPTILES; FISHES, — EFPITHELIUM OF
THE SMALLER DUCTS.—DR. HANDFIELD JONES VIEWS.

Numerous observers, who have carefully investigated the
matter,. differ widely in the conclusions they have arrived at with
regard to the manner in which the most minute ducts commence
in the liver ; and are at issue with reference to their mode of con-
nexion with the secreting structure, and the precise relation which
they bear to the secreting cells. In his valuable paper published in
the Philosophical Transactions for 1833, Mr. Kiernan describes and
figures the anastomoses between branches of the hepatic duets in
- the left triangular ligament of the human liver., He also refers to
communications existing between the duets in other situations, as
in the membranous bridge stretching over the fissure of the um-
bilical vein, and upon the inferior surface of the diaphragm. In
the same paper, this author gives a diagram of the manner in
which he supposed the ducts to terminate in the lobules of the
liver, and subjoins the following remarks :— No such view of the
duects as that represented in this figure can be obtained in the
liver. The interlobular duets are in the figure seen anastomosing
with each other. I have never seen these anastomoses, but I
have seen the anastomoses of the ducts in the left lateral lizgament,
and, from the results of experiments related in this paper, I believe
the interlobular ducts anastomose; I have never injected the
lobular biliary plexus to the extent represented in this figure.”

Since the appearance of this important communication, the
subject has been much investigated both in this country and on
the continent ; but, as far as T can ascertain, no observer has yet
succeeded in demonstrating the manner in which the duets
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commence, or has been able to show conclusively the precise
relation which the hepatie cells bear to the biliary ducts. Various
hypothetical views have been advanced.

Miiller considered that the ducts terminated in blind extremi-
ties; L. H. Weber, in 1850, described duets terminating in
blind extremities upon the external surface of the cat’s liver.
Krukenberg, Schréder van der Kolk, Weber, Retzius, Theile,
Backer, Leidy and others, have adopted the view that the
hepatic cells lie within a basement membrane, and are of opinion
that the eavity of the tubes in which the cells lie is continuous
with that of the duets. Lereboullet, in his memoir on the “ Foie
gras,” published in 1853, advocates a similar view; but his repre-
sentations are very diagrammatic, and for the most part taken from
preparations examined by low powers. Almost all the drawings of
authors, which represent the mode of origin of the ducts, are only
offered as plans of the arrangement which they consider to exist,
and are not pretended to be accurate copies of structure actually
brought under observation.

Henle, Gerlach, and Natalis Guillot look upon the finest
gall-ducts as communicating with spaces between the hepatic cells,
into which the bile escapes, and from which it is received by the
most minute ducts.

Handfield Jones and Kolliker deseribe the hepatic cells as
forming a solid network composed of columns of cells, not
bounded by any basement membrane, but lying in the meshes
of the capillary network. The former excellent observer con-
cludes that the ducts terminate by blind extremities, which lie
amongst the cells at the peripheral parts of the lobule. The small
cells lining these ducts are considered by Dr. Handfield Jones to
be the chief agents concerned in the secretion of bile, and he looks
upon the function of the hepatic cells as totally distinct from this.
Professors Busk and Huxley, and Dr. Carpenter, appear to concur
in this view, which places the liver in the same category as the
supra-renal capsules, follicles of Peyer, spleen, &e. “In fact, start-
ling as this view may at first appear, a very clear transition
between the Peyerian follicles, &c., and the liver, is afforded by
the tonsils; which, on the one hand, are identical with Peyer’s
follicles, in so far as they are solid vascular networks, whose
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meshes are filled with a morphologically indifferent tissue, while,
on the other hand, without differing from the liver in this respect,
they resemble it in having these elements arranged around diver-
ticula of the intestinal mucous membrane.” “ Finally, we suggest
that the liver itself is but a huge tonsil—a vascular gland, with
what might be termed a false duct.”’*

Kélliker offers the supposition, that the finest ducts impinge
upon the columns of the network of hepatic cells, and makes the
following remarks with reference to this point :—“Often as I
have sought for a direct communication of the finest canals with
the hepatic networks, I have not directly observed it; which is
indeed by no means surprising, if we consider the softness of the
parts with which we have to do; but unfortunately the result is a
hialus in the minute anatomy of the parts, which can hardly be
made good by hypotheses. As such, however, T would offer the
supposition, that the finest ducts impinge directly upon the columns
of the network of hepatic cells, as the diagram shows, so that their
cavity is terminated by hepatic cells.”’t

The conflicting opinions of observers appear to have been based
upon inference and hypothesis rather than upon direet observation,
and are embodied in diagrammatic figures. Some authors, agreeing
in the main with Kiernan and the older observers, regard the liver as
arranged upon the type of #rue glands with permanent ducts, while
the latest authorities have endeavoured to establish the view, that
this important organ is more nearly related to the ductless glands.

My own observations have been made upon the livers of several
different animals, and I have tried very numerous methods of
preparation, some with considerable success. The results of the
examination of injected specimens precisely accord with the obser-
vations made many months before upon uninjected preparations.

