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Abstract 

Background. Purulent-destructive lung diseases remain a priority among the causes of generalized infec-
tion and death. The key to the progression of infection in acute lung abscesses may be associated with 
impaired barrier-filtration function of this organ, which is based on endothelial dysfunction.   
Purpose. To determine the role and place of nitroxidergic regulation of the endothelial system in the patho-
genesis of acute lung abscess.  
Methods. The experiments were carried out on 32 Chinchilla rabbits, in which the model of acute lung ab-
scess was reproduced. Investigated in blood samples at the entrance and exit from the lungs, such indica-
tors as nitrates, nitrites, peroxynitrite, NO-synthase and von Willebrand factor.  
Results. Nitric oxide produced because of iNOS activation is intended for non-specific protection of the 
body against a wide range of pathogenic agents, inhibits platelet aggregation and improves local blood cir-
culation. However, these changes do not occur. The main role in this direction is assigned to peroxynitrite, 
which, due to its pathogenicity, worsens the already process associated with endothelial dysfunction.  
Conclusion. The nature of the changes in the parameters of the nitroxidergic regulation of the endothelial 
system in the lungs has a staging: compensated and decompensated. All this is of a natural nature, based 
on certain relationships between the indicators of the nitroxidergic regulation system.   
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INTRODUCTION 

Progress in the diagnosis and treatment of pa-
tients with purulent-destructive lung diseases con-
tributed to the frequent detection in them of com-
bined disorders of the activity of various organs and 
systems, identified by clinicians as "multiple organ 
failure syndrome". A significant role in the develop-
ment of this syndrome is played by the generaliza-
tion of the pathological process after the break-
through of the barrier of the endothelial system of 
the lungs, leading to the occurrence of a body reac-
tion in the form of septic shock. [2,18]  

It is known that nitric oxide (NO) was discovered 
by R. Furschgott. [7,8] Interest in NO is determined 
by the fact that it is the most stable of free radicals, 
continuously formed in the vascular endothelium in 
many organs, provides adequate tissue perfusion, 

blood pressure levels, protects the myocardium 
from arrhythmia; lungs from hypoxia and toxic ef-
fects of thromboxane A2. [4,17,18] In addition, NO 
provides an anti-inflammatory effect on the walls of 
blood vessels and regulates the release of hista-
mine by mast cells. [7,20] Reacting with oxidants, 
NO forms a highly toxic compound, peroxynitrite. 
[8,19,20] 

The ability of the lungs to participate in the me-
tabolism of a number of biologically active substanc-
es was suggested by I.P. Pavlov, who noted in 1887 
the unique fibrinolytic properties of the lung tissue. 
In 1953, Julius Comro suggested that the lungs con-
trol the concentration of many substances in the 
blood. [21,22] The first works of Nagaishi C. in rela-
tion to vasoactive substances confirmed this as-
sumption, and a huge number of similar works pub-
lished in recent years have increased the attention 
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of the whole problem. Subsequently, other terms 
appeared: “endogenous lung filter”, “lung barrier”, 
etc., the primary of which is the idea of the metabolic 
activity of the lungs, aimed at controlling the level of 
a number of substances circulating in the systemic 
circulation. Among such mechanisms, the role of 
nitroxidergic regulation of the endothelial system in 
the lungs in their purulent-destructive diseases, 
which, according to many researchers, is one of the 
key links in the pathogenesis of the generalization of 
the process, is not entirely clear. [13,14] 

The aim of our study was to determine the role 
and place of nitroxidergic regulation of the endotheli-
al system in the pathogenesis of acute lung ab-
scess. 

