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Actuality. At present time the biological modeling of
diseases is the most important method of scientific
investigation. This fact causes the necessity to create
experimental models (using laboratory animals) that
correspond to the mechanism of human illnesses, and to
the mechanism of recovery. Organization of such
experiments is impossible without thorough knowledge
of the biology of laboratory animals which represent
indispensable constituent of preclinical research. But
biological features of laboratory animals are still poorly
investigated. Absence of the necessary information of
histologic structure of the different types of tumors in the
laboratory animals decreases possibility of the purposeful
modeling, and increases the probability of mistaken
interpretation of the results of experiments. Information
that was found in the available scientific literature is
concerned mainly with clinical cases [1, 2, 3, 4, 6,7, 8, 9,
10, 11, 12, 13, 16, 17, 18]. Datas of the experimental
pulmonary tumors are scanty [14, 15]. Information of the
tumor metastases of lung in laboratory animals was not
found. Taking into consideration the above mentioned
facts, we tried to determine structural features of
pulmonary metastases in laboratory rats and mice in case
of development of different types of tumors.

Methods. For our investigation we used:

a) Three-month-old males of laboratory rats that made up
four groups (each group consisted of five animals). The
group number one included intact animals. The groups
number two included rats subjected to intravenous
injection of ten thousand of tumor cells. The group
number three included rats subjected to subcutaneous
injection of the homogenate of the tumor cells. The group
number four included rats subjected to intraperitoneal
introduction of five million tumor cells. Concentration of
the tumor cells was determined with the help of Gorjaev’s
count chamber.

b) Adult laboratory mice that made up two groups. The
group number five included intact three-month-old mice.
The group number six included one mice in which the
mammary tumor was found

Rats of the groups number one and number two were
killed on the twentieth day of the experiment. Rats of the
groups number three and number four were kept till the
time of full development of the tumor. Mice of the groups
number five and six were killed just after discovery of the
mammary tumor.

After the dissection the lungs tissue of the tumor were
extracted and fixed in solution of formalin. Paraffin

sections were stained with hematoxylin-eosin. Histologic
specimens were observed under light microscope.

On the outside the lungs of the control rats (rats of the
group number one) are covered by serous tunic that
consists of flattened mesothelium (its thickness is
4,13%0,19 micrometers, its cells contains hyperchromatic
elongated nuclei) and subepithelial connective tissue
layer which is permeated by numerous capillaries. The
connective tissue layer consists of a large number of cells
having oval densely stained nuclei, and of fibres directed
along the surface of the organ. Thickness of the serous
tunicis 19,2+1,1 micrometers.

The bulk of the pulmonary parenchyma is made up of
alveoles, between which the bronchi of different size are
located. The alveoles are lined by flattened epithelial cells
containing elongated nuclei. There isn't any prominent
difference between the diameter of alveoles situated
within the peripheral parts of the lungs (21,1+1,6
micrometers) and the diameter of alveoles situates within
the internal parts of the organ (23,63+1,26 micrometers).
Besides, there isn’t any prominent difference between the
density of arrangement of alveoles situated within the
peripheral parts of the lungs and of alveoles situated
within the internal parts of the organ. Within the
peripheral parts of the lungs the number of alveoles in
one visual field of microscope (ocular 15, objective 40) is
6,73+0,26, and within the internal parts of the organ the
number of alveoles in one visual field of microscope is
7,66+0,33.

Alveoles are separated from one another by thin alveolar
septa penetrated by capillaries. The alveolar septa consist
of densely arranged cells (that contain rounded and oval
nuclei having well visible nucleoli and masses of
chromatin) and thin connective tissue fibres. Within the
peripheral parts of the lungs the thickness of the alveolar
septa is 9,75+0,49 micrometers, and within the internal
parts of the organ the thickness of the alveolar septa is
8,73%0,43 micrometers.

Bronchi of any size are followed by blood vessels. Arteries
are characterized by well developed smooth muscle of
media. Large veins contain valves.

