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Summary

The aim of this study was to evaluate the number of mast cells in healthy and affected lungs of mice and
rats and determine histopathological differences of the inflammatory process in the lungs of rats and mice.

The lungs of healthy and affected laboratory mice (n = 80) and rats (n = 80) were used for the studies. The
histpathological examination of HE slides was performed. The number of mast cells in healthy and affected
lungs of mice and rats was calcaluted in Giemsa stained slides.

The number of connective tissue mast cells in healthy animals and in areas of lymphoid hyperplasia and

bronchiectasis was significantly higher in rats than in mice. Interstitial pneumonia with bronchiolitis and
bronchiectasis and atelectasis was more expressed in rats (P = 0.006-0.025) than in mice. Lymphoid tissue
hyperplasia in the lungs of mice was found much more intense than in rats (P = 0.011). In affected laboratory
mice and rats Mycoplasma pulmonis was identified.

Interstitial pneumonia with bronchiolitis and bronchiectasis and atelectasis were more pronounced in rats.
In our opinion, because healthy rats have more mast cells in the connective lung tissue and developed more
severe pneumonia, they had a higher response of mast cells to the inflammatory process compared to mice.
There was a more intense lymphocytic response in the lungs of mice.
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The laboratory mice and rats are an inevitable part of
today’s biomedical research and veterinary medicine.
Mice and rats are extensively used in physiological
research (9, 32, 33). Almost 80% of the experimental
animals in USA and European Union countries are
rodents that include mice and rats. Rats and mice are
employed in about 85% of the articles in Medline and
70.5% of the articles in Lilacs (9, 11). Usually they are
kept in special conditions that meet the requirements.
Despite of this, outbreaks of some infection agents
can occur and cause pathological proccess without
clinical signs.

Diseases of the respiratory tract, especially chronic
respiratory disseases (CRD), are among the most
common health problems reported in mice and rats (1,
11, 15). The most important causative agent in rats is
Mycoplasma pulmonis (1, 11). Although Mycoplasma

pulmonis alone can be the only agent causing respi-
ratory disease in rats and mice, most CRD is caused
by a combination of mycoplasma and other agents
as Streptococcus pneumoniae, Corynebacterium
kutscheri, Pseudomonas aeruginosa, Pasteurella
pneumotropica, cilia-associated respiratory bacillus,
Bordetella bronchiseptica, Pneumocystis spp., “gray
lung agent” (an unidentified mycoplasma), Sendai
virus, sialodacryoadenitis virus (1, 13, 29, 42). In ad-
dition to the infectious agent, lung lesions and disease
outcome are also determined by host and environmen-
tal factors (25, 45).

Many immune system cells are involved in the in-
flammatory process: neutrophils, macrophages, lym-
phocytes, plasmocytes, mast cells. Mast cells are a part
of the immune system, originated from myeloid stem
cells. They have the ability to quickly release a number
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of mediators during degranulation. Except for allergic
reactions mast cells are involved in angiogenesis and
immune tolerance, the cerebro-vascular barrier and in
inflammation — the protection against many pathogenic
factors using different mechanisms for recognition (16,
23,24, 27, 31, 44). Mast cells are present in lungs of
humans, rats, mice and other mammals and play an
important role in the lungs in both health and disease.
Fixed mast cells are found in lung epithelium and free
mastocytes are in the bronchial lumen (18, 19, 21,
28, 29) and in in the lamina propria of the bronchi as
well as the supporting tissue of the bronchioles (41,
45). The protease content of mucosal mast cells is
characterized by the chymases, which are bound to
chondroitin sulfate chains of serglycin proteoglycans,
whereas connective tisssue mast cells are found in
the intestinal submucosa, peritoneum, and skin and
contain the chymases, tryptases and carboxypeptidase
bound to heparin chains of serglycin proteoglycans (2,
4,8, 14,19, 41). Mucosal and connective tisssue mast
cells also differ in their ability to secret histamine and
lipid mediators. Upon activation, mucosal mast cells
release small amounts of histamine and large quantities
of cysteinyl leukotrienes, whereas connective tiss-
sue mast cells release higher levels of histamine and
prostaglandin D (19, 35). The autonomic receptors of
beta-adrenergic type and the biochemicals by which
various neurotransmitters, hormones and pharmaco-
logical agents modulate the release of mast cell media-
tors (4, 16, 17, 19). MCs have an array of receptors
to identify and react to invading bacterial pathogens.
MCs also have receptors to detect bacterial-activated
immune components, such as complement receptors
and the receptor for the Fc portion of antibody (FcR).
These cells have a potent arsenal to combat bacterial
infections ranging from antimicrobial peptides and
proteases, for direct killing of pathogens or inhibiting
growth, to secretion of chemokines and cytokines for
recruitment and activation of other immune cells to
facilitate control of infection (38). New investigations
are performed in the last years to search a connection
between lung mast cells as a culprit and respiratory
disseases (8, 21, 39).

