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LIVER EXTRACELLULAR MATRIX PECULIARITIES IN MAMMALS AND AVIANS
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The extracellular matrix - the connective tissue framework of
the liver - on the one hand, determines the shape of the organ,
and on the other hand, creates specialized compartments for
blood and lymphatic vessels and nerves, as well as cell popula-
tions, the synergy of which determines the various functioning
of the organ. The liver is the largest and heaviest parenchymal
organ, and an appropriate matrix design is required to maintain
its shape and fix it on the abdominal walls [1]. The liver has a
dual blood supply (arterial and portal), and the connective tissue
spaces containing these vessels are built with this factor in mind.
Unlike other organs, in which there are three circulating fluids
and, therefore, there are three compartments for the microcircu-
lation, four fluids circulate in the liver: blood, bile, interstitial
juice, and lymph [2]. At the same time, the liver produces more
lymph than any other organ (up to 50% of the total amount of
lymph in the body). Thus, the liver matrix forms a highly com-
plex but strongly regulated labyrinth in which liver cells, blood
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vessels, bile ducts, lymphatic ducts, and tissue fluid have their
own but closely interconnected compartments [3-5].

The study of the liver connective tissue skeleton dates back
to the 17th century. Pursuant to Couinaud [6], in 1640 Walaeus
described the connective tissue sheath, which wraps the portal
vein, the hepatic artery, the bile duct, the lymphatic duct, and
the nerves entering and leaving the liver connects to the capsule
of the liver and hepatoduodenal ligament. Walacus sheath origi-
nates from the vasculobiliary sheath (Glisson’s capsule) and
is not derived from the peritoneum or the capsule of the liver
(Laennec’s capsule). Besides, the separation between Laennec’s
capsule and the Walacus sheath can be seen microscopically at
the hepatic hilum [6], where the Walaeus sheath forms a thick
plate at the inferior part of the liver referred to as the hilar (por-
tal) plate [7].

The portal pedicle wrapped by the Walaeus sheath continues
inside the organ, as the so-called Glissonian Pedicals [8].
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Until the late 1980s, it was thought that the branches of the
portal vein and the hepatic veins in the liver were mutually au-
tonomous and that their connective tissue sheaths did not touch
each other [9-11]. There is the established opinion in the modern
textbooks of Hepatology that Glisson’s portal pedicles and the
main branches of the hepatic veins spatially intersect, but the
parenchymal area remains between them and, therefore, they
are anatomically independent of each other [12]. But Ilia Cha-
nukvadze showed that in the human liver the connective tissues
of the main portal complexes and hepatic veins might merge
in some zones of the intersection. The regions of such merging
were called Portacaval Fibrous Connections (PCFC). Besides,
the various forms of PCFC - as are the complete merging, touch-
ing merging, septal- and fibril-like connections - were described
[13,14]. It has been revealed that PCFC, as an anatomical struc-
ture, is formed on the 11th-12th weeks of pregnancy [15].

A new wave of research on the connective tissue structures
of the liver has been observed over the past five years. This
“revisiting” is based on the introduction of new methods and
computer technology in morphological studies [16]. This is due,
on the one hand, to the creation of the possibility of endoscopic
anatomical liver resections and, as a consequence, to the need to
clarify the intercommunications of the connective tissue struc-
tures of the liver [17], and on the other hand, to the prospects of
using human and animal liver matrices as the scaffolds for the
creation of bioartificial livers (in turn related to the development
of stem cells technology and bioengineering) [18-21].

At the same time, the analysis of these studies makes it obvi-
ous that the knowledge on the connective tissue skeleton of the
liver lacks systematization, the terminology is inconsistent, and
sometimes the construction of this or that component of the liver
matrix is addressed controversially in the literature [22]. All of
the abovementioned confirms the necessity of the further study
of the liver matrix and complex analysis of the results obtained
by different methods.

We set a goal to study peculiarities of the construction of con-
nective tissue matrices of the livers of different mammals and
birds for the identification and systematization of the general
and specific regularities of this structure.

