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DISTRIBUTION AND QUANTITATIVE CHANGES OF MAST CELLS
IN GUINEA PIGS LUNG IN OVALBUMIN-INDUCED ALLERGIC
INFLAMMATION
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Introduction
Mast cells are present in vascularized tis
sues of almost all organs except the central
nervous system and the retina. Derived from
pluripotent red bone marrow stem cells, they
differentiate in connective tissue from their
progenitor cells under the influence of c-Kit
ligand (CD117) in the presence of growth
factors and various cytokines realized by the
connective tissue microenvironment of the
organs in which they are located and function
[1, 2]. The cytoplasm of mature mast cells con
tains 50-200 granules of inflammatory media
tors, such as histamine, heparin, numerous
cytokines, chondroitin sulphate, and neutral
proteases (chymase and tryptase), provided
mechanisms to increase the permeability of the
microvessel wall and perivascular connective
tissue, angiogenesis [3]. They regulate the
inflammatory process in the connective tissue,
influencing the permeability of the vascular wall
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and the amorphous component of the inter
cellular substance. In addition, they are involved
in implementation of allergic reactions due to
the presence of FcεRI receptors on immuno
globulins type E on their plasmalemma. On the
other hand, microvessel endothelial cells,
secreting adhesion molecules VCAM-1, ICAM-1
and ELAM-1, initiate migration of mast cells
precursors from the peripheral bloodstream
into the tissue where the inflammatory process
takes place [4].
It is established that in lung of human and
BALB/c mice in normal physiological conditions
the number of mast cell progenitors is insigni
ficant, but in cases of antigen-induced inflam
mation under the influence of α4β7 integrins,
VCAM-1 and CXCR2 they actively migrate to lung
tissue [5]. Mast cells, located in different parts
of the lungs and respiratory tract, have excellent
histochemical properties and express different
mediators. Two phenotypes of mast cells have
been studied in lung of human and small
mammals: mucosa related mast cells (synthesize
only tryptase) and perivascular mast cells
(synthesize tryptase, chymase, and carboxypep
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Background. One of the most important cells in local immunity in lung are mast cells. They are involved in
both innate and adaptive immune responses to inhaled allergens. The question of distribution of these both cell
types in guinea pig lung in case of experimental allergic inflammation in most aspects remains open.
Objective. The aim of this research is to study the distribution and quantitative changes of mast cells in
lung of guinea pigs in ovalbumin-induced allergic inflammation.
Methods. the lungs of 48 male guinea pigs have been studied using histological, morphometric and statistical
methods in cases of experimental ovalbumin-induced allergic inflammation. The total number of mucosa related
must cells and perivascular mast cells in guinea pig lungs were counted.
Results. It has been established that mucosa related mast cells are normally more abundant in guinea pigs
lung than perivascular ones. Maximum increase in a number of mucosa related mast cells was revealed in the
early period of allergic inflammation, as evidenced by maximum increase coefficient of 1.4 in the 1st experimental
group, compare to the control (P*/**<0.05). However, maximum increase in number of perivascular mast cells in
5 times was found during the late period of allergic inflammation in the 4th experimental group (P*/**<0.05).
Conclusion. Experimental sensitization and challenge with ovalbumin leads to statistically significant increase
in average number of both types of mast cells but predominantly the latter ones. It has been proved that cells
dynamics is multidirectional.
KEYWORDS: mucosa related must cell, perivascular mast cell, lung, guinea pig, allergic
inflammation.
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tidase), with the predominance of the latter.
Previous studies have postulated hyperplasia
of both mast cell phenotypes in the human lung
with development of allergic inflammatory
process. In contrast to human, BALB/c mice
during the allergic inflammatory process
showed the increase in the number of mucosa
related mast cells only, without affecting the
dynamics and differentiation of resident peri
vascular mast cells [4, 5]. Very little is known
about mast cells and their distribution in guinea
pigs lung in case of experimental antigen sen
sitization, although the high sensitivity and
susceptibility of their respiratory system to
allergic and infectious diseases makes them a
useful experimental model of pathological con
ditions such as bronchial asthma and tuber
culosis [6].
Therefore, the aim of the research is to
study distribution and quantitative changes of
mast cells in lung of guinea pigs in ovalbumininduced allergic inflammation.
