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Morphological rearrangement of the metabolic link  
of the microcirculatory bed of guinea pigs lungs after sensitization 
with ovalbumin
S. S. Popko

Zaporizhzhіa State Medical University, Ukraine

The reaction of the lung microvessels is an urgent issue of morphology and medicine in general, as well as one of the insufficiently 
investigated points in the study of morphological changes in chronic allergic diseases of the respiratory system.

The aim is to study the morphological changes in the vessels of the metabolic link of the microcirculation in the lungs of guinea pigs 
sensitized with ovalbumin.

Materials and methods. We have studied the lungs of 48 guinea pigs, using histological and morphometric methods, under conditions of 
experimental ovalbumin-induced allergic inflammation, simulated by three-time subcutaneous sensitization and subsequent 8-day intranasal 
inhalation of ovalbumin. To estimate the structural and functional state of capillaries, the inner diameter of the vessels was determined.

Results. A general regularity in the reactivity of the hemomicrocirculatory bed of guinea pig lungs in experimental ovalbumin-induced 
allergic inflammation was established, which consists in a significant structural and functional restructuring of the exchange vessels of the 
microcirculatory bed. Dysfunction of the capillaries endothelium is manifested by a change of vasodilatation to vasospasm, as evidenced 
by morphometric changes in the diameter of the capillaries lumen in the experimental groups, and an increase in the permeability of the 
capillaries wall, which is confirmed by edema and disorganization of the connective tissue component.

Conclusions. Allergic inflammation leads to structural and functional reorganization of the metabolic link of the hemomicrocirculatory bed 
of guinea pig lungs, which has a multidirectional staging character depending on the duration of the experiment and is a manifestation of 
a violation of the compensatory-adaptive processes of hemomicrocirculation. The most pronounced changes in the form of a decrease 
in the diameter of the lumen of the blood capillaries of the lungs of guinea pigs by 23 % compared to the control are observed during the 
late period of the development of the allergic inflammatory process.
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Морфологічна перебудова обмінної ланки мікроциркуляторного русла легень морських свинок  
після сенсибілізації овальбуміном
С. С. Попко

Актуальною проблемою морфології та медицини, а також одним із недостатньо досліджених явищ у вивченні морфологічних змін 
під час хронічних алергічних захворювань дихальної системи залишається реакція мікросудин легень.

Мета роботи – вивчити морфологічні зміни судин обмінної ланки гемомікроциркуляторного русла легень морських свинок, сен-
сибілізованих овальбуміном.

Матеріали та методи. За допомогою гістологічного, морфометричного методів вивчили легені 48 самців морської свинки в умовах 
експериментального овальбумін-індукованого алергічного запалення, яке моделювали шляхом триразової підшкірної сенсибілі-
зації та наступної 8-денної інтраназальної інгаляції овальбуміном. Для визначення структурної та функціональної перебудови 
кровоносних капілярів установлювали величину внутрішнього діаметра судин.

Результати. Встановили загальну закономірність реактивності мікроциркуляторного русла легень морських свинок при експе-
риментальному овальбумін-індукованому алергічному запаленні, що полягає в суттєвій структурно-функціональній перебудові 
судин обмінної ланки мікроциркуляторного русла легень морської свинки. Так, виявили ознаки дисфункції ендотелію кровоносних 
капілярів: зміну дилатації судин на стійкий спазм, про що свідчили морфометричні зміни діаметра просвіту капілярів в експеримен-
тальних групах, а також збільшення проникності судинної стінки, що підтверджують набряк і дезорганізація сполучнотканинного 
компонента і строми.
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Висновки. Алергічне запалення призводить до структурної та функціональної реорганізації обмінної ланки мікроциркуляторного 
русла легень морських свинок, що має різноспрямований стадійний характер залежно від тривалості експерименту та є проявом 
порушення компенсаторно-адаптаційних процесів гемомікроциркуляції. Найбільше виражені зміни, а саме зменшення діаметра 
просвіту кровоносних капілярів легень морських свинок на 23 % порівняно з контролем виявили протягом пізнього періоду ро-
звитку алергічного запального процесу.

Ключові слова: кровоносний капіляр, мікроциркуляція, експериментальне алергічне запалення, легеня, овальбумін, морська 
свинка.
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Морфологическая перестройка обменного звена микроциркуляторного русла лёгких морских свинок  
после сенсибилизации овальбумином
С. С. Попко

Актуальной проблемой морфологии и медицины, а также одним из недостаточно исследованных явлений в изучении морфоло-
гических изменений при хронических аллергических заболеваниях дыхательной системы остается реакция микрососудов легких.

