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Features of lung organometry in domestic animals...

Abstract. The study of the animal body and its morphoarchitectonics is a priority area for the
successful development of animal husbandry. The purpose of the study is to establish the
macroscopic structure of the lungs and provide an organometric assessment of their morphological
structures in domestic sexually mature animals. The study used 30 clinically healthy individuals
of 6 animal species belonging to the class Mammalia - Mammals. According to the results of the
morphometry analysis of absolute and relative lung values in domestic mammals and their right
and left lobes, a pronounced asymmetry was established, the coefficient of which corresponded
to: in rabbits — 1:1.30, in dogs — 1:1.33, in sheep — 1:1.37, in pigs — 1:1.34, in cattle — 1:1.37, in
horses — 1:1.2. For morphological assessment of typical lung features characteristic of a particular
animal species, a morphological scale of marker features of the organ is proposed. According to
the results of the studyj, it is proposed to classify the lungs of domestic mammals, considering the
structure and shape, into 4 types: 1% — expanded-shortened (lung development index (LDI)=85-
100%); 2 —intermediate (LDI=101-120%); 3" — moderately elongated (LDI=121-130%); 4 —
elongated (LDI=131-140%). Based on a detailed analysis of organometric studies, a scale for
assessing marker features of the lung is proposed - in rabbits (LDI=90+ 1.89%) assigned to the
extended-shortened type, in cattle (LDI=117*2.21%) and sheep (LDI=114#+2.08%) - intermediate
type, in horses (LDI =127 +2.74%) - moderately elongated type, in pigs (LDI=136 + 3.01%) and
dogs (LDI =137 +2.84%) — elongated type. The obtained results of morphological studies of the
lungs of the representatives of the mammalian class are of practical importance in biology and
veterinary medicine since they are marker signs of their morphofunctional state and criteria for
pathomorphological diagnosis of respiratory diseases

Keywords: comparative anatomy; quantitative morphology; respiratory organs; asymmetry
coefficient; lung development index

Introduction

A living organism is a complex biological sys-
tem built from structural elements - organs
and tissues that are anatomically intercon-
nected and form a single morphofunctional
complex that directly interacts with the envi-
ronment (Lyabakh, 2019). The response of the
animal body to the influence of external factors
occurs only during the normal morphofunc-
tional activity of all its systems, including the
respiratory apparatus, which includes the lungs
(Bilash et al., 2019).

An important and new area of research in
morphology is the investigation of adaptive
morphofunctional changes in the body of living
things to the conditions of external and inter-
nal environments (Koptev, 2011; Dzubanovsky

et al., 2019). In addition, identifying the mor-
phological features and functional state of
organs and systems in normal conditions will
allow effectively correcting vital processes of
the body for pathology associated with the res-
piratory system. Therefore, the study of macro-
morphology and organometric parameters of
respiratory organs, including lungs in domestic
mammals, is important and is a morphological
criterion for indicators of the functional state
of all important systems of the animal body.

A comprehensive study of the respiratory
system, including the lungs, which perform an
extremely vital function in humans and ani-
mals — gas exchange, is important (Hyde et al.,
2009; Johnson-Delaney & Orosz, 2011).
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The mammalian respiratory system should
be considered as an open system of the body,
providing it with several multifunctional adap-
tive responses to the air environment. This sys-
tem is one of the most important, providing gas
exchange in the mammalian body by saturating
the blood with oxygen and removing carbon
dioxide from it to the environment (Patwa &
Shah, 2015; Samborska, 2021).

The lungs are soft, compact, parenchymal
tissue. They are located in the pleural cavity
within the chest (Ramchandani et al., 2019).
The lungs in mammals are usually formed by
the lobes of the lungs, which is due to the need
to stretch them in different areas (Ramchan-
dani et al., 2003). The typical division of the
lungs into lobes is not observed in all placental
animals. In primitive placental animals (most
insectivores, many rodents, etc.), this division
is not detected: the left lung is usually not
divided into lobes and the right lung is rep-
resented by incomplete lobular division (ac-
cording to the number of lobes) or indistinctly
expressed lobe clippings (Ferner et al., 2017).
The lungs of different animal species have in-
dividual morphofunctional features regarding
their lobular structure (Ramchandani et al.,
2019). Some foreign morphologists believe
that in mammals, the lobular structure of the
lungs is natural and has no specific features
(Duncan, 2004).

The degree of morphofunctional complex-
ity of lung organisation varies in animals: it is
simpler in lower terrestrial vertebrates and be-
comes more complex as their overall organisa-
tion increases (Patra, 1986).