The chief point which I hope to establish, with reference to the
origin of the minute duets, is the following :—

* Kolliker's Manual of Human Histology, translated and edited by &, Busk,
F.R.8., and T. Huxley, F R.8., p. 126, note by the editors ; 426in the Appendix,

t+ Op. Cit. p. 118,

T An excellent abstract of the views upon the structure of the liver will be
found in a paper by Professor Weber, “iiber den Bau der Leber,” in the third
part of the “ Berichte der kiniglich Séichsischen Gesellschaft der Wissenschaften
zu Leipzig,” for the year 1849, and in Professor Kolliker's “Mikroskopiche
" Anatomie, 1852.”
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That the smallest biliary ducts* are direetly continuous with the
tubular network of basement membrane in which the liver-cells lie ; for,
in favourable specimens, injection, forced in from the duct, will pass
into every part of the tubular network, even quite to the centre of the
lobule. It is possible to inject the capillary network in the same

preparation as that in which the duets and cell-containing network
are injected.

OF THE ULTIMATE RAMIFICATIONS OF THE DUCTS, AND OF
THEIR CONNEXION WITH THE CELL-CONTAINING NETWORK.

Anastomoses of the Ducts.—The anastomoses of the large
trunks, and of the branches given off by the larger interlobular
ducts, are more numerous than, from the observations of anato-
mists, one would be led to suppose. These anastomoses, however,
oceur principally between the trunks, near their origin, as has been
described ; but, more rarely, different branches of the duct com-
municate with each other near the point where they join the cell-
containing network. In most animals the latter communications
are very scarce, Ininjecting one branch of the duet the injection
will often pass out from another. Kiernan observed, that, if the
left duct were injected with size or mercury, the injection returned
by the right duet. This probably depends upon the intimate
communications between these ducts in the transverse fissure of
the liver, rather than upon the existence of anastomoses between
the small branches near their points of distribution.

The anastomosis of small interlobular branches coming from
opposite points, according to my observation, is very rare, as
proved from the careful examination of well-injected specimens of
the livers of different animals. Indeed, I have only been able to
satisfy myself of its existence in one instance.

With regard to the communications of the larger trunks, and
of the smaller branches, with the ducts from which they come off,
it may be remarked, that not only do the right and left hepaticduets
anastomose, by the intervention of small, tortuous branches in the
transverse fissure of the human liver, which form an intimate net-
work, first described by Weber; but many of the branches which

# In the following pages the word “duct” is used to denote the tubes
which carry off the secretion, in contradistinction to the secretory tubes, or
¢ cell-containing network " in which the secretion is formed.
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come off from the trunks are connected by smaller branches, which
arise not far from the point at which they are given off, as repre-
sented in fig. 19. I have been able to prove, from very many injec-
tions, that these communications are very numerous indeed. Similar
anastomoses ocenr to some extent in the case of branches of mode-
rate size in the portal canals of the human liver ; and in very good
injections small branches coming off from a trunk at short inter-
vals may be seen to communicate freely with the trunk itself, and
with each other, by numerous intermediate branches, so that a
network is formed at a short distance from the parent trunk
(figs. 39 and 40 ¢). The meshes of this network are most variable
in size and shape, and the tubes are more dilated in some places
than in others (fig. 40a). Some of these branches are composed
simply of basement membrane and epithelinm, but the largest
have a fibrous coat, though much thinner than that of the duct
itself. Branches of the vein and artery, and of lymphatics (in
the case of the larger portal canals), ramify among these duets, and
lie in the meshes of the network. In very good injections this
network of branches of the duct is demonstrated in the adult, but
in the feetus the communications are to be shown with less diffi-
culty, although the branches are not so tortuous and are less
complex.

In the dog, and also in the calf, 1 have observed similar com-
munications, but not so numerous as in the human subject.

The smallest branches of the duct may be readily followed, in
tolerably good injections, to the surface of the line of hepatic cells,
which bounds the portal canals, and not unfrequently they may be
traced among these cells, in the human, and other livers. In the
pig, the trunks may be seen gradually breaking up into their
smaller branches, which are applied to the capsule of the lobule, and
which appear to anastomose only very rarely, as above remarked.
In the human liver an irregular network, in good injections, is to be
demonstrated close to the larger branches of the ducts, and might
be termed an interlobular network ; but the arrangement is certainly
not universal, nor does it seem to me to be sufficiently extensive to
render it necessary to give it any special name: indeed, I have not
been able to demonstrate it in the pig, seal, rabbit, horse, cat,
or monkey. I am not prepared to affirm its absence in the above-
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the tubes at the superficial portion of the cell-containing network
being continuous with small ducts which do not pass into the
lobule. This point is well shown in fig. 33, taken from a drawing
of the seal’s liver, where two ducts in the upper part of the figure
are seen to join the superficial part of the network, and another in
the lower portion, is observed passing for a short distance amongst
the tubes of the cell-containing network.

One of these penetrating branches has been figured by Gerlach,
and, as he very justly observes, these branches are much narrower
than the cells between which they lie, and hence concludes, very
properly, that they cannot contain liver-cells. He supposes that they
terminate by open mouths, into which the bile passes from narrow
inter-spaces between the cells; but that this is not the case will
presently be shown.