Material and methods. We have studied the relation of the
connective tissue sheaths, covering the portal complexes and he-
patic veins to each other and to the liver capsule and intralobu-
lar connective tissue network — in the livers of mammals with
a gallbladder (pigs, sheep) and with no gallbladder (rats) and
birds (domestic hens with gallbladder). The livers of the named
animals and birds were studied by the anatomical preparation,
histological, histotopographical, histochemical, immunohisto-

chemical methods, scanning electron microscopy (SEM) of cor-
rosion casts, and fluorescence microscopy. The number, age, and
distribution of studied subjects according to the research meth-
ods are shown in Table 1.

Histology. Liver tissue sections of 3-5 um were stained by the
standard H&E method and studied microscopically with differ-
ent magnification.

Histochemistry. Liver tissue sections of 3-5 um were stained
using Masson’s Trichrome kit (Sigma Aldrich Catalog Number:
C970D37) according to the recommendation of the manufac-
turer.

Immunohistochemistry. Liver sections of 3-5 um thickness
obtained from the parragin-embedded blocks were stained with
pan-Cytokeratin antibody [AE1+AE3] (neat) (ab961, Abcam,
ple, Cambridge,UK) using appropriate protocols provided by
antibody suppliers. Sections were counterstained with haema-
toxilin.

Histotopography. For Histotopographic examinations, histo-
logical samples of the liver of experimental animals and birds
with a thickness of 3-5 micrometers were prepared.

Area of a tissue sample is up to 2cm x 4 cm. Samples were col-
ored with Hematoxylin and Eosin (H&E) and Masson’s trichrome
stains. Tissue samples were digitized with MoticEasyScan Pro
6-FS scanner with x40 magnification (0.26 pum/pixel resolution).
As a result, the original tissue sample was increased 1 000 times.
High resolution digital images were visualized by Motic DSAssis-
tant software, in which different types of distance measurement and
morphometry tools were used for the analysis of slide images.

Corrosion Casting. The corrosion casts of the portal and he-
patic veins of the pigs were prepared by injecting the solidifying
liquid latex “Nairit” (Yerevan, Armenia). Latex was injected by
the 20-gram graduated standard syringe under the manual pres-
sure, through the catheter fixed a) into the extrahepatic part of
the portal vein and b) into the inferior vena cava. The corrosion
of liver tissue was performed in 40% sulfuric acid, during 3 days
with the following washing in running water. The obtained casts
were studied macro- and microscopically by using a light stereo-
microscope (ProScope HR device, Bodeline Technologies, US).

The corrosion casts of the portal and hepatic veins of the rats were
prepared by injecting the Protacryl-M” (see below). The abdomi-
nal cavity of the Wistar rat, weighing 200-220 g was opened under
general ether anesthesia. The catheters with appropriate diameters
were inserted in the portal vein and caudal vena cava and fixed with
ligatures. The liver vessels were washed out via portal vein catheter
with the cocktail including 100 ml 0.9% NaCl, 1,0 ml Atropine,
1,0 ml No-Spa, 1ml Heparin, and 1 ml 2% Novocain. Outflow was
achieved through the catheter inserted in the caudal vena cava. Cra-

Table 1. The number, age, and distribution of animals according the research methods
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Pig (1 year old) 2 2 2 - 2 2 - 4
Sheep (1 year old) 2 2 2 - 2 - - 3
Rat (6 months old) 2 6 6 2 2 2 2 14
Hen (6 months old) 3 3 3 - 2 - - 3

note: Several research methods were used on the same livers
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nial vena cava was ligated preliminary. After washing out the liver,
the injection of the”Protacryl-M” cocktail (“Protacryl-M” powder
3 cm3 dissolved in 7.5 ml of its liquid component) was performed
through both catheters under manual pressure. Cocktail injected
in portal vein was colored by red pigment, while the cocktail in-
jected in hepatic veins — by the blue pigment (Protacril powder,
liquid component and the pigments are the components of standard
“Protacryl-M” kits — Kharkiv, Ukraine). The liver tissue was cor-
roded in 20% KOH solution, in-room temperature after Protacril
cocktail polymerization. After 2 hr fragments were washed out in
distilled water for 10 min three times, the process was repeated 6
times. Dried casts were studied with the ProScope HR device.

Fluorescent Microscopy. Immunofluorescence images were
were obtained by the imunofluorescence microscope Nikon
HS50L (Japan). The digital images were captured by Infinity 2
camera provided with Infinity software version 6.5.6 — for mea-
suring and analyzing.