The lungs, according to many research-
ers, belong to the immunocompetent organs
(Moyron-Quiroz et al., 2004). Thus, in the pro-
tection of the lungs from damage, and in the
pathogenesis of many respiratory diseases,
the main importance is the pulmonary part of
the mononuclear phagocyte system (Hiemstra,
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2016). The state of the cellular component,
mobilisation ability, and functional reserves
determine the resistance of lung tissue to in-
fections, exogenous and endogenous toxins
(Wright, 2004).

An urgent task of modern morphology is to
examine the morphofunctional features of an-
imal body systems and establish their adaptive
capabilities, including the respiratory organs,
which include the lungs. Lungs in mammals are
paired parenchymal organs that perform the
function of gas exchange and others: metabol-
ic, secretory, barrier, excretory, thermoregula-
tory and, thereby, take part in ensuring the ho-
meostasis of the body. The internal structural
basis of the lungs consists of numerous lobes
that have a cone-shaped or pyramidal shape.
Moreover, indicators of morphohistological ar-
chitectonics of respiratory organs are not only
of cognitive importance for fundamental disci-
plines but also serve as a clinical basis for vet-
erinary medicine.

Therefore, the purpose of this study was to
establish the macroscopic comparative struc-
ture of the lungs and conduct an organometric
assessment of their morphological structures in
domestic sexually mature animals belonging to
the Mammals class - Mammalia.

The following tasks were set to achieve the
stated purpose:

<& conduct organometric studies of the
lungs to determine their linear (Iength, width,
thickness) and weight (absolute and relative
mass) indicators in domestic mammals;

<& perform morphometric analysis of struc-
tural components to determine their linear and
weight parameters of the pulmonary lobes (cra-
nial, cardiac, caudal, additional) of the right and
left lungs in domestic mammals;

<& develop a morphological scale of regu-
larities in the formation of the lung develop-
ment index to determine the normal shape of
the lungs.
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Literature review

The parenchymal organ is a complex morpho-
logical structure that performs certain func-
tions of interaction with other anatomically
and functionally related organs, takes part in
the exchange of energy and plastic substances
in the animal’s body during individual develop-
ment. Specific features of the organ structure
are not only a consequence of a high degree of
adaptation of the animal body but can also be
a consequence of the development of various
pathological processes.

There is no doubt that studies of the mor-
phophysiological state of the animal body
always remain the most important in the
morphological area in both biological and vet-
erinary and medical studies (Kryshtoforova et
al., 2015; Archer et al., 2021). In this regard,
they are widely used to establish the indica-
tors of the physiological norm in the diagnosis
of diseases of various origins, in assessing the
impact of conditions of keeping and feeding an-
imals, ways to increase their productivity, etc.

A number of researchers focus on mor-
phological research methods (Weibel, 2017;
Archer et al., 2021). Thus, morphological in-
dicators — the volume of the organ in general
and its individual structural units, and abso-
lute and relative mass are considered optimal
parameters for macroscopic assessment, which
allows reconstructing the quantitative and spa-
tial relationships of structural elements of the
animal body. Therefore, there is no doubt that
an important criterion for the development of
an organ is its absolute mass, which directly in-
dicates its morphofunctional maturity. There-
with, the relative mass of the lungs directly de-
pends on the body weight of the animal and the
absolute mass of the organ.

The process of respiration is a source of
energy necessary to ensure the vital activity
of the body. Researchers around the world are
actively engaged in respiratory research. Thus,

the human and animal respiratory systems, as
the entire organic nature in general, show a
morphofunctional pattern of continuous unity
and interdependence of anatomical structure
and function (Blagojevic et al., 2018). This is no
coincidence because researchers note a clear
link between the morphological structures of
the respiratory system and other body systems
(Johnson-Delaney & Orosz, 2011).

The lungs are constantly exposed to vari-
ous environmental influences. Thus, mechan-
ical particles, microorganisms, and gases can
enter the lungs from the air, which negatively
affects pulmonary homeostasis and thereby in-
crease the vulnerability of the organ to infec-
tious agents. The authors (Khoury et al., 2022)
established that a substantial area of the alve-
olar surface of the lungs and constant contact
with dangerous environmental factors create
potential conditions for the development of in-
fections. Han et al. (2015) note the ability of the
respiratory system to remain relatively resist-
ant to various pathogens, which is explained
by an effective body defence system (Han &
Mallampalli 2015). However, despite preventive
measures in animal husbandry, recently, many
researchers have noted a tendency to increase
respiratory diseases, including lung patholo-
gy (Hiemstra, 2016; Williams & Roman, 2016).
Surgical treatment, correct interpretation of re-
search results and prevention of these diseases
are impossible without knowledge of the fea-
tures of comparative morphology and topogra-
phy of organs in accordance with physiological
characteristics.