The aim of this study was to evaluate the number
of mast cells in healty and affected lungs of mice and
rats and determine histopathological differences of
inflammatory processes in the lungs of rats and mice.

Material and methods

Animals. We have evaluated 160 lung specimens of
rodents: 80 Wistar rats and 80 Balb/c mice, collected during
the years 2015-2018 from experimental enterprise of LUHS.

Healthy (n = 21) and affected laboratory mice (n = 59)
and healthy (n=16) and affected (n = 64) rats, respectively,
were used for the studies due to the mild signs of the disease,
and collection of rodent lungs was as additional pathologi-
cal material. The rodents were kept according to welfare
protocols in an experimental enterprise and the keeping
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conditions of animals were performed in compliance with
the rules of the national Animal Ethics Committee.

Wistar strain rats and BALB/c mice were kept in 2 prem-
ises under the same normal conditions: light-dark cycle of
12 : 12 hours, temperature maintained at 22 + 2°C and rela-
tive humidity was 55 + 5%. Rats and mice were given ad
libitum access to high-quality feed of the same batch and
water throughout the whole study. The commercial stan-
dard diet (PA-11700000-171) for rodents contained crude
protein 19.91%, fat 12.05%, crude fiber 2.79% and 7.72%
cellulose in 1 kg of feed. The rats and mice were housed in
standard polycarbonate cages (Techniplast, Italy), the mini-
mum enclosure size was 800 cm?, the floor area per animal
350 cm? and a minimum of 18 cm height. Rats and mice
were euthanized in CO, cages (19.05 x 12.71 x 29.21 cm).
The CO, flow rate was 1.5 I/min and the final concentration
of CO, was 20%.

In culled animals fur changes occurred: rats and mice
coats became greasy. Only a few animal were a little
depressed and anorexic for 1-2 weeks. 3 rats died in the
course of the experiment. The age of animals ranged from
6 month to 2 years. Rapid unconsciousness was achieved
with minimal distress to the animals.

Microbiological examination. The specimens collected
from lung lesions were placed in grinding medium are mac-
erated in a Stomacher Lab blender 80 (Fisher Scientific,
UK). A portion of the tissue suspension was inoculated onto
selective bacteriological culture medium. Microbiological
examination of the samples from lungs was carried out using
Friis selective media. The swabs were placed in the Friis
NHS-20 broth by carrying out dilutions from 10! to 10~* and
cultivated in aerobic conditions for 3-4 days. After the color
of broth culture changed indicating mycoplasma growth,
broth was inoculated on to Friis NHS-20 agar plates. Solid
media were incubated in microaerophillic conditions for
3-5 days. Pure cultures of M. pulmonis were purified three
times by conventional filtration cloning techniques with
a 450-nm pore size membrane filter. For the identification
of M. pulmonis isolates were tested for biochemical proper-
ties: glucose fermentation, arginine hydrolysis, phosphatase
activity, tetrazolium reduction.

Pathological morphological examination. Gross exami-
nation. After the death or killing of animals, gross lesions
(discoloration, changes of texture, etc.) of the lungs and
other organs were studied. Lungs of each rodent were taken
for histopathological examination, the material was fixed in
10% neutral buffered formalin solution at room tempera-
ture for 1 week. Paraffin blocks were made using “Shandon
Pathcentre” and “TES 99 Medite Medizintechnik” equip-
ment. Serial 4-pm sections from each sample were prepared
with a “Sakura Accu-Cut SRM” microtome and served for
routine H&E staining and staining with Giemsa stains for
mast cells.

Histopathological examination. Histological slides
were evaluated, and image analysis was performed using
the Olympus microscope supplied with a digital Olympus
DP72 image camera with CellSensDimension software. The
number of mast cell in mm? was calculated. The presence of
different pathological process was established. Lung hyper-
emia was not considered as a pathological entity because
animals were euthanized in CO, cages.
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Assessment of mast cells number. Mast cell number in
the Giemsa stained lung tissue of both healty (n = 10) and
diseased rats (n = 10) and mice lung were evaluated (total
n = 40). The average of connective tissue mast cells was
calculated in each section, in 10 adjacent microscopic fields
(MF) (x 200 magnification) of alveolar and bronchiolar
tissue, but excluding major bronchi, pleura and mucosa.
The average of connective tissue mast cells was calculated
by two independent researchers. The Olympus microscope
supplied with a digital Olympus DP72 image camera with
CellSensDimension software was used.

