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Abstract

Background: Among the leading causes of infection and mor-
tality worldwide, purulent-destructive lung diseases continue to 
rank high. Impairment of this organ’s barrier-filtration function, 
based on endothelial dysfunction, may be connected with the key 
to infection development in acute lung abscesses.

Methods: Using a rat model of acute lung abscess, 32 Chin-
chilla rabbits were used in the research. Blood samples taken at 
the point of entry and departure from the lungs are examined for 
markers such as nitrates, nitrites, peroxynitrite, NO-synthase, and 
von Willebrand factor.

Conclusion: In addition to improving local blood circulation 
and inhibiting platelet aggregation, the nitric oxide generated by 
iNOS activation is meant to provide non-specific protection to the 
body against a broad spectrum of harmful chemicals. Neverthe-
less, these alterations never materialize. Peroxynitrite, which is 
pathogenic and exacerbates the process of endothelial dysfunc-
tion, is primarily responsible for this. A compensated or decom-
pensated state describes the changes in parameters of the nitrox-
idergic control of the endothelial system in the lungs. Everything 
is occurring naturally, according to established correlations in the 
nitroxidergic regulatory system’s indications.
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Introduction

Clinicians have begun to more frequently identify pa-
tients with purulent-destructive lung illnesses as having 
what is known as “multiple organ failure syndrome”—a 
combination of disorders affecting the function of several 
organs and systems [1]. Significantly, once the pathogenic 
process has broken past the lung endothelium barrier, it 
tends to spread throughout the body, eventually causing 
septic shock and the development of this syndrome [2-4].  
We know that R. Furschgott was the one who found Nitric 
Oxide (NO) [5,6]. Because it is the most stable free radical, 
forms continuously in the vascular endothelium of many or-
gans, ensures sufficient tissue perfusion and blood pressure, 
protects the myocardium from arrhythmia, the lungs from 
hypoxia, and mitigates the harmful effects of thromboxane 
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A2, NO is of particular interest [4]. Another function of NO is to 
control mast cell histamine release and to reduce inflammation 
in blood vessel walls [7,8], When NO reacts with oxidants, it cre-
ates peroxynitrite, a molecule that is extremely hazardous [9]. 
In 1887, I.P. Pavlov observed the distinctive fibrinolytic charac-
teristics of lung tissue, which led him to speculate that the lungs 
may play a role in the metabolism of several physiologically active 
chemicals. The idea that the lungs regulate the blood content of 
several chemicals was proposed by Julius Comro in 1953. This 
idea was supported by Nagaishi C.’s first investigations on vaso-
active chemicals, and the issue has received more attention due 
to the large number of comparable papers published in recent 
years. The concept of the lungs’ metabolic activity, which aims 
to regulate the levels of many chemicals in the systemic circula-
tion, gave rise to subsequent phrases such as “endogenous lung 
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filter” and “lung barrier,” among others. One of the processes 
that is not fully understood is the involvement of nitroxidergic 
modulation of the endothelium system in purulent-destruc-
tive illnesses of the lungs. This is a crucial link in the patho-
physiology of the process, according to many studies [10,11].  
We set out to investigate the pathophysiology of acute lung ab-
scess by identifying the function and location of nitroxidergic 
control of the endothelium system.

Materials and methods

Experimental experiments were conducted on 32 healthy, 
disease-free, female and male Chinchilla rabbits (weighing 
2.0-2.5 kg) who were quarantined in a vivarium for 10 days. 
The animals were housed in a typical environment. Standard 
diets were used for animal nutrition. Our approach was used 
to simulate an acute lung abscess in animals by injecting a 
5% rabbit autocal solution into their lung tissue at a rate of 1 
ml per kg of animal weight [3]. The animals showed signs of 
an acute lung abscess during the course of the following sev-
en days, which were corroborated by x-ray investigations. 
In order to study the endothelium system in the lungs, research-
ers measured Nitrates (NO2), Nitrites (NO3), and Peroxynitrite 
(ONOO-) in blood samples. They also measured the enzyme 
activity of NO synthases (eNOS and iNOS) using the Griess 
technique modified [11]. Taking into account the dilution that 
occurs during deproteinization, the nitrite concentration was 
determined using the equation of the calibration curve. Using a 
520 nm wavelength, an SF-46 spectrophotometer was used to 
determine optical density. 