Цель работы – изучить морфологические изменения сосудов обменного звена микроциркуляторного русла легких морских 
свинок, сенсибилизированных овальбумином.

Материалы и методы. С помощью гистологического, морфометрического методов изучили легкие 48 самцов морской свинки 
в условиях экспериментального овальбумин-индуцированного аллергического воспаления, которое моделировали путем трех-
кратной подкожной сенсибилизации и последующей 8-дневной интраназальной ингаляции овальбумином. Для определения 
структурной и функциональной перестройки кровеносных капилляров определяли величину внутреннего диаметра сосудов.

Результаты. Установлена общая закономерность реактивности гемомикроциркуляторного русла легких морских свинок при 
экспериментальном овальбумин-индуцированном аллергическом воспалении, заключающаяся в существенной структурно-функ-
циональной перестройке сосудов обменного звена микроциркуляторного русла легких морской свинки. Так, обнаружены признаки 
дисфункции эндотелия кровеносных капилляров: изменение дилатации сосудов на стойкий спазм, о чем свидетельствуют мор-
фометрические изменения диаметра просвета капилляров в экспериментальных группах, а также увеличение проницаемости 
сосудистой стенки, что подтверждают отек и дезорганизация соединительнотканного компонента стромы.

Выводы. Аллергическое воспаление приводит к структурной и функциональной реорганизации обменного звена гемомикроцир-
куляторного русла легких морских свинок, которая носит разнонаправленный стадийный характер в зависимости от продолжи-
тельности эксперимента и является проявлением нарушения компенсаторно-адаптационных процессов гемомикроциркуляции. 
Наиболее выраженные изменения в виде уменьшения диаметра просвета кровеносных капилляров легких морских свинок на 
23 % по сравнению с контролем отмечены в течение позднего периода развития аллергического воспалительного процесса.

Ключевые слова: кровеносный капилляр, микроциркуляция, экспериментальное аллергическое воспаление, легкое, овальбу-
мин, морская свинка.
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In recent years, there has been an increase in the number of 
chronic respiratory allergic diseases which is a significant 
medical and social problem [1]. One of the insufficiently 
researched issues in the study of morphological changes 
in chronic respiratory allergic diseases is the reaction of 
pulmonary microvessels [2,3]. The metabolic link of the 
microcirculatory bed of lungs, located on the border be-
tween circulating blood and lung tissue, is one of the largest 
functionally active systems of the studied organ. The partic-
ipation of blood capillaries in gas exchange, regulation of 
homeostatic and metabolic processes, and intercellular inter-
actions, ensures the transport of gases, secretion of trophic 
and regulatory substances in normal conditions and during 
functional rearrangement aimed at adapting to da maging 
factors action at allergic inflammation [4]. Numerous studies 
have been devoted to the research of the processes of adaptive 
restructuring microvessels walls in human and animal lungs 
under the influence of various factors on the body [5–7]. 
However, structural rearrangement of microcirculatory bed 
of the lungs in allergic inflammation is still the subject of 
scientific discussions.

Aim
To study the morphological changes in the vessels of the 
metabolic link of the microcirculatory bed in the lungs of 
guinea pigs sensitized with ovalbumin.

Materials and methods
The object of the experimental study was lungs, removed 
from 48 sexually mature male guinea pigs weighing 450–
600 g, which were kept in standard conditions of Zaporizhzhia 
State Medical University vivarium. All manipulations were 
carried out in compliance with the basic principles of work 
with experimental animals in accordance with the provisions 
of the European Convention for the Protection of Vertebrate 
Animals used for Experimental and Other Scientific Purposes 
(Strasbourg, 1986), the General Ethical Principles for Animal 
Experiments adopted by the First National Congress on Bio-
ethics (Kyiv, 2001), the Law of Ukraine “On the protection 
of animals from cruelty” (from 21.02.2006).