MATERIALS AND METHODS 

Experimental studies were carried out on 32 la-
boratory rabbits of the Chinchilla breed, weighing 
2.0–2.5 kg, of both sexes, without external signs of 
the disease, which underwent a 10-day quarantine 
in a vivarium. The animals were kept under standard 
conditions. Animal nutrition consisted of a standard 
diet. All experimental studies were reviewed, dis-
cussed and approved by the bioethical committee of 
the Ministry of Health of the Republic of Uzbekistan 
and fully complied with the terms of the 1986 Coun-
cil of Europe Convention for the Protection of Ani-
mals. 

Acute lung abscess in animals was modeled ac-
cording to our method [3] by injecting into lung tis-
sue 1 ml per 1 kg of animal of 5% suspension of 
rabbit autocal. Over the next 7 days, the animals 
developed a clinical picture of an acute lung ab-
scess, which was confirmed by x-ray studies. 

The endothelial system in the lungs was studied 
in terms of nitrates (NO2), nitrites (NO3), peroxyni-
trite (ONOO

-
), as well as the enzyme activity of NO 

synthases (eNOS and iNOS) in various blood sam-
ples, which were determined by the Griess method 
modified. [11] The concentration of nitrites was cal-
culated according to the equation of the calibration 
curve, considering the dilution during deproteiniza-
tion. Optical density was measured on an SF-46 
spectrophotometer at a wavelength of 520 nm. 

The Willebrand factor (VWF) was studied on a 
Humaclot DUO closed-type automatic analyzer 
(Germany) using a set of reagents from Human 
(Germany). 

At the same time, along with the traditional meth-
ods of analyzing the results, including the determi-
nation of the average content of the metabolic prod-
uct and the average error (M±m), in each of these 
blood samples in all examined animals, for each 
experiment, the difference between the content of 
substrates in the inflowing (mixed venous blood) 
was calculated for each experiment, through a cath-
eter installed at the mouth of the right atrium) to the 
organ (lungs) and flowing (arterial blood, through a 
catheter installed in the left carotid artery) from it 
blood, designated by us as a venous-arterial differ-
ence. Possible values of the venous-arterial differ-
ence were: a plus value, indicating the synthesis of 
the substrate in the lungs; minus value, indicating 
the consumption or inactivation of the studied sub-
strates in the lungs; zero value, which indicated a 
neutral ratio of the lungs to the test substrate. A sim-

ilar research technique was performed in animals on 
days 1,3,7 and 14 of the development of the patho-
logical process. 

All studies were carried out in the central scien-
tific research laboratory of the Tashkent Medical 
Academy from 2020 to 2021. 

RESULTS 

The level of NO content in different blood sam-
ples differed significantly (p<0.05), which confirms 
the well-known data on the predominance of the role 
of this indicator in the arterial circulatory system. A 
positive value of the venous-arterial difference indi-
cated a high activity of the endothelial system of the 
lungs (Table 1). 

Table 1 
The content of NO (µmol/l) in various blood samples 
in the norm and in the dynamics of the development 

of an experimental model of acute lung abscess 

* р<0,05 – reliable value in relation to the control series of experiments 

Reproduction of the experimental model of acute 
lung abscess led to a progressive increase in the 
level of NO in the mixed venous blood at the en-
trance to the lung with a progressive decrease in it 
in the arterial blood sample. The venous-arterial dif-
ference, starting from the 1st day of the develop-
ment of the pathological process, decreased by 
more than 2 times, and on the 3rd day - by 9 times, 
remaining in a positive value, similar to the control 
series of experiments. However, starting from the 
7th day of the experiments, the venous-arterial dif-
ference turned into the opposite value, reducing the 
level of this metabolite in the arterial blood flow sys-
tem. Low levels of NO in the arterial blood sample 
apparently contributed to the development of arterial 
pressure instability, which is one of the reasons for 
the generalization of infection with the development 
of septic shock. 

The formation of NO in the endothelial system of 
the lungs was accompanied by an increase in the 
activity of the eNOS enzyme from 2.82±0.14 µmol/
min/l in mixed venous blood to 5.63±0.17 µmol/min/l 
(p<0.05). A similar trend was noted by us in the arte-
rial blood sample, respectively (Table 2). 

