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Macro- and microstructural study of the liver of white rats was carried out. It was established that weight of the
liver in a white mature rat weighing 180-230 g is 11-16 g, and weight of the liver in immature rats is 6-8 g. It con-
sists of 6 lobes, externally covered with connective tissue capsule, which is tightly fused with the visceral layer of the
peritoneum. On the visceral surface, there is a porta hepatis with portal vein, own hepatic artery and hepatic ducts
forming the common bile duct. Rats have no gallbladder. The internal structure of the liver is formed by parenchyma
and stroma. The liver parenchyma is represented by hepatic lobules, which are formed by two rows of polygonal
hepatocytes. Hepatic tubules are formed by hepatocytes. Hepatocytes are polygonal in shape, they are located in
tubules in two rows. Hepatocytes are heteromorphic depending on the hepatic lobe and the region and size within
a specific region of the lobule. Interlobular connective tissue trabeculae are poorly developed. Interlobular blood
vessels and bile ducts in portal tracts form large vascular bundles consisting of 2-3 portal vein branches, 2-3 hepatic
artery branches, and 3-4 bile ducts. Central veins were located in the center of classical hepatic lobules. Endothelial
layer in the walls of the central veins was solid. Endotheliocytes were homogeneous in structure, which was charac-

teristic for these cells.
Key words: rat, liver, hepatocyte.

Connection of the study with planned scientific re-
search projects. The results of these studies were ob-
tained by the author during the research project of Dany-
lo Halytskyi Lviv National Medical University (Department
of Pathological Anatomy and Forensic Medicine) on
“Study of pathomorphological features of diseases of
thyroid gland, cardiovascular digestive, urinary and re-
productive systems, and the perinatal period, for improv-
ing their morphological diagnosis” (state registration N2
0118U000100).

Introduction. Studies of the liver in recent years indi-
cate functional and morphological hepatic heterogeneity
[1, 2]. Heterogeneity in the structure of the liver is associ-
ated with differences between the lobes of the liver and
different zones of their lobules [3]. Studies suggest that
morphofunctional hepatic heterogeneity is due to the
fact that pathological changes and the dynamics of their

spread in the liver under various pathological conditions
at the initial stages have a certain characteristic localiza-
tion, which, in particular, is connected with the specific
nature of its structure [4, 5]. Special mention in this re-
gard should be made of subcapsular area of the liver be-
cause it was scantily studied [6, 7], as well as due to sta-
tistically frequent cases of its involvement in the damage
area during various pathological processes.

Aim of the study is to investigate and describe mor-
phological features of the rat liver in health.

