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Abstract. The increasing incidence of pulmonary fibrosis in animals caused by toxic exposure
necessitates a detailed analysis of radiological changes in lung tissue. This is essential for assessing
the progression of fibrosis and developing effective therapeutic approaches. In this context, the
study aimed to utilise radiological methods to identify time-dependent changes in the lungs of rats
subjected to a model of bleomycin-induced pulmonary fibrosis, contributing to the improvement
of diagnostic techniques for this pathological condition. Pulmonary fibrosis was experimentally
induced in laboratory rats by administering bleomycin. Radiological examinations were conducted
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on days 7, 14, 30, and 45 to monitor the condition of lung tissue and detect progressive changes.
Particular attention was given to identifying characteristic radiological signs of fibrosis, such as
lung tissue consolidation and reduced transparency. The findings revealed a progressive nature of
interstitial lesions. It was established that as early as seven days after bleomycin administration,
signs of inflammation appeared in the lungs,accompanied by reduced transparency of the pulmonary
fields. By day 14, initial signs of fibrosis were observed, marked by increased lung tissue density and
the presence of infiltrates. By day 30 of pathology progression, significant fibrosis development
was evident, characterised by more pronounced linear inclusions and reduced transparency. By
day 45, scar tissue formation occurred, leading to substantial structural deterioration of the lungs.
The findings highlighted the importance of radiological examination as an informative method
for diagnosing and monitoring the progression of pulmonary fibrosis. The radiological changes
observed at different stages of fibrosis development enable a more detailed characterisation of the
disease pathogenesis, which is crucial for evaluating the effectiveness of therapeutic interventions.
Accordingly, the study results could be utilised to establish new diagnostic criteria and enhance the
monitoring of patients with pulmonary fibrosis
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Introduction

Pulmonary fibrosis is a pathological condition
characterised by the progressive replacement
of normal lung tissue with fibrous tissue. As a
result, pulmonary fibrosis leads to a decrease
in lung elasticity, impaired gas exchange, and
ultimately, respiratory failure. The global liter-
ature has increasingly focused on the diagnosis
of pulmonary fibrosis using various imaging
techniques, including radiography, computed
tomography, and ultrasound. Radiographic ex-
amination is particularly noted for its effective-
ness, allowing for the diagnosis of the develop-
ment of this pathological process at the early
stages of the disease, which is relevant to veter-
inary medicine. B. Ayilya et al. (2023) indicated
that the use of bleomycin to induce pulmonary
fibrosis in animal models is one of the most
common methods for studying the pathophysi-
ology of the disease, as well as for evaluating the
effectiveness of various therapeutic approaches.

A. Abu Qubo et al. (2022) and E. Ortiz-Zap-
ater et al. (2022) investigated the possibility of

using radiography to monitor changes in lung
tissue in cases of progressive fibrosis, which is
especially important for detecting early chang-
es that have not yet affected clinical manifesta-
tions. According to recent research by T. Hoff-
man et al. (2022), radiography allows for the
highly accurate detection of diffuse changes in
lung tissue, particularly in experimental mod-
els of pulmonary fibrosis in rodents and dogs,
where fibrosis is induced using bleomycin. Fur-
thermore, radiographic signs, such as decreased
lung field transparency, the appearance of re-
ticular changes, and subpleural densities, al-
low the correlation of the degree of lung tissue
damage with the patient’s clinical condition, as
suggested by S. Scharm et al. (2022).

The use of radiography in the diagnosis
of pulmonary fibrosis in veterinary medicine
significantly expands the possibilities for de-
tecting and monitoring the progression of the
disease. T. Hoffman et al. (2022) indicated that
particular attention should be paid to early
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radiographic manifestations that precede pro-
nounced fibrosis. In this context, S. Stanel &
P. Rivera-Ortega (2023) demonstrated the im-
portance of systematic radiographic monitor-
ing for assessing the dynamics of changes in
lung tissue. Thus, the analysis of radiographic
images becomes a necessary tool not only in di-
agnosis but also in evaluating the effectiveness
of therapeutic interventions.

T. Hoffman et al. (2022) demonstrated
that pulmonary fibrosis is a complex disease
often associated with numerous diagnostic
challenges, significantly impacting the timely
recognition and treatment of this pathology.
The average interval from the onset of the first
clinical manifestations to the establishment
of a definitive diagnosis is approximately 24
months, highlighting the need for more effec-
tive diagnostic methods. The authors noted
that chest radiography can reveal interstitial
abnormalities in over 50% of patients with id-
iopathic pulmonary fibrosis, even before the
onset of significant clinical symptoms, indicat-
ing the potential for early diagnosis. Although
the time required to establish a diagnosis does
not directly impact patient survival, early de-
tection of pulmonary fibrosis facilitates timely
treatment, which can potentially improve clin-
ical outcomes. This was emphasised by T. Hoff-
man et al. (2022), who indicated the need to
improve existing approaches to early diagnosis
and apply a comprehensive approach to assess-
ing the patient’s condition, including both radi-
ography and other imaging modalities, such as
high-resolution computed tomography.