Results and discussion. In all investigated livers, around the
portal and hepatic veins, including their thinnest branches/tribu-
taries, there are connective tissue sheaths of various thicknesses,
consisting of different ratios of different types of connective tis-
sue fibers. These sheaths communicate with each other, as well
as with the liver capsule and the interlobular mesh of connective
tissue, creating a single extracellular matrix - the connective tis-
sue skeleton of the organ.

Porcine. In the porcine liver, both the portal and caval ports are
located close to each other at the dorsal (posterior) surface of the
liver (Fig 1a). Large-caliber portal and hepatic veins are arranged
on the planes situated more or less parallel to each other. The above-
mentioned blood vessels intersect with each other, but only within
the mentioned planes. At the same time, their thin branches inter-
section might happen with different angles (Fig 1b). The hepatic
veins are located above the portal vein branches (cranially).

In porcine liver, the mesh-like structure of the connective tissue
fibers links the portal tracts with each other and separates the liver
lobules of different sizes (from 0.5 mm to 2,2 mm in diameter) and
shapes (irregular polygons). The connective tissue septs positioned
among the liver lobules are quite thick (5-15 mm). In addition, these
septs in some areas involve the connective tissue sheaths of the he-
patic vein tributaries. Due to this feature, not rare the connective
tissue framework enveloping the classic lobules includes not only
the portal tracts but also the tributaries of the hepatic veins, which
makes the architecture of the soft skeleton of the liver even more
complex. Thus, the connective tissue sheaths of the portal tracts and
the hepatic vein tributaries are connected to each other by numerous
connective tissue septs separating the liver lobes. The numbers of
liver lobules situated between the hepatic veins and the portal tracts
might vary from one to several (Fig 1c,d,g,k).

The described fibers of the connective tissue structure con-
tinue into the interlobular connective tissue, located in the space
of Disse, which proves the formation of a single connective tis-
sue labyrinth, likewise, it was described in cat liver [3] (Fig le,f).
The liver capsule (the Laennec capsule), consisting of thin elastic
and I-type collagen fibers, is connected with the above-mentioned
connective tissue interlobular septs, which fibers extend into the in-
tralobular extracellular matrix (Fig 1h). At the same time, in some
areas, between the thin connective tissue plates (0.2-0.5 pm) cov-
ering liver lobules, from the one hand, and the Glisson’s capsules
of the large portal pedicles, from the other hand, were found the
fissures, which were crossed over by the single connective tissue
fibers establishing the communication between the Glisson’s plates
and the derivates of Laennec’s capsule (Fig 1i,j). These plates are
similar to those described in the human liver 23,24]. However, we
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couldn’t find the “proper liver ligament” identified by Ikeda et al.,
between the Laennec’s and Glisson’s plates using the computer
program processing of liver histotopogramms [16]. We think that
such identification of “new structure” is somewhat artificial which
is resulted from the “ability” of the used computer program.

The described fissure, as well as the connective tissue fissures
inside of the Gleason capsule, according to our previous studies,
represents one of the compartments of the pre-lymphatic circu-
lation basin [5].

Masson’s trichrome differently dyes different connective tis-
sue fibers and muscles (the elastic fibers in pomegranate color,
I-type collagen — in blue (flesh-color), and the III type collagen
— in brown colors). Besides these structures are characterized by
different self-fluorescence lightening in fluorescent microscopy.
Considering the above mentioned we can conclude that the con-
nective tissue structures of the liver capsule, interlobular septa,
and hepatic vein tributaries sheaths are mainly represented by
the interweaving of the I-type collagen and elastic fibers. hepat-
ic vein tributaries sheaths additionally contain the longitudinal
smooth muscle fibers, the individual bundles of which are sepa-
rated from each other by thin connective tissue inserts (Fig 1k,]).

The single smooth muscle fibers are found in portal vein ad-
ventitia as well. In addition, the portal vein has its own connec-
tive tissue coat enveloping its adventitia. A narrow fissure (gap)
can be detected between the adventitia and the mentioned coat.
The arteries, bile ducts, and nerve trunks (vagus branches) in
the portal tracts are characterized by similar covers (Fig 1m,n).
These findings fully agree with the data obtained in the 60s and
70s of the last century by several researchers and summarized
by Kovanov and Anikina [25] identifying the fissures around the
tubular structures of portal tracts. These fissures represent the
areas for the interstitial fluid and pre-lymph circulation and con-
firm that the extracellular matrix of the liver represents a single
basin for the extravascular microcirculation [5].