Therefore, the study of structural and func-
tional features of the macro- and microscopic
structure of the lungs in domestic animals re-
mains an urgent issue today of the mammali-
an class (Mammalia): Orictolagus cunicalus L.,
1758 — European rabbit; Sapis familiaris L.,
1759 - domestic dog; Sus scrofa, forma do-
mestica L., 1758 — domestic pig; Ovis aries L.,
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1758 — domestic ram (sheep); Bos Taurus L.,
1758 - domestic bull; Equus ferus Caballus L.,
1758 — domestic horse. Therewith, it is neces-
sary to consider organometric studies to form
morphological criteria (marker features) of the
organ. The results of such studies, considering
the use of morphological marker criteria de-
veloped by the authors for assessing the mor-
phofunctional state of the lungs in clinically
healthy animals, will not only have cognitive
importance but will also be the basis as indi-
cators of the norm for the prevention and di-
agnosis of diseases of various origins. They will
also be important for the comparative anatomy
of investigating the constitution of animals in
zootechnics and contribute to the successful
development of the livestock industry, improv-
ing the productive qualities of animals, etc.

Materials and Methods
The studies were conducted by employees of
the Department of Normal and Pathological
Morphology, Hygiene, and Expertise of Polis-
sia National University during 2021-2023.

Experimental animals were selected ac-
cording to the principle of analogues, breed
and age. The paper uses 30 individuals of 6
species of animals belonging to the class Mam-
malia — Mammals: Orictolagus cunicalus L.,
1758 — European rabbit; Sapis familiaris L.,
1759 - domestic dog; Sus scrofa, forma do-
mestica L., 1758 — domestic pig; Ovis aries L.,
1758 — domestic ram (sheep); Bos Taurus L.,
1758 — domestic bull; Equus ferus Caballus L.,
1758 — domestic horse.

The fresh lungs of the examined animals
were subjected to anatomical preparation.
During the study, the general rules of good
laboratory practice GLP (1981) and the provi-
sions of the “Ethical Guidelines for the Use of
Animals in Research”, adopted by the First Na-
tional Congress on Bioethics (Kyiv, 2001), were
observed. The entire experimental part of the
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study was conducted in accordance with the
requirements of the international principles of
the “European Convention for the Protection of
Vertebrate Animals used for Experimental and
other Scientific Purposes” (Strasbourg, 1986)
(European Convention, 1986), “Rules for Con-
ducting Work Using Experimental Animals”,
approved by the order of the Ministry of Health
No. 281 of November 1, 2000 “On measures for
further improvement of organisational forms
of work using experimental animals” and the
relevant Law of Ukraine “On the protection of
animals from ill-treatment” (No. 3447-1V of
21.02.2006, Kyiv) (Law of Ukraine, 2006; Mish-
alov et al., 2007).

Lungs from clinically healthy animals were
selected for macroscopic studies and organo-
metric analysis (n=5). After the autopsy, the
shape of the lungs and their location in the
chest cavity were determined, the absolute and
relative mass, length, width, and thickness of
the organ lobes were identified.

The absolute mass of the lungs and their
lobes was determined by weighing on a labora-
tory scale RADWAG PS 6000/C/2 (Poland). The
relative mass of the lungs (RM) was calculated
by the formula (1):

AM
RM = 52 100%, (1)

where AM - the absolute mass of the lungs;
MA — mass of the animal.

Determination of linear parameters of the
organ (length, width, and thickness) was con-
ducted by direct measurement with a marking
ruler LR 1000 (Ukraine).

The coefficient of asymmetry (CA) of the
lungs was determined by the formula (2):

_ AMRL

CA =2MRL
AMLL

@)

where: AMRL - the absolute mass of the right
lung; AMLL - the absolute mass of the left lung.
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The lung development index (LDI) was de-
termined by the ratio of their total length to
width using the formula (3):

LDI = % «100%, (3)
where: LO - the length of the organ; WO -
width of the organ.

According to the indicator of the lung de-
velopment index, the shape (types) of the lungs
were determined (expanded-shortened, inter-
mediate, moderately elongated, elongated): in
the case of the LDI value: 85-100%, it is defined
as expanded-shortened; according to the LDI
indicator: 101-120% - as intermediate, accord-
ing to the LDI indicator: 121-130% - moder-
ately elongated, according to the LDI indicator:
131-140% - elongated.

Based on the outlined tasks of morpho-
logical studies, the following stages were
performed: preparation of lungs; description
of their shape and structure; organometry,
which included determining linear measure-
ments of the lungs (length, width, thickness);
clarification of the absolute and relative mass
of the lungs and their lobes (left and right);

determination of absolute and relative indi-
cators of the lungs.