This study aimed to evaluate radiographic
changes in the lung tissue of animals with bleo-
mycin-induced pulmonary fibrosis, as well as to
determine the possibilities of its early diagno-
sis and monitoring of disease progression. The
research objectives included: analysis of radio-
graphic changes in the lungs at different stag-
es of fibrosis; comparison of radiographic data
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with clinical manifestations; and evaluation of
the effectiveness of radiography as a method for
early diagnosis of pulmonary fibrosis in animals.

Literature Review

According to F. Cony et al. (2019), although ra-
diography has limited ability to determine the
specific aetiology of a disease, it remains an in-
dispensable method for assessing the dynamics
of a pathological process. In particular, radiog-
raphy helps monitor the progression of fibrosis
and allows the detection of potential acute com-
plications such as infiltrates or pleural effusions,
which are of significant clinical importance for
adjusting treatment. For this reason, regular
radiographic examination is recommended for
long-term monitoring of patients with pulmo-
nary fibrosis. In their study, the scientists noted
that characteristic radiographic changes in pul-
monary fibrosis include the presence of diffuse
ground-glass opacity, which is predominantly
localised in the region of the cardiac shadow
and the basal segments of the lungs. Compen-
satory emphysema, which predominates in the
peripheral and apical zones of the lungs, is also
often observed, which can further complicate
differential diagnosis. Given these changes,
analysis of radiographs requires a high level of
expertise, as the timely detection of structur-
al changes in lung tissue is important for pre-
venting complications and disease progression.

Pulmonary fibrosis in dogs is a progressive
pathological condition characterised by the
gradual development of dyspnoea, decreased
exercise tolerance, and the presence of char-
acteristic inspiratory crackles, as reported by
H.Mattoo & S.Pillai (2021). These clinical man-
ifestations are a result of respiratory system
damage and represent important diagnostic cri-
teria for this disease, as indicated by A. Ferrazza
& P. Baldassarri (2020). Radiographic examina-
tion revealed diffuse changes in lung structure,
specifically an interstitial pattern accompanied
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by variable bronchial changes, which are char-
acteristic of this pathological condition.

A significant breakthrough in the diagno-
sis of pulmonary fibrosis in dogs is associated
with the introduction of computed tomography
(CT). This method, as emphasised by scientists
F. Thierry et al. (2017), allows for accurate de-
termination of the stages of disease develop-
ment and assessment of the degree of lung tis-
sue damage. Computed tomography provides
visualisation of several changes indicative of
the severity of the disease. Characteristic find-
ings that reflected the altered state of lung tis-
sue included areas of “ground-glass opacity”
and reticular-nodular patterns. Moreover, there
is a positive correlation between the degree of
visualised changes on CT and the clinical man-
ifestations of fibrosis. In particular, researchers
have stated that more severe forms of damage
have a negative impact on animal lifespan.

A.Ferrazza & P.Baldassarri (2020) conduct-
ed histopathological analyses, which allowed
for a more detailed examination of morpho-
logical changes in pulmonary fibrosis, includ-
ing thickening of the alveolar septa, accompa-
nied by interstitial fibrosis and hyperplasia of
pneumocytes. Although fibrosis can develop
in dogs of various breeds, H. Laurila & M. Ra-
jamaki (2020) noted the greatest susceptibility
to this disease in West Highland White Terriers.

In cats, pulmonary fibrosis manifests with
radiographic features including a mixed bron-
chiolointerstitial and alveolar pattern, the
presence of pleural effusion, and the formation
of various pulmonary nodules. As reported by
F. Cony et al. (2019), radiographic changes are
often characterised by increased lung tissue
density, which progresses from bronchioloin-
terstitial to alveolar structures. The scientists
proved that dense areas or diffuse interstitial
infiltrates of the bronchiolar and alveolar type
are common features of this disease. Histo-
pathological studies conducted by the authors

of the aforementioned research established
that pulmonary fibrosis in cats is characterised
by multifocal fibrosis, hyperplasia of type II
pneumocytes, and hypertrophy or hyperplasia
of smooth muscles. Fibrosis was most often ob-
served in middle-aged and older cats, accom-
panied by symptoms of respiratory distress and
cough. The difficulty in diagnosing fibrosis in
cats is due to the fact that radiographic man-
ifestations can be similar to asthma, pneumo-
nia, or even neoplasia. As the authors noted,
the prognosis for cats with pulmonary fibrosis
is poor, as even with active treatment, most an-
imals die within a few days or months.