Allergic airway inflammation was induced with subcutane-
ous sensitization and followed challenging with intranasal in-
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halation with ovalbumin (OVA) (Sigma Aldrich, USA). Guinea 
pigs were actively sensitized with ovalbumin (0.5 mg/mL)  
with alum (10 mg/mL in saline) as an adjuvant (AlumVax 
Hydroxide vaccine adjuvant, OZ Biosciences France) sub-
cutaneously injected into the interscapular region on days 0, 
7 and 14. From days 21 to 28 of the experiment, guinea pigs 
were challenged for 15 min with inhalation of either OVA 
(10 mg/mL in saline) via a nebulizer (Little Doctor Interna-
tional, Singapore, LD-211C) attached to a plastic box. The 
animals were divided into 6 groups (8 animals in each). The 
first four groups are animals sensitized and aeroallergenic 
to OVA, withdrawn from the experiment, respectively, on 
the 23rd, 30th, 36th and 44th days after the start; group 5 is 
control group, where the animals received injections and 
were challenged with saline only; group 6 is intact one. For 
the purpose of rational presentation of the obtained data and 
their interpretation, we conditionally distinguish the early 
(23rd, 30th days of the experiment) and late (36th and 44th days 
after the start of the experiment) periods of the development 
of allergic inflammatory process in the lungs.

The animals were withdrawn from the experiment with 
an overdose of thiopental anesthesia (50 mg/kg) according 
to the established terms (23rd, 30th, 36th and 44th days of the 
experiment). Histological sections were stained with hema-
toxylin-eosin. Impregnation by silver was carried out accor-
ding to the Laidlaw method to identify reticular and elastic 
fibers, and with Mason staining to assess the organization of 
collagen fibers. The sections were viewed and photographed 
with a compound binocular light microscope (Primo Star, 
Zeiss, Germany). The inner diameter of the blood capillaries 
was determined.

The research results were processed with modern statis-
tical methods of analysis on a personal computer using the 
standard software package Microsoft Office 2010 (Microsoft 
Excel) and Statistica for Windows 13 (StatSoft Inc., № JP-
Z804I382130ARCN10-J). While testing the hypothesis about 
the normal distribution of the studied parameters, we used 
the Shapiro–Wilk test and the Kolmogorov–Smirnov test of 
consistency. We used the Kolmogorov–Smirnov homogeneity 
criterion testing the hypothesis that two independent samples 
belong to the same distribution law. 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 U-Whitney–Mann 
test (P**). The obtained indicators were compared between 
the median and interquartile range Me (Q1; Q3). Differences 
between the compared values at the level of 95 % (P < 0.05) 
were considered statistically significant.

Results
Histological analysis of microcirculatory bed of guinea 
pigs’ lungs revealed the following components: arterioles 
and precapillaries demonstrated a resistive link, capillaries 
– an exchange link, postcapillary and muscle venules – a 
capacitive link. In animals of the intact group, capillaries of 

the microcirculatory bed of lungs are thin-walled vessels of 
a continuous type with an average lumen diameter of 6.91 ± 
0.06 μm, their wall consists of a continuous thin endothelium 
with a thickness of 0.1–0.2 μm and flattened pericytes.

The development of experimental ovalbumin-induced aller-
gic inflammation in guinea pigs’ lungs leads to structural and 
functional rearrangement of the lung microcirculatory bed, in-
cluding its metabolic link. Histological examination revealed 
a regular sequence of morphological disorders manifestations 
in the system of lung microcirculation. It varies from the 
sludge phenomenon of erythrocytes and stasis of blood cells 
in the early period to hemorrhages and plasmorrhages of 
varying severity, accompanied by stromal connective tissue 
disintegration in the late period of development of experi-
mental ovalbumin-induced allergic inflammation (Fig. 1).

Morphological changes in the structure of blood capil-
laries of pulmonary microcirculatory bed, identified at the 
light-optical level, have their own quantitative morphometric 
characteristics.

There were no statistically significant differences between 
the indices of the diameter of blood capillaries lumen in the 
animals of the intact and control groups (P* > 0.05); this 
indicates that the procedure itself does not affect the changes 
in the morphometric parameters of the metabolic link of the 
microcirculatory bed of guinea pigs’ lungs. There is a tenden-
cy for the blood capillaries lumen to increase in the diameter 
after sensitization and challenge with ovalbumin in the early 
period of development of experimental ovalbumin-induced 
allergic inflammation in the lungs. A statistically significant 
decrease in the diameter of the blood capillaries lumen, in 
comparison with the control group, is observed during the 
late period of development of allergic inflammation from the 
36th day of observation (Fig. 2).