In the pig, numerous fine branches having reached the surface
of the capsule, perforate it, and are immediately connected with a
dense network, forming the most superficial portion of the cell-
containing network, and consisting of very fine ducts, the tubes of
which often contain small eells, granular matter, and perhaps oil
globules, but usually no cells of the ordinary size are to be found
within them ; and, in consequence, the diameter of the tubes is
much less than at a greater distance within the lobule (fig. 51).
When the liver is very fatty, however, this part of the cell-containing
network does contain cells filled with oil globules, as is shown in
fig. 27, in which the very narrow ductal portion of the tube is seen
to dilate considerably at the point where it contains liver-cells, The
epithelial cells in the duet can often be traced quite up to the
point which distinguishes the efferent duct from the secreting por-
tion of the tube. This is well shown in fig. 27, which was taken
with the camera from a preparation still in my possession; and
which demonstrates these interesting points almost as clearly as
when it was first mounted, upwards of two years since. The nar-
row ducts, and the wide secreting tubes, both contain a very little
injection ; and, in consequence of their accidental isolation from
adjacent parts of the network, their continuity is seen dis-
tinctly. The delicacy and extreme mnarrowness of the ducts will
readily explain the difficulty of demonstrating their continuity
with the cell-containing network ; for they almost invariably
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break at the constricted portion, when an attempt is made to
isolate them ; and, unless this isolation can be effected, it would
be impossible to prove that such an arrangement really exists. In
this preparation, by an unusually lucky accident, the cell-contain-
ing network has broken, instead of the narrow portion of the duct,
which is protected, as it were, by lying upon the walls of a small
artery. The further continuity of the network is shown by dotted
lines. Ihaveseen the same point in several specimens, but never in
one which shows a greater number of minute ducts, and their points
of connexion with the tubular network in which the secreting cells
lie, with greater distinctness. These narrow ducts are only 1-3000th
of an inch in diameter; while the expanded portion, in which the
liver-cells lie, and with which they are immediately continuous, is
upwards of 1-1000th of an inch in width.

The connexion between the finest duets and the cell-containing
network, from an injected specimen of the human liver, is repre-
sented in fig. 46; the hepatic cells have been much altered in
preparing the specimen from which the drawing was copied.

In fig. 42 is shown a similar arrangement in a portion of
human liver, which had been treated with soda, and kept for some
time in strong syrup. Here the epithelium of the ducts is well
shown, but the specimen has been flattened somewhat by the
pressure of the thin glass, Fig., 41 is a representation of another
section of the same liver, which has not been subjected to pressure,
in which the narrow ductal part of the tube contrasts remarkably
with the wide seereting portion which is continuous with it. In
the human feetus, the connexion between the duet and cell-
containing network is shown in fig. 39, at @, and in fig. 40 it is
represented in the liver of the calf. In the seal, the hepatic cells
are small, and injection readily passes into the tubes which contain
them. The small duects are comparatively few in number, but
their course in this animal is very easily traced, and they can be
well seen through the thin wall of a small portal vein which has
been injected with clear size. In fig. 28, at ¢, this point is well
shown upon the surface of a branch of the portal vein, and in
fig. 33 the connexion between the ducts, and the cell-containing
network in the liver of the same animal is represented.

Fig. 80 is a copy of a drawing of a thin section of rabbit’s
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liver, taken from a thin and emaciated animal, in which the cells
were much smaller than natural, and the diameter of the tubes
much less than in a healthy state. In many situations the tubes
contained only granular matter, and no cells could be distin-
guished. Narrow granular lines communicating at intervals 1_vith
each other, were seen separated by wide clear spaces (capillaries).
The injection ran very readily, and in some places distended these
tubes to the extent shown in fig. 82, and thus the clear capillary
space was obliterated. In this specimen the very fine ducts were
injected to a greater extent than can usually be effected ; but even
here I am persuaded that the injection has not entered into many
of them. I believe it to be nearly impossible to inject all or even
the greater number of the minute ducts; for by the pressure
which those filled with injection must necessarily exert upon the
adjacent ones, the latter become completely occluded, and no
injection whatever can enter. Their extreme tenuity, and the
number which lie in close apposition, preclude the possibility of
demonstrating them in the uninjected state, except in a few rare
instances by a peculiar method of preparation.

Birds.—In the turkey, and also in the fowl, I have been able
to trace the continuity of the duects and cell-containing network
in injected specimens. The abundance of epithelium in the ducts
forms a great obstacle to perfect injection, and the excessive deli-
cacy of the capillaries prevents the injection of much water with-
out rupture. From this cause I failed in many attempts to obtain
demonstrative preparations of the arrangement in the bird’s liver.

In the chick of the 15th day, and also in that of the 21st day,
the continuity was clearly made out in some preparations which
had been previously hardened in alcohol and soda.

Reptiles.—In the newt I have traced the course of the ducts
in an uninjected specimen, and have succeeded in making a
good injection of the ducts of the adder, in which animal the
continuity of the very narrow ducts, with the wide tubes containing
the liver-cells, could be clearly traced.

Fishes.—In the investigation of the anatomy of the ducts in
the class of fishes, the greatest difficulties presented themselves,
and very numerous were the failures which T met with in trying
to inject them. The difficulty arose partly from the delicate
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nature of the vessels, which very frequently were torn in inject-
ing them with water, and partly from the soft, pulpy, and exceed-
ingly fatty condition of most of the livers of this class of animals,

In the flounder the connexion is shown in fig. 66, 4 ¢ and e,
The secreting tubes represented are much smaller than is usual in
this class, depending principally upon exosmose of their fluid
contents, owing to which the tube shrinks, and its outline is
clearly distinguished. T have succeeded in injecting the ducts of
the sturgeon and frog-fish, and the connexion between the very
narrow ducts and the cell network is represented in fig. 64, a ¢,
and in fig. 65, g & £.

