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Abstract

Community-acquired pneumonia (CAP) is a topic issue of medicine nowadays due to its high incidence, the severity 

of its course, the increasing antibiotic resistance, a large number of complications and high mortality rate. Now in 

the pneumonia pathogenesis the leading role belongs to various changes of metabolism, including the induction 

of lipid peroxidation and oxidative stress. The importance is attached to the liver function impairment in patients 

with pneumonia. The pathogenetic mechanisms of this impairment are diverse and include vascular endothelium 

dysfunction. At the same time, among the therapeutic approaches to normalize the metabolism of body cells, 

the priority role is given to peroxidation substrates. It is shown that the succinate-containing drugs have various 

pharmacological effects, generally providing the cytoprotective action that allows considering them the perspective 

compounds with hepatoprotective activity, which are essential in complex treatment of community-acquired 

pneumonia (CAP).
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ATP — adenosine triphosphate; ROS — reactive oxygen species; CAP — community-acquired pneumonia

Today, community-acquired pneumonia (CAP) 
ranks fourth among causes of death after car-
diovascular, cerebrovascular diseases and cancer 
[3, 25].
Despite the great progress made in understanding 
the etiology, pathogenesis and treatment of this 
pathology, there is an increase in the number of 
patients worldwide, and, consequently, mortality 
[4, 6]. Specifically, the average annual incidence 

of community-acquired pneumonia among 
adults in recent years in Europe was 1.07–1.2 per 
1,000 inhabitants per year, and in older age 
groups it was 14 per 1,000 person-years [9]. Pri-
mary morbidity rates in the CIS generally indicate 
a significant increase in the incidence of respira-
tory diseases [8]. In the Russian Federation, the pri-
mary morbidity of respiratory diseases increased 
by 1.3% in 2015, accounting for 338 cases per 
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1,000 people [7]. It is believed that one of the rea-
sons for the increase in mortality from CAP is the 
lack of treatment efficacy at early stages of the 
development of the disease [8].
During the past decades, the so-called “metabolic” 
trend has been rapidly developing in medicine. 
Ideas about the role of cellular energy metabolism 
disorders in a variety of pathological processes are 
emerging very rapidly [10]. 
Being the physiological component of the body’s 
response to infectious inflammation, changes in 
metabolism are pathological in nature, leading to 
irreversible damage to cellular structures and fail-
ure of individual organs and systems. At the same 
time, biochemical markers of inflammation are 
often ahead of morphological changes in tissues 
and therefore can be considered as early criteria 
for the development and resolution of the patho-
logical process in various diseases [6, 2].
Inflammation that occurs in community-acquired 
pneumonia, along with hypoxia, is among the 
most common typical pathological processes 
[14]. It should be noted that the protective role 
of inflammation is indisputable. However, this 
reaction is also of a pathological nature, since 
the mechanisms of inflammation lead to second-
ary self-injury of tissues. The severity of inflam-
mation along with other factors determines the 
severity and prognosis of the disease in CAP [22]. 
Therefore, CAP is accompanied by a systemic 
body response to inflammation in the lung tissue, 
and its components determine the pathogenetic 
mechanisms of disease development and play an 
important role in the course of pneumonia [5, 
23]. Thus, in particular, under the influence of an 
infectious agent, free radical oxidation of lipids is 
activated through a cascade of reactions, which 
contributes to the development of oxidative stress, 
accompanied, among other things, by endothelial 
dysfunction with damage to biological macromol-
ecules and cell membrane structures [1, 16]. 
A number of authors note that the endothelium 
is involved not only in the formation of a barrier 
between the blood and vascular smooth muscle 
cells, but also provides a dynamic equilibrium of 
vasoconstrictor and vasodilator factors regulat-
ing the processes of hemostasis, affecting vascu-
lar permeability and participating in the immune 
response of the body [30, 33]. 