The walls of the portal vein and bile duct contain elastic fibers.
In the walls of bile ducts, these fibers are accompanied by single
muscular bundles. Elastic fibers are abundantly represented also
in the perineurium, as well as in the subendothelial and external
layers of the branches of the hepatic artery.

A significant portion of the connective tissue skeleton of the
portal tract is represented by thick, well-structured fibers of the
I-type of collagen (Fig li,m).

In the porcine liver, we couldn’t identify some connective tis-
sue structures described in the human portal tract. In particu-
lar, the human portal tract contains 2 connective tissue layers
located around the portal vein, the 1st of which, located close
to the portal vein, contains the branches of the hepatic arteries,
and the other, located peripherally - contains the bile ducts and
extramural peribiliary glands. There are no similar layers in the
portal tracts of the porcine liver.

The intramural biliary (mucosal) glands are quite common
in the bile ducts of the porcine, while the extramural peribil-
liary glands are rare. Besides, it is notable, that these glands are
opened into the biliary lumen from all sides, more or less evenly
(Fig 10), while in humans these glands are usually located along
the two opposite sides of the ducts [13,26,27].

Porta-caval connective tissue connections by the merging
of the elements of the connective tissue sheaths of large portal
tracts and the hepatic veins, we could not find in pig livers. In
addition, with some assumptions, the fibril-like or septal con-
nections of the portal and venous sheaths, consisting of connec-
tive tissue fibers, can be considered as analogs of Porta-caval
connections described in humans (Fig 1c,d,g).
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Fig. 1. Porcine Liver. a - the macro-anatomical specimen; b - corrosion casts of portal and hepatic vein;
¢,d,g hij k1l m— histotopograms of liver tissue (Masson § trichrome staining); e,f,n — fluorescent microscopy of liver tissue
(self-fluorescence), o — histology of liver tissue (H&E). White arrow — hepatic veins; black arrow — portal vein;
white arrowhead — portal tract; free arrow — hepatic capsule (Laennec's capsule); black arrowhead — hepatic artery;
pterygoid arrowhead — fissure; white asterisk — nerve (the branch of vagus); black asterisk — bile duct (bile ductule)
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Hen. The portal and caval ports of the hen liver are separated
from each other to some extent. The hepatic veins have an extra-
hepatic section of considerable length (not found in mammals)
and the hen liver is connected to the dorsally located inferior
(caudal) vena cava by 3-5 hepatic veins covered with perito-
neum (Fig 2a). Posteriorly, liver is connected to the small in-
testine by the ligament, which is created from the duplication
of the peritoneum as well, and in the depth of which the bile
duct, hepatic portal vein, hepatic artery and the gallbladder are
located [28].

Intrahepatic sections of portal complex and hepatic veins are
usually located on planes at different angles to each other and
therefore spatially intersect with each other.

The structures made of different types of connective tissue
fibers are more sharply differentiated within the hen portal tracts
in comparison with the porcine liver. In particular, the own cap-
sule (sheath) of the portal vein is formed by the type-I collagen
and circular elastic fibers, which are tightly twisted with the
portal vein adventitia. The thickness of this capsule does not ex-
ceed 20-30 um. The portal vein with its connective tissue sheath
is situated in the connective tissue of the portal tract, which is

MEJTUIIMHCKUE HOBOCTHU I'PY3UU
LSISHMNZIKL M 5SJIRNGN6M LOSLRI6N

mainly composed of type-I collagen fibers of different sizes and
directions (Fig 2b,c,d,e,f). Sometimes, in the immediate vicinity
of the portal vein, they form small areas (spaces) in which longi-
tudinal smooth muscle fibers are located (Fig 2c,g).

In those regions where thin daughter branches separate off the
portal vein, the amount of type -I collagen gradually decreases,
rarely “disappears momentarily” and the thin branch of the por-
tal vein remains surrounded by a thin sheath (3-5 um) of type-III
collagen and elastic fibers (Fig 2b,c). The fissures between the
sheath and adventitia of the portal vein, similar to those found in
pig liver might be also found in the hen liver but less frequently
(Fig 2g).