Object and research methods. Rats were kept on a
standard vivarium diet with free and unrestricted access
to water. All animals were kept in the conditions of the vi-
varium of Danylo Halytskyi Lviv National Medical Univer-
sity, the experiments were conducted in accordance with
the provisions of the European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental and
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other Scientific Purposes (Strasbourg, 1986), Council of
Europe Directive 86/609/EEC (1986), Law of Ukraine No.
3447-1V “On the Protection of Animals from Cruelty”. The
experiments were conducted in accordance with Minutes
No. 7 dated 29.08.2022 of the Commission on the eth-
ics of scientific research, experimental developments and
scientific papers of Danylo Halytskyi Lviv National Medi-
cal University. Sampling for this research was carried out
under ether anesthesia. Liver biopsy specimens of male
rats weighing 180-230 g were the material for the study.
Since liver is a large organ, tissue samples from each ani-
mal were collected simultaneously for histological exami-
nation and for electron microscopy, which allowed opti-
mization of the use of biological material and reduction
in the number of animals required for the study. Liver
samples were taken randomly, at least 5 fragments from
different lobes for making histological preparations and
for electron microscopy. Thickness of samples for histo-
logical preparations did not exceed 4 mm, while thickness
of samples for electron microscopy was no more than 1
mm. Samples for making histological preparations were
fixed in 10% buffered formalin. Afterwards, these sam-
ples were dehydrated by processing in increasing concen-
tration of ethyl alcohol (60%, 70%, 80%, 90%, 95%, for 2
hours, and twice 100% for 30 minutes), and embedded in
paraffin in a thermostat at a temperature of 60°C with an
intermediate processing in alcohol-xylene (50 to 50) and
100% xylene, 30 minutes in each solution. For morphom-
etry, sections with a thickness of 3 um were stained with
hematoxylin-eosin [8]. Immediately after sampling, ma-
terial for electron microscopy was placed in 2% osmium
tetroxide solution in phosphate buffered saline (0.1M, pH
7.36) with sucrose. The strips were re-transferred into a
drop of the same solution placed on wax on an ice slab,
and blocks of 1 mm3 were cut out. Next, these blocks
were fixed also with 2% osmium tetroxide solution in
phosphate buffered saline (0.1 M, pH 7.36) with the ad-
dition of sucrose for 2 hours in an iced bath. Afterwards,
these blocks were washed with buffered solution 4 times
for 15 minutes. After washing, dehydration was carried
out before pouring into non-water-soluble resins. For this
purpose, samples were processed in a series of ethyl alco-
hol solutions: three portions of 40% for 10 minutes, three
portions of 70% for 10 minutes, two portions of 96% for
20 minutes. Next, they were processed in pure acetone 6
times for 15 minutes, followed by processing in a mixture
of resins and acetone: two hours in a mixture of acetone
and resin at the ratio of 3 to 1, two hours in a mixture of
acetone and resin at the ratio of 1 to 1, two hours in a
mixture of acetone and resin at the ratio of 1 to 3. Finally,
the blocks were placed in pure resin for 12 hours. Resin
was prepared at the following ratio of components: 5 ml
of epon 812, 3 ml of Araldite M, 11 ml of DDSA, 0.4 ml of
dibutyl phthalate, 15 drops of DMP-30. Slow-speed cen-
trifuge was used during processing in the acetone-resin
mixture. For the purpose of polymerization, the blocks
were placed by self-immersion in epon-araldite in glycer-
ine capsules, which were placed in thermostat for resin
polymerization and kept for 24 hours at the temperatures
of 36°C, 45°C, and 60°C. Ultrathin sections were prepared
with the help of UMTP-3M microtome, glass knives were
made using SSN-1 device. Sections were contrasted in 2%
uranyl acetate and lead citrate solution, studied and pho-
tographed using UEMV-100K microscope (Ukraine) at an

accelerating voltage of 75 kV and 2000x-10000x screen
maghnification.

Research results and their discussion. Normal weight
of the rat liver is 11-16 g in mature animals, and 6-8 g
in immature animals, it consists of 6 lobes: right lateral,
left lateral, right central, left central, caudate lobe and
additional lobe. The rat liver is externally covered with a
connective tissue capsule, which is tightly fused with the
visceral layer of the peritoneum. The ligament appara-
tus is poorly pronounced. On the visceral surface, there
is a porta hepatis with portal vein, own hepatic artery
and hepatic ducts forming the common bile duct. Rats
have no gallbladder. The internal structure of the liver is
formed by parenchyma and stroma. Hepatic parenchyma
is represented by hepatic lobules. Hepatic lobules have
polygonal 5-6-sided shape, and consist of hepatic tubules
and interlobular sinusoidal capillaries. The center of the
lobule is the central vein. A small space called the space
of Mall is found around the stromal elements of triads.
Hepatic tubules are formed by hepatocytes, and are lo-
cated in the radial direction. Hepatocytes in tubules are
located in two rows, and are connected to each other by
desmosomes. Hepatocytes are polygonal in shape. Some-
times solitary segmental triads (fig. 1) with pronounced
perivascular space are located between the lobes. Inter-
lobular connective tissue trabeculae are poorly devel-
oped. Margins of classical hepatic lobes were determined
by the location of portal triads, hepatic plates and sinu-
soidal capillaries, which had a radial direction, from the
central vein to the portal tracts (fig. 1). Between the clas-
sical hepatic lobules, layers of loose connective tissue are
found, in which the components of the hepatic triad are
located, such as branches of hepatic artery, portal vein,
lymphatic vessels and bile ducts. Fibroblasts, as well as
solitary lymphocytes and macrophages are located in the
cellular composition of loose connective tissue of the he-
patic triads. Hepatic parenchyma is represented by inter-
lobular connective tissue. In rats, margins of the hepatic
lobules are visualized only in the direction of the hepatic
tubules, and are characterized by regions with randomly
located hepatocytes and porto-portal shunts.

