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The influence of obesity (with and without passive smoking) on the formation of pathomorphological changes in the
lungs was studied in 4 groups of sexually mature male rats: the control group (CL), the group with isolated alimentary obesity (O),
the group exposed to isolated exposure to tobacco smoke (S), the group with combined dietary obesity and exposure to tobacco
smoke (OS) after 4 months of the experiment. The morphological changes found in the CL group were insignificant. In group S,
the presence of changes characteristic of chronic bronchitis and focal emphysema was established. Pathomorphological changes
typical for the chronic obstructive pulmonary disease were found in group O: chronic bronchitis, initial manifestations of
bronchiectasis formation, pulmonary emphysema, focal pneumosclerosis, and initial manifestations of pulmonary hypertension.
In the OS group, the changes were not qualitatively different from those in the O group. It was found that the changes characteristic
of chronic obstructive pulmonary disease developed in rats with simulated obesity, regardless of whether the smoking model was used.
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Ю.І. Кузик, О.Ю. Мазур
ПАТОМОРФОЛОГІЧНІ ЗМІНИ ЛЕГЕНЬ СТАТЕВОЗРІЛИХ ЩУРІВ-САМЦІВ
В УМОВАХ ЕКСПЕРИМЕНТАЛЬНОГО ОЖИРІННЯ ТА ТЮТЮНОПАЛІННЯ

Вплив ожиріння (в умовах пасивного тютюнопаління та без такого) на формування патоморфологічних змін
легень досліджувався у 4 групах статевозрілих щурів-самців: група контролю (КЛ), група, із ізольованим аліментарним
ожирінням (О), група, що піддавалась ізольованій експозиції тютюнового диму (К), група, з поєднаними аліментарним
ожирінням та експозицією тютюнового диму (ОК) після 4 місяців експерименту. Морфологічні зміни, виявлені у групі
КЛ, були незначимими. В групі К встановлено наявність змін характерних для хронічного бронхіту та вогнищевої
емфіземи. У групі О виявлено патоморфологічні зміни характерні для хронічного обструктивного захворювання легень:
хронічний бронхіт, початкові прояви формування бронхоектазів, емфізема легень, вогнищевий пневмосклероз, початкові
прояви легеневої гіпертензії. У групі ОК зміни якісно не відрізнялись від таких у групі О. Було встановлено, що зміни,
характерні для хронічного обструктивного захворювання легень, розвивалися в щурів із модельованим ожирінням
незалежно від того, чи було застосовано модель тютюнопаління.

Ключові слова: експериментальне ожиріння, тютюнопаління, щурі, патоморфологічні зміни легень

The study is a fragment of the research project “Study of pathogenetic mechanisms and pathomorphological features of
diseases of the endocrine, cardiovascular, respiratory, nervous, digestive, urinary and reproductive systems with the purpose of
improving their morphological diagnosis”, state registration No. 0123U201668.

Preserving the functional capacity of the lungs throughout adult life is an important measure to
prevent the development of respiratory diseases (including chronic ones), which are currently one of the
most serious healthcare problems in the world [11].

However, an equally significant problem of the health care system in the world today is
overweight and obesity in adults and children, since these are not only factors that significantly reduce
the quality of physical and psychological health, but also risk factors for the development of a significant
number of organs and systems’ diseases, in particular the respiratory system [13].

It has been proven that rapid weight gain, overweight, and obesity in adulthood have a negative
effect on lung function. Previous population-based and occupational cohort studies have demonstrated that
overweight in adulthood is associated with reduced lung function and with an increased rate of decline in
lung function, independent of age and smoking status [9, 15]. The available literature on the association
between the development of chronic obstructive pulmonary disease (COPD), including chronic bronchitis,
emphysema, and pneumosclerosis, and obesity is contradictory.

According to some studies, general and abdominal obesity have been found to be independent
factors associated with the development of respiratory symptoms in adults. In addition, it was proved that
diseases such as COPD and asthma were more common in overweight and obese patients [12]. Also, as of
now, the issue of changes in lung tissue associated with obesity remains unclear, namely, the possibility of
their occurrence regardless of the metabolic status of patients [3].
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The purpose of the study was to investigate pathomorphological changes in lung tissue
(respiratory tracts, airways, and pulmonary vessels) both under conditions of isolated exposure to obesity
and smoking, and in the case of their combined exposure.