The arteries located in the portal tract are characterized by a
well-defined muscular layer. At the same time, their adventitia
is so thin that it is often impossible to identify. The connective
tissue covering around the artery, as it was described in the hu-
man and porcine livers, is practically absent in hens. The study
of the histotopograms gives the impression that the arteries with
a well-developed muscular layer are directly “inserted” into the
connective tissue structure of the portal tract, mainly formed by
type-I collagen fibers. At the same time, the contact between the

Fig. 2. Hen Liver. a - the macro-anatomical specimen, b - | — histotopograms of liver tissue (Masson's trichrome staining).
White arrow — hepatic veins, black arrow — portal vein; white arrowhead — portal tract; free arrow — hepatic capsule
(Laennec's capsule); black arrowhead — hepatic artery; pterygoid arrowhead — fissure; white asterisk — nerve
(the branch of vagus), black asterisk — bile duct (bile ductule); pentagonal arrow — fibril-like porta-caval fibrous connection
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artery wall and surrounding collagen fibers is loose, sometimes
to such an extent that it becomes possible to identify thin (1-5
microns) gaps (Fig 2b,d,e).

The wall of the bile ducts is thick. They are covered with a
dense peribiliary capsule of type-I collagen fibers, which con-
tains a large number of fibroblasts. The epithelial layer is wrin-
kled to such an extent, that the lumen of the bile ducts is often
star-shaped on the slices. Furthermore, small-diameter ductular
profiles lined with epitheliocytes were found in the peribiliary
connective tissue around the lumens of bile ducts (Fig 2d,e,f)).
This indicates that the hen bile ducts are also supplied by the
peribiliary mucous glands. Considering our previous studies it
was expected [29] as the hens have gallbladder. The high degree
of wrinkling of the epithelial lining of the bile ducts co-exists
with the multi-rowed positioning of epithelial cells, which imi-
tates the proliferation.

The bile ducts are always located at the periphery of the portal
tract. Its connective tissue sheath is connected to the connective
tissue skeleton of the portal tract constituted by type-I collagen
fiber from one side, while from the other side directly adjoin
to the liver parenchyma. In such regions, the connective tissue
fibers of the duct membrane continue directly into the adjacent
lobules, thus creating a unified structure of the extracellular ma-
trix of the liver (Fig 2e,f). But in regions where instead of the
bile ducts the connective tissue of the portal tract is adjoined to
the liver parenchyma, it is possible to identify fissures between
these structures. Such fissures are bordered on the one hand by
the fibers of the portal tract and on the other, by the capsule
directly covering the parenchyma, the separate fibers of which
extend into the intralobular matrix (Fig 2g).

The connective tissue fibers, surrounding the large hepatic
veins (both type-1 and type-III collagen and elastic fibers),
are tightly intertwined and form the sheaths of these veins.
Besides, the greater the venous lumen the greater the thick-
ness of the connective tissue sheaths (Fig 2h,i). The thick-
ness of the connective tissue sheath around the main veins
of the liver reaches 100 um. The type-I collagen fibers pass
through the surrounding layer of the III type collagen and
elastic fibers, thus giving the impression of making septums
in the mentioned layer. Longitudinal muscle fibers (running
alongside the veins) are located in some spaces bordered by
these septums (Fig 2 h,j). The thickness of the connective
tissue sheath containing such elastic and muscular fibers in-
creases locally at the junctions of the tributaries with the he-
patic veins (Fig 2 Lk). It should has a certain sphincter-like
and blood-flow-supporting function. The connective tissue
sheaths formed around the smaller veins are much thinner
and mainly contain type-III collagen fibers, part of which ex-
tends directly into the connective tissue skeleton of adjacent
lobules.

Generally, PCFC is not observed in chicken liver. The in-
terconnection of portal tracts and separate connective tissue
fibers, covering the hepatic veins, is observed only occasion-
ally. Considering their shape, these connections can be called
fibrillar-like, or at most, plate-shaped PCFC (Fig 21).