The names of morphological structures of
the lungs are presented in accordance with the
requirements of the International Veterinary
Anatomical Nomenclature (Khomych, 2005).

Digital data was processed using variation-
al and statistical methods on a personal com-
puter using the Microsoft Excel programme.
Therewith, the arithmetic mean (M) and statis-
tical error of the arithmetic mean (m), the prob-
ability of the difference between the arithmetic
mean of two variational series were determined
— according to the probability criterion (P) and
the student’s tables. The difference between
the two values was considered substantial at
P<0.05; P<0.01; P<0.001.

Results and Discussion

The lungs of domestic mammals, according to
the symmetry of their body, are divided into left
and right and have a lobular structure (Autifi,
et al., 2009). An important criterion for the de-
velopment of an organ, which directly indicates
its morphofunctional maturity, is the absolute
mass (Fig. 1) (Prokushenkova, 2009).

3500

33181
3102.4

3000

2500

2000

1500

896.8

1000

471.02

500 201.3

18.05 .

Rabbits Dogs Pigs

Sheep Cattle Horses

Figure 1. Specific features of the absolute lung mass of domestic mammals (g)

The relative mass of lungs in domestic
mammals varies (Maina, 1988). According to

the results obtained, the highest relative lung
mass in dogs is 1.21+0.14% (Fig. 2).
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Figure 2. Specific features of the relative lung mass of domestic mammals (%)

The established feature is assumably due to
the fact that this animal species has frequent
and vigorous breathing, and the remaining air
is used quite quickly. On average, in 1 min,
depending on the age and size of the animals
and at rest, the dog performs from 14 to 30
breathing movements, and during movement
and under other circumstances, the intensity of
breathing can increase by 2-2.5 times (Horalsky
et al., 2009). In the remaining animal species
examined, the relative lung mass was: in cat-
tle - 0.59+0.024%, in horses — 0.60+0.052%, in
rabbits — 0.62 £0.013%, in pigs — 0.65+0.018%,
in sheep — 0.72+0.038% (Fig. 2).

According to the classical literature on an-
imal anatomy (Akaevsky et al., 2005), the rela-
tive lung mass in horses is equal to 1.43% of the
animal’s body weight, which does not coincide
with the results obtained (0.60+0.052%) in the
context of the conducted research and may be
related to the breed characteristics of the ex-
amined animal species.

Thus, the absolute and relative mass of
lungs in domestic animals, and their morpho-
logical structures are different and depend on
the specific characteristics of animals, their
body weight, and the absolute mass of the organ.

In modern morphology, using morpho-
metric (quantitative) research methods, it is
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possible to establish relationships and inter-
dependence between quantitative changes in
individual structures of the animal body and
their relative characteristics (individual lobes
and sites, etc.) at different stages of individual
and phylogenetic development. In addition to
that, it is essential to consider the function-
al state of a particular system of the animal
body, depending on their species’ character-
istics (Krishtoforova & Lemeshchenko, 2007;
Jensen et al., 2019).

It was established that the right lung in do-
mestic mammals is larger than the left, which is
manifested by signs of asymmetry, depending
on the animal species (Musabayeva et al., 2017;
Blagojevic et al., 2018; Goralsky et al., 2020).

Some researchers (Kling, 2011) consider
the manifestation of lung asymmetry in do-
mestic mammals to be a genetic trait. Others
claim (Pantoja, et al., 2020) that the asymmetry
is associated with the asymmetric position of
the heart and other organs in the chest cavity,
which depends on the intensity of their gas ex-
change function, which was manifested during
the evolutionary development of animals (Sam-
borska, 2021). According to the literature data,
the ratio of the size of the left to right lung is
1.21:1 in horses, 1.38:1 in cattle, 1.35:1 in pigs,
and 1.32:1 in dogs (Rudik et al., 2001).
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According to the results of organometric
studies of the authors in domestic mammals,
the right lung is slightly larger than the left,
since the heart is shifted to the left. Therefore,
the pronounced asymmetry of the lungs oc-
curs due to the different absolute mass of the
right lung to the left, the development index of
which is equal to: in rabbits — 1:1.30, in dogs —
1:1.33, in sheep - 1:1.37, in pigs — 1:1.34, in cat-
tle — 1:1.37, in horses — 1:1.2.

In most domestic mammals, the left lung
has three lobes (cranial, middle, and caudal),
and the right lung has four lobes (cranial, mid-
dle, caudal, and complementary) (Kling, 2011;
Prohl et al., 2014).