More pronounced layers of connective tissue are
observed only around interlobular vessels and large di-
ameter vessels. Sinusoidal capillaries of the liver of intact
animals have a radial direction from the periphery of the
liver lobules to the central vein, they are somewhat tor-
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Figure 1 — Rat liver. Micrograph. Hematoxylin and eosin staining.
Maghnification: x200. Designation: 1 — classical hepatic lobules with
central vein; 2— hepatic triads.

ISSN 2077-4214. Bichuk npo6nem bionorii i megnuunm — 2022 — Bun. 3 (166) / Bulletin of problems in biology and medicine — 2022 - Issue 3 (166)

457



MOP®ONO0rifa / MORPHOLOGY

Figure 2 — Interlobular hepatic triad in intact rat. Micrograph.
Hematoxylin and eosin staining. Magnification: x200.
Designation: 1 — branch of the portal vein; 2 — bile duct; 3 — branch
of the own hepatic artery.

tuous, and have a uniform diameter of 4.02 [3.58; 4.64]
um in mature animals ranging from a minimum value of
2.49 um to a maximum value of 7.33um. There are no
porto-portal connective tissue bridges, these areas were
visually indistinguishable from others. Interlobular blood
vessels and bile ducts in portal tracts form large vascular
bundles consisting of 2-3 portal vein branches, 2-3 he-
patic artery branches, and 3-4 bile ducts (fig. 2). On cross-
sections, hepatic plates in most classical lobes of the liver
had a radial direction.

Sinusoidal capillaries were located between hepatic
plates. In intact rats, sinusoidal capillaries are tortuous,
slightly narrowed from the portal tracts to the central
vein, with solitary erythrocytes and leukocytes found in
the lumens of these sinusoidal capillaries, among which
large lymphocytes were identified, which nuclei were
intensely colored, and granules with dense center were
located in the cytoplasm. The diameter of sinusoidal cap-
illaries was 9.6 (8.51; 11.33) um, ratio of the sectional
area of sinusoidal capillaries to the sectional area of the
parenchyma was 0.20+0.02. In the subcapsular zone, si-
nusoidal capillaries with a large diameter of up to 20 um
were often observed, the average diameter of subcapsu-
lar sinusoidal capillaries was 13.20+0.30 um. Walls of si-
nusoidal capillaries consisted of endotheliocytes and stel-
late macrophagocytes. Solitary elastic and collagen fibers,
processes of hepatocytes and hepatic stellate cells, and
solitary hepatic stellate cells themselves: stellate cells,
perisinusoidal cells, Ito cells were observed in the perisi-
nusoidal spaces of Disse. These cells are small-sized, their
differentiation was carried out by heterogeneous, cleared
cytoplasm with vacuole-like inclusions of fat located in
the perinuclear space.

Central veins were located in the center of classical
hepatic lobules. Lumens of central veins in intact rats
were moderately plethoric. Endothelial layer in the walls
of the central veins was solid. Endotheliocytes were ho-
mogeneous in structure, which was characteristic for
these cells. Shape of hepatocytes in classical hepatic lob-
ules of intact rats was polygonal. Cytoplasm of most cells
is cleared and uniformly colored. Hepatocytes are hetero-
morphic, and were found to be mostly uniform in their
shape, intensity of cytoplasm coloring, and size within a
specific region of the lobule. Small elongated hepatocytes
predominated in centrolobular regions, large hepatocytes

Figure 3 — Subcapsular region of the liver in intact rat. Micrograph.
Hematoxylin and eosin staining. Magnification:x1000.
Designation: 1 — lumen of sinusoidal capillary; 2 — binuclear
hepatocyte; 3 - liver capsule.
of mostly polygonal or rounded shape were found in the
regions surrounding portal tracts. A comparative exami-
nation of the histological preparation of the rat liver in
subcapsular region and in the depth of the hepatic paren-
chyma revealed differences in the morphology of these
regions. In particular, hepatocytes in subcapsular region
are characterized by pronounced morphological hetero-
geneity without zonal regularity, compared to the regions
in the depth of the parenchyma. In addition, hepatocytes
with cleared cytoplasm, rounded and giant cells with a
diameter of up to 30-35 pm are more common in subcap-

sular region (fig. 3).