A package of reagents from Human (Germany) was 
used to study the von Willebrand factor (VWF) using a Hu-
maclot DUO closed-type automated analyzer (Germany).  
In addition to the usual ways of analyzing the results, which in-
volve finding the average metabolic product content and the 
average error (M±m) in all the animals tested, for every ex-
periment we calculated the venous-arterial difference, which is 
the difference between the substrates in the inflowing (mixed 
venous blood) and flowing (arterial blood) blood. This blood 
was accessed through a catheter placed at the mouth of the 
right atrium and delivered to the lungs. A positive value for the 
venous-arterial difference would indicate that the substrate 
is being synthesized in the lungs; a negative value would indi-
cate that the substrates being studied are being consumed or 
rendered inactive in the lungs; and a zero value would indi-
cate that the ratio of the lungs to the test substrate is neutral. 
On days 1, 3, 7, and 14 of the diseased process’s progression, 
a comparable study procedure was conducted on animals.  
Between 2020 and 2021, all of the study was place at the CMH 
Multan main research facility.

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.

Process dynamics
Blood samples

Venous Arterial

Control group 16,41±0,45 25,51±0,72

1 day 18,25±0,61 22,4±0,88

3 day 22,94±0,92* 24,14±0,5

7 day 29,53±0,93* 17,61±0,67*

14 day 37,71±0,63* 14,52±0,33*

Results and discussion

Varying blood samples had significantly varying levels of NO 
content (p<0.05), confirming the well-known facts on the domi-
nant role of this biomarker in the arterial circulatory system. 
Lung endothelial function was shown to be very active when 
the venous-arterial difference was positive (Table 1).

By simulating an acute lung abscess in the lab, we found 
that NO levels in the mixed venous blood sample taken near 
the lung’s entry rose over time whereas they fell in the arte-
rial blood sample. On the first day of the pathological process’s 
growth, the venous-arterial difference declined by more than 2 
times; on the third day, it decreased by 9 times; and through-
out the trial, it remained at a positive value, much like the 
control group. Nevertheless, the venous-arterial difference 
began to decrease in the arterial blood flow system, and the 
amount of this metabolite began to rise again on the seventh 
day of the trials. It appears that unstable arterial pressure, 
caused by low NO levels in the arterial blood sample, led to 
the development of septic shock and the spread of infection.  
Along with NO generation in the lungs’ endothelial system, the 
eNOS enzyme activity increased from 2.82±0.14 µmol/min/l in 
mixed venous blood to 5.63±0.17 µmol/min/l (p<0.05). Table 
2 shows that we also observed a same pattern in the arterial 
blood sample.

This enzyme’s activity rose in arterial and mixed venous 
blood samples on the first day of acute lung abscess model-
ing. However, as compared to the control group of studies, 
there was no statistically significant increase in this enzyme’s 
activity in the lung endothelium system. The enzyme’s activity 
steadily declined in successive periods, peaked on the four-
teenth day of the diseased phase in both arterial and mixed 
venous blood samples. It is worth mentioning that the en-
dothelial system of the lungs showed a drop in NOS creation 
alongside the decrease in NOS activity in mixed venous and 
arterial blood samples. That is, endothelial dysfunction, as 
shown by the low activity of the enzyme under research, de-
veloped alongside the reproduction of the experimental model 
of acute lung abscess. Simultaneously, during the first phases 
of developing an animal model of acute lung abscess, a nota-
ble disruption of the nitroxidergic regulatory system was seen.  
Mixed venous blood samples showed considerably greater iNOS 
isoenzyme activity (Table 3) compared to arterial blood samples 
in the control set of trials (p<0.05). Under typical circumstanc-
es, this enzyme is inactivated in the endothelium system of the 
lungs, as shown by the “minus” venous-arterial difference. The 
creation of a model for acute lung abscess in the lab resulted 
in a rise in iNOS isoenzyme activity, which peaked on the four-
teenth day of the experiment (p<0.05).