X. Wang (1992) studied pulmonary fibrosis
induced by bleomycin administration in rats.
W. Mohr (1988) demonstrated that the initial
pathological changes were characterised by the
detachment of type I pneumocytes, exposure
of the basement membrane, and endothelial
swelling, which are likely caused by the ef-
fects of reactive oxygen species. I. Persson et
al. (2020) found that the progression of fibrosis
can be tracked using various imaging methods
such as magnetic resonance imaging (MRI) and
CT, revealing an increase in the volume of af-
fected tissue and a decrease in lung volume.
According to W. Mohr (1988), in cattle, this dis-
ease can manifest as diffuse fibrosing alveolitis
with clinical signs such as a dry cough, tachy-
cardia, and tachypnoea. The researcher noted
that the aetiology of fibrosis in cattle remains
unknown and may be associated with the in-
gestion of toxic substances. Confirmation of
the diagnosis is usually performed post-mor-
tem, through histological examination, which
reveals fibrosis of the alveolar septa and cellu-
lar infiltrates.

C. Easton-Jones et al. (2020) demonstrated
through radiographic examination that in hors-
es, pulmonary fibrosis manifests as interstitial,
bronchiolointerstitial, and nodular changes
in the lungs. The scientists observed primary
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clinical symptoms such as weight loss, de-
creased exercise tolerance, and respiratory dis-
tress. C. Easton-Jones et al. (2020) and A. Cra-
ven et al. (2024) linked multinodular pulmonary
fibrosis in horses to equine herpesvirus type 5,
which carries an unfavourable prognosis. The
scientists found that imaging modalities can
identify nodular interstitial lesions and super-
ficial changes in the lungs of horses. One of the
prognostic indicators for fibrosis in horses is
the respiratory rate, the ratio of lymphocytes to
neutrophils in bronchoalveolar lavage, and the
level of lymphocytes in the blood.

Materials and Methods

The experimental study was conducted dur-
ing 2022-2023 in the educational and research
laboratory “Centre of Cell Technologies in Vet-
erinary Medicine”, operating under the De-
partment of Veterinary Surgery named after
Academician 1.0. Povazhenko at the National
University of Life and Environmental Scienc-
es of Ukraine (NULES), Kyiv, Ukraine. The tri-
als were performed on female Wistar rats,
aged four months, with an average weight of
269.6 = 1.80 g. The housing conditions of the
experimental animals complied with the provi-
sions of Directive 2010/63/EU of the European
Parliament and the Council (2010) and the Law
of Ukraine No. 3447-1V “On Protection of An-
imals from Cruel Treatment” (2006). The rats
were kept in a vivarium with a stable 12-hour
light-dark cycle (12 hours of light and 12 hours
of darkness), a temperature range of 20-23°C,
and unrestricted access to water and standard
feed. The study was approved by the NULES
local bioethics committee (Protocol No. 31-1,
dated 27 October 2020).

An experimental model of pulmonary fi-
brosis in rats was developed through a single
administration of bleomycin hydrochloride
solution directly into the lung tissue. The
dose was 1.0 mg of the drug per 100 g of body
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weight, delivered in a 0.3 mL volume of saline.
Administration was performed via transtho-
racic instillation, ensuring direct contact of
the drug with lung tissue (Ayilya et al., 2023).
Observations of fibrosis progression were con-
ducted for 45 days following the administra-
tion, focusing on clinical signs of the disease
and morphofunctional changes in lung tissues.
To objectively assess the pathological process,
radiological examinations of the thoracic or-
gans were performed on days 7, 14, 30, and 45
of the experiment, enabling the monitoring of
dynamic changes.

Radiological assessments were conducted
using the VATEL-1 digital veterinary system
(Ukraine) following the manufacturer’s recom-
mendations. Images were taken in right later-
al and direct dorsoventral projections, which
required sedation of the test animals. For this
purpose, Medison 0.1% (BrovaPharma, Ukraine)
was administered intramuscularly at a dose
of 0.25 mg/kg (Plumb, 2008). These selected
projections visualised changes located in any
region of the lung tissue, including areas that
were difficult to access or entirely non-visual-
ised. The use of these two projections was justi-
fied by the specific localisation of the patholog-
ical process under investigation.