The diameter of sinusoidal capillaries of subcapsular
region in intact rats was (13.40+0.30) um, while the di-
ameter of sinusoidal capillaries in the depth of the paren-
chyma was (10.0£0.20) um.

Solitary binuclear and multinuclear hepatocytes were
observed throughout the hepatic parenchyma. Solitary
cells with apoptotic changes or necrotized cells were de-
tected in centrolobular region of hepatic lobules, some-
times there were cells with signs of adipose degenera-
tion.

Conclusions.

1. Normal weight of the rat liver is 11-16 g in mature
animals, and 6-8 g in immature animals. Rats have no gall-
bladder.

2. There are 6 lobes in the rat liver: right lateral, left
lateral, right central, left central, caudate lobe and addi-
tional lobe.

3. In rats, margins of the hepatic lobules are visualized
only in the direction of the hepatic tubules, and are char-
acterized by regions with randomly located hepatocytes
and porto-portal shunts.

4. Hepatocytes are heteromorphic depending on the
hepatic lobe and the region, and are found to be mostly
uniform in their shape, intensity of cytoplasm coloring,
and size within a specific region of the lobule.

5. The diameter of sinusoidal capillaries was 9.6
(8.51; 11.33) um, ratio of the sectional area of sinusoidal
capillaries to the sectional area of the parenchyma was
0.20+0.02.

Prospects for further research. Materials of our re-
search will serve a morphological basis for further experi-
mental studies, which will be conducted on experimental
animals (white rats).
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MAKPO- TA MIKPOCTPYKTYPHA OPTAHI3AUIA NMEYIHKU BI1OrO LLIYPA B HOPMI

LleBuyk M. M.

Pe3stome. Bara neyviHKM LLypiB Yy HOPMi CTAaHOBUTbL: Y CTaTeBO3PiNMX TBApWH 11-16 r Ta 6-8 r y ctateBoHe3pinnx. Ckna-
[Ja€eTbCA 3 6 YACTOK: NpaBa 6oKoBa, NiBa 6OKOBa, NpaBa LEeHTPaibHa, NiBa LLeHTPasibHa, XBOCTOBA YacTKa Ta A0AATKOBA
YacTka. lNeyiHKa Wwypa 30BHI NOKPUTa CNONYYHO-TKAHUHHOIO Kancy/0t0, AKa LWiJIbHO 3poLLeHa 3 BicLlepasibHUM JIMCTKOM
ouyepeBUHU. 3B’A3KOBMIA anapaT cnabo BUparkeHWI. Ha BicLepanbHili NOBEpPXHi po3TalloBaHi BOPOTa NeYiHKK i3 BOPIT-
HOIO BEHOI0, B/IaCHOO NMeYiHKOBOI apTepieto Ta NeYiHKOBMMM NPOTOKaMM, L0 GOPMYHOTb CMi/IbHY }KOBYHY MPOTOKY. KoB-
YHUI MiXyp Y LLypiB BiACYTHIM. BHyTpiWwHA 6yf0Ba NeYiHKM yTBOPEHa MAapeHXiMmot Ta CTpomoto. MapeHxima neyiHku
npeacTaB/ieHa NevyiHKOBMMM YacToUKaMu. MediHKOBI YaCTOUKM MOANIrOHANbHOI 5-6-TUrPaHHOT GopMK Ta CKNAZATbCA 3
NeYiHKOBUX HaNOK i MiXKYaCTOUKOBUX CMHYCOIAHMX KanifAapiB. B LEeHTPi YaCTOUYKM 3HaAXoAMTbCA LieHTpasibHa BeHa. Ha-
BKOJIO CTPOMM €/1eMEHTIB TpiaZ, BU3HAYalOTb HEBENMKMI npocTip — npocTip Mona. MomiK KnacuyHMMKU NeYiHKOBUMM
YaCTOYKaMM BM3HAYAIOTbCA MPOLUAPKM MYXKOI CMOMYYHOI TKAHMHU, B AKMX PO3TALLOBYIOTLCA KOMMOHEHTU NeYiHKOBOI
Tpiagy — iK1 NeYiHKOBUX apTepii, BOPITHOI BeHW, NiMbATUYHI CyaNHM Ta KOBYHI MPOTOKKU. Y KAITUHHOMY CKNagaji nyxKoi
CMOYYHOT TKAHWMHK MEeYiHKOBMX Tpiaj, po3TalloByBanmch ¢ibpobnactu, a TaKoXK NOOAUHOKI NiMbOLUTM Ta MaKpodaru.
MeyiHKoBI BaNKM YTBOPEHI renaTouMTamm Ta PO3TaLllOBaHi B pajia/ibHOMy HanpaMKy. lenatoumTn 3a dopmoto — barato-
rpaHHi, B 6asKax po3TalloBYOTbCA ABOMA PAAAMM i MOB’'A3aHI MixK coboto gecmocomamu, reTepoMopdHi B 3a/1€XKHOCTI
Bif, YaCTKM NEYiHKM Ta 30HM, NPU HYOMY B MEXKaX KOHKPETHOI 30HM YaCTOUYKM BUABANMN renaToLUTM NepeBaXKHO OAHOPIAHI
33 popMoIo, IHTEHCUBHICTIO 3abapBNIEHHA LMTONIa3MM Ta PO3MipoM. MiXKYacTOUYKOBI CMOYYHOTKAHWUHHI TpabeKyn pos-
BMHEHI cnabo. Mexi Knacu4yHMX NeviHKOBMX YaCTOYOK BM3HAYaMCA Yepes po3TallyBaHHA NOPTasibHUX TPiag, NeYiHKOBUX
NAACTUHOK Ta CMHYCOIAHMX Kaninapis, AKi Manu pagiabHUIA HaNPSAMOK, Bif, LLEHTPA/IbHOI BEHM 4,0 NOPTA/IbHUX TPAKTIB.