Rat. The portal and caval ports are located close to each other
at the dorsal (posterior) surface of the rat liver (similar to those
described in the porcines). The hepatic veins are located above
(cranially) the portal veins. The large portal and hepatic veins
are located in planes more or less parallel to each other. They
intersect with each other, but within the specified plane. In ad-
dition, thin branches of the portal vein and hepatic veins can
intersect at different angles (Fig 3a).
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In the liver of rats, in at least one or two lobes, we found an area
where the fibers of the portal connective tissue fuse with the con-
nective tissue surrounding the hepatic vein. Sometimes this fusion
might be so intim that above-mentioned two types of veins can have
one single (united) wall. Such areas, which are considered to be
PCFCs, similar to human PCFCs, are the areas where not only con-
nective tissue fibers can intertwine, but some structures of the portal
complexes can be displaced into the connective tissue sheath cover-
ing the hepatic veins (Fig 3b,c.d.e,f,g).

The adjoining of the branches of the hepatic artery to the walls
of the hepatic veins in the areas of close contact of the portal
tracts with the branches of the hepatic veins was described many
years ago [30]. More recently, we also found the bile ducts dis-
located from the portal tract towards the hepatic veins. Notably,
in 2014, we confirmed that translocated ducts can accompany
the hepatic veins up to their small tributaries, including the sub-
lobular and central veins; Therefore, we assumed that in some
parts of the rat liver, the outflow of bile from the bile capillaries
can occur not only in the interlobular bile ducts located in the
portal tract but also in the bile ducts passing along the central
and/or sub-lobular venules [31].

Various forms of portocaval connections have been identified in
rat liver, starting from the complete merging and ending with fibril-
like connections. In the regions of complete fusion, the branch of
the hepatic vein is connected with the bilio-vascular triad of the por-
tal complex as the fourth element. This biliary-vascular quaternion
are enclosed in a single common capsule - the sheath, similarely to
the one described in the human livers [32].

In rat liver, the peculiarities of the location of connective tissue
fibers, going along the portal tracts of different sizes and the tribu-
taries of the hepatic veins, substantially repeat those described in
the hen liver. In addition, it should be noted that in the liver of rats
elastic fibers are found in smaller amounts, as well as the muscu-
lar layer of arteries is less vividly pronounced. It is also notewor-
thy that in the rat liver hilum and in the area of large vessels, the
boundary between the Glisson’s capsule and the Laennec’s capsule
is distinguished. The latter, as in the porcine liver, covers not only
the liver surface but also separates its parenchyma from the adjoint
portal tracts and tributaries of the hepatic veins (Fig 3h,i). Besides,
we have confirmed the opinion of other researchers, that the fis-
sures, between the sheats of small portal tracts and hepatic veins, on
the one hand, and the connective tissue sheaths of the liver paren-
chyma, on the other hand, is no longer identified. The fibers of all
the named connective tissue structures intertwine, forming a single
extracellular carcass of the liver (Fig 3j,k). At the same time, gaps
are maintained between the adventitia and connective tissue cap-
sule of individual blood vessels, on the one hand, and the above-
mentioned capsule and Glisson’s sheath covering the entire portal
tract, on the another hand. The results of scanning electron micros-
copy of the corrosion casts of the hepatic blood vessels presented
in Fig 31,m and described and discussed in detail in our previous
papers [33], confirm the above-mentioned. In particular, in some of
the corrosion casts, a “leak” of the hardening mass introduced into
the portal vein was found. Some of these leaks travel around the
vessels - in the spaces bounded by the perivascular capsule. These
hardened leaks might form the sheaths that enveloping the casts of
the blood vessels. Some sheaths contain casts of two blood vessels,
but some are empty. In several samples, we have found the patterns
where one empty (free from the vessel) sheath was surrounded by
another. In addition, a direct continuation of these sheaths into the
casts of intralobular connective tissue spaces (perisinusoidal spaces
of Disse) was found. This once again confirms the existence of the
extracellular matrix of the liver as a single structure.
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Fig. 3. Rat Liver. a - the corrosion casts of portal (red color) and hepatic (blue) veins, b,c,d,e,h — histotopograms of liver tissue
(Masson's trichrome staining); f,i,j,k - fluorescent microscopy of liver tissue (self-fluorescence); g- immunohistochemistry
(AE1-AE3) of liver tissue; [ m - scanning electron microscopy of corrosion casts. White arrow — hepatic veins,
black arrow — portal vein, pterygoid arrowhead — fissure; black asterisk — bile duct (bile ductule)
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Fig. 4. Sheep Liver. a-c — histotopograms of liver tissue (Masson s trichrome staining); White arrow — hepatic veins;
black arrow — portal vein, free arrow — hepatic capsule (Laennec's capsule); pterygoid arrowhead — fissure;
black asterisk — bile duct (bile ductule); pentagonal arrow — fibril-like porta-caval fibrous connection