The selection of right lateral and dors-
oventral projections was based on the need to
visualise structural changes in different regions
of the lung tissue. This combination of projec-
tions enabled the acquisition of more accurate
data on morphological changes, particularly in
cases where the pathological process was lo-
cally confined and either difficult to access or
entirely invisible when only a single projection
was used. Consequently, the integration of two
orthogonal views provided comprehensive in-
formation about the structural condition of
the lung tissue and facilitated a more precise
assessment of pathological changes, which is
critical in the study of pulmonary fibrosis.
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Results and Discussion

Bleomycin is one of the drugs that induces fi-
brotic changes in lung tissue, and its use in ex-
perimental models contributes to a deeper un-
derstanding of the mechanisms of developing
this disease and assessing potential treatment
methods. A crucial stage of the study involved
conducting a radiographic analysis, which al-
lowed for the evaluation of structural changes
in the lungs at various stages of fibrosis pro-
gression. In clinically healthy animals, lung
tissue had a homogeneous structure without
noticeable shadows or inclusions, indicating
its normal physiological state. The lungs were
characterised by a dark colouration, indicating
their air-filled state. The heart was located in
the central part of the thoracic cavity, which is
typical for this species of animal (Fig. 1).

Figure 1. Typical radiograph
of a clinically healthy rat

Note: radiograph of the lungs in the right lateral (a) and
dorsoventral (b) projections: 1 - lungs
Source: authors’ photo

These results align with the data present-
ed in the studies of F. Gassert et al. (2021), who

indicated that in healthy animals, lung tissue
has a high level of radiographic transparen-
cy due to the absence of fibrotic or infiltrative
changes. The researchers demonstrated that the
homogeneity of the lung parenchyma structure
is a key marker of a healthy organ state. Moreo-
ver, they noted that the dark colouration of the
lung fields on a radiograph reflects a high signal
intensity, air filling, and is normal for healthy
animals. E. Dogan et al. (2022) also established
that the localisation of the heart in the central
part of the thoracic cavity in small laboratory
animals indicates the absence of pathological
displacement of organs, which could be due to a
mass, effusion, or other pathologies.

The absence of pathological changes in the
lungs, such as shadows, inclusions, or areas of
increased density, allows the obtained data to
be used as a control group for comparison with
animals in which pulmonary fibrosis has been
modelled. This underscores the importance of
baseline radiographic assessment for the diag-
nosis and monitoring of changes in the lungs.
For example, F. Gassert et al. (2021) noted that
establishing the baseline transparency of the
lung fields in healthy animals is critical for as-
sessing the progression of pathological changes.

Since radiographic evaluation of lung tis-
sue in clinically healthy animals justifies the
absence of fibrotic or inflammatory changes, it
forms the basis for further comparative assess-
ments of pathological states. To deepen the un-
derstanding of pathological progression in lung
tissue, a comparative radiographic evaluation
of the lungs in experimental animals was per-
formed and changes in the lung tissue of rats
were revealed. On the 7% day after the adminis-
tration of bleomycin to the animals, early signs
of lung tissue damage were observed. The lung
fields partially lost their transparency, and the
first signs of spotted areas of increased density
appeared, indicating the initial stage of tissue
infiltration (Fig. 2). The echogenicity of the tis-
sues increased compared to the control group,
indicating initial inflammatory changes.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 4
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Figure 2. Typical radiograph of the lungs
in a test rat on the 7™ day of bleomycin-
induced pulmonary fibrosis modelling

Note: radiograph of the lungs in the right lateral (a) and
dorsoventral (b) projections: 1 - increased tissue density
Source: authors’ photo

Additionally, a small amount of pleural ef-
fusion was detected in the pleural cavity, which
did not reach clinically significant volumes but
served as confirmation of the onset of an inflam-
matory process. P. Kolb et al. (2020) demonstrat-
ed that in the early stages of bleomycin-induced
fibrosis, an inflammatory process occurs. This
is confirmed by the present study, namely the
moderate accumulation of fluid in the pleural
cavity as early as 7 days of observation. Accord-
ing to the research of P. Kolb et al. (2020), early
signs of tissue infiltration reflect the initial ac-
tivation of the immune response, which stimu-
lates the development of fibrosis. 1. Persson et
al. (2020) confirmed that in the early stages of
bleomycin-induced damage, moderately dense
areas form in the lungs, corresponding to in-
terstitial oedema and initial inflammatory pro-
cesses. These changes are clearly reflected in the
form of increased density and decreased trans-
parency of the fields, as recorded in this study.
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Although at this stage the structure of the
lungs still retains its basic architecture, ac-
cording to C. Malinczak et al. (2024), such early
changes can lead to a decrease in the diffusion
capacity of the alveoli, which is a precursor of
later respiratory function impairments. The
observations made in this study confirm this
trend, as early structural changes were accom-
panied by a gradual change in field density,
which may affect gas exchange in the future.
By day 14 post-induction of bleomycin-induced
pulmonary fibrosis in the experimental rats,
significant changes were recorded, reflecting
the onset of the pathological process (Fig. 3).