Knouosi cnosa: Lyp, nedviHka, renaTouumT.

MACRO- AND MICROSTRUCTURAL LIVER ARRANGEMENT IN WHITE RATS IN HEALTH

Shevchuk M. M.

Abstract. Normal weight of the rat liver is 11-16 g in mature animals, and 6-8 g in immature animals. It consists
of 6 lobes: right lateral, left lateral, right central, left central, caudate lobe and additional lobe. Rat liver is externally
covered with connective tissue capsule, which is tightly fused with the visceral layer of the peritoneum. The ligament
apparatus is poorly pronounced. On the visceral surface, there is a porta hepatis with portal vein, own hepatic artery
and hepatic ducts forming the common bile duct. Rats have no gallbladder. The internal structure of the liver is formed
by parenchyma and stroma. The liver parenchyma is represented by hepatic lobules. Hepatic lobules have polygonal 5-6-
sided shape, and consist of hepatic tubules and interlobular sinusoidal capillaries. The center of the lobule is the central
vein. A small space called the space of Mall is found around the stromal elements of triads. Between the classical hepatic
lobules, layers of loose connective tissue are found, in which the components of the hepatic triad are located, such as
branches of hepatic artery, portal vein, lymphatic vessels and bile ducts. Fibroblasts, as well as solitary lymphocytes and
macrophages are located in the cellular composition of loose connective tissue of the hepatic triads. Hepatic tubules are
formed by hepatocytes, and are located in the radial direction. Hepatocytes are polygonal in shape, they are located in
tubules in two rows, and are connected to each other by desmosomes. Hepatocytes are heteromorphic depending on
the hepatic lobe and the region, and are found to be mostly uniform in their shape, intensity of cytoplasm coloring, and
size within a specific region of the lobule. Interlobular connective tissue trabeculae are poorly developed. Margins of
classical hepatic lobes were determined by the location of portal triads, hepatic plates and sinusoidal capillaries, which
had a radial direction, from the central vein to the portal tracts.

Key words: rat, liver, hepatocyte.
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