Statistical analysis. In the present study, statistical analy-
sis of the results was carried out using the IBM SPSS Sta-
tistics (version 20.0, IBM, Munich, Germany). The data of
descriptive statistics are presented as mean + standard error
(M £ SEM). Differences of means between groups were
determined using Student’s paired ¢ test. The relationship
between the categorical variables (incidences of different
pathological process in mice and rats) were evaluated using
¥’ test. The results were reliable under P level < 0.05.

Results and discussion

The lungs of only 21 mice and 16 rats were with-
out morphological changes (Fig. 1). Microscopical
examination showed only mild hyperemia caused by
euthanasia with CO,.

In 59 specimens of mice and 64 of rats lungs the
inflammatory process was found. The lungs were
grey-brown-white in color, affected focally or dif-
fusely, of hard or semi-hard texture, with the sack-like
dilatations of bronchi, bronchioli and surrounding lung
tissue and purulent, catarrhal-purulent exudate inside.
Hyperemia was more intense. Several compartments
were involved in the inflammatory process including
the airways (bronchi and bronchioles), the terminal
bronchiole/alveolar duct region (acinar region), the
alveoli or alveolar septa (interstitium), perivascular
areas, and the pleura.

In microbiologial examination of lung and trachea
specimens from rats and mice Mycoplasma pulmonis
was detected. Mycoplasma titre was >10° CFU/mL.
Over 50 colonies
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a prevalence of severe bronchointersticial pneumonia
with severe bronchiectasis and bronchiolitis in rats, and
the bronchi, bronchioli, alveoli, alveolar ducts, inter-
stitium, perivascular area and pleura were involved. In
cases of bronchointerstitial pneumonia mucopurulent
exudate in bronchioles and small bronchi lumen was
found. In part of the animals (in most cases in rats),
exudate was composed from weakly stained mucus
and neutrophils, macrophages, foamy macrophages
and desquamated mucosal epithelial cells. In mice
the same structures were involved and the lymphoid
tissue hyperplasia was the main pathological process.
In mice lungs pneumonia show more pure purulent
inflammatory exudate with very aboundant neutrophils,
eosinophils, foamy macrophages and desquamated
epithelial cells. In alveoli, various degree of type 11
alveolocytes proliferation and increased number of
alveolar macrophages were observed. Intraalveolar
septa were found thickened, edematous, infiltrated with
lymphocytes, plasmocytes and macrophages. Evidence
of edema and/or hyperemia was observed. According
some investigations, in rats Mycoplasma pulmonis
causes mucosal epithelium hyperplasia, squamous
metaplasia, inflammatory cell infiltration, hyperplasia
of bronchial-associated lymphoid tissue, accumula-
tion of lymphocytes and plasma cells around airways,
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suppurative exudate within airway lumina and alveoli,
hyperplasia of alveolar type Il pneumocytes (1, 5, 15).

Lymphoid tissue hyperplasia in the lungs was
found to be much more intense (P = 0.011) in mice
(52 animals) lungs than in rats (36 animals) (Fig. 2).
The peribronchial and peribronchiolar lymphoid tissue
was significantly enlarged, with nodular structure, but
many germinative centers were visible in the nearby
lung stroma. Lymphoid tissue hyperplasia has been less
pronounced in rat lungs. Lymphoid tissue was more dif-
fuse (Fig. 8-9). Bronchial-associated lymphoid tissue
hyperplasia may be partly related to the mitogenicity
of M. pulmonis for rats lymphocytes. Mycoplasma
pulmonis is able to evade the host immune response,
leading to a persistent and chronic infection (1, 5, 28).

Manifestation of bronchiolitis and bronchiectasis
was statistically reliable (P = 0.006-0.025), more in-
tense in rats (32 and 40 cases) and more severe than in
mice (16 and 26 cases) (Fig. 2). Bronchiolitis in mice
was characterized by abundant accumulation of neutro-
phils, foamy macrophages in the lumen of bronchioles
thogether with mucosal hyperplastic foldings in lumen
but without significant narrowing of the lumen. In con-
trast, bronciolitis in rats was more severe: there were
distinct bronchiolar lumen narrowings due prominent
mucosa and submucosa connective tissue projections,
abundant infiltrations with lymphocytes, plasmocytes
and macrophages. Infectious agents stimulate epithelial
cells and resident macrophages to secrete cytokines,
thus inducing an inflammatory response and cause tis-
sue damage, resulting in secondary inflammation (1, 5,
15, 40). Sendai virus infection causes proliferation and
regeneration, dysplasia of upper and lower airways and
alveolar septa epithelium, squamous metaplasia, polyp-
oid masses in bronchiolar lumina can occur. Sometimes
the infection outcome is full recovery. Scars, fibrosis,
cholesterol clefts, dilated airways, peribronchial, peri-
bronchiolar and perivascular mononuclear cell cufts
and aggregates can by observed (1, 5). We could not
confirm presence of this virus.