Figure 3. Typical radiograph of the lungs
in an experimental rat on the 14" day
of bleomycin-induced pulmonary fibrosis
modelling

Note: radiograph of the lungs in the right lateral (a) and
dorsoventral (b) projections: 1 — free fluid; 2 — increased
tissue density
Source: authors’ photo

The mottled areas of increased density
detected on the radiograph (Fig. 3) can be as-
sociated with tissue oedema, inflammatory
infiltration, and early fibrosis. The established
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pathological process was confirmed by the de-
tected light areas in the parenchyma of the
lung tissue, indicating increased echogenicity
caused by the accumulation of inflammatory
cells, exudate proteins, and altered extracellu-
lar matrix. F. Ruscitti et al. (2020) indicated that
in the early stages of bleomycin-induced fibro-
sis in rodents, changes that can be detected ra-
diographically as foci of increased density pre-
dominate. These areas correspond to localised
processes of inflammation and oedema, which
form the basis for the subsequent formation of
fibrous tissue. Similar results were obtained by
G. Soldati et al. (2020), who noted that areas
with increased echogenicity on ultrasound or
decreased transparency on radiographs can be
used as early markers of pathology in modelling
interstitial lung diseases.

The radiographic changes observed in this
study were further confirmed by a post-mortem
examination. The presence of effusion in the
caudal regions of the pleural cavity is consistent
with the observations of Y. Xiong et al. (2021),
who reported that in bleomycin-induced fibrosis,
an inflammatory process is activated in the ear-
ly stages with exudation of fluid into the pleural
cavity. This is a result of damage to the vascular
endothelium and increased permeability caused
by inflammatory cytokines such as IL-6 and
TNF-a. The importance of radiographic studies
in the early detection of pathological changes

was emphasised by S. Scharm et al. (2022), who
noted that even with minimal clinical manifes-
tations, radiographic imaging can reveal the first
signs of the disease. In particular, the authors
indicated that mottled areas of increased den-
sity reduce the transparency of the lung fields,
which is a marker for monitoring disease pro-
gression. The changes found in this study on day
14 of the experiment were consistent with the
conclusions of S. Scharm et al. (2022) regarding
the sensitivity of the method. In addition to ra-
diographic changes, the presence of inflamma-
tion in the pleural cavity reflects the systemic
response of the organism to the administration
of bleomycin. This corresponds to the studies of
H. Mattoo & S. Pillai (2021), who suggested that
even with localised lesions of the lung tissue, a
systemic inflammatory response plays an im-
portant role in the pathogenesis of fibrosis. At
the same time, A. Hjerpe et al. (2020) addition-
ally indicated that the early presence of effu-
sion can be a sign not only of inflammation but
also of the initial stages of pleural remodelling.

By day 30 post-induction of bleomycin-in-
duced pulmonary fibrosis, further progression
of pathological changes in the rat lungs was ob-
served. The mottled areas of increased density
became more pronounced and widespread. The
first diffuse linear inclusions appeared, indicat-
ing the beginning of structural remodelling of
the lung parenchyma (Fig. 4).

Figure 4. Typical radiograph of the lungs in an experimental rat on the 30™ day of bleomycin-
induced pulmonary fibrosis modelling
Note: radiograph of the lungs in the right lateral (a) and dorsoventral (b) projections: 1 — increased tissue density

Source: authors’ photo
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The lungs lost some of their transparen-
¢y, indicating the presence of moderate fibro-
sis. Y. Ishida et al. (2023) demonstrated that 30
days after modelling bleomycin-induced fibro-
sis, signs of tissue remodelling were observed,
manifested as linear inclusions, with the forma-
tion of fibrous septa between areas of alveolar
destruction, which clearly coincides with the
results of this study. N. Tanabe et al. (2020) not-
ed that the progression of fibrosis is accompa-
nied by an increase in tissue density and a de-
crease in lung volume, which corresponds to the
changes recorded in this study on day 30. They
emphasised that lesions of this nature may
be accompanied by a partial decrease in lung
elasticity, which begins to manifest clinically.

The results obtained on day 30 allowed the
identification of the intermediate stage of fi-
brosis, characterised by structural remodelling

of the lung tissue. The linear inclusions that
appeared at this stage indicate the beginning of
active fibrotic reconstruction of the parenchy-
ma. These data are consistent with the results
of S. Libério-Ramos et al. (2023), who indicat-
ed that such structural changes are important
markers of progressive fibrosis.