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Methods
The object of the experimental study was
lung removed from 48 sexually mature male
guinea pigs, kept in standard conditions of the
vivarium of the Zaporizhzhya State Medical
University. Experiments on animals were
carried out in accordance with the provisions
of the European Convention for the Protection
of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg,
1986), Council Directives 86/609 / EEC (1986),
Laws of Ukraine № 3447-IV “On the protection
of animals from cruel treatment, general ethical
principles of animal experiments”, approved by
the First National Congress of Ukraine on
Bioethics (2001). Induction of allergic airway
inflammation was carried out by subcutaneous
sensitization and subsequent aeroallergization
with ovalbumin (OVA) [7]. On days 1, 7, 14 of
the experiment, guinea pigs were sensitized:
subcutaneous injection into the interscapular
region of 0.5 mg OVA (Sigma Chemical Co., USA)
together with an adjuvant – aluminium hydroxi
de, 10 mg (AlumVax Hydroxide vaccine adjuvant,
OZ Biosciences, France) diluted in 1 ml of saline.
From 21 to 28 days of the experiment, the
animals were aeroallergized OVA at the dose
of 10 mg/ml of saline for 15 min/day using an
LD-211C compressor inhaler (Little Doctor In
ternational, Singapore) in an inhalation cham
ber. The animals were divided into 6 groups (8
animals in each group) for investigations. The
first four groups were animals, sensitized and
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challenged OVA, withdrawn from the experi
ment, respectively, on the 23rd, 30th, 36th and 44th
days after its start; the 5th group – control, the
animals were injected subcutaneously with 1
ml of saline and inhaled with saline; the 6th –
intact group. For the purpose of rational pre
sentation of the obtained data and their
interpretation, we conditionally distinguish the
early (23rd, 30th days of the experiment) and late
(36 th and 44 th days after the start of the
experiment) periods of development of allergic
inflammatory process in lung.
The animals were withdrawn from the
experiment by overdose of thiopental anes
thesia according to the established terms (on
the 23rd, 30th, 36th and 44th days of the experiment).
Pieces of lung were fixed in 10% neutral buf
fered formalin solution (pH 7.2-7.4). Histological
sections were stained with alcyan blue with a
critical concentration of MgCl2 0.2M to deter
mine the dynamics of mast cell distribution and
their morphometric features [8]. A complex of
morphometric studies was carried out on a Carl
Zeiss Primo Star microscope using the ZEISS
ZEN 2011 software. The total number of mucosa
related mast cells and perivascular mast cells
per unit area of 5000 μm2 was counted, using
a microscope with oil immersion technique
(×1000).
The research results were processed by
current statistical methods of analysis on a
personal computer using the standard software
package Microsoft Office 2010 (Microsoft Excel)
and STATISTICA® for Windows 6.0 (StatSoft Inc.,
USA, license 46 No. AXXR712D833214FAN5)
based on the Windows 10 operating system.
Hypothesis for normal distribution of the
studied parameters was checked using the
Shapiro-Wilk test and the Kolmogorov-Smirnov
test of consistency. The arithmetic means (M)
and standard errors of the mean (± m) were
calculated. The statistical significance of
intergroup differences according to the data
obtained was established using the parametric
Student”s t-test (p *) and the nonparametric
Whitney-Mann U-test (p **). The obtained data
was compared between the median and inter
quartile range Me (Q1; Q3). Differences between
the compared values at the level of 95% (p<0.05)
were considered statistically significant.
Results
The morphometric examination of mast
cells in the intrapulmonary airways and lung
parenchyma of intact guinea pigs has shown
that the average number of mucosa related
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by 1.6 times higher compare to the number of
mucosa related mast cells, and statistically
significantly higher in 3.6 times compare to the
control group (P*/**<0.05). There is a tendency
to increase in the number of perivascular mast
cells with the maximum rate on the 44th day of
observation, starting from the 36th day of the
experiment (Fig. 2).
On the 30th day of observation the average
number of mucosa related mast cells is
3.62±0.05 in the field of view, which is in 1.3
times more than the same indicator in the
control group (P */** <0.05). However, the
average number of perivascular mast cells in
animals of the 2nd experimental group on the
30th day of observation is in 1.5 times higher
than the number of mucosa related mast cells,
and statistically significantly higher in 3.5 times
compare to the same point in the control group
(P*/**<0.05) (Fig. 2).