The average diameter of the blood capillaries lumen is 8.44 
± 0.14 μm in the first experimental group on the 23rd day of 
observation, which is 6 % more than in the control group. 
Vasodilation is also preserved on the 30th day of observation 
in the second experimental group, where the average diameter 
of the blood capillaries lumen was 8.7 ± 0.08 μm, which was 
9 % more than in the control group. In the late period of the 
development of allergic inflammation in guinea pigs’ lungs, 
a statistically significant decrease in the diameter of the 
blood capillaries lumen by 7 % compared to the control was 
observed in the third experimental group on the 36th day of 
observation – 7.41 ± 0.14 μm (Fig. 2). The tendency to a de-
crease in the parameters of the diameter the blood capillaries 
lumen persisted on the 44th day of observation in the fourth 
experimental group and was 6.15 ± 0.15 μm, which is 23 % 
less than in the control group (P*/** < 0.05).

Discussion
Sensitization and challenge with intranasal inhalation with 
ovalbumin leads to a significant structural and functional 
restructuring of the metabolic link of the microcirculatory 
bed of guinea pigs’ lungs. It is manifested with endothelial 
dysfunction of blood capillaries, consisting in changes from 
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Fig. 1. Microscopic changes in the microcirculatory bed of guinea pigs’ lungs after sensitization and challenge with ovalbumin on the 23rd (1a), 30th 
(1b), 36th (1c, 1d) days after the start of experiment. 1a, 1b: vasodilation, plethora, hemorrhages, sludge-phenomenon of erythrocytes of capillaries 
of interalveolar septa; 1c, 1d: edema and disorganization of the fibrous elements of the connective tissue, surrounded microvessels. Staining: 1a, 
1b – G. and E.; 1c – Impregnation by silver according to Laidlaw; 1d – Mason staining. ×400, 1b – ×1000.
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Fig. 2. Morphometric parameters 
of the blood capillaries of the 
microcirculatory bed of guinea 
pigs’ lungs after sensitization with 
ovalbumin.
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vasodilatation in the early period of allergic inflammation 
to persistent spasm in the late period of inflammation. It is 
confirmed by morphometric changes in the diameter of the 
capillaries lumen in the experimental groups. Another change 
is increased permeability of the vascular wall, as evidenced 
by edema and disorganization of the stromal connective tissue 
component. A similar trend is observed in scientific research 
by other authors [8,9]. The degree of reaction of the microcir-
culatory bed vessels in the organs determines the dynamics 
of interstitial interaction during compensatory-adaptive and 
pathological processes. Adaptive changes in the microvessels 
of various organs are variable and staged, associated with 
phylo- and ontogenetic features and are manifested by regular 
compensatory reactions.

Allergic inflammation develops in guinea pigs’ lungs 
as a result of sensitization and challenge with ovalbumin. 
The mechanism of inflammation is a cascade of processes 
involving a wide variety of cells, cytokines and mediators, 
whose interaction forms the characteristic inflammatory 
process and rearrangement of microvessels and bronchi [10]. 
The vascular factor plays an important role in the develop-
ment of the allergic process in the lungs. Endothelial cells 
express P-selectin, E-selectin, Sox17, intercellular adhesion 
molecules-1 (ICAM-1) and blood cell adhesion molecules 
(VCAM-1) [11]. On the other hand, the components of the 
vascular wall (endothelium, smooth myocytes, fibroblasts) 
are targets for neuroendocrine [12] and immune factors [10] 
of the development of allergic process in the lungs.

Conclusions
1. Experimental ovalbumin-induced allergic inflamma-

tion leads to structural and functional reorganization of the 
exchange link of the microcirculatory bed of guinea pigs’ 
lungs. It has multidirectional and staged nature, depending 
on the duration of the experiment and is a manifestation 
of a violation of the compensatory-adaptive processes of 
microcirculation.

2. The most pronounced changes such as a decrease in the 
diameter of the blood capillaries lumen of guinea pigs’ lungs 
by 23 % compared to the control are observed during the 
late period of the development of the allergic inflammatory 
process.

Prospects for further research. We are going to study 
ultramicroscopical and immunohistochemical changes in 
microvessels of the lungs of guinea pigs with allergic in-
flammation.
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	Fig. 1. Microscopic changes in the microcirculatory bed of guinea pigs’ lungs after sensitization and challenge with ovalbumin on the 23 (1a), 30 (1b), 36 (1c, 1d) days after the start of experiment. 1a, 1b: vasodilation, plethora, hemorrhages, sludge-phenomenon of erythrocytes of capillaries of interalveolar septa; 1c, 1d: edema and disorganization of the fibrous elements of the connective tissue, surrounded microvessels. Staining: 1a, 1b – G. and E.; 1c – Impregnation by silver according to Laidlaw; 1d – 
	Fig. 2. Morphometric parameters of the blood capillaries of the microcirculatory bed of guinea pigs’ lungs after sensitization with ovalbumin.