On the 1st day of acute lung abscess modeling, 
the activity of this enzyme increased both in mixed 
venous and arterial blood samples. At the same 
time, an increase in the activity of this enzyme in the 
endothelial system of the lungs was not significant in 
relation to the control series of experiments. In sub-
sequent periods, the activity of this enzyme progres-
sively decreased, reaching its minimum value on the 
14th day of the pathological process, both in mixed 
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venous and arterial blood samples. It should be not-
ed that the decrease in NOS activity in mixed ve-
nous and arterial blood samples was accompanied 
by a decrease in its formation in the endothelial sys-
tem of the lungs. That is, the reproduction of the 
experimental model of acute lung abscess was ac-
companied by the development of endothelial dys-
function in this organ, manifested by the low activity 
of this enzyme under study. At the same time, a sig-
nificant violation of the nitroxidergic regulation sys-
tem was noted in the early stages of the develop-
ment of an experimental model of acute lung ab-
scess. 

Table 2 
eNOS activity (µmol/min/l) in various blood samples 
in normal conditions and in the dynamics of devel-
opment of an experimental model of acute lung ab-

scess 

* р<0,05 – reliable value in relation to the control series of experiments 

The activity of iNOS isoenzyme (Table 3) in the 
control series of experiments was significantly high-
er in mixed venous blood than in arterial blood sam-
ple (p<0.05). The venous-arterial difference was of a 
"minus" nature and indicated the deactivation of this 
enzyme in the endothelial system of the lungs under 
normal conditions. The development of an experi-
mental model of acute lung abscess led to an in-
crease in the activity of the iNOS isoenzyme, reach-
ing a maximum significant value on the 14th day of 
the experiment (p<0.05). 

Table 3 
iNOS activity (µmol/min/l) in various blood samples 
in normal conditions and in the dynamics of devel-
opment of an experimental model of acute lung ab-

scess 

* р<0,05 – reliable value in relation to the control series of experiments 

The arterial blood sample was characterized by 
relative stability of the activity of the iNOS isoen-
zyme on the 1st-3rd day of the development of the 
pathological process, which was associated with an 

increase in its venous-arterial difference in this peri-
od compared to the control series of experiments 
(p<0.05). 

Despite the fact that on the 7th and 14th days of 
the development of the pathological process there 
was a twofold increase in the level of venous-arterial 
difference in the activity of the iNOS isoenzyme 
(p<0.05), nevertheless, significantly increased in 
relation to the control series of experiments and its 
activity in the arterial blood sample at the exit from 
the lungs (p<0.05). That is, in the late stages of the 
development of an experimental model of acute 
lung abscess, arterial blood was significantly en-
riched with the active iNOS isoenzyme. We deliber-
ately focus on this fact, since the level of change in 
ONOO

-
, which is a toxic intermediate product of the 

nitroxidergic system of endothelial function regula-
tion in the lungs, had an identical pattern in metabol-
ic processes (Table 4). 

The level of ONOO- in the control series of ex-
periments decreased from 1.51±0.04 µmol/l in 
mixed venous blood at the entrance to the lungs to 
0.60±0.04 µmol/l in the arterial blood sample at the 
exit from the lungs (p<0.05). The venous-arterial 
difference was of a "minus" nature, utilizing this 
product in the endothelial system of the lungs. 

In the early stages of reproduction of the experi-
mental model of acute lung abscess, there was an 
increase in the content of ONOO

-
 in mixed venous 

blood, which, apparently, came from a purulent-
septic focus. 

An increase in the utilization of this substrate in 
the endothelial system of the lungs at this time con-
tributed, due to the activity of the barrier-filtration 
function of the lungs, to keep its concentration in the 
arterial blood within normal limits. 

The progression of the development of the ex-
perimental model of acute lung abscess led to an 
increase in the concentration of ONOO

-
 in mixed 

venous blood, reaching its maximum value on the 
14th day of the experiments. 