The peculiarity of the lungs of horses is
that their division into lobes is poorly ex-
pressed (the middle and caudal lobes have
merged into one and form a caudal lobe), and
on their sharp edge there is an inclined inter-
lobular gap that divides each lung into cranial

(smaller) and caudal (larger) lobes. The right
lung also has an additional lobe. As a result of
this evolutionary restructuring of the lungs,
their shape and size in general, and lobes in
particular, and, as a rule, the absolute and rel-
ative mass of individual lobes to the total ab-
solute mass of the lungs, have changed. This
is not accidental, since the diversity of lung
shapes according to their lobular structure,
which is observed in mammals, obeys certain
laws of their adaptive changes in the course of
evolution (Prokushenkova, 2009). Therefore,
depending on the type of animal, in the pro-
cess of evolutionary development, the shape of
the lungs in general and the lobes in particular,
their absolute and relative mass, changes.

The caudal lobes of the right lung have the
highest value of the absolute mass index in ex-
perimental animals (Table 1). In the left lung,
the examined indicators are slightly lower than
in the right.

Table 1. Specific features of the absolute mass of lung lobes of domestic mammals (g), M*m, n=5

Animal species

Lung lobes
< rabbits dogs pigs sheep cattle horses
left 0.79+0.03 22.09+3.01 62.59+8.02 39.58+4.08 259.98+29.02 197.43+19.24
Cranial
right 1.71+0.06™ 27.29+3.21 82.17%8.96 56.12+6.04 318.31+38.16 214.02+24.04
left 1.49+0.05 19.91+2.84 72.73%9.21 30.36+2.31 292.25+31.38 -
Middle
right 1.98+0.07" 23.65+2.96™" 102.72+11.04 35.06%3.26 402.69%40.02 -
left 5.56+0.32 44.26+6,02 247.88+28.04 129.10+10.02 756.98+67.93 1308.66+98.75
Caudal
right 5.63+0.41 47.96+6.38 26.07£29.48 164.08+16.17 903.78+72.18 1423.8+102.71
left - - - - -
Additional
right 0.89+0.04 16.14+2.08 61.63+7.48 17.72£1.72 168.41+27.33 174.2%16.02
left 7.84%0.73 86,26%8,01 383,2+28,75 199.04+19.82 1309,21+43,38 1506.1+60.48
In all
right 10.21+0.91 115.04%#10.14" 513.6%+49.88° 272.98+26.91° 1793.19+54.87™" 1812.0+62.92"
Absolutemass of 1o oy 0y 90134184  896.8+50.66 472.02¢46.34 3102.4+98.62  3318.1+364.4
both lungs
Coefficient of
asymmetry (CA) 1:1.30 1:1.33 1:1.34 1:1.37 1:1.37 1:1.2
of the lungs

Note: *P < 0.05;**P < 0.01; *** P < 0.001 the right lobe of the lungs compared to the left
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Therewith, in all experimental animal spe-
cies, there is only a tendency to increase the
absolute mass of the right lung to the left (Ta-
ble 1). High values of the results of the absolute
mass of the caudal lobes of the lungs in domes-
tic mammals are associated with morphoto-
pography of the lungs, their functional load in
general, and the pulmonary lobes in particular,
during pulmonary (external) respiration (Hor-
alsky, et al., 2009).

Lower morphometric values are character-
istic of the cranial lobes of the lungs (Table 1).
The absolute mass of the left lobe of the lungs
in rabbits and sheep is substantially less by 2.2
times (P <0.001) and 1.4 times (P <0.05) com-
pared to the right one. Therewith, in dogs, pigs,
cattle, and horses, there is a tendency to in-
crease the ratio of the mass of the right lung to
the left (Table 1).

Therewith, the absolute mass of the middle
lobes of the right and left lungs in most exper-
imental mammals has an intermediate value
compared to the same indicator of the cranial
and caudal lobes (except for dogs and sheep, in

which the absolute mass of such lobes is great-
er than that of the cranial lobes). The absolute
mass of the middle lobe of the left lung almost
does not change in relation to the right in all the
examined animals, so there is only a tendency to
reduce this indicator: in rabbits — by 1.3 times,
in dogs — by 1.2 times, in pigs — by 1.4 times, in
sheep — by 1.2 times, and cattle — by 1.4 times. In
the lungs of horses, this middle part is absent.

Among the examined indicators (Table 1),
the lowest absolute mass index is set for the
additional proportion of lungs in all the exam-
ined animals.

According to the results obtained, the ra-
tio of the relative mass of anatomical parts of
the lungs (Fig. 3) (cranial, medium, caudal, ad-
ditional lobes) to the average absolute mass of
the lungs is directly proportional to the body
mass of animals and the absolute mass of the
organ and varies depending on the indicators of
the absolute mass of the lobes and the absolute
mass of the lungs, which also coincides with the
results of other researchers (Maina & Igbokwe,
2020; Pantoja et al., 2020).