Wall of those bronchi, the lumen of which is eight
hundred to one thousand micrometers in diameter,
contain plates of cartilage 54,05%+3,06 micrometers in
thickness. The -cartilaginous plates contain oval and
irregular-shaped cells that are densely arranged. Those
cells have prominent boundaries, diameter of the cells is
15,44+0,8 micrometers. Rounded and oval nuclei of the
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cells (5,38+0,21 micrometers in diameter) contain well
visible nucleoli and masses of chromatin.

Mucous tunic of bronchi of any size forms folds that are
made up of epithelium and lamina propria. In the bronchi
that are eight hundred to one thousand micrometers in
diameter, the height of the folds is 62,01£3,01
micrometers. In the bronchi, that are six hundred and fifty
to seven hundred and fifty micrometers in diameter,
height of the folds is 103,89+5,09 micrometers. In the
bronchi, that are three hundred to four hundred
micrometers in diameter, the height of the folds is
60,38+3,01 micrometers. In the bronchi, that are two
hundred to two hundred and fifty micrometers in
diameter, the height of the folds is 64,35%3,3
micrometers. In the bronchi, that are eighty to one
hundred micrometers in diameter, the height of folds is
39,25+1,9 micrometers.

Inner surfaces of the bronchi are lined by pseudostratified
epithelium the cells of which contain hyperchromic nuclei
that are located within middle and basal parts of the cells.
Boundaries between the epithelial cells and the basal
membrain are not prominent. In the bronchi, that are
eight hundred to one thousand micrometers in diameter,
the height of the epithelium is 27,69+1,26 micrometers. In
the bronchi, that are six hundred and fifty to seven
hundred and fifty micrometers in diameter, the height of
the epithelium is 20,36+0,86 micrometers. In the bronchi,
that are three hundred and fifty to four hundred and fifty
micrometers in diameter, the height of the epithelium is
15,56+£0,53 micrometers. In the bronchi, that are two
hundred to two hundred and fifty micrometers in
diameter, the height of the epithelium is 13,33+0,64
micrometers. In the bronchi, eighty to one hundred
micrometers in diameter, the height of the epithelium is
10,8+0,5 micrometers.

Lamina propria of the bronchial mucous tunic consists of
numerous cells that contain densely stained nuclei of
different size, and of thin connective tissue fibres.

Smooth muscle in the bronchial wall represents bundles
of densely arranged smooth muscle cells. The bundles are
separated by connective tissue layers. The smooth muscle
cells contain poorly stained nuclei that are elongated in
shape. The specific gravity of the muscle in the bronchial
wall increases as the bronchi become smaller but the
thickness of the smooth muscle decreases. In the bronchi,
that are eight hundred to one thousand micrometers in
diameter, the thickness of the smooth muscle is 73,0+3,6
micrometers. In the bronchi, that are six hundred and fifty
to seven hundred and fifty micrometers in diameter, the
thickness of the smooth muscle is 41,65+2,0 micrometers.
In the bronchi, that are three hundred and fifty to four
hundred and fifty micrometers in diameter, the thickness
of the smooth muscle is 21,72,+1,08 micrometers. In the
bronchi, that are two hundred to two hundred and fifty
micrometers in diameter, the thickness of the smooth
muscle is 17,94+0,8 micrometers. In the bronchi, that are
eighty to one hundred micrometers in diameter, the
thickness of the smooth muscle is 7,89+0,3 micrometers.
Bronchial adventitia consists of numerous cells,
containing rounded and oval nuclei that are densely
stained, and of thin fibres. Connective tissue of the
bronchial adventitia is gradually continuous with the
adjacent alveolar septa, and with adventitia of the
adjacent vessels, that's why boundaries of the bronchial
adventitia are not prominent. The walls of the bronchi
contain lymphatic nodules occupying all the thickness of
the wall and even reach the subepithelial layer.

Lungs of the rats of the group number two and number
three contain numerous tumor nodes that are grey in

colour. Some of these nodes are situated within the
organs, and some of them project out on the surfaces of
the lungs. Those nodes were evenly distributed
throughout the organ.

In the rats of the group number two the tumor nodes are
one to two millimetres in diameter. Each of those nodes is
surrounded by connective tissue capsule the structural
elements of which are arranged rather densely. Within
the capsule there are not numerous tumor cells some of
which are present in groups.