Even in the fatty liver of the cod I once traced the continuity
of the narrow ducts, with the very wide tubular network dis-
tended with cells containing oil and free oil globules.

In injecting the livers of fish, the injection must be diluted
with weak spirit, or it does not penetrate to the smallest
branches. The colouring matter which is employed is the same
as in other cases. Often the particles of the injection accumulate
in some of the finer ducts, forming what appears to be rounded
and slightly dilated extremities; for the further continuity of the
tube cannot be detected. Indeed, so perfect is the resemblance,
that it is only by carefully examining many different specimens
that one becomes convinced of its fallacy.

In all four classes of vertebrate animals, the arrangement of
the ducts, and the relation which they bear to the secreting cells,
is very similar. I have seen bothin injected, and also in uninjected
specimens, the communications between the finest duects and the
cell-containing network. Of the nature of this continuity there
can, I think, be no doubt. I can conceive no other explanation
of the facts 1 have observed, or of the appearances presented by
my preparations. The observations upon uninjected specimens,
shown in figs. 41, 42, and 43, were made early in 1854, many
months before I had succeeded in injecting the ducts. The arrange-
ment of the most minute duoets varies somewhat in different
animals, as has been deseribed. In some they form a network
of very narrow tubes, continuous with those in which the liver-
cells are contained ; in others, these communications are exces-
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sively few in number; while in some, I do not think they exist at
all. But I wounld not express myself positively upon this point,
for T feel persuaded that in the most perfect injection which I
have yet made, the minute ducts have not all been injected. Accord-
ing to the observations just described the cells of the liver corre-
spond in all essential characters to the secreting cells of other
glandular organs. They lie within a cavity of basement membrane,
which is here arranged so as to form a network, the tubes of which
are directly continuous at various points with very narrow efferent
ducts. Now, this narrowing of the duct before it becomes con-
nected with the secreting portion of the organ, is seen in other
glands. In the kidney, the total diameter of the straight and
ductal portion of the renal tube is considerably less than that of the
convoluted and glandular part, although the central cavity is wider,
which allows of a very rapid removal of the secreted products
formed in the convoluted portion of the tube. The cavity of the
very narrow ducts of the liver, although so small, would doubtless
admit the passage of a larger quantity of fluid, within a certain
time, than the variable and irregular interstices existing between
the cells and the basement membrane in the secreting portions of
the network. A somewhat similar arrangement occurs in many
other glands. In the liver, where the secretion is highly elabo-
rated, and slowly removed from the secreting structure in a
concentrated form, we should naturally expect to find the con-
trast between these two different portions of the gland even more
remarkable than in the examples referred to. This is really the
case.

Epithelium of the Smaller Ducts.—The larger ducts, as is well
known, have a thick lining of columnar epithelium; but the cells
become shorter towards the smaller channels. In the smallest
tubes, the cells of epithelinom are somewhat flattened, and are of a
circular or oval form, which latter, in many instances, is due to
the ducts being much stretched in preparing the specimen. These
minute cells have a pale granular appearance, and it is not often
that a nucleus can be distinctly seen within them. The epi-
thelium of the ducts is not dissolved by caustic soda so readily as
the liver-cells; indeed, the former cells are scarcely nltereci by
weak solutions, while the latter are rendered very soft and trans-
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parent (page 40). The quantity of this epithelium in the smaller
ducts varies very much ; sometimes it completely lines the tube;
in some instances it is so abundant as apparently to leave no
distinet cavity in the duct (a condition I have met with in the
rabbit, turkey, and fowl); while it is not uncommon to find some
of the finest ducts, containing only a very few cells, scattered at
irregular intervals over the basement membrane, of which the
walls of the small ducts are entirely composed. In a perfectly
normal condition, when the minute duets are undisturbed by
manipulation, and are examined in a proper medium, they are
generally seen to be lined by epithelium; but, from the extreme
minuteness of these ducts, and the tenuity of their walls, and not
less from the very delicate nature of the epithelium itself, there is
no wonder that we should fail in making out distinetly their epi-
thelium in every instance in which we search for it.

It is not easy to lay down with precision the exact point at which
the change in the character of the epithelium of the duets oceurs ;
but it appears to me that the alteration is a gradual one, and that the
cells become shorter and shorter as the diameter of the ducts
diminishes. In ducts of the 1-600th of an inch, and in smaller
ones, the epithelium presents the characters above deseribed.

It will be found that this duetal epithelinm does not pass by
insensible gradations into the secreting epithelium, or hepatic cells,
but ceases abruptly at the point where the narrow duet becomes
continuous with the wide secreting cell-containing network. No-
where, that I know of, can be seen, in so small a space, a more
striking contrast between secreting epithelium, and that which
lines an efferent canal. The large characteristic cell of glandular
epithelium ceases at the point where the small cell of profective or
ductal epithelium commences.