Materials and methods. Research on laboratory animals was carried out in accordance with the
provisions of the European Convention on the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes of March 18, 1986, Council of Europe Directive 2010/63/EU, and the Law
of Ukraine “On the Protection of Animals from Cruelty”. Animals were kept in the conditions of an
accredited vivarium on the basis of Lviv Danylo Halytsky National Medical University for 4 months.
Animals had free and unlimited access to food and water throughout the experiment. Animals were
euthanized by an overdose of ether vapors. After death, lung necropsies were collected for histological
examination. The total sample of experimental animals was 120 individuals. Later, 4 groups of animals
were formed by a blind method. 1. Control group (CL group, n=30) – animal nutrition was carried out
according to the standard diet). 2. A group of rats exposed to tobacco smoke without simulating obesity
(group S, n=30) – feeding was carried out according to a standard diet with exposure in a chamber with
tobacco smoke for 4 minutes twice a day, 5 days a week. 3. A group of rats with a simulation of
experimental obesity (group O, n=30); eating a high-fat diet. 4. A group of rats with simulated
experimental obesity exposed to tobacco smoking (OS group, n=30) – feeding a high-fat diet with
exposure in a chamber with tobacco smoke for 4 minutes twice a day, 5 days a week. The groups
were comparable and did not differ from each other (p>0.05).

The total weight of the standard diet daily portion for one individual was 43.5 g, the percentage of
fat was increased monthly by 10 %, thus, for the first month of the experiment it was 30 %, for the last –
60 %, respectively. The total weight of the food portion per individual was increased by 1 g each week:
during the first week of the study, one individual received 43.5 g of portioned ration, and in the last week,
the weight of the portion was 58.5 g, respectively.

To assess changes in anthropometric data, body length (length from nose to anus), body weight
(weighing was carried out monthly to assess growth dynamics), body mass index (BMI) and Lee's
coefficient were calculated in individuals of all groups.

When analyzing the dynamics of body weight growth, the percentage increase was assessed:
obesity was considered moderate when the body weight increased by 10–25 %, moderate degree – when
the body weight increased by 25–40 %, and when the body weight increased by more than 40 % – severe
degree [5].

BMI was calculated according to the following formula:
BMI = m/l2, where l is body length (cm), m is body weight (g).
The Lee coefficient was calculated as follows:
Lee coefficient = ∛m/l, where l is body length (cm), m is body weight (g).
The value of Lee's coefficient above 0.31 was considered sufficient to confirm the presence of

obesity. The use of the passive smoking model is considered a necessary stage of the experiment since
smoking is a proven unconditional risk factor for the development of pathological changes in the lungs [2].

To simulate tobacco smoking, we created a smoking chamber, the dimensions of which allowed
the animals to move freely within it. Cigarettes were installed in PLA (polylactide) type plastic cigar
holders made with the help of the Easy Threed 3-D printer. The experiment used cigarettes with a tar
content of 6 mg and a nicotine content of 0.5 mg. Cigarette smoke was gradually drawn into the chamber
by means of a pneumatic compressor.

Fixation of rat lungs and their further processing was carried out according to the standard method
using hematoxylin-eosin staining.

Statistical processing of the results was carried out using the Statistica 12 software package. The
mean value (М) and the error of the mean (m) were calculated.

Results of the study and their discussion. At the end of the experiment, the mean weight of rats
in the Cl group, fed according to a standard diet and not exposed to tobacco smoking, was 280.20±6.62 g,
body length – 21.57±0.10 cm, BMI – 0.60± 0.01, the Lee index was 0.303±0.002. During the postmortem
pathohistological examination of the lung tissue of rats in this group, minor morphological changes were
detected (Fig. 1).

1. Airways: focal desquamation of the bronchial epithelium, slight peribronchial sclerosis, small
focal peribronchial mononuclear infiltration;

2. Respiratory departments: slight thickening of the alveolar walls (AW), single foci of
emphysema, and atelectasis.

3. Pulmonary vessels: whole blood vessels of the microcirculatory bed
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  A   B
Fig. 1. Changes in the lungs of rats of the CL group: bronchi (A) and arteries (B) of medium caliber, respiratory departments

with marked pleurisy (indicated by arrows). Magnification: x100, staining with hematoxylin-eosin.