Central parts of tumor nodes may be necrotic. In the
tumor nodes of the smallest size the necrotic centres
frequently are absent. As the size of the nodes increases
the specific gravity of the necrotic centres becomes
greater.

The smallest tumor nodes are made up of densely
arranged cells the boundaries of which are indistinct.
Rounded and oval nuclei of the cells are characterized by
well visible karyolemma and masses of chromatin. The
nuclei are 6,47+0,17 micrometers in diameter. The tumor
cells are present in groups separated by thin layers of
homogeneous substance.

Next to the necrotic centres almost all the tumor cells
have signs if destruction. Necrotic tissue is unstructured
and contains fragments of nuclei.

In the tumor nodes of the greatest size the necrotic tissue
occupies the most part of the metastasis. Besides, within
the peripheral parts of the nodes there are also some
small necrotic zones. Intact tumor tissue consists of
densely arranged cells the boundaries of which are
indistinct. Rounded and oval nuclei of the cells have well
visible karyolemma and masses of chromatin. Diameter of
the nuclei is 6,2£0,22 micrometers. Tumor cells are
arranged in groups separated by wide layers of
homogeneous substance.

Among the tumor cells there are those having signs of
destruction. The bulk of the destroyed tumor cells are
situated next to the necrotic centres.

In the rats of the group number three there are numerous
intrapulmonary metastases between which intact tissue
of lungs is infiltrated by the tumor cells. Diameter of the
metastases varied from thirty-five till two hundred
micrometers. Connective tissue capsule around the tumor
nodes is not conspicuous.

The most of the tumor nodes are made up of densely
packed cells the boundaries of which are not visible.
Those tumor cells are arranged in groups separated by
thin layer of homogeneous substance. Nuclei of the cells
are rounded and oval in shape, they are characterized by
distinct karyolemma, nucleoli, and masses of chromatin.
Diameter of the nuclei is 7,25+0,3 micrometers.
Destroyed cells within those nodes are found very
seldom.

There are also some tumor nodes that are characterized
by more compact arrangement of cells. Hyperchromatic
nuclei of the cells are oval, elongated, or irregular in
shape. Diameter of the nuclei is 4,56+0,16 micrometers.
Such metastases contain considerable number of
collapsing cells. There are also small cavities that remain
in places of entirely destroyed tumor cells.

Tumor nodes of the rats of this group may contain blood
vessels. Within some of them there are necrotic zones
which may be centrally or peripherally located.

Numerous tumor cells migrate from the nodes into the
surrounding pulmonary tissue where they destroy blood
vessels. The destruction of the vessels causes
hemorrhage.

In the rats of the group number four the singly arranged
intrapulmonary metastases are rounded in shape, they



are about five hundred micrometers in diameter. Those
tumor nodes consist of densely packed oval and polygonal
tumor cells arranged in groups separated by thin layers of
homogeneous substance. Diameter of the tumor cells is
11,5 +0,29 micrometers, and diameter of their nuclei is
5,58+0,26 micrometers. Central zones of such tumor
nodes are necrotic. Pulmonary tissue situated outside the
tumor nodes remains intact.

In the intact mice (group Ne5) the bulk of pulmonary
parenchyma is occupied by alveoles between which the
bronchi of different size are found. The alveoles are lined
with flattened epithelial cell containing elongated nuclei.
There is some difference between diameter of alveoles
situated within peripheral zoned of lungs (17,94+0,55
micrometers) and diameter of alveoles situated within
central zones of the organ (20,75+1,0 micrometers).
There is also difference in the density of arrangement of
alveoles in different zones of lungs. In one visual field of
microscope (ocular 15, objective 40) in peripheral zones
the number of alveoles is 14,3+0,47, and in central zones
the number of alveoles is 12,6+0,35.

The alveoles are separated from one another by means of
thin alveolar septa. In the peripheral zones of the lungs
the alveolar septa are 8,27+0,3 micrometers in thickness.
In the central zones their thickness is 6,86+0,23
micrometers.

Bronchi of any size are followed by blood vessels.
Structural difference between arteries and veins is not
conspicuous.