The arrangement here referred to, is very similar to that which
is met with in the gastric gland. Tt is only in the lower part
(stomach tube) that the cells of spheroidal epithelium,—which alone
there is every reason to believe take part in the secretion of the
gastric juice,—are found. The upper portion or duct (stomach cell)
is lined with columnar or subecolumnar epithelium.* 1In these
glands the secreting cells are not arranged with any order or

* Todd and Bowman's Physiology.
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regularity round the basement membrane of the tube, asis the
case in the kidney ; but appear, in the ordinary state of the parts,
almost to fill its cavity, so that the secretion, having escaped from
the cells, must pass off by the slight interstices which exist between
them and the membranous wall of the tube. As I have before
observed, the same irregularity occurs in the arrangement of the
secreting cells in the tubes of the liver, and also, but in a less
remarkable degree, in the secreting portion of many other glands,
as the pancreas, the lacteal glands, and sweat glands.

In a few instances I have seen tubes containing liver-cells
apparently lined with the delicate epithelium of the duets, an
observation which would tend to confirm those of Mr. Wharton
Jones, who has seen liver-cells in the smaller ducts. It is probable
that in these cases the cells have entered the ductal portion of the
tube accidentally. The tubes in the cases referred to, however,
were uninjected, and therefore I am not disposed to lay much
stress npon the observation.

The epithelium of the small ducts presents much the same
character in all the animals which I have examined. TIn figs. 42
and 43, g, the characters of the epithelium in the more minute ducts
of the human subjeet are represented. In the cat it is shown in
fig. 35 ; and in fig. 34, in the lamb. In the latter figure an oppor-
tunity is afforded for contrasting the characters and size of these
small granular cells with the large hepatic cells.

Dr. Handfield Jones Observations.—My friend, Dr. Handfield
Jones, has arrived at a totally different conclusion with reference
to the nature of the smallest duets, and the epithelium which is
contained within them. The latter he regards rather in the light
of nueclei, “which are set close together in a subgranular or homo-
geneous basic substance ;”’ and to these nuclei he assigns the im-
portant office of absorbing the material which is secreted by the
liver-cells, and which he considers bathes the terminal extremities
of the ducts in which this epithelinm is contained, or with which
it is in direct continuity. Dr. Handfield Jones also observes, that
there is seldom any trace of basement membrane to be found in
ducts having epithelium of this character, and, he considers that,
the basement membrane imperceptibly ceasing, the ducts termi-
nate in this epithelium. Upon such a view, however, T should he
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tissues of the liver, so as to form minute portions resembling each
other, or lobules, the most complete changes in the circulating
blood are ensured, while the circulation is retarded in the least
possible degree compatible with the alteration to be produced ;
and at the same time the anatomical elements, through the inter-
vention of which these changes are effected, are combined in such
a manner as to occupy the smallest possible amount of space.

The cells in all parts of the network have, no doubt, the power
of forming bile, but in different degrees; those quite close to the
centre of the lobule, have often heen observed to be filled with
yellow granules. There is no reason for supposing that the
secretion 18 passed from cell to cell, and at last into the duet; for
if this were the case, we should at least expect to find greater
difference in the cells near the duets than really exists; and it
must be remembered that in many animals in a state of per-
fect health, no difference whatever is to be demonstrated. The
cells at the circumference of the lobules of the human liver
usually contain a much larger quantity of oil than those nearer
the centre, which is just what we should anticipate when we con-
sider that the portal blood, rich with the freshly absorbed con-
stituents of the food, first reaches these marginal cells. The
direction of the cireulation is the reverse of that which we should
expect to find if the secretion were transmitted from cell to cell,
as most authorities in the present day insist upon. For if this
were really the case, it seems to me that we should be forced to
admit that the blood flowed through the superficial part of the
capillary network to no purpose. On the other hand, the anatomy
of the organ almost forces upon us the conclusion, that the cells
nearest to the duct take the most active part in the seeretion, and
that the blood gets gradually rendered more free of substances
from which the bile is formed, as it travels along the capillary tubes
from circumference to centre, with a gradually increasing rapidity of
movement. Lastly, the assumed absence of any channel in which
bile could flow, ceases to be a tenable objection, since it has been
shown to be comparatively easy, provided that certain precautions
be observed in conducting the operation, to force injection into
a channel which does exist. For if, by artificial means, fluid can
be made to pass in an opposite direction, within the tubes of this
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which this is effected. At the closed extremity of the tube is a
special provision for the separation of water, which, as it passes
down the central cavity, readily dissolves away the soluble matters
which the cells have separated from the blood. The solution passes
down the tube, and without undergoing any further change, is
very soon removed altogether. So very important is the rapid
removal of the urinary constituents from the organism, that in
those animals in which a sufficient quantity of water for their com-
plete solution cannot be afforded, there exists a most perfect and
beauntiful arrangement by which this object is attained, but in a
totally different manner. Not only is there a cavity throughout
the entire length of the tube, but the cells around it are furnished
with vibratile cilia, by the action of which even solid particles are
whirled down the tube with a velocity greater than that of the cir-
culation of the blood in the capillaries.