The mean weight of rats in group S, fed according to the standard diet and exposed to tobacco
smoke in the conditions of the experimental smoking model, at the end of the experiment was 267.87±5.59
g, body length – 21.77±0.09 cm, BMI – 0.57±0.01, the Lee index – 0.296±0.002.

During the postmortem pathomorphological examination of the lung tissue in this group of rats,
the following changes were found (Fig. 2).

A B
Fig. 2. Changes in the lungs of group S rats: medium (A) and large-caliber bronchi with intramural and peribronchial sclerosis,

small focal peribronchial mononuclear infiltration, narrowing and deformation of the lumen, goblet cell hyperplasia (indicated by an
arrow). Magnification: x40; x400, staining with hematoxylin-eosin.

1. Airways: multiple foci of narrowing and deformation of bronchial lumens of medium and small
caliber were found. Mucus and desquamated epithelium were visualized in the lumens of the bronchi. There
was moderate hyperplasia of goblet cells, minor intramural and peribronchial sclerosis with small focal
peribronchial mononuclear (lympho-macrophagic) infiltration;

2. Respiratory departments: the lumens of the alveoli are different in shape and size, in particular
with regard to focal emphysema. AW are focally thin and torn, with moderate swelling and hyperemia;

3. Pulmonary vessels: the number of vessels was moderately increased. Vascular walls with signs
of arteriosclerosis, with focal perivascular sclerosis. Congestive hyperemia in the lumen.

The mean weight of rats in group O, which were fed according to a high-fat diet for the purpose of
simulating experimental alimentary obesity, and were not exposed to tobacco smoke in the conditions of
the model of experimental smoking, at the end of the experiment was 399.97±7.57 g, body length – 21,
76±0.09 cm, BMI – 0.85±0.02, Lee index – 0.338±0.003.

The changes detected during the postmortem pathomorphological examination of the lung tissue
in group O rats are described below (Fig. 3).

1. Airways: were characterized by narrowing and deformation of bronchial lumens of all calibers.
Bronchi of various calibers with irregular stellate lumens alternating with bronchi with sharply dilated
lumens were found in multiple visual fields. Accumulations of mucus with casts of desquamated epithelium
were visualized in the lumens themselves. The covering epithelium was focally desquamated, and
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significant hyperplasia of goblet cells was noted. Significant intra- and peribronchial sclerosis was
observed in all cases, which was combined with significant peribronchial mononuclear infiltration and
pronounced hyperplasia of peribronchial lymphoid structures.

2. Respiratory departments: it was established that alveolar lumens are different in shape and size.
Alternation of emphysematous altered alveoli with slit-like (atelectatic) narrowed ones was visualized in
multiple fields of vision. AW were thickened due to pronounced edema and significant hyperemia. In
addition, there was an increase in the number of vessels, significant intramural and perivascular sclerosis,
multiple visualization foci of single-lumen and double-lumen vessels, and single plexiform vascular
structures.

 A  B

 C D
Fig. 3. Changes in the lungs of group O rats: pronounced sclerosis of arterial walls, perivascular sclerosis (marked by an arrow),

formation of bicuspid vessels (A), full blood vessels, hyperplasia of peribronchial lymphoid structures (marked by an arrow).
Pronounced intrabronchial, peribronchial, and perivascular sclerosis, hyperplasia of goblet cells, foci of emphysema, with thinning and
rupture of AW (indicated by arrows). Magnification: x400, x40, x40; x40, staining with hematoxylin-eosin.

The mean weight of rats in the OS group, which were fed a high-fat diet to simulate experimental
smoking and were exposed to tobacco smoke in the conditions of the experimental smoking model, at the
end of the experiment was 385.2±4.82g, body length – 21.68±0. 09 cm, BMI – 0.82±0.01, Lee index –
0.336±0.001.

The changes established during the postmortem pathomorphological examination of lung tissue in
the OS group are presented below (Fig. 4):

1. Airways: narrowing and deformation of bronchial lumens of all calibers, visualization foci of
irregular and deformed stellate lumens, and presence of true bronchiectasis were detected. A significant
amount of mucus and desquamated epithelium was observed in the lumen of the bronchi. The covering
epithelium was focally desquamated, significant hyperplasia of goblet cells, pronounced intra- and
peribronchial sclerosis with pronounced peribronchial mononuclear infiltration and hyperplasia of
peribronchial lymphoid structures were determined.