Bronchial mucous tunic forms folds which are made up of
epithelium and mucosal lamina propria. The folds are
arranged so densely that their contours are not visible
that’s why it is impossible to determine the height of the
epithelial cells. The height of the mucosal folds depends
on the diameter of bronchi. In the bronchi that are less
than one hundred micrometers in diameter the height of
the mucosal folds is 17,0£0,63 micrometers, in the
bronchi that are one hundred to one hundred and fifty
micrometers in diameter the height of the mucosal folds
is 16,8+0,56 micrometers, in the bronchi that are one
hundred and fifty to two hundred micrometers in
diameter the height of mucosal folds is 17,37+0,59
micrometers, in the bronchi that are more than two
hundred micrometers in diameter the height of the folds
is 18,25+0,74 micrometers.

Bundles of smooth muscle in the wall of bronchioles is not
prominent, and the lymphatic nodules are found very
seldom.

In the mouse of the group Ne6 the pulmonary metastases
of the mammary tumor were discovered. The tissue of
lungs which is situated between the metastases is
destroyed and it is infiltrated by formed elements of
blood. But many of the bronchi are preserved structurally.
In some bronchioles the epithelium is demolished.
Parenchyma of metastases consists of lobules of
hyperplastic glandular tissue. The lobules are separated
by connective tissue bundles that are made up of densely
arranged fibres, and of cellular elements containing
hyperchromic nuclei. The connective tissue bundles are
permeated with numerous small vessels containing
formed elements of blood.

The lobules of the metastases represent the dense
clusters of numerous cells. Some of the cells are
mitotically dividing. The boundaries of the cells are not
visible. Their rounded and oval nuclei either are stained
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deeply or are characterized by presence of distinct
karyolemma, nucleoli, and masses of chromatin. Average
diameter of the nuclei is 5,03+0,15 micrometers.

Within the lobules one can often find some zones that are
composed of anucleate cells, vacuolated cells, cells the
nuclei of which have diluted boundaries, fragments of
cytoplasm containing irregularly scattered collapsed
nuclei.

Many of the metastatic lobules contain cavities. Some of
the cavities are oval in shape, the other cavities resemble
fissures. Those cavities may contain considerable clusters
of the formed elements of blood.

The main tumor in the mouse N26 is surrounded by
connective tissue capsule that is made up of thin
irregularly arranged fibres, and of cellular elements
containing different shaped hyperchromic nuclei. Average
diameter of the nuclei is 4,13+0,14 micrometers. In some
zones the capsule is characterized by dense arrangement
of connective tissue fibres, and by presence of numerous
cellular elements. In the other zones the fibres are
arranged loosely, and the cellular elements here are not
so numerous; in some cases such zones are infiltrated
with the formed elements of blood. Some zones of the
tumor surface are surrounded by unstructured granular
substance.

The capsule gives off numerous connective tissue bundles
penetrating deep into the neoplasm and dividing its
parenchyma into lobules. The bundles are permeated by
thin walled vessels containing formed elements of blood.
Within the bundles the considerable extravascular
clusters of blood cells are found.

Peripheral zones of the tumor parenchyma contain
glandular acini which are singly lying. Their diameter is
30,12+1,2 micrometers. Their lumen (16,96+0,54
micrometers in diameter) contains densely stained
secretion. Those glandular acini are lined by simple
epithelium that is 5,65%0,16 micrometers in height.
Hyperchromic nuclei of the epithelial cells are different in
shape, their average diameter is 3,95 0,11 micrometers.
The bulk of the tumor parenchyma is made up of large
lobules of hyperplastic glandular tissue. Each of the
lobules represents a cluster of numerous densely
arranged cells, some of which are mitotically dividing.
Boundaries of the cells are not visible. Their round and
oval nuclei (5,7+0,22 micrometers in diameter) have
prominent karyolemma and very well visible nucleoli and
masses of chromatin.

Some of the lobules are composed of numerous glandular
acini the lumen of which contains deeply stained
secretion.

Central parts of many of the lobules are necrotic, and they
represent the fragments of eosiniphilic unstructured
substance within which collapsed nuclei are irregularly
scattered.