Sheep. In the liver of the sheep, the portal and the caval ports
are somewhat separated from each other (the hilum of the portal
vein is located more ventrally). In this respect, sheep liver, like
cow liver [34], shows more similarity with the human liver. The
portal and hepatic veins, respectively, are located at the planes,
which are at different angles to each other and intersect spatially.

The structure and location of the connective tissue structures
of sheep liver are more similar to the structure and location of
connective tissue structures of rat and hen livers than that of por-
cine liver. Besides, there is a difference: the liver capsule (Lae-
nek’s capsule) contains a large amount of type-I collagen and
a small amount of type-III collagen and elastic fibers (Fig 4a).

The bile ducts, which have the star-shaped lumens (similarly
to hens bile ducts) and are covered with a sheath containing
type-III collagen and single elastic fibers, do not directly touch
the liver parenchyma but is separated from it with the type-I
collagen fibers. The latter borders the liver parenchyma which
in turn is covered by the derivate of Laenek’s capsule (Fig 4b).

PCFC was detected only in isolated cases. For the most part,
these connections are plate-shaped and contain bile ducts, mak-
ing the sheep liver like the liver of a rat (Fig 4c).

Conclusion. In mammalian and bird livers, the connective
tissue sheaths of various thicknesses and compositions around
the portal tracts and hepatic veins are interconnected in vari-
ous ways with each other, the liver capsule and intralobular con-
nective tissue network. This system of connective tissue fibers
forms the so-called liver extracellular matrix - the connective
tissue skeleton of the liver.

© GMN

The connective tissue sheaths around the portal tracts and the he-
patic veins might be connected to each other in the form of fusion,
touching, septum (plate-shaped), or thread-shaped connections
when intersecting each other. Such connections form a sturdy extra-
cellular matrix and strengthen the architecture of the liver tissue that
helps the organ maintain its integrity under various pathological (in-
cluding traumas) conditions. Due to the minimal number (virtually
absent) of portocaval connective fibrous connections, compared to
that of the livers of pigs, sheep, and rats, the hen livers seem to be
more vulnerable to mechanical damage.
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SUMMARY

LIVER EXTRACELLULAR MATRIX PECULIARITIES
IN MAMMALS AND AVIANS

'Patarashvili L., "*Azmaipharashvili E., 3Jandieri K.,
IGvidiani S., ?Tsomaia K., *Kikalishvili L., Sareli M.,
3Chanukvadze 1., "*Kordzaia D.

"Ivane Javakhishvili Thilisi State University (TSU), Faculty of
Medicine; *Alexandre Natishvili Institute of Morphology, TSU;
$Thilisi State Medical University; *Institute of Clinical Oncology,
Thilisi, Georgia; *Chaim Sheba Medical Center at HaShomer,
Department of Surgical Oncology (Surgery C), Tel-Aviv, Israel

Analysis of liver matrix studies makes it obvious that knowl-
edge about the connective tissue skeleton of the liver is not sys-
tematized, the terminology is contradictory, and the question of
the construction of some components sometimes causes contro-
versy. We set a goal to study the features of the construction of
the connective tissue matrix of the liver of various mammals and
birds in order to identify and systematize general and specific
patterns of this structure.

The liver of mammals with a gallbladder (pigs, sheep) and
without a gallbladder (rats) and birds (domestic chickens with a
gallbladder) was studied by the methods of anatomical prepara-
tion, histology, histochemistry, histotopography, immunohisto-
chemistry, scanning electron microscopy of corrosion replicas
and fluorescence microscopy.
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In the liver of mammals and birds, connective tissue mem-
branes of various thicknesses and compositions around the por-
tal tracts and hepatic veins are revealed. These membranes are
connected in various ways with each other, the liver capsule and
the intralobular network of connective tissue and form an ex-
tracellular matrix, which strengthens the structure of the liver
tissue and helps the organ maintain its integrity in various patho-
logical conditions.