We have established changes in the dy
namics of mast cells of both phenotypes during
the late period of development of experimental
allergic inflammation in guinea pigs lung. The
average number of mucosa related mast cells
in the animals of the 3rd experimental group is
3.5±0.05 in the field of view, which is statistically
significantly in 1.3 times higher (p **<0.05),
compare to the same indicator of the control
group (Fig. 1). The average number of mucosa
related mast cells acquires the control indicator
on the 44th day of the experiment. The average
number of perivascular mast cells in the
animals of the 3rd experimental group on the
36th day of observation is in 2 times higher
compare to the number of mucosa related mast
cells, and statistically significantly higher in 4.5
times compare to the same point in the control

Fig. 1. Morphometric changes in the number of mucosa related mast cells of guinea pigs lung.
Note: * – P<0.05 (Student’s t-test); ** – P<0.05 (Whitney–Mann U-test) compare to the control group. Me (Q1; Q3). The median
(Me) is shown by the green line. M±m (n=8). The arithmetic mean (M) is shown by the dotted green line.
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mast cells is 2.62±0.05, perivascular mast cells
1.38±0.07 in the field of view. Normally, in
guinea pigs lung, mucosa related mast cells are
more abundant, than perivascular mast cells,
as evidenced by the increase factor 1.6. We have
analysed the number of mast cells in the
connective tissue of guinea pigs lung and have
found that there was no statistically significant
difference between the animals in the intact
and control groups that proves that the
procedure itself does not affect changes in the
number of must cells. Therefore, we compare
the results of the experimental and control
groups.
OVA – sensitization and challenge leads to
quantitative changes in the dynamics of mast
cells number of lung connective tissue. The
increase in the number of mast cells of both
phenotypes is determined in animals of the 1st
experimental group from the 23rd day of ob
servation in the early period of development of
experimental allergic inflammation, but more
significant OVA – challenge effects the number
of perivascular mast cells. In addition, further
dynamics of changes in their number is diffe
rent in different experimental groups (Fig. 1).
The maximum average number of mucosa
related mast cells, observed in the 1st experi
mental group, is statistically significantly higher
in 1.4 times compare to the animals of the
control group (P*/**<0.05). Further investigation
has shown that starting from the 30th day of the
experiment, there is a tendency for their gra
dual recovery to the indicators of the control
group, reaching the latter on the 44th day of
observation.
The average number of perivascular mast
cells in animals of the 1st experimental group is
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Fig. 2. Morphometric changes in the number of perivascular mast cells in connective tissue of guinea pigs lung parenchyma.
Note: * – P<0.05 (Student’s t-test); ** – P<0.05 (Whitney–Mann U-test) compare to the control group. Me (Q1; Q3). The median
(Me) – the green line. M±m (n=8). The arithmetic mean (M) – the dotted green line.

group (P*/**<0.05). The hyperplasia of peri
vascular mast cells (Fig. 3) is found in animals
of the 4th experimental group on the 44th day
after the start of the experiment (8.0±0.29 in
the field of view), which is statistically signi
ficantly in 5 times higher than in the control
group (P*/**<0.05).
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Discussion
Thus it has been established that in contrast
to human and other small mammals (mice),
mucosa related must cells are normally more
abundant in guinea pigs lung than perivascular
ones. Nevertheless, in contrast to BALB/c mice,
a common feature of guinea pigs lung connec
tive tissue and human lung in cases of expe
rimental allergic inflammation due to sensi
tization and challenge with OVA is a statistically
significant increase of both mucosa related and
perivascular mast cells. However, we have de
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Fig. 3. Perivascular must cells hyperplasia (arrows show) in
connective tissue of the pulmonary interstitium of guinea pigs
after sensitization and challenge with ovalbumin on the
44th day of the experiment. Staining: alcian blue. ×1000.
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monstrated that the mast cells number changes
of different phenotypes in guinea pigs lung
have different nature. Our results revealed the
maximum increase in the number of mucosa
related mast cells in the early period of deve
lopment of experimental allergic inflammation,
as evidenced by the maximum increase coeffi
cient of 1.4 in the 1 st experimental group,
compare to the control. It should be noted that
the degranulation of mucosa related mast cells
promotes the release of heparin, increasing
permeability of capillaries and improves trophic
of respiratory mucosa. However, the maximum
increase in the number of perivascular mast
cells in 5 times was evidenced during the late
period of allergic inflammatory process deve
lopment in lung of animals of the 4th experimental
group.