By day 45 post-induction of bleomycin-in-
duced pulmonary fibrosis in rats, a significant
progression of pathological changes in the lung
tissue was observed. The lungs acquired a matte
appearance, reflecting a significant decrease
in transparency, typical of developed fibrosis.
In addition, the number of diffuse areas of in-
creased density increased, taking on the ap-
pearance of elongated (linear) inclusions. Such
structural changes indicate the remodelling of
the parenchyma and the development of scar
formations (Fig. 5).

Figure 5. Typical radiograph of the lungs in an experimental rat
on the 45™ day of bleomycin-induced pulmonary fibrosis modelling

Note: radiograph of the lungs in the right lateral (a) and dorsoventral (b) projections: 1 — increased

tissue density
Source: authors’ photo

According to the research by Y. Ishida et
al. (2023), linear inclusions in the late stages of
bleomycin-induced fibrosis correspond to the
formation of organised fibrous structures that
replace normal lung parenchyma. Their study
indicates that these changes are the result of
the activation of myofibroblasts and excessive
collagen production, which is intensified in the
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late stages of the disease. The results obtained
in the conducted research confirm this patho-
genetic mechanism, as a similar picture was
observed in the lung tissue on day 45 of the ex-
periment. K. Lee et al. (2023) indicated that the
matte appearance of the lungs in combination
with linear inclusions on radiographs is the
main radiographic sign of developed fibrosis.
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They emphasised that these changes are asso-
ciated with a disruption of the alveolar struc-
ture, leading to a decrease in gas exchange and
the formation of stable scar tissue.

The morphological changes in the lungs,
recorded in this study, are also reflected in the
functional state of the lungs. A. He et al. (2024)
noted thatin the late stages of fibrosis modelling
in animals, a significant decrease in lung vol-
ume and a deterioration of respiratory function
are observed. According to their data, similar
structural changes, including linear inclusions,
are accompanied by a decrease in lung elastic-
ity and progressive restriction of ventilation.

The radiographic changes identified in this
study were confirmed by post-mortem exami-
nation with subsequent histological examina-
tion and described in a previously published
article (Mazurkevych & Surtaieva, 2023). The
lung tissue at 45 days had a dense, inelastic
structure, corresponding to the late stages of
fibrosis. The established pathological signs cor-
relate with the data of D. Zakaria et al. (2020),
who reported similar pathological features,
such as consolidation of lung tissue and an in-
crease in collagen fibres in rats with bleomy-
cin-induced fibrosis.

Research into bleomycin-induced pulmo-
nary fibrosis is a crucial area in veterinary and
medical science. This disease has a complex
pathogenesis, involving inflammatory and fi-
brotic changes in the lungs that can severely
impair their function. The results obtained in
this study confirm some previous findings and
also reveal new aspects that allow for a better
understanding of the mechanisms underly-
ing this pathological process. According to the
study of A. Vats & P. Chaturvedi (2023), bleomy-
cin causes progressive inflammatory and fibrot-
ic changes in the lungs, which coincides with
the findings obtained in this research regard-
ing the consolidation of lung tissue. This con-
firms the universality of this model for studying

pulmonary fibrosis and its potential for develop-
ing therapeutic strategies. However, according
to the study of S. Keshavan et al. (2023), the dy-
namics of fibrosis development can vary signif-
icantly depending on the species of laboratory
animal. The results of this experiment, obtained
in rats, showed a more pronounced reaction to
bleomycin, with the formation of dense infil-
trates and a decrease in the transparency of the
lung fields, which differs from studies on mice,
where a less intense reaction was observed.

The methodology of different studies is
also a crucial factor. For example, Y. Zhang et
al. (2023) focused primarily on histological
methods, allowing for a detailed study of mi-
croscopic changes in lung tissue. This study
focused on radiographic methods, which allow
for non-invasive assessment of the lung tis-
sue. While this approach has its advantages, a
combination of radiographic examination and
histology could provide a more complete pic-
ture of the changes in the lungs. G. Courtoy et
al. (2020) applied a quantitative assessment
of fibrotic changes, which allowed for a more
accurate assessment of the severity of the
pathological process. In this study, a qualita-
tive assessment of changes was used, which al-
lowed for a reflection of the disease dynamics,
although quantitative methods could have pro-
vided more detailed information about chang-
es in the lung tissue.

The duration of the experiment is also an
important factor. The results of the 45-day
study allowed for the evaluation of both acute
and chronic changes in the lungs. The study
by I. Savin et al. (2022), which focused main-
ly on the early stages of fibrosis development,
helped to understand the mechanisms of the
transition from inflammation to fibrosis but
did not provide a complete picture of the pro-
cesses occurring at later stages.