In the fliver, on the other hand, we have an organ not only for
the separation of substances very recently introduced into the
organism from the portal blood, but for the slow elaboration and
conversion of these into very different products which serve
important ulterior purposes in the economy, and which are prinei-
pally re-absorbed into the blood, while at the same time, it is pro-
bable that a change oceurs in other constituents of the blood in its
passage through the liver. A network of delicate tubes containing
large secreting cells in their interior, arranged irregularly and
nearly filling the cavity, without leaving any well-defined channel
for the passage of the secretion, is the essential apparatus for the
formation of the proper secretion of the liver. The secretion, when
formed, may remain for some time in the tubes, but slowly makes
its way in an opposite direction to that in which the blood flows,
through very narrow channels, either between the cells themselves,
or between these and the walls of the tube, until it arrives at the
narrow tubular duet. Still passing slowly along these delicate
tubes, it becomes exposed to the influence of arterial blood, while
much of its water, probably holding in solution substances capable
of permeating the basement membrane in this direction, is re-
absorbed by the veins and lymphatics, which form an intimate
plexus round the duects. It has been shown how effectual is the
provision for the concentration of the bile thruug_]mut every part
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granular matter are often found. Usually, there is only room for
one row of cells, but sometimes two or more lie across the tube,
In the embryos of mammalia, in young animals generally, and in
fishes, there is room for several rows to lie transversely across the
tubes of the cell-containing network.

The cells near the margin of the lobule take the most active
part in the formation of bile. The secretion passes along the tubes
in the shight interstices between the cells and the basement mem-
brane, and coloured fluid ean be forced along these same interstices
in a direction the opposite to that in which the bile flows during
life, and, therefore, at a great disadvantage. The amount of space
is in great measure determined by the quantity of blood in the
vessels, and it is liable to great alteration.

The cell-containing network is directly continuous with the
most minute ducts, which ramify at the circumference of the
lobule, and it terminates in the centre by loops, which lie close to
the intralobular vein.

Of the Finest Ducts.

The tubes of the cell-containing network are many times wider
than the marrow thin-walled duets with which they are directly

continuous.

The smallest ducts are lined with a very delicate layer of epi-
thelium, composed of flattened cells of a cireular form, contrasting
remarkably with the large secreting cells, which are not arranged
in any definite manner within the tubes of the network.

The tubes of the cell-containing network are about 1-1000th
of an inch in diameter, or more, but the finest ducts are commonly
not more than 1-3000th, and they are often seen even less.

The smallest ducts in some animals branch very freely, and the
branches communicate with each other at intervals. In others
they pursue a long course without branching, and in the pig they
form an intimate network upon the surface of the lobule. In fatty
livers of the pig, however, this ductal network often contains liver-
cells loaded with oil globules.
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X1. PERCIVALS MEDICAL ETHICS. Third Edition, 18mo. cloth, 3s.
XII. CODE OF ETHICS OF THE AMERICAN MEDICAL ASSOCIATION. 84, L
§ XIII, WARE ON THE DUTIES AND QUALIFICATIONS OF PHYSICIANS. T
.
XIV. MAURICE ON THE RESPONSIBILITIES OF MEDICAL STUDENTS.
Il
é XV. FRASER'S QUERIES IN MEDICAL ETHICS. 9.
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PROFESSORS PLATTNER & MUSPRATT.

THE USE OF THE BLOWPIPE IN THE EXAMINATION OF

MINERALS, ORES, AND OTHER METALLIC COMBINATIONS. Illustrated
by numerons Engravings on Wood., Third Edition. 8vo. cloth, 10s 6d.

o e e b A A

THE PRESCRIBER'S PHARMACOP(EIA ; containing all the Medi-

cines in the London Pharmacopeeia, arranged in Classes according to their Action, with
their Composition and Doses. By a Practising Physician. Fourth Edition. 32mo.
cloth, 2s. Gd.; roan tuck (for the pocket), 3s. 6Gd.

Sl e

DR. JOHN ROWLISOM PRETTY.

AIDS DURING LﬁBUUR, inciuding the Administration of Chloroform,

the Management of Placenta and Post-partum Hemorchage, Feap. 8vo. cloth, 4s. Gd.

SIR WM. PYM, K.C.H.

OBSERVATIONS UPON YELLOW FEVER, with a Review of

“A Report upon the Diseases of the Afriecan Coast, by Sir Wua. Buaxerr and
Dr. Brysox,” proving its highly Contagious Powers, Fost Svo, G5

A e A A

DR. RADCLIFFE.

EPILEPSY, AND OTHER AFFECTIONS OF THE NERVOUS

SYSTEM which are marked by Tremor, Convulsion, or Spasm: their Pathology and
Treatment. 8vo. cloth, 5s.

s T

DR. F. H. RAMSBOTHAM.

THE PRINCIPLES AND PRACTICE OF OBSTETRIC MEDI-

CINE AND SURGERY. Illastrated with One Hundred and Twenty Plates on Steel
and Wood; forming one thick handsome volume. Fourth Edition. 8vo. cloth, 225,

B e e

DR. RAMSBOTHAM.

PRACTICAL OBSERVATIONS ON MIDWIFERY, with a Selection

of Cases. Second Edition. 8vo. cloth, 12s.

DR, RAMKING & DR. RADCLIFFE.

HALF-YEARLY ABSTRACT OF THE MEDICAL SCIENCES;

being a Practical and Analytical Digest of the Contents of the Principal British and Con-
tinental Medieal Works published in the preceding HalfYear; together with a Critical
Report of the Progress of Medicine and the Collateral Sciences during the same period.

Volumes 1. to XXIIL., Gz 6d. each.
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"-b- DR. ROWE, F.B.A. ﬁ 3

NERVOUS DISEASES, LIVER AND STOMACH COM-
PLAINTS, LOW SPIRITS, INDIGESTION, GOUT, ASTHMA, AND DIS
ORDERS PRODUCED BY TROPICAL CLIMATES. With Cases. Fourteenth
Edition. Feap. 8vo. 25, Gd.