To date, there is evidence that the endothelium 
is a neuroendocrine system that performs secre-
tory, hemostatic, and vasotonic functions, and also 
participates in the processes of inflammation and 
remodelling of the vascular wall [23].
Consequently, the endothelium becomes a direct 
target for damage in inflammatory processes in 
the body, and endothelial dysfunction can affect 
damage to the membranes of the cells of internal 
organs under conditions of oxidative stress [28]. 
In view of this, in recent years, more attention has 
been paid to the role of the vascular endothelium 
in the pathogenesis of community-acquired pneu-
monia [1].
It has been shown that in patients with CAP, endo-
thelial dysfunction is expressed in an imbalance of 
opposite vasodilating, vasoconstrictive, anticoagu-
lant and procoagulatory factors [1, 17]. It should 
be noted that the activation of systemic inflamma-
tion and the reaction of the hemostatic system in 
the pulmonary vessels and tissues are considered 
important for maintaining activity at the site of an 
infectious damage, making this relationship neces-
sary in regards to the formation of a pathological 
barrier between healthy and damaged tissue [27].
At the same time, chronic inflammation leads to 
structural changes in the vascular endothelium, 
specifically to enrichment of the basement mem-
brane with sulfated glycosaminoglycans, which 
makes them similar to the endothelium of lymph 
node venules, which contribute to a faster release 
of lymphocytes, and further development of angio-
genesis [30]. An increase in inflammatory infiltrate 
in the lung tissue enhances mechanical compres-
sion of arterioles, which ultimately increases the 
pressure in the pulmonary artery.
Thus, a vicious circle, based on endothelial dys-
function, arises in CAP, the end result of which is 
oxidative stress, which further leads to the develop-
ment of respiratory failure, impaired ventilation-
perfusion relationships, aggravation of hypoxia 
and worsening of the disease course [20].
The liver occupies a special place in the develop-
ment of inflammatory response, as it is the organ 
that maintains homeostasis of the whole organ-
ism, while affecting the development of any given 
disease [30]. The liver is directly involved in the 
processes of detoxification and elimination of 
waste products of infectious agents, is central to 
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the regulation of the acute phase inflammatory 
reaction, the metabolism of biologically active and 
antibacterial substances [7, 35].
Liver tissue damage is based on both tissue hypoxia 
resulting from impaired oxygen utilization in 
hepatocytes and the action of toxic substances 
(drug products), as well as circulatory hypoxia, 
resulting from local or central hemodynamic dis-
orders (shock, traumatic injuries, liver cirrhosis) 
[15]. 
A similar scenario of the development of the path-
ological process with different initiating agents 
forms liver diseases that can occur, at a more or less 
extent, with an acute inflammatory reaction [7]. 
In addition, the liver takes part in the synthesis of 
immunity factors that are directly involved in the 
inactivation of foreign cells and antigens [1]. Thus, 
Kupffer cells along with hepatocytes produce 
group E prostaglandins and acute-phase proteins 
(neutralizing proteases), which are intensively pro-
duced during inflammation. The hypothalamic-
pituitary-adrenal axis is activated by interacting 
with a complex cascade of reactions through the 
secretion of corticotropin-releasing factor, and 
thereby an inflammatory response is further acti-
vated [29].
Intrahepatic hemodynamics disorder in the pres-
ence of vascular system remodelling is important 
in the pathogenesis of liver damage in inflamma-
tory processes in the lungs, which may be associ-
ated with damage to the endothelial lining of the 
hepatic sinusoids and the early development of 
endothelial dysfunction [32].
According to a number of authors, the interaction 
of the immune system components with protein 
and lipid metabolism in the liver plays a certain 
role in the development of liver dysfunction [7, 23, 
29, 31]. Thus, the hepatocytes themselves are dam-
aged with the excessive production of both cyto-
kines and acute-phase proteins, which ultimately 
leads to changes similar to different forms of hepa-
titis [20]. The pathogenetic mechanisms of liver 
damage in CAP (especially chlamydial, legionella 
and viral etiology) are diverse. They are character-
ized by hepatomegaly with the development of 
cytolysis and an inflammatory reaction, with sub-
sequent progression of fibrosis [19].
Liver damage as organ dysfunction in the systemic 
inflammatory reaction syndrome is observed 

in 21%, and the incidence of its development in 
the general population of patients with CAP is 
2.7% [4].
As noted above, tissue hypoxia also plays a sig-
nificant role in the pathogenesis of hepatocyte 
damage, leading to dysfunction of mitochon-
dria, depletion of adenosin e triphosphate (ATP) 
reserves with activation of free radical processes 
[15]. Among cell metabolites with oxidative prop-
erties, the central role belongs to the reac tive 
oxygen species (ROS). It should be emphasized 
that ROS perform the most important regulatory 
and metabolic functions in the body under physio-
logical conditions [25]. However, the uncontrolled 
generation of ROS with the failure of the protec-
tive antioxidant system causes oxidative modifica-
tion of proteins, nucleic acids, initiates free radical 
oxidation of lipids in membranes, which leads to 
membrane-destroying processes [4, 12].
The tissue of both the lungs and the liver has a 
high metabolic activity and, accordingly, signifi-
cant energy needs, which determines its high sen-
sitivity to hypoxia [20, 35].
At the same time, the need for correction of the 
resulting disorders of its functional state is obvi-
ous and requires the development of new patho-
genetic approaches in complex therapy of CAP. 
Today the priority role in the implementation of 
therapeutic approaches to the normalization of 
the body cell metabolism is given to oxidation sub-
strates, the use of which in a number of diseases 
marked the beginning of the so-called “metabolic 
correction” [27]. 
This circumstance determines the urgency of find-
ing new ways to optimize pathogenetic therapy, 
including, in particular, the support of not only 
adequate tissue perfusion and oxygenation, but 
also cellular metabolism [13]. Thus, it is possible 
to use drugs that include succinate-containing 
compounds to correct hypoxia and to normal-
ize the metabolic processes in cells and tissues in 
critical conditions [9]. The most rapid way of cor-
recting tissue hypoxia is succinate oxidase oxida-
tion, which is achieved by increasing the activity 
of succinate dehydrogenase and improving the 
penetration of exogenous succinate into the cell’s 
mitochondria. 
The presented drugs have the ability to enhance 
the therapeutic effect of some medications 
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(including antibiotics), have antiplatelet effect 
due to membrane stabilizing effect on blood 
cells, including platelets, improve blood rheology 
and hemodynamics, weaken the effect of osmotic 
shock on the cell, which is associated with the for-
mation of stable complexes with blood albumin 
and membrane proteins due to strong hydrogen 
bonds [18, 24].
Experimental models of liver damage have shown 
that succinate-containing drugs implement anti-
oxidant, membrane stabilizing, antihypoxic and 
detoxifying pharmacological effects, providing a 
generally cytoprotective effect, which enables to 
consider them as promising compositions with 
hepatoprotective activity, which are obviously nec-
essary in complex therapy of CAP [9].
Thus, early hepatic functional impairment as well 
as the resulting endothelial dysfunction is cur-
rently an important but poorly understood area 
in the pathogenesis of CAP. We would like to note 
in the review, that such changes can have a signif-
icant impact on the course of CAP. We also tried 
to substantiate the relevance of new approaches 
to the correction of systemic disorders arising 
in CAP.
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