Table 4 
The content of ONOO

-
 (µmol/l) in various blood 

samples in the norm and in the dynamics of the de-
velopment of an experimental model of acute lung 

abscess 

* р<0,05 – reliable value in relation to the control series of experiments 

It should be noted that it was during these peri-
ods of research in the arterial blood sample that 
there was a significant increase in the concentration 
of this product, which is a toxic substrate for the 
membrane structures of endothelial cells, contrib-
uting to damage to the latter. The lungs in this peri-

JESM 2022 Volume 2 | Issue 3 | 58 https://journals.tma.uz/ 

How to Cite:  

PROCESS 
DYNAMICS 

BLOOD SAMPLES 

Venous Arterial 

Control group 2,82±0,14 5,63±0,17 

1 day 3,15±0,14 6,11±0,32 

3 day 2,23±0,19 4,21±0,24 

7 day 2,02±0,10 3,91±0,09* 

14 day 1,72±0,12* 3,42±0,17* 

PROCESS 
DYNAMICS 

BLOOD SAMPLES 

Venous Arterial 

Control group 0,23±0,04 0,1±0,03 

1 day 0,26±0,02 0,09±0,01 

3 day 0,27±0,02 0,09±0,02 

7 day 0,39±0,03* 0,16±0,01* 

14 day 0,48±0,03* 0,2±0,02* 

PROCESS 
DYNAMICS 

BLOOD SAMPLES 

Venous Arterial 

Control group 1,51±0,04 0,60±0,04 

1 day 1,82±0,07 0,72±0,05 

3 day 1,95±0,08 0,55±0,1 

7 day 2,71±0,08* 2,99±0,13* 

14 day 3,43±0,18* 5,26±0,19* 



 

 

od are transformed from a “consumer organ” into a 
“producer organ”, contributing to the release of 
ONOO

-
 into the arterial bed. Damage to the endo-

thelial system of the lungs, which occurs on the 7th 
and 14th days of the development of the pathologi-
cal process, acts as the first link in the trigger mech-
anism for the generalization of the septic process. 

One of the criteria for damage to endothelial cells 
is the blood level of VWF (Table 5). Utilization of this 
product by the lungs in the control series of experi-
ments stated the fact of its participation in the activi-
ty of the barrier-filtration function of the lungs. Early 
modeling of acute lung abscess led to a significant 
increase in the content of this substrate in mixed 
venous blood at the entrance to the lung. At the 
same time, there was a significant increase in the 
functional capacity of the lungs, leading to an in-
crease in the venous-arterial difference compared to 
the control series of experiments by 1.8 times on the 
1st and 3rd days of the development of the patho-
logical process (p<0.05). However, an increase in 
VWF utilization in the endothelial system of lung 
capillaries did not contribute to its normalization in 
arterial blood. 

The level of VWF in the arterial blood sample 
exceeded the control values on the 1st day of the 
pathological process by 21 times, and on the 3rd 
day by 48 times. Apparently, this was due to the 
inclusion of processes of endothelial dysfunction in 
the nitroxidergic system and the onset of dissemi-
nated intravascular coagulation. In the subsequent 
periods of development of the experimental model 
of acute lung abscess, progressive endothelial dys-
function led to a significant increase in the level of 
this substrate both in the mixed venous blood and in 
the arterial blood sample, reaching its peak on the 
14th day of the pathological process.   

Table 5 
The content of VWF (µmol/l) in various blood sam-
ples in the norm and in the dynamics of develop-
ment of an experimental model of acute lung ab-

scess 

* р<0,05 – reliable value in relation to the control series of experiments 

The venous-arterial difference in these terms of 
the experiments was characterized by a "plus" val-
ue, which was due to the accession of the endotheli-
al system to the formation of this product in the 
lungs. This fact is direct evidence of the progression 
of endothelial dysfunction in the lungs. The level of 
venous-arterial difference increased on the 7th day 
of the pathological process to "+" 7.20±1.15 µmol/l 
and on the 14th day of the disease - to "+" 
9.10±1.66 µmol/l, respectively. 13 and 16.5 times. 