45
40 39,44
35
30.8
30 ')'7‘//1
41.0% 27.56 4.4
25 - < 21.98~ < ——Cranial lobe
20 —=— Meduim lobe
15 Caudal lobe
10.97 9.89
10 8.25 /:\)-<'/72 11 32
~ 95 2 40 8.3 39
5 & 8.25 6.08 8.40
4.38 :
0 w ‘
Rabbits Dogs Pigs Sheep Cattle Horses

Figure 3. Specific features of the relative mass of the left lung lobes of domestic mammals (%)

According to the results of morphomet-
ric studies, the caudal lobes of the right and

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1

left lungs have the largest total mass, which
depends on the absolute mass of the lobes.
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In the right lung of rabbits, this indicator is
31.19£1.38%, in dogs — 23.83+1.82%, in pigs —
29.79+1.37%, in sheep — 34.76 £ 3.04%, in cat-
tle — 29.13+2.54%, in horses — 42.91+4.06%. In
the left lung, the relative mass of caudal lobes
in accordance with the total absolute mass of
the lungs is: in rabbits — 30.8 £ 1.54%; in dogs —
21.98+1.82%;in pigs — 27.64+1.66%; in sheep —
27.35+2.36%; in cattle - 24.4£1.92%, and in
horses — 39.44 £ 3.57% (Fig. 3). Therewith, the
largest percentage of the relative mass of the
caudal lobes of the lungs of horses (Fig. 3) can
be explained by the absence of middle pulmo-
nary lobes in the lungs.

Compared to other indicators examined,
the cranial lobes of the lungs of animals have a
lower relative mass. However, in the right lung,
the relative mass of cranial lobes (in rabbits —
9.47 + 0.89%, dogs — 13.56 = 0.92%, sheep —
11.89 + 1.07%, pigs — 11.89 = 1.07%, cattle -
10.26 £0.97%, horses — 6.45+0.62%) is higher
relative to such indicators in the left lung (in
rabbits - 4.38 £ 0.31%, dogs - 10.97 £ 0.96%,
pigs — 6.98+0.67%, sheep — 8.4%1.04%, cattle —

8.38+0.64%, and horses — 5.95+0.51% (Fig. 3),
which is consistent with the results of other
researchers (Maina & Igbokwe, 2020; Pantoja
etal., 2020).

The relative mass of the middle lobes of the
lungs in experimental animals varies but is low-
er compared to that of the caudal lobes. How-
ever, their organometric data are slightly larger
than the relative mass of cranial lobes. Howev-
er, in dogs, the relative mass of the middle lobes
is greater than that of the cranial lobes (Fig. 4).
The relative mass of the middle lobes of the
right lung in rabbits is 10.97 £0.98%, in dogs —
11.75+1.14%, in pigs — 11.45+1.04%, in sheep —
7.42%0.88%,and in cattle—12.98+1.32%. There-
with, the relative mass of the lobes of the left
lung is lower compared to the right lung and is:
in rabbits — 8.25+0.81%, in dogs — 9.89+0.64%,
in pigs — 8.11£0.72%, in sheep - 6.43+0.62%
and in cattle - 9.42+0.88% (Fig. 4). Additional
lung lobes have the lowest relative weight: rab-
bits — 4.93+0.36%, dogs — 8.02 £ 0.48%, pigs —
6.87 £ 0.64%, sheep - 3.75 + 0.12%, cattle -
5.42%0.56%, and horses — 5.25£0.68% (Fig. 4).

50
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Figure 3. Specific features of the relative mass of right lung lobes of domestic mammals (%)

Thus, analysing the results of lung mor-
phometry in domestic mammals, it was estab-
lished that the absolute and relative mass of

lung lobes (cranial, medium, caudal, additional)
depend on the morphotopography of the lungs,
functional load, and species characteristics of
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experimental animals. Therewith, the lowest
absolute mass of all lung lobes was established
in rabbits (the smallest animals), slightly high-
er in dogs, then sheep, pigs, and the highest
in cattle and horses, which are the largest an-

imals in terms of body weight. Analysing the
organometric linear parameters of the lungs of
domestic mammals, it should be noted that the
greatest total length, width and thickness of the
lungs were determined in horses (Table 2).