Thanks to the extended observation peri-
od, the progression of fibrosis was detected, and
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the importance of early diagnosis was also eval-
uated. In this study, radiological methods al-
lowed for the detection of changes in the lungs
at various stages of the disease, enabling ear-
ly identification of the pathology. This is also
confirmed by the research of D. Li et al. (2022),
in which radiography was used as a method for
the early diagnosis of pulmonary fibrosis. At
the same time, Y. Ishida et al. (2023) proved the
effectiveness of radiographic examination for
monitoring changes in the lungs, in particular,
a decrease in transparency and the formation
of dense areas on radiographs. This study also
confirmed the effectiveness of radiographic
examination for assessing the progression of
fibrosis. In particular, P. Kolb et al. (2020) not-
ed that radiographic methods are very effective
for detecting changes in the early stages of fi-
brosis. Using these methods, it is possible to
quickly assess the overall condition of the lungs
without resorting to invasive methods such as
biopsy. However, it is important to note that
radiographic methods cannot always detect all
microscopic changes in lung tissue, which is
one of the limitations of this approach. D. Zaka-
ria et al. (2020) emphasised the importance of
combining radiographic and histological meth-
ods to obtain more detailed information about
pathological changes in tissues. This allowed
for a complete picture of the mechanisms of
fibrosis development, which is important for
developing effective therapeutic strategies.

Another important aspect is the difference
in approaches to assessing the severity of fibro-
sis. In this study, a visual assessment of changes
was used, which allowed for a quick assessment
of the overall condition of the lungs. However,
as shown in studies by F. Ruscitti et al. (2020),
the use of specialised scales for the quantitative
assessment of fibrosis allows for a more accu-
rate measurement of the degree of severity of
changes in the lungs. The practical aspect of
the study also deserves attention. For example,
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N. Gupta et al. (2024) focused on the study of
new therapeutic agents, while the presented re-
search is aimed at improving diagnostic meth-
ods. It has been shown that the radiographic
method is effective for the early detection of
changes in lung tissue, which may be particu-
larly important in veterinary practice.

Overall, the findings of this study confirm
the significance of the bleomycin-induced mod-
el for studying pulmonary fibrosis, as it allows
for the accurate reproduction of the fibrosis
development process in the lungs. At the same
time, to obtain the most accurate and complete
information, it is necessary to combine differ-
ent research methods, including radiography
and histological examination. Moreover, for
further research, it is important to standardise
the experimental conditions, which will allow
for obtaining reliable results in comparison
with those already obtained.

Conclusions

Radiographic examination is a leading in-
strumental method in veterinary medicine,
the application of which allows for obtaining
high-quality images of rat lung tissue. There-
fore, when using radiographic examination to
study changes in the lung tissue of rats with
bleomycin-induced fibrosis, important con-
clusions were obtained that significantly ex-
panded the understanding of the development
and progression of the studied pathological
process. It was established that in clinically
healthy rats, the lung tissue appeared homo-
geneous, indicating a normal physiological
state of the organism without signs of pathol-
ogy. Radiographically, the lungs had a high
level of transparency, confirming the absence
of any pathological changes. On the 7™ day
following bleomycin administration, the ap-
pearance of initial signs of inflammation was
noted, which was especially characterised by
an increase in the density of lung tissue and a
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moderate accumulation of fluid in the pleural
cavity. By the 14" day after bleomycin admin-
istration, a noticeable increase in the density
of lung tissue was established, along with the
presence of pleural effusion. Furthermore, by
the 30" day, the progression of the patholog-
ical process was definitively established: the
detection of linear inclusions and a decrease in
the transparency of lung tissue, which served
as a clear sign of the beginning of structural
remodelling, which is a characteristic feature
of the intermediate stage of fibrosis. By the
45™ day, pulmonary fibrosis had acquired more
pronounced features: the lung tissue appeared
dull, a typical feature of the late stages of the
disease, and was specifically characterised by

administration of bleomycin into the pleural
cavity of rats, which allowed the outlining of
the various stages of pathological changes
that occurred in the lung tissue. The results
obtained from the radiographic examination
are also important for monitoring the progres-
sion of lung disease and the ability to choose a
therapeutic strategy.