DR. ROYLE, F.R.S.

A MANUAL OF MATERIA MEDICA AND THERAPEUTICS.

With numerous Engravings on Wood. Third Edition. Feap. 8vo. cloth, 125, 6d.

MR. RUMSEY, F.R.C.S.

ESSAYS ON STATE MEDICINE. 8vo. cloth, 10s. 6d.

MR. SAVORY.

A COMPENDIUM OF DOMESTIC MEDICINE, AND COMPA-

}’ NION TO THE MEDICINE CHEST ; comprising Plain ]Jlmr.:tlnms for the Employ-
% ment of Medicines, with their Prn-p&rties and Doses, and Brief Descriptions of the
!

Symptoms and Treatment of Diseases, and of the Disorders incidental to Infants and
Children, with a Selection of the most efficacious Prescriptions. Intended as a Source
of Easy Reference for Clergymen, and for Families residing at a Distance from Profes-
sional Assistance. Fourth Edition. 12mo. cloth, 5s.

DR. SCHACHT.

THE MICROSCOPE, AND ITS APPLICATION TO VEGETABLE

ANATOMY _&ND PHYSIOLOGY. FEdited by Freperick CurRey, MLA, FE:-,lp,
Avo. cloth, Gs.

1o~ S L ot

DR. SHAPTER.

THE CLIMATE OF THE SOUTH OF DEVON, AND ITS IN-

FLUENCE UPON HEALTH. With short Accounts of Exeter, Torquay, Teign-
mouth, Dawlish, Exmouth, Sidmouth, &c¢. Illustrated with a Map geologically coloured.
Post Bvo. cloth, Ts. Gd.

THE HISTORY OF THE'CHUI.,ERA IN EXETER IN 1832

Illustrated with Map and Woodeuts. 8vo. cloth, 12s.

R R e R

MR, SHAW, M.RC.S.

THE MEDICAL, REMEMBRANCER ; or, BOOK OF EMER-

GENCIES: in which are concisely pnil‘itﬂd out the ITmmediate Remedies to be adopted
'f in the First Moments of Danger from Poisoning, Drowning, Apoplexy, Bumns, and other Iil
Accidents; with the Tests for the Principal Poisons, and other useful Information. §

Fourth Edition. Edited, with Additions, by Jonarsax Hurchinson, M.R.C.5.  32mo.
cloth, 2s. Gid.
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MR. CHURCHILL'S PUBLICATIONS.
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DR. WHITEHEAD, F.R.C.S.

ON TIHE TRANSMISSION FROM PARENT TO OFFSPRING

OF SOME FORMS OF DISEASE, AND OF MORBID TAINTS AND
TENDENCIES. 8vo. cloth, 105 Gd.

THE CAUSES AND TREATMENT OF ABORTION AND

STERILITY : being the result of an extended Practical Inquiry into the Physiological

and Morbid Conditions of the Uterus, with reference especially to Leucorrheeal Affec-
tions, and the Diseases of Menstruation. 8vo. cloth, 125,

MA. WILLIAM R, WILDE, F.R.C.S,

AURAL SURGERY, AND THE NATURE AND TREATMENT
OF DISEASES OF THE EAR. 8vo. cloth, 12:. 6d.

DR. WILLIAMS, F.R.S.

PRINCIPLES OF MEDICINE : comprehending General Pathology

and Therapeutics. The Third Edition, 8vo. In the Press.

oy

DR, JOHMN CALTHRCP WILLIAMS.

PRACTICAL OBSERVATIONS ON NERVOUS AND SYM-
PATHETIC PALPITATION OF THE HEART, as well as on Palpitation the
Result of Organic Disease. Second Edition, 8vo. cloth, Gs.

1o LMot

re

DR. JOSEPH WILLIAMS.

INSANITY : its Causes, Prevention, and Cure; including Apoplexy,
Epilepsy, and Congestion of the Brain. Second Edition. Post 8vo. cloth, 10s. 6d.

R

DR. J. HUME WILLIAMS.

UNSOUNDNESS OF MIND, IN ITS MEDICAL AND LEGAL

CONSIDERATIONS, 8vo. cloth, 7s. 6.

i AR

DR. JAMES WILSON.

THE PRINCIPLES AND PRACTICE OF THE WATER CURE,
and HOUSEHOLD MEDICAL SCIENCE, in Conversations on Physiclogy, on
Pathology, or the Nature of Disease, and on Digestion, Nutrition, Regimen, and Iiet.
Second Edition.  8vo. cloth, Ts.

DR. HENRY Q. WRIGHT.

i HEADACHES ! their Causes and their Cure. Second Edition. Feap. 8vo.,

g, Gd.
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MR. CHURCHILL'S PUBLICATIONS.

E

MR. ERASMUS WILSON, F.R.S.

THT ANATOMIST'S VADE-MECUM: A SYSTEM OF HUMAN

ANATOMY. With numerous Illustrations on Wood. Sixth Edition. Foolscap 8vo.
cloth, 12s, Gd. 4

DISEASES OF THE SKIN: A Practical and Theoretical Treatise on
the DIAGNOSIS, PATHOLOGY, and TREATMENT OF CUTANEQUS DIS-
EASES. Third Editich. 8vo. cloth, 122,

Tag same Work; illustrated with finely executed Engravings on Steel, accurately
coloured. 8vo. cloth, 30s.