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

Table 2: eNOS activity (µmol/min/l) in various blood samples 
in normal conditions and in the dynamics of development of an 
experimental model of acute lung abscess.

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*

*р<0,05 – reliable value in relation to the control series of experiments.
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Compared to the control group, the arterial blood sample 
showed a relatively stable activity of the iNOS isoenzyme on 
the first three days of the pathological process’s development, 
which was accompanied by an increase in its venous-arterial 
difference during this time (p<0.05). 

Table 3: iNOS activity (µmol/min/l) in various blood samples 
in normal conditions and in the dynamics of development of an 
experimental model of acute lung abscess.

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*

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

The level of the iNOS isoenzyme’s activity in the arterial 
blood sample at the exit from the lungs significantly increased 
compared to the control group, even though there was a two-
fold increase in the venous-arterial difference on the 7th and 
14th days of the pathological process’s development (p<0.05). In 
other words, the active iNOS isoenzyme was considerably over-
represented in the arterial blood throughout the last phases of 
developing an experimental model of acute lung abscess. This 
feature is intentionally highlighted since there was a consistent 
pattern in metabolic processes regarding the level of change in 
ONOO-, a toxic intermediate product of the nitroxidergic sys-
tem that regulates endothelial function in the lungs (Table 4). 
In the series of control studies, the amount of ONOO- decreased 
from 1.51±0.04 µmol/l in mixed venous blood entering the 
lungs to 0.60±0.04 µmol/l in the arterial blood sample leaving 
the lungs (p<0.05). This substance was used in the endothelium 
system of the lungs, where the venous-arterial difference was 
of a “minus” type.

An uptick in ONOO- in mixed venous blood, seemingly emanat-
ing from a purulent-septic focus, was noted during the early phas-
es of acute lung abscess reproduction in the experimental model.  
At this time, the endothelium system of the lungs was mak-
ing more use of this substrate, which helped maintain its con-
centration in the arterial blood within normal limits since the 
lungs were actively performing their barrier-filtration function.  
The concentration of ONOO- in mixed venous blood increased 
as the experimental model of acute lung abscess progressed, 
reaching its highest value on the fourteenth day of the studies.

Table 4: The content of ONOO- (µmol/l) in various blood 
samples in the norm and in the dynamics of the development of 
an experimental model of acute lung abscess.

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*

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

The concentration of this product, which is harmful to en-
dothelial cell membrane structures and contributes to their 
destruction, increased significantly in the arterial blood sam-
ple over these study periods. At this stage, the lungs go from 
being an organ that just takes in oxygen to one that actively 
helps make new oxygen by releasing ONOO- into the arte-
rial bed. As the pathogenic process begins to develop, dam-
age to the lung endothelium system happens between days 
7 and 14, setting in motion the chain reaction that eventually 
leads to the septic process spreading throughout the body.  
The blood level of VWF is one of the markers for endothelial cell 
injury (Table 5). The participation of this product in the activity 
of the lung’s barrier-filtration function was demonstrated by its 
use in the control series of studies. In the early days of acute 
lung abscess modeling, this substrate’s concentration in mixed 
venous blood near the lung’s entry was significantly higher. 
Simultaneously, on the first and third days of the pathological 
process’s development, there was a 1.8-fold rise in the venous-
arterial difference compared to the control set of trials, indicat-
ing a substantial improvement in the lungs’ functional capacity 
(p<0.05). Despite an uptick in VWF use by lung capillary endo-
thelial cells, its arterial blood levels remained abnormally high. 
On the first day of the pathological process, the amount of VWF 
in the arterial blood sample was 21 times higher than the con-
trol values; on the third day, it was 48 times higher. It seems 
that this occurred as a result of the nitroxidergic system’s in-
corporation of endothelial dysfunction processes and the start 
of disseminated intravascular coagulation. This substrate’s level 
in the arterial blood sample and mixed venous blood sample 
peaked on the fourteenth day of the pathological process, as a 
result of progressive endothelial dysfunction in the subsequent 
phases of the experimental model of acute lung abscess’s de-
velopment. 