Some of the lobules contain cavities which may be oval in
shape (and filled with formed elements of blood) or may
resemble fissures. Many of the lobules contain small
zones which are made up of either vacuolated cells or
cells which have diluted boundaries.

Conclusion. As a result of the investigation it was
determined that different types of spontaneous tumors of
laboratory mice and rats are characterized by both
common structural features and features typical of each
types of neoplasm.



BectHuk KasHMY No4-2016

REFERENCES

1 bBauHoB H.H., PykaBumnukoBa B.I'. KiinHuKo-Mopdosioruieckasi xapakKTepUCTHKA OBCSHOKJIETOYHOI0 paka Jierkoro //
Bomnpocsk! oHkostoruu. - 1973. - T. 19. - Ne6. - C. 25-31.

2 BpesruH B.C, CuBakoB A.E. KiinH1KO-Mopdoiornyeckasi xapakKTepUCTHKA OPOHXHUO0JI0-a/IbBEOJIIPHON aIeHOKapIIMHOMbI
(BAA) // Tpyast MOCKOBCKOT0 Hay4YHO-UCC/Ie40BATENBCKOTO UHCTUTYTA Ty6epKyiésa. - 1986. - B. 107. - C.39-43.

3 Bacud B.A, MHuxoBuY M.B., Bacun U.B., CHeryp C.B. Knunuko-mopdosioruyeckoe HabJtoileHHe GpOHX0aTbBEOISIPHOTO
paka siérkoro // Apxus naroJiorud. - 2008. - T. 70. - Ne2. - C. 43-45.

4 BreicMss AWM. Tuctosiornyeckas XapakTepUucTHKa IEPBUYHOIO paka jierkoro B CeBepHOM ICTOHUHU // AKTyasbHble
BOIPOCHI Cy1e6HOM MeIUIIMHbBI U TATOJIOTUYEeCKON aHaTOMUU.- TasutnuH: 1975.- C. 51-54.

5 Tacwk All, Epémun B.U. Mopdosiorudyeckue 1 KapuoMeTpUIECKUE 0CO6EHHOCTH PA3IMYHBIX TUCTOTEHETHYECKUX THUIIOB
OGpPOHXHUOTEHHOr0 paka // JkcnepuMeHTalbHast oHKoJiorus.- 1980.- T. 2.- C. 57-63.

6 T'pun6Gepr JL.M. Mopdosiorusi 6poHXH0aTbBEOISIPHOTr0 paka // ApxuB natoJioruu.- 1992.- Ne6.- C. 15-19.

7 JukwreiH EJI. Kypennas C.C. Mopdosiornueckre 0co6eHHOCTH paka Jiérkoro // Bpaue6Hoe feso.- 1986.- Ne11.- C. 11-
14.

8 /[lo6peinuH B.A. O Mopdosiornueckrux 0co6eHHOCTSIX GPOHXMOTEHHOr 0 paKa JIErKux // Bornpockl Mopdosioruu u
KJIMHUKMU 3JI0Ka4eCTBEHHbIX onyxoJiel.- KpacHozap: 1967. - C. 82-84.

9 3onorapesckuii B.B., Koran E.A.,, A6sinioB 10.A. CpaBHUTE/IbHAS TUCTOJIOTUYECKAs U IUTOJIOIMYecKast XapaKTepUCTHKA
nepudepuyeckoro paka jsiérxkoro // Apxus natosioruu.- 1983.- T. 45.- B. 1.- C. 49-55.

10 Kpeitn6epr JI. [ucTosioruyeckas kiaccupukarus onyxoJiei jerkux.- M.: 1967.- 29 c.

11 Kymonok U.M. MopdoJiorusi npuKopHeBbIX IEPBHYHbBIX PAKOB JIeTKUX.: ABTOped. Aucc. ... KaHA.MeJ.HayK — JloHelk, 1962.
-14c

12 KypenHas C.C. Tucrosiornyeckrie 0co06eHHOCTH pas3IMYHbIX PopM paka jiérkoro // Tpy/ bl 1epBoro cbe3za
naTtoJsioroaHaToMoB YkpauHckoil CCP. - Kues: 1971. - C. 51-53.