117,

HEALTHY SKIN: A Treatise on the Management of the Skin and Hair

in relation to Health. Fifth Edition. Foolscap 8vo. 2s. Gd. :

PORTRAITS OF DISEASES OF' THE SKIN. Folio. Fasciculi T.

to XII., completing the Work. 20s. each,

ON SYPHILIS, CUNSTITUTIbNﬁT; AND HEREDITARY ;
AND ON SYPHILITIC ERUFTIONS. With Four Coloured Plates. 8vo. cloth,
16s.

e dmpem e

DR. FORBES WINSELOW, D.C.L. OXON.

LETTSOMIAN LECTURES ON INSANITY. 8vo. cloth, 5s.
A SYNOPSIS OF THE LAW OF LUNACY; as for as it relates

to the Organization and Management of Private Asylums for the Care and Treatment of
the Insane, In the form of a Chart, varnished, mounted on canvas and rollers, price 6s.

ITL.

ON THE CAUSES, SYMPTOMS, DIAGNOSIS, AND TREAT-

MENT OF SOFTENING OF THE BRAIN, AND OTHER OBSCURE DIS-
EASES OF THE ENCEPHALON. 8vo. With Plates. [u ihe Press

DR. G. ©. WITTSTEIN.

PRACTICAT, PHARMACEUTICAL CHEMISTRY: An Explanation

of Chemical and Pharmaceutical Processes, with the Methods of Testing the Purity of
the Preparations, deduced from Original Experiments. Translated from the Second
German Edition, by Steraey Danny. 18mo. cloth, Gs.

MR. YEARSLEY.

DEAFNESS PRACTICALLY ILLUSTRATED; béing an Exposition

of Original Views as to the Causes and Treatment of Diseases of the Far. F
Edition. Foolscap 8vo., 2s. 6d. ar.  Fourth

ON THE ENLARGED TONSIL AND ELONGATED UVULA.

and other Morbid Conditions of the Throat, Sixth Edition., 8ve, cloth, 5z,
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GHURGHILL'S SERIES OF MANUALS.

“}\"E here gi.‘r'l_': Mr. Churehill puhiic thanks for tha ]]mi.iti':u henefit conferred on the
Medieal Profession, by the series of beautiful and cheap Manuals which bear his imprint,"—
British and Foreign Medical Review.

- 5'3*"9#-}

AGGREGATE SALE 83,500 COFIES.

| 1']'_11.- BARLOW.
A MANUAL OF THE PRACTICE OF MEDICINE.

Foolscap 8vo. cloth, 12s, 6d.

s SRR PR R

DR. GOLDING BIRD, F.R.S,, and CHARLES BROOKE, M.B. Cantab, F.R.S,
ELEMENTS OF NATURAL PHILOSOPHY;

Being an Experimental Introduction to the Study of the Physical Sciences. With numerous
Lllustrations on Wood. Fourth Edition. Feap. 8vo. cloth, 125, 6.

DR. CARPENTER, F.R.S.
A MANUAL OF PHYSIOLOGY.

With numerous Illustrations on Steel and Wood. Third Edition. Feap. 8vo. cloth, 125, 6d.
BY THE SAME AUTHOR.

THE MICROSCOPE AND ITS REVELATIONS.
With numerous Engravings on Wood. Feap. 8vo. cloth, 12s. Gd.

g e ot

MR. FERGUSSON, F.R.S.E.

‘f A SYSTEM OF PRACTICAL SURGERY.
% With numerous Illustrations on Wood. Third Edition. Feap. 8vo. cloth, 125, 6d.

k1

MR. FOWNES, PH.D, F.R.S.
A MANUAL OF CHEMISTRY.

With numerous Illustrations on Wood. Sixth Edition. Feap. 8vo. cloth, 125 Gd.

R L

MR. WHARTON JONES, F.R.8,
A MANUAL OF OPHTHALMIC MEDICINE & SURGERY.

With Coloured Engravings on Steel, and Illustrations on Wood.
Second Edition. Feap. 8vo. cloth, 12, Gd.

e ——— L R S

Dr. HANDFIELD JONES, F.R.S, & Dr. EDWARD H. SIEVEKING.
A MANUAL OF PATHOLOGICAL ANATOMY.

Illustrated with numerous Engravings on Wood. Foolscap 8vo., cloth, 12s. 6d.

e R A

DR. ROYLE, F.R.5,, and DR. HEADLAND, F.L.S

A MANUAL OF MATERIA-MEDICA.
With numerous Illustrations on Wood. Third Edition. Feap. 8vo. cloth, 12s. 6d.

A LR R

DR, ALFRED TAYLOR, F.R.S.

A MANUAL OF MEDICAL JURISPRUDENCE.

Fifth Edition. Feap. 8vo. cloth, 12s. Gd.
BY THE SAME AUTHOR.

ON POISONS.
Feap. 8vo. cloth. 12s Gd.

e e R

? MEB. ERASMUS WILSON, F.R.5.
THE ANATOMIST’S VADE-MECUM ;
é A SysTem o HusMax Axatomy. With numerous Illustrations on Wood. Sixth Edition.

L

Feap. 8vo. cloth, 12s. 6id.

) .'.,a{ i e e __'E‘
‘qm"" " Printed by W. Braxcuarn & Sons, 02, Millbank Street, Westminster, je
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