Table 2. Specific features of linear lung measurements of domestic mammals (cm), M¥m, n=5

Indicator
rabbits dogs
Total length 7.2+0.50 23.0+2.42
Total width 7.98+0.54 16.7+1.34
Total thickness 1.52+0.20 1.9+0.36
Lung development gy, g9 1374784
index, (%)
length 6.4+0.45 20.2+0.24
Left lung width 3.54+0.32 7.6+0.54
thickness  1.28+0.38 1.5+0.09
length 7.01£0.40 22.9%2.18
Right lung width 4.18+0.36 8.1+£0.62
thickness  1.52+0.34 1.8+0.11

According to Table 2, the smallest indica-
tors of the total length, width and thickness of
the lungs, in particular, the right and left lungs,
were determined in rabbits. Linear lung param-
eters increase in accordance with the increase
in body weight of animals. Therewith, the linear
characteristics (Iength, width, thickness) of the
right lung in all types of experimental animals
are larger than the left, and accordingly, the
development index (ratio of length to width)
of the lungs in domestic animals has different
values (Table 2).

Analysing the results obtained in detail,
considering the macroscopic structure of the
lungs, their asymmetry coefficient (the ratio of
the absolute mass of the right lung to the left), a
morphological scale was developed to determine
the lung development index (marker signs). Ac-
cording to the morphological scale, the lungs of
domestic mammals were classified according

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1

Animal species

pigs sheep cattle horses
35.3+2.82 25.6%2.98 55.15%¥4.58 61.5+6.32
25.8+1.79 22.4%290 47.08+3.59 48.44+4.14
3.6+1.30 5.1+1.12 7.68+1.02 9.6%1.1
136+3.01 114+2.08 117+2.21 127+2.74
29.8+1.90 21.1+*1.90 47.34*3.46 60.35%6.96
10.5+0.30  10.7+1.67 21.5%#1.10 23.51%+1.44
3.3+1.21 5.0£1.01 7.49+1.32 9.1+£1.37
35.2+2.41 254+24 55.04%4.41 61.84+6.39
12.2+1.34  12.1+1.76  23.2+1.04 23.9+1.42
3.6*1.30 5.1+1.10 7.60+1.34  9.64+1.48

to their structure and shape into 4 types: 15t —
expanded-shortened (LDI=85-100%); 2" — in-
termediate (LDI=101-120%); 3¢ — moderately
elongated (LDI = 121-130%); 4™ - elongated
(LDI = 131-140%). According to the proposed
scale for assessing marker signs of lungs in
clinically healthy animals, their development
index differs: in rabbits, the LDI is 90 = 1.89%,
so their lungs are expanded-shortened type; in
cattle and sheep, this indicator is 117 +2.21%
and 114 £ 2.08%, respectively, and their lungs
are characterised as expanded-elongated type;
in horses, the LDI is 127 +2.74%, so their lungs
are moderately elongated type; in pigs and dogs,
LDI, respectively, is 136+3.01% and 137 £2.84%,
and therefore their lungs are elongated.

Conclusions
According to the symmetry of the animal body,
the lungs are divided into left and right and have
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a typical partial structure: the left lung in all ex-
perimental animals (except horses) has three
lobes - cranial, middle, caudal; and the right
four - cranial, middle, caudal, and additional. In
horses, the interlobular cardiac notch divides the
right and left lungs into only two lobes - the cra-
nial (much smaller) and caudal (larger), and the
right lung has an additional lobe on the medial
side. The left lung is much smaller than the right.

Accordingtotheresultsofthestudy,theabso-
lute mass of lungs in representatives of domestic
mammals (the smallest in rabbits — 18.05+1.32 g,
the largest in horses — 3318.1+364.4 g) synchro-
nously obeys the well-known and recognised
facts of organ development and depends on
the phylogenetic level of animal development.
The higher the systematic ratio of animal spe-
cies (their size, body weight, etc.), the great-
er the organometric parameters of the organ.

The relative lung mass in experimental
mammals varies asynchronously, depend-
ing on the animals’ body weight and absolute
lung mass. Thus, the highest relative weight
in dogs is 1.21 £0.14% and the lowest in cat-
tle — 0.59+0.024%. The intermediate value of
the relative lung mass index is typical for hors-

ing on the type of respiration characteristic of
them, the lungs are different in shape and size,
and therefore differ in the parameters of the de-
velopment index: in rabbits (LDI =90 * 1.89%),
the lungs are expanded-shortened type;
in cattle (LDI = 117 * 2.21%), and sheep
(LDI=114%2.08%) — expanded-elongated type;
in horses (LDI=127+2.74%) — moderately elon-
gated type; in pigs (LDI=136*3.01%), and dogs
(LDI=137+2.84) - elongated type.