Thus, the increase of perivascular mast cells
is predominantly greater than mucosa related
mast cells in OVA – sensitization. This should
be decisive for morphological and histochemical
changes of the microcirculatory bed, lymphoid
tissue cells in connective tissues of pulmonary
interstitium, which were previously described
[7, 9]. For instance, mast cells together with
respiratory endocrinocytes help maintain
homeostasis of the local lung immune system
[10-13]. Moreover, mast cells are involved in
both innate and adaptive immune responses
to allergens. Due to the presence of heparin
secreted by perivascular mast cells into the
intercellular substance of connective tissue the
permeability of microvessels increases; in
allergic inflammation it causes migration of
lymphocytes and plasma cells into the pe
rivascular intercellular substance [14-16]. In
addition, mast cells contribute to maintenance
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of chronic allergic airway inflammation and are
crucial in initiating immune response to the
allergen, during which they transmit signals
that stimulate IgE synthesis by plasma cells and
differentiation of Th2 lymphocytes [17].
Conclusion
Normally mucosa related mast cells are the
predominant mast cell type in guinea pigs lung.
OVA - sensitization and challenge leads to the
statistically significant increase in the number
of both mast cells types: mucosa related and
perivascular mast cells.
The dynamics of increase in the number of
mast cells of different phenotypes in guinea
pigs lung is of a different nature in case of OVA –
sensitization. More significant is increase in the
number of perivascular mast cells in 5 times
during the late period of allergic inflammation
development in the 4th experimental group.

Despite this the maximum increase in the
number of mucosa related mast cells in 1.4
times is established during the early period of
experimental allergic inflammation in the 1st
experimental group, compare to the control.
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ОСОБЛИВОСТІ РОЗПОДІЛУ І КІЛЬКІСНИХ ЗМІН МАСТОЦИТІВ В ЛЕГЕНЯХ
МОРСЬКИХ СВИНОК НА ТЛІ ОВАЛЬБУМІН-ІНДУКОВАНОГО АЛЕРГІЧНОГО
ЗАПАЛЕННЯ

Вступ. Одними з найважливіших ключових клітин місцевого імунітету в легенях є мастоцити.
Вони беруть участь як у реакціях вродженого, так і адаптивного імунітету у відповідь на інгаляційні
алергени. Питання про розподіл обох фенотипів мастоцитів у легенях морської свинки при експери
ментальному аллергічному запаленні у більшості випадків залишається відкритим.
Мета. Вивчити розподіл та кількісні зміни мастоцитів у легенях морської свинки в умовах
овальбумін-індукованого алергічного запалення.
Методи. За допомогою гістологічного, морфометричного, статистичного методів вивчили легені
48 самців морської свинки в умовах експериментального овальбумін-індукованого алергічного запалення.
Визначали середню кількість мастоцитів слизових оболонок та навколосудинних мастоцитів у легенях
морської свинки.
Результати. Доведено, що в легенях морської свинки в нормі за кількістю переважають мастоцити
слизових оболонок, ніж периваскулярні мастоцити. У роботі продемонстрована динаміка зростання
вмісту мастоцитів різних фенотипів у легенях морської свинки, яка має різнонаправлений характер в
умовах сенсибілізації овальбуміном. Більш суттєвим є приріст саме навколосудинних мастоцитів у
5 азів протягом пізнього періоду розвитку алергічного запального процесу в легенях тварин 4-ої екс
периментальної групи (P*/**<0.05), водночас максимальний приріст кількості мастоцитів слизової
оболонки дихальних шляхів виявляється протягом раннього періоду розвитку експериментального
алергічного запалення, про що свідчить максимальний коефіцієнт збільшення 1,4 в 1-ій експериментальній
групі, порівняно з контролем (P*/**<0.05).
Висновок. Сенсибілізація та аероалергізація овальбуміном призводить до статистично значимого
зростання кількості як мастоцитів слизової оболонки дихальних шляхів, так і навколосудинних
мастоцитів, з переважанням останніх. В умовах сенсибілізації овальбуміном динаміка зростання вмісту
мастоцитів різних фенотипів у легенях морської свинки має різнонаправлений характер.
КЛЮЧОВІ СЛОВА: мастоцити слизових оболонок, периваскулярні мастоцити, легені,
морська свинка, алергічне запалення.
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