13 Capkucos /I.C., BoponaeB M.M., Hukysun B.U., My3sikaHT JL.U. Mopdosiorudyeckue u3MeHeHHUs JIETKUX HA OTHOCUTEJBHO
PaHHUX CTaAUsAX pa3BUTHA paka // ['pyaHas xupyprus.- 1964.- Ne3.- C. 58-63.

14 Tamxkosa B.C. O paHHUX cTaAusSX PHUKUBJIEHHS ONYX0JIEBBIX KJIETOK B JIETKUX KpbIC // Bonpockl oHKosioruu.- 1969.- T.
14.- Ne10.- C. 60-64.

15 Ilbres JI.H. Mopdosiorus npeipakoBbIX H3MeHEHUH U paKa JIETKUX, N0JIy4eHHbIX Y KPbIC IyTEM UHTPATPaxeaJlbHOT0
BBegeHuda 9,10-gumeTn 1,2-6eH3aHTpanneHa // Bonpockl oHKos10rHK.- 1962.- T.8.- N210.- C. 35-42.

16 Xapuenko B.II., Tanuna-Orasl I'A, Koran E.A,, Bepmanckas A.M., [Tankuna 0.B. BponxoanbBeo/isipHbIN pak // ApxuB
narosioruu.- 2000.- T. 62.- Ne3.- C. 10-16.

17 Ary6os A.C. Mopdosiorudyeckre ¢popMbl paka JIETKOro U UX NPOrHOCTUYECKAs OLleHKa: aBToped. AMCC. ... KaHJ. Me[,.
Hayk.- M.: 1969.- 15 c.

18 fAry6oB A.C. O HEKOTOPBIX THCTOCTPYKTYPHBIX 0CO6EHHOCTAX paka Jierkoro // Apxus natosioruu.- 1970.- T. 32.- Ne 12.-
C.18-24.

E.C. I’ KAAPAHOB, M.JK. EPTA3UHA, F.C. UBAZ1YJIVIAEBA, A.B. KPACHOUITAHOB, B.K. KPACHOLIITAHOB,
AK. KEMEJIBEKOBA, A.M. CYJIEAMAHOBA
CIK. Acpendusipoe amerndarsl Kas¥MY, l'ucmosozus kagedpacwt
Jlapinep mexHoso02usicbl kagedpacsl

3EPTXAHAJIBIK ETEYKYWPBIKTAP MEH ThILIKAHAAP/IbIH, OKIECIHIH, 9P TYPJII ICIK KE3IH/E
METACTA3/bIK BY3bLJIbICTAPBIHBIH, KYPbIIBIM/bIK EPEKIIEJIKTEPI
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CTPYKTYPHBIE OCOBEHHOCTH METACTATUYECKUX MOPAXKEHHM JIETKUX JIABOPATOPHBIX KPBIC U MBIIIER
IPU PASBUTHUH PA3JIMYHBIX BUJIOB ONYXO.JIEN

Pe3ome: ABTOpaMM ONHCaHbl CTPYKTYPHbIE OCOGEHHOCTH JIEFOYHBIX METAcTa30B y J1abopaTOPHBIX KPbIC U MbILIEH NMpHU
Pa3BUTUH COJHUAHOHW M acUMTHOH (OpPM 3KCIepHMeHTaJlbHON mnepeBUBHOH omyxosun AdOf, a Takke NMpH pa3BUTHH
CIIOHTAHHOM OMYXOJIM MOJIOYHOM »eJsie3bl. BblIM ycTaHOBJIEHBI clleliupuyecKue 0COGEHHOCTH JIETOYHBIX MEeTacTa3oB MpH
pa3/MYHBIX CrNoco6ax mnepeBUBKM adOUHHUTETHONW ONMYXOM SAMYHHUKA, a TaKKe CTPYKTYpPHAsd CXO0XXeCTb JIeroYHbIX
MeTacTa30B OMyX0JIM MOJIOYHOH eJie3bl C OCHOBHOM OMYXOJIbIO.
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