DISCUSSION 

NO and partially reduced oxygen undergo a rap-
id interaction with the formation of peroxynitrite, 
which damages the cells of the endothelial system, 
primarily the lungs themselves. This reaction con-
tributes to the removal of NO from the vascular wall, 
as well as from the surface of alveolocytes. [5] 

In turn, peroxynitrite is a potent oxidant that can 
damage the alveolar epithelium and the surfactant 
system of the lungs. [1] It causes the destruction of 
proteins and lipids of membranes, damages the en-
dothelium, increases platelet aggregation, and par-
ticipates in the processes of endotoxemia. Its in-
creased formation was noted in the syndrome of 
acute lung injury. [15] 

Studies of the content of the isoenzyme of the 
nitroxidergic regulatory system (iNOS) showed a 
greater specificity of changes compared to eNOS. 
As you know, this enzyme, which is the product of 
activation of non-pathological cells; it is produced by 
cytokines, lipopolysaccharides, and other pathologi-
cally dependent cellular formations. [12] 

Nitric oxide produced because of iNOS activation 
is intended for non-specific protection of the body 
against a wide range of pathogenic agents, inhibits 
platelet aggregation and improves local blood circu-
lation. However, these changes do not occur. The 
main role in this direction is assigned to peroxyni-
trite, which, due to its pathogenicity, worsens the 
already process associated with endothelial dys-
function. The key role in these changes is played by 
the high activity of iNOS, which is stimulated by pro-
inflammatory cytokines. [16] In other words, the se-
verity of cytokine production in the systemic circula-
tion depends entirely on the degree of damage to 
the lungs by the inflammatory process. 

It is known that the basis of acute lung injury is 
the effect of NO and peroxynitrite on elastase. Ko-
bayashi et al. [10] also registered an increase in the 
content of both iNOS and a number of cytokines in 
bronchoalveolar fluid in patients with acute lung inju-
ry syndrome. 

CONCLUSION 

Thus, the nature of changes in the indicators of 
nitroxidergic regulation of the endothelial system in 
the lungs has a staging. In the early stages of the 
pathological process, the lungs adjusted changes in 
the concentrations of certain studied substrates by 
increasing or decreasing their barrier-filtration func-
tional activity. The progression of the inflammatory 
process, turning into sepsis, contributed to the inhi-
bition of this functional activity, which was reflected 
in changes in the composition of arterial blood at the 
exit from the lungs. 

The deviation in the physiological parameters of 
the barrier-filtration function of the lungs, which we 
stated in the dynamics of the development of the 
experimental model of acute lung abscess com-
pared with the control series of experiments, in our 
opinion, is natural, based on certain relationships 
between the indicators of the nitroxidergic system of 
regulation. 

Ethical clearance - All experimental studies 
were reviewed, discussed, and approved by the bio-
ethical committee of the Ministry of Health of the 
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O'TKIR YIRINGLI-DESTRUKTIV O'PKA KASALLI-
KLARI COVID-19 DAN KEYIN ENDOTELITNING 
OQIBATLARI SIFATIDA 

Bobokulova Sh.A., Okhunov A.O. 

Toshkent Tibbiyot Akademiyasi 

Dolzarbligi. Yiringli-destruktiv o'pka kasalliklari 
umumiy infektsiya va o'lim sabablari orasida ustuvor 
bo'lib qolmoqda. O'tkir o'pka xo'ppozlarida infektsi-
yaning rivojlanishining kaliti bu organning endotelial 
disfunktsiyaga asoslangan to'siq-filtrlash 
funktsiyasining buzilishi bilan bog'liq bo'lishi mum-
kin. 