2. Respiratory departments: multiple visualization foci of alternating emphysematous enlarged
alveoli and alveoli with slit-like (atelectatic) lumens were revealed. AW were thickened due to edema and
hyperemia, multiple foci of their thinning, and integrity violations were determined.

3. An increase in the number of vessels, arteriosclerosis with perivascular sclerosis, single-lumen,
and double-lumen vessels were formed, as well as individual plexiform structures were determined in all
individuals.
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The described pathomorphological changes that were detected in the control group (CL) are
explained by the chosen method of euthanasia. Thus, for example, inhalation euthanasia can cause
alternative-dystrophic changes and impaired hemocirculation in lung tissue [4].

A  B

 C D
Fig. 4. Changes in the lungs of OS group rats included pronounced arteriosclerosis (A), perivascular sclerosis (indicated by arrows),

formation of double-lumen vessels (B), whole blood vessels, marked hyperplasia of peribronchial lymphoid structures (C), marked intramural,
peribronchial and perivascular sclerosis with the formation of bronchiectasis (D), hyperplasia of goblet cells, foci of formed emphysema with
dilatation of alveoli, thinning and rupture of AW (E). Magnification: x400, x40, x40, x40 staining with hematoxylin-eosin.

Changes in the lung tissue of S rats fed a standard diet and exposed to tobacco smoke under the
conditions of an experimental smoking model are confirmed by numerous studies of the cigarette smoke
effects on lung tissue, in particular on the airways, respiratory departments, and pulmonary vessels with
the development of a complex of changes characteristic of COPD [1, 14].

Regarding the changes found in groups of rats that were fed a high-fat diet for the purpose of
simulating experimental obesity, despite the fact that the model of experimental smoking was used, it
should be noted that the authors consider it appropriate to consider them together since the changes in lung
tissue under the condition of using the experimental model of obesity are qualitatively and quantitatively
differed from those in experimental units that were exposed to tobacco smoke only.

It should be noted that the effect of obesity on the respiratory system is implemented in several
ways, including direct mechanical changes due to the accumulation of adipose tissue in the chest and
abdominal cavities and around the upper respiratory tract, as well as inducing systemic inflammation and
a state of chronic inflammation [6, 10].

There is a growing body of research examining the association between COPD and obesity in light
of their combined effects on disability and mortality, although the nature of this combined effect remains
uncertain. [6] Moreover, there is strong evidence that as obesity increases, so does the risk of COPD in
never-smokers [7]. The latest studies also indicate the existence of a connection between pulmonary
fibrosis and dietary obesity, however, the mechanism of these pathological changes development remains
insufficiently studied today [8].

Conclusions
1. Minor pathomorphological changes were detected in the control group (CL) (plethora of

microcirculatory bed, slight thickening of the alveolar walls due to plethora, foci of emphysema and
atelectasis, focal desquamation of the bronchial epithelium, minor peribronchial sclerosis, small focal
peribronchial mononuclear infiltration) are explained by the chosen method of inhalation euthanasia.
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2. Pathomorphological changes characteristic of chronic bronchitis were found in the group of rats
exposed to tobacco smoking without simulating obesity (group S).

3. In a group of rats that were fed a high-fat diet in order to simulate experimental alimentary
obesity and were exposed to tobacco smoke under the conditions of an experimental smoking model (group
O), pathomorphological changes characteristic of chronic bronchitis, initial manifestations of
bronchiectasis formation, pulmonary emphysema, and focal pneumosclerosis, initial manifestations of
pulmonary hypertension were revealed.

4. In the OS group, rats were fed a high-fat diet in order to simulate experimental alimentary obesity
and were exposed to tobacco smoke under the conditions of a model of experimental smoking. The detected
pathomorphological changes corresponded to those in group O and did not differ qualitatively, with the
exception of isolated foci of formed bronchiectasis.

Taking into account the data obtained by us, we can state with confidence that under the conditions
of applying the model of experimental alimentary obesity, pathomorphological changes in the lungs
characteristic of chronic bronchitis, emphysema, focal pneumosclerosis, and signs of pulmonary
hypertension developed.

However, it should be noted that with the simultaneous application of experimental obesity and
smoking, the changes in the lungs did not differ qualitatively from those in the group of rats for which only
the model of experimental alimentary obesity was applied. Therefore, it can be assumed that the complex
pathomorphological changes typical for the chronic obstructive pulmonary disease developed in rats with
simulated obesity, regardless of whether the smoking model was used.
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