In domestic mammals, there is a pro-
nounced asymmetry of the lungs (the ratio of
the absolute mass of the left lung to the right),
the coefficient of which in rabbits is 1:1.30,
dogs — 1:1.33, sheep — 1:1.37, pigs — 1:1.34, cat-
tle - 1:1.37 and horses — 1:1.2.

The scientific originality of these studies
consists in the scientific substantiation of the
obtained results of morphometric studies, lin-
ear parameters, absolute and relative values of
lungs, and their lobes in domestic mammals. In
the future, it is planned to conduct histo- and
ultramicroscopic studies of the respiratory part
of the lungs of domestic animals.
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AHoranig. JIocTiikeHHsT OpraHisMy TBapuH, oro mopdoapxiTeKTOHiKM, € MpiopuUTeTHUM
HaIpsSIMOM ISl YCIIITHOTO PO3BUTKY TBAPMHHUIITBA. MeTa po60TH — 3’ICYyBaTU MAKpPOCKOIIYHY
Oy[IOBY JIeTeHb Ta HaAaTV OPTaHOMETPUYHY OIHKY iX MOPQOJOTiYHMX CTPYKTYp Y CBiliCHKMUX
CTaTeBO3pPiNMuX TBapMH. Y TOCTiIKeHHI BUKopucTaHi 30 KITiHIiYHO 3M0p0oBYUX 0CO6MH 6 BU/IiB TBAPUH,
sIKi HasexkaTh 0o knacy Mammalia — CcaBiii. 3a pesynbraTamMy aHanizy MopdomeTpii abcomoTHUX
i BiTHOCHUX BeIMUYMH JIeTeHb y CBilICbKMX CCaBILiB Ta iX MpaBoi i JiBOi 4aCTOK BCTAHOBJIEHO
BUpaXkeHy acuMeTpilo, KoedillieHT sikoi Biamosinas: y kpomnis — 1:1,30, y cobak — 1:1,33, y oBelb —
1:1,37,y cBuHelt — 1:1,34, y Benukoi poraroi xymoom — 1:1,37, y koHeit — 1:1,2. Ilyiig mopdosoriunoi
OLIiHKM TUIIOBUX O3HAaK JiereHb, XapakTepHUX /IS KOHKPETHOTO BUAY TBapMH, 3alIPOIIOHOBAHO
MOpPGOIOTiuHY IIKAIY 3 MAPKEPHMX 03HAK OpraHa. 3a pe3yIbTaTaMy AOCTiIKeHb 3aIIPOTIOHOBAHO
KmacubikyBaTy JIeTeHi CBifICbKMX CCaBIliB i3 ypaXyBaHHIM OymoBu Ta dbopmu 3a 4 Tumnamu: 1-ii —
PO3IIMPEeHO-BKOpoUYeH Mt (iHaeKe po3BUTKY jereHb (IPJT)=85-100%); 2-it — mpomiskumii (IPJ1=101-
120%); 3-11 — momipHo BunoBskeuuii (IPJ1=121-130%); 4-1t — Bumosxkenuii (IPJ1=131-140%). Ha
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OCHOBI JIeTaJIbHOTO aHalIi3y OpraHOMEeTPUYHMX OC/TiIKeHb 3alIPOIIOHOBAHO LKAy JJISI OLLiHKU
MapKepHMX O3HaK JyiereHi — y KposiB (IPJ1=90* 1,89%) BimHeceHO A0 pO3MIMPEeHHO-BKOPOYEHOTO
Uy, y Beqnkoi poratoi xymo6u (IPJI=117 *2,21%) ta oBenb (IPJI=114*2,08%) — mpoMisKHOTO
Tuny, B KoHet (IPJ1=127+2,74%) — noMmipHO-BUIOBXeHOT0 TuUITy, y cBuHeii (IPJI=136+3,01%) Ta
cob6ax (IPJ1=137*2,84%) — BumoBskeHOro Tumy. OTpuMaHi pe3yabTaTy MOpdONOTiYHMX JOCTiAKeHb
JiereHb MpeACTaBHMKIB kiacy CcaBili MalOTh MpaKTUYHEe 3HAUEHHS y Giosorii Ta BeTepuHaApHiit
MeIUIIMHI, OCKIJTbKM € MapKePHUMM O3HaKaMM iX MOpHODYHKITIOHATBHOTO CTaHY Ta KPUTEPiIMU
rmaToMop@oIoriuHoi JiarHOCTUKM peciipaTOpHUX 3aXBOPIOBaHb

KimouoBi c/1oBa: NOpiBHsUIbHA aHATOMISI; KiJibKicHa MOPQOIIOrisl; opraHu AuxaHHs; koedillieHT
acuMeTpii; iHAeKC PO3BUTKY JieTeHb
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