Tadqiqot. Tajribalar 32 ta chinchilla quyonlarida 
o'tkazildi, ularda o'tkir o'pka xo'ppozi modeli 
qullanildi. O'pkadan kirish va chiqishda qon namu-
nalarida nitratlar, nitritlar, peroksinitrit, NO-sintaza 
va Villebrand omili kabi ko'rsatkichlar tekshiriladi. 

Natijalar. iNOS faollashuvi natijasida hosil bo'lgan 
nitrat oksidi organizmni keng ko'lamli patogenlardan 
himoya qilish uchun mo'ljallangan, trombotsitlar 
agregatsiyasini ingibitsiya qiladi va mahalliy qon 
aylanishini yaxshilaydi. Biroq, bu o'zgarishlar sodir 
bo'lmaydi. Ushbu yo'nalishda asosiy rol pero-
ksinitritga beriladi, bu uning patogenligi tufayli en-
dotelial disfunktsiya bilan bog'liq bo'lgan jarayonni 
yomonlashtiradi.  

Xulosa. O'pkada endotelial tizimning nitroksidergik 
boshqarishi parametrlaridagi o'zgarishlarning tabiati 
bosqichma-bosqich: kompensatsiyalangan va 
dekompensatsiyalangan. Bularning barchasi ni-
troksidergik tartibga solish tizimining ko'rsatkichlari 
o'rtasidagi muayyan munosabatlarga asoslangan 
tabiiy xususiyatga ega. 

Kalit so'zlar: endotelial disfunktsiya, eksperimental 
modellash, yallig'lanishni umumlashtirish, yallig'lan-
ish, o'pka abstsessi, o'pka to'siqni funktsiyasi, ni-
troksidergik tartibga solish tizimi 

 
 
 

ОСТРЫЕ ГНОЙНО-ДЕСТРУКТИВНЫЕ ЗАБОЛЕ-
ВАНИЯ ЛЕГКИХ КАК ПОСЛЕДСТВИЯ ЭНДОТЕ-
ЛИИТА ПОСЛЕ КОВИД-19 

Бобокулова Ш. А., Охунов А.О. 

Ташкентская Медицинская Академия 

Актуальность. Гнойно-деструктивные заболева-
ния легких остаются приоритетными среди при-
чин генерализованной инфекции и смерти. Ключ 
к прогрессированию инфекции при острых аб-
сцессах легкого может быть связан с нарушени-
ем барьерно-фильтрационной функции этого 
органа, в основе которой лежит эндотелиальная 
дисфункция. 

Методы. Опыты проведены на 32 кроликах по-
роды Шиншилла, у которых воспроизведена мо-
дель острого абсцесса легкого. Исследовали в 
пробах крови на входе и выходе из легких такие 
показатели, как нитраты, нитриты, пероксинит-
рит, NO-синтаза и фактор Виллебранда. 

Результаты. Оксид азота, образующийся в ре-
зультате активации iNOS, предназначен для не-
специфической защиты организма от широкого 
спектра патогенных агентов, ингибирует агрега-
цию тромбоцитов и улучшает местное кровооб-
ращение. Однако этих изменений не происходит. 
Основная роль в этом направлении отводится 
пероксинитриту, который в силу своей патоген-
ности усугубляет и без того процесс, связанный 
с эндотелиальной дисфункцией.  

Вывод. Характер изменений параметров нитрок-
сидергической регуляции эндотелиальной систе-
мы легких имеет стадийность: компенсирован-
ную и декомпенсированную. Все это имеет есте-
ственный характер, основанный на определен-
ных соотношениях между показателями системы 
нитроксидергической регуляции. 

Ключевые слова: эндотелиальная дисфункция, 
экспериментальное моделирование, генерализа-
ция воспаления, воспаление, абсцесс легкого, 
барьерная функция легких, система нитрокси-
дергической регуляции. 
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