Many immune system cells are involved in the
inflammatory process: neutrophils, macrophages,
lymphocytes, plasmocytes, mast cells. In case of
pneumonia, the hyperemia in lungs and migration
of blood monocytes, neutrophils and eosinophils to
inflammatory foci occurs. Cytokines, chemokines, in-
flammatory mediators produced by phagocytes attract
more inflammatory cells from blood as well as from
tissues (mast cells) (4, 6, 10, 44). Involvement of many
inflammatory cells, their interaction, releasing of some
proteolytic enzymes (collagenase, elastase), harmfull
effect of pathogens causes a complicated mechanism
that damage lung tissue (7, 12, 30). Bronchiectasis
was much more pronounced in rats than in mice.
Grossly, these lesions would be characterized by the
presence of pus in distinct dilatated sack-like bronchi
and bronchioli, protruding to pleural surface (Fig. 3).
The lumen of bronchioli and bronchi was distinctly
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Fig. 4. Formation of large bronch1ectas1s in a rat lung Lu-
men of dilatated bronchioli with the disrupted wall filled with
proteinaceous material and inflammatory cells, granulation
tissue arround. HE, x 40

Flg 5. Lumen of severe dllatated bronchus, filled with blood
HE, x 100

enlarged, the wall was very thin, sometimes ruptured
with severe proliferation of granulation tissue around,
with flattened mucosa (in some animals the disapper-
ance of mucosa epithelium was observed) (Fig. 4). The
lumen was filled with mucinous or mucopurulent weak



stained exudate rich in foamy alveolar macrophages,
scattered neutrophils, some eosinophils (Fig. 4). In
some animals we found bright yellow-orange stained
interstitial macrophages and multiple areas of clus-
ters of large, foamy interstitial macrophages around
cholesterol clefts in the lung interstitial tissue near to
bronchiectasis (Fig. 6). There was also a mild hemor-
rhage, blood was found in lumen of some bronchioli
(Fig. 5). In cases of mice bronchiectasies bronchi and
bronchioli were slightly dilatated, with unchanged
epithelium, filled by purulent exudate with abundant
accumulation of neutrophils (Fig. 9), in some animals
with macrophages (Fig. 9), also a few eosinophils
are found. The atelectasis was more expressed in rat
lungs than in mice (44 animals and 29, respectively,
P = 0.017) (Fig. 2). During gross examination the
lungs were fleshy and red in color, dark. Flat, empty,
compressed alveoli were found under microscope.
The number of connective tissue mast cells in rats
and mice lungs was evaluated in this study. The number
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Fig. 7. Hyperplasia of bronchiolar mucosa in a rat lung. HE,
x 100

Fig. 9. Bronchiolitis (accumulation of neutrophils and mar-
rcrophages) in a mouse lung. Lymphoid tissue hyperplasia
arround bronchiole. HE, x 200

Med. Weter. 2021, 77 (2), 82-88

Fig. 6. Dilatated alveoli of a rat lung, accumulation of foamy

macrophages, cholesterol crystals (white clefts) inside. Accu-
mulation of lymfocytes in iterstitial tissue. HE, x 200
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Fig. 8. Lymphoid tissue hyperplasia and bronchiolitis and
bronchitis in a mouse lung. HE, x 100
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Fig. 10. Giemsa stained connective tissue mast cells in rat lung
interstitial tissue. x 100
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of connective tissue mast cells was evaluated
in both healthy and affected lungs of rats and
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Tab. 1. Amount of connective tissue mast cells in healty and lungs of
affected mice and rats

mice in areas of bronchiectasis and lymphoid ; - | Lymphoid tissue
hyperplasia (Fig. 10). Significant differences Animals | Statistic | Healty lung | Bronchiectasies hyperplasia P
were found between species (P < 0.001) in - M 0,55 1.79 1.67 0.001
healthy lungs. The number of mast cells was 'ce SEM 0.043 0.061 0.059 <%
larger in the healthy lung tissue of rats (1.8 M 188 9.91 75

average at x 200 magnification) than in mice | Rats <0.001
(0.55 average at x 200 magnification) (Tab. 1). SEM 0.0%5 0.382 0.289