Table 5: The content of VWF (µmol/l) in various blood samples in 
the norm and in the dynamics of development of an experimental 
model of acute lung abscess.

Process dynamics
Blood samples

Venous Arterial

Control group 0,65±0,06 0,10±0,01

1 day 3,1±0,14* 2,1±0,16*

3 day 5,70±0,19* 4,8±0,08*

7 day 18,4±0,56* 25,6±0,37*

14 day 27,1±0,74* 36,2±0,64*

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

Because the endothelium system contributed to the pro-
duction of this product in the lungs, the venous-arterial differ-
ence in these experimental parameters was defined by a “plus” 
number. This data proves without a doubt that endothelial dys-
function is worsening in the lungs. On the seventh day of the 
pathogenic process, the level of the venous-arterial difference 
climbed to 7.20±1.15 µmol/l, and on the fourteenth day of the 
sickness, it increased to 9.10±1.66 µmol/l 16.5 times and 13.

Rapid interaction between NO and partly decreased oxygen 
leads to the creation of peroxynitrite, which damages endothe-
lium system cells, most noticeably the lungs. The elimination of 
NO from the arterial wall and alveolocyte surfaces is aided by 
this process [12].

The alveolar epithelium and lung surfactant system are vul-
nerable to peroxynitrite, a powerful oxidant [1]. It contributes 
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to endotoxemia by destroying membrane proteins and lipids, 
damaging the endothelium, and increasing platelet aggrega-
tion. In cases of acute lung damage, its production was shown 
to be elevated [13].

Research on the nitroxidergic regulatory system’s isoenzyme 
content (iNOS) revealed more specific alterations than those of 
eNOS. You are aware that cytokines, lipopolysaccharides, and oth-
er cellular forms depending on pathology trigger the activation of 
normally functioning cells, which in turn create this enzyme [14]. 
The nitric oxide that is generated when iNOS is activated has 
many functions: it protects the body from various harmful sub-
stances, prevents platelets from clumping together, and enhanc-
es blood circulation in certain areas. But these alterations never 
take place. Since peroxynitrite is pathogenic, it exacerbates the 
already-present process of endothelial dysfunction and is hence 
primarily responsible for this direction. A significant component 
of these alterations is the elevated activity of iNOS, which is in-
duced by cytokines that promote inflammation [16]. If the inflam-
matory process damages the lungs to a certain extent, then the 
systemic circulation will produce cytokines to varying degrees.  
The impact of NO and peroxynitrite on elastase is well-known 
to be the foundation of acute lung damage. A higher concentra-
tion of iNOS and other cytokines was found in bronchoalveolar 
fluid from individuals with acute lung injury syndrome, accord-
ing to Kobayashi et al. [15].

Conclusion

Accordingly, there is a staging system for the kind of al-
terations in the markers of nitroxidergic control of the lung 
endothelium system. The lungs adapted to variations in the 
concentrations of certain substrates by increasing or lowering 
their barrier-filtration functional activity in the early stages of 
the diseased process. Changes in the arterial blood composi-
tion near the departure of the lungs were a reflection of the 
suppression of this functional activity, which was aided by 
the advancement of the inflammatory process into sepsis.  
Based on certain relationships between the indicators of the ni-
troxidergic system of regulation, we believe that the deviation 
in the physiological parameters of the lung’s barrier-filtration 
function, as stated in the dynamics of the development of the 
experimental model of acute lung abscess compared to the 
control series of experiments, is natural.
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