Keywords: portal sheath, hepatic vein sheath, liver matrix,
porta-caval fibrous connections, liver capsule.

PE3IOME

OCOBEHHOCTH BHEKJIETOYHOI'O MATPHUKCA
MNEYEHHU Y MUIEKOIIUTAIOIIUX U IITUILL

Marapamsuiau JLI., “Asmainapamsuam J.J1.,
3Maananepn K., 'Teuananun C.M., “Ilomas K.B.,
SKukamumsuin JLA., SCapean ML.IIL., 3YanykBanze U.M.,
12Kopn3zana J.Jx.

"Tounucckuii 2ocydapemeennviil ynusepcumem um. U. Jicasa-
xuweunu (TI'Y), meouyunckuii paxynomem; *TIY, Hucmumym
mopgonocuu um. A.Hamuweunu, 3Tourucckuii 2ocyoapcmeen-
Holll MeOuyunckull yuueepcumem, *Hucmumym Kiunu4eckou
onkonoeuu, Tounucu, I'pysus; *Meouyunckuit yenmp um. Xaum
HIuber ¢ Xa-Illomep, omoenenue xupypeuueckou OHKOIO2UU
(Xupypeus C), Tenv-Asus, Uzpauns

AHanu3 ucciefoBaHUN MaTpUKCa MEYEHU BBISABUII, YTO 3HA-
HUSI O COCAMHUTEIbHOTKAaHHOM KapKace MeYeHH He CUCTeMaTu-
3UPOBaHbI, TEPMUHOJIOTUS NIPOTUBOPEUYMBA, a BOIPOC O CTPO-
C€HUM TOrO MJM MHOI'O KOMIIOHEHTA II€YCHOYHOI0 MaTpHKCa
BBI3BIBAET CIIOPHI.

[enbro uccenoBanust IBUIIOCH OMPEICICHHEe 0COOCHHOCTEH
CTPOCHUS COCIUHUTEILHOTKAHHOIO MaTpHKca MEYEHU pas3iind-
HBIX MJICKONUTAIOIIUX U NTHILL JUIS BBIIBICHUA U CHUCTEMaTn3a-
IIMM OOIIUX M YaCTHBIX 3aKOHOMEPHOCTEHN 3TOH CTPYKTYPBHI.

[leyeHbp MIIEKOIUTAIOMIUX C JKEIYHBIM IIy3bIpeM (CBHUHBH,
OBILIBI) U 0€3 JKeIYHOTO My3bIpst (KPBICHI) U NTHLBI (JIOMAIIHUE
Kypbl C JKEITYHBIM ITy3bIpeM) M3ydald METOZAMH aHATOMHUYE-
CKOTO IpEenapupoBaHusi, TMCTOIOTUH, MCTOXUMHH, TUCTOTO-
norpaduy, IMMYHOTHCTOXUMHUH, CKaHUPYIOIICH DJIEKTPOHHOM
MHKPOCKOIIUH KOPPO3MOHHBIX PEIUIUK U (IIyOpEeClEeHTHONW MH-
KPOCKOIIHH.

B nedeHu MIICKONMUTAIOIMX W NTHLl BBIABISIOTCA COCIUHU-
TEJIbHOTKaHHbIE O0OJIOYKHM PA3IMYHOM TONIIMHBI U COCTaBa
BOKPYT' BOPOTHBIX TPAKTOB U MEYSHOYHBIX BEH. DTH 00O0IOUYKH
Pa3IMYHBIMU CIIOCOOAMU CBSI3aHbI IPYT C APYTOM, Karcysoii me-
YEHH ¥ BHYTPHIOOYIISIPHOI CEThIO COCANHUTEIBHON TKaHH, 00-
pa3ysl BHEKJICTOYHbIM MaTPHUKC, KOTOPBIH YKPEIIISET CTPYKTYPY

TKaHU II€YCHU U IIOMOracT Oprany COXpaHsATb HEJIOCTHOCTD IIPU
Pas3IMYHbIX NATOJIOTHUYCCKUX COCTOAHUAX.
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