In lungs with inflammation, in areas of bron- P <00 <0.001 <0.001

chiectasis, the number of mast cells was also

larger in rats (9.91 average at x 200 magnification)
than in mice (2.36 average at X 200 magnification),
and, respectively, in areas of lymphoid hyperplasia
— (1.67 average at x 200 magnification) in mice (7.5
average at x 200 magnification). The results of our
study show a high amount of mast cells in both healthy
and inflammed rats lung tissues compared to mice
lungs. This indicates that the immune system response
to the pathogen is more intense in rats than in mice.
It is difficult to explain the distinct difference of mast
cells number in rats and mice lungs. The presence of
mast cells in tissues is also associated with autoim-
mune, allergic and immunological reactions because
they release diverse chemicals capable of initiating
and modulating such reactions (14, 19, 26, 39). Lung
damage is related with mast cells granules and their
biologically active substances, including heparin, hista-
mine, and eosinophils chemotactic factor, leukotrienes,
prostaglandins, serineproteases and cytokines (4, 8, 34,
35). Severe bronchiectasis in rats should be related to
the presence of large amounts of mast cells (4.2 times
more than in mice) because their secreted collagenase
and other proteolytic enzymes cleaves collagen fibers,
keeping in mind the fact that the network of collagen
fibers in bronchial and bronchiolar wall connective tis-
sue is abundant. In rat lungs in areas of bronchiectasis
we found 9.99 mast cells in microscopic fields (MF)
(x 200 magnification). Mast cells collagenase cause
collagen necrosis (3, 25, 28) of the skin in dog mast
cells tumors. The study of bronchiectatic human lungs
show a strong correlation between tryptase levels,
degranulated MCs and activation of latent procollage-
nase and disease severity suggests that MCs may be
involved in the inflammatory reaction in the BE lung
(14, 34, 39). Influenza infection induces a transient ac-
cumulation of lung MCs through the recruitment and
maturation of MCp (44, 45). According to references,
influenza C virus in dogs and parainfluenza type 1
virus (Sendai) induced an increase in the number of
bronchiolar MCs (45). The reason of a 4.2 times higher
number of connective tissue cells in rat lungs compared
to mice lungs remains unclear.

Another supposed factor related to severe rat bron-
chiectasis may be the presence of eosinophils. In our
study we found infiltration with eosinophils in cases of
pneumonia and bronchiolitis of rats and mice. These
cells release large amont of mediators: TGF-f3, basic

fibroblast growth factors, platelet-derived growth
factor, matrix metalloproteases, vascular endothelial
growth factors, nerve growth factors, neuropeptides,
cytokines such as IL-1p and IL-6 (7, 12, 20, 24, 30,
36,43). Eosinophils also release proteins, eicosanoids,
leukotrienes, reactive oxygen species, and cell-cell
signaling molecules (7, 10, 12, 20, 41). These cells
are related to pathological processes such as fibrosis,
vascular leakage, angiogenesis, epithelial desquama-
tion, epithelial metaplasia, smooth muscle hypertrophy
(20) and with normal processes as bone metabolism,
tissue repair/remodelation (367). Chronic inflamma-
tory disorders, infectious diseases, neoplastic proccess
are dependant upon participation of eosinophils (6).

Neutrophils were most commonly found in the
cases of lung inflammation of rats and mice as well
as bronchiectasis. Neutrophils contain in cytoplasmic
granules myeloperoxidase, defensins, and proteinases
(6), neutrophil elastase, cathepsin G, and proteinase 3
(12). According to the mast cells proteolytic enzymes,
neutrophils elastases cleave elastic fibers of lung inter-
stitial tissue and can also cause severe bronchiectasis
(17, 34). Alveolar macrophages reside in the airspaces
of the lung, whereas interstitial macrophages are found
in the interstitial space between the alveoli and blood
vessels and both types of macrophages are involved
in chronic lung diseases. Besides the phagocytosis of
external stimuli, macrophages are also responsible for
the clearance of accumulating apoptotic cells to avoid
the release of toxic intracellular substances which
can cause secondary inflammation and inhibit tissue
repair (22). Dysfunction of macrophages clearence
in complicated severe pneumonia may also lead to
bronchiectasis in rat lungs.

In our study, more severe interstitial pneumonia with
bronchiectasis and lymphoid tissue hyperplasia in rats
was associated with significantly higher number of
mast cells in healthy and affected rat lung tissues. In
our opinion, this is the result of a higher response of
mast cells to the inflammatory process and impaired
interaction between immune system cells.
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