Promising directions for further research
include the development of new diagnos-
tic approaches aimed at the early detection
of pulmonary fibrosis, as well as the study of
potential therapeutic agents designed for the
effective treatment of the studied pathological
condition.
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Auoranig. 3pocTaHHS BUITA[KiB JiereHeBoro (i6po3y B TBapuH, CIPUUYMHEHOTO TOKCUUHUM
BIUIMBOM, BUMAra€ [eTaJibHOTO aHalli3y PEHTreHOJOTiYHMX 3MiH Yy JiereHeBiii TKaHMHi, L0
BasKJIMBO /IS OIIHKY JUMHaMiKM Gibpo3y Ta po3pobKy eHeKTUBHUX TeparneBTUIHUX MiAXomiB. Y
LIbOMY KOHTEKCTi MeTa AOCTi/IsKeHHS ToJIsArana y 3aCTOCYBaHHI PEHTTeHOJIOTiYHOTO METOHy AJIst
BM3HAUEHHS 3MiH Y JIeTeHsX IIypiB Y AMHAMIIli yacy 3a MOZEMIOBaHHS 6e0MillMHiHIYKOBAHOTO
nereHeBoro Gi6posy, Mo COpUsITUMe BIOCKOHAJEHHIO AiaTHOCTMKY 1IbOTO MaTOMOTiYHOTO CTaHYy.
IlITyune BigTBOpeHHS (Gi6po3y B JereHsx 3AifiCHIOBaIM Ha JaGOpaTOPHUX IHIypaxX 3aBasSKu
yBeIeHHI0 61eoMilinHy. [I7I1 MOHITOPMHTY CTaHy JIeTeHeBOi TKAHVHY Ta BUSBIEHHS IIPOTPECYI0UnX
3MiH MPOBOAMIM PEHTTEHOJOrIUHI JowTiakeHHs Ha 7 moOy, 14, 30 ta 45 mo6y mOCTimKEeHHSI.
Oco6MBY yBary 3BepTajiy Ha BUSIBJIEHHS XapaKTePHUX PEHTTEeHOIOTiUHMX 03HaK hibpo3y, TAKMX K
VIIiIbHEeHHS JlereHeBOi TKaHMHY Ta 3HVDKEeHHSI 11 MP030pocCTi. 3rigHO 3 OTPUMMaHUMM Pe3yabTaTaMu
JMOCTiIKEHHSI BCTAHOBMJIM TIPOTPECYIOUNMii XapaKTep iHTepCTUIiaIbHUX ypaskeHb. 3’sICOBAHO,
0 BXXe uepe3 7 Mi6 Mic/is BBeIeHHS 6JeOMIlMHY 3’IBJISUIMCS O3HAKM 3allajeHHs B JIereHsX, 110
CYIIPOBOIKYBaINCS 3HMKEHHSIM IIPO30POCTi JiereHeBuX TmojiB. Yepe3 14 mi6 crocrepirammcs
I0YaTKOBI 03HaKkM (i6po3y, 10 Bimo6pas3mincs Ha MiABUIIEHH] IIiTbHOCTI JIereHeBOi TKaHWHY Ta
riosiBi iHdinprpariB. Ha 30 mo6y po3BUTKY MaTOMOrii BigMiuaayu 3HauHe mmporpecyBaHHsS Gibposy,
0 MHiATBepAMIoCcs Gibll BMPaKeHMMM JIHIAHMMM BKIIOUEHHSIMM i 3HVDKEHHSIM ITPO30POCTi.
Ha 45 mo6y 3’aBwincs pybueBi 3MiHM, sSKi MPU3BENM OO 3HAYHOTO IMOTIPIIEHHS CTPYKTYPU
JiereHb. 3a OTPMMAaHUMM JAHUMM MMiJKPeCIeHO 3HAUeHHS PeHTTeHOJOTiUHOTO MOCTiIKeHHS SIK
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iHbopmMaTMBHOTO MeTOAY ISl AiaTHOCTMKM Ta MOHITOPUMHTY mepebiry jsereHeBoro ¢i6posy. 3a
OTVICAHUMM PEHTTeHOJOTIYHMMM 3MiHAMM Pi3HUX CTafilil po3BUTKY (Hi6GPO3y MOKHA AeTaslbHillle
oxapaKkTepusyBaTy TaTOTeHe3 3aXBOPIOBAHHS, IO Ma€ BaKIMBE 3HAUEHHS JIsI OI[iHKU
eeKTUBHOCTI TepanmeBTMYHOTO BTpydYaHHS. TaKMM YMHOM, PEe3YJbTAaTU AOCTiIKEHHS MOXKYTh

6yTV BUKOPUCTaHI /11 CTBOPEHHST HOBUX HiaTHOCTUYHMX KPUTEPIiB Ta MOKpaIlleHHsSI MOHITOPUHTY
TallieHTiB i3 JereHeBUM ¢Gi6GpPo30M

KiniouoBi coBa: yiereHeBuii ¢i6po3; peHTreHiBChbKi 3HIMKM; iHTepCTUIIialbHI 3aXBOPHOBAHHS
JiereHb; eKCcIiepMMeHTaIbHa MOJIeJTb; JIAG0PaTOPHIi IypH; MiarHOCTUKA
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