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Introduction
Over the past decade, much attention has been paid to 

studying the molecular mechanisms of nitrosative and oxi
dative stress. These processes are associated with the deve
lopment and course of a number of mechanisms that are 
pathogenetic links of inflammatory diseases [1, 2]. Com
pared to other systems, the respiratory system is the most 
vulnerable to damage caused by oxidative stress due to ana
tomical and physiological characteristics. Most diseases of 
the respiratory tract are accompanied by the intensification 
of free radical processes at various levels of the biological 
organization of the body with simultaneous intensification 
and subsequent inhibition of various parts of the antioxidant 

defense, which leads to an imbalance in the system of reac
tive oxygen species and antioxidant defense [1]. The variety 
of freeradical forms and processes necessitates the selec
tion of specific, highly sensitive, informative markers for 
their identification and monitoring in bronchopulmonary 
diseases.

Excessive generation of activated oxygencontaining 
and nitrogencontaining metabolites can occur both with 
severe damage to proinflammatory cells in response to 
the effects of pathogenassociated molecular structures of 
infectious agents or antigens and as a result of exposure to 
adverse environmental factors [3]. Since the discovery of ni
tric oxide (NO), an intracellular signal transmitter, its role 
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Abstract. Background. The purpose was to study the pathogenetic role of nitrosative and oxidative stress in the oc-
currence of anemia of inflammation in young children. Materials and methods. The content of nitrotyrosine and phos-
pholipase A2 in the blood serum of 55 young children (the average age of 1.6 ± 0.3 years) was determined by the method 
of enzyme-linked immunosorbent assay. The basic group consisted of 30 children with acute bacterial diseases of the 
respiratory tract: 21 patients were diagnosed with acute bacterial bronchitis, and 9 children — with community-acquired 
pneumonia. The basic group was divided into two subgroups: the first subgroup consisted of 15 children with anemia of 
inflammation, the second subgroup — 15 children with acute bacterial diseases of the respiratory tract without anemia 
manifestation. The comparison group included 10 children with iron deficiency anemia without manifestations of inflam-
matory diseases of the respiratory system. Fifteen apparently healthy children represented the control group. Results. It 
was found that anemia of inflammation in children is accompanied by the activation of nitrosative and oxidative stress 
as evidenced by high nitrotyrosine content (63.3 ± 4.7 ng/ml), which was 5 times greater than in the control group 
(12.5 ± 1.6 ng/ml) (p < 0.01) and phospholipase A2 level (6.1 ± 0.7 ng/ml), which was 2.3 times higher than in the 
control group (2.28 ± 0.40 ng/ml) (p < 0.05). The positive correlation was determined between the severity of bacterial 
inflammatory disease and the activation of nitrosative and oxidative stress (r = 0.7, p < 0.001). Conclusions. The acti-
vation of oxygen-containing and nitrogen-containing metabolites against the background of infectious and inflammatory 
disease induces the development of nitrosative and oxidative stress, which play an important role in the pathogenesis of 
anemia of inflammation in young children with acute bacterial respiratory diseases.
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has been deciphered and systematized [2]. Stable metabo
lites are formed in the cascade of NO reactions, including 
nitrotyrosine, a tyrosine nitration product that reflects the 
activity of protein oxidation [4, 5].

The biochemical manifestations of oxidative stress 
are an increase in blood levels of superoxide radicals and 
malondialdehyde, a decrease in the content of ascorbic acid, 
an increase in the activity of phospholipase A2 and elastase 
of segmented leukocytes [6]. Gramnegative bacteria con
tain phospholipase A2 on the outer membrane with a wide 
range of specificity. It participates in the release of bacte
riocin toxin from the cell due to increased membrane per
meability with an increase in the level of lysophospholipids 
and fatty acids in its structure [7]. Cytosolic phospholipase 
A2 is involved in various cellular processes, but perhaps one 
of its most noticeable functions is the ability to initiate an 
inflammatory response: upon hydrolysis of oxidized phos
pholipids it leads to the formation of inflammatory media
tors — lysophosphatidylcholine and oxidized fatty acids [8].

Today, some works demonstrate the relationship between 
the iron deficiency state and the development of oxidative 
stress, but so far the pathogenesis of this condition has not 
been fully studied. It is known that iron is a regulatory factor 
in the formation of HO and the production of NO as previ
ous metabolites of pathological tyrosine nitration products, 
including nitrotyrosine. Therefore, iron metabolism disorder 
induces the progression of oxidative and nitrosative stress. 
Given the fact that iron sequestration is the basis for the de
velopment of anemia of inflammation and is a de monstration 
of impaired iron metabolism, it leads to an insufficient sup
ply of oxygen to tissues, which, in turn, causes an increase 
in the concentration of inflammatory mediators, in response 
to which the generation of activated oxygencontaining and 
nitrogencontaining metabolites occurs that results in in
creased nitrosative and oxidative stress [9].

The purpose was to study the pathogenetic role of ni
trosative and oxidative stress in the occurrence of anemia of 
inflammation in young children.

Materials and methods
Fiftyfive children aged 1 month to 3 years (the average 

age was 1.6 ± 0.3 years) were under the supervision. The basic 
group consisted of 30 children with acute inflammatory bac
terial diseases of the respiratory tract: 21 patients (70 %) had 
acute bronchitis and 9 persons (30 %) — communityacquired 
pneumonia. Among pathogens, Haemophilus influenzae pre
vailed in 14 children (46.6 %), Streptococcus pneumoniae — in 
9 (30 %), Klebsiella pneumoniae — in 4 (13 %). Other patho
gens were identified in isolated cases. Given the hematological 
picture, the basic group was divided into two subgroups. The 
first subgroup included 15 children with anemia of inflamma
tion, which was determined 4–5 days after the onset of the 
disease by a general blood test. The second subgroup consisted 
of 15 apparently without anemia. The comparison group is 
represented by 10 children with iron deficiency anemia with
out inflammatory manifestations. The control group included 
15 apparently healthy children. The observation groups were 
matched by age and sex of the children.

The study of the microbial biomaterials from the mu
cous membranes of the oropharynx was carried out before 

antibiotic therapy was prescribed on day 2–3 of the disease 
using the Vitek 2 Compact bacteriological analyzer (BioMé-
rieux, France) with AES: Global CLSIbased + Phenotypic 
software.

An enzymelinked immunosorbent assay (ELISA) deter
mined the content of nitrotyrosine and phospholipase A2 in 
the blood serum of the examined children. For the study, com
mercial kits were used: Nitrotyrosine, ELISA (Hycult bio tech) 
and Lipoproteinassociated Phospholipase A2 ELISA.

Assessment of the severity of the condition of patients 
with inflammatory respiratory diseases was carried out using 
the Acute Bronchitis Severity Score and Pediatric Respira
tory Severity Score.

The obtained results were processed by the method of va
riation statistics using the statistical packages Excel and Sta
tistica 13.0 (StatSoft Inc., No.  JPZ8041382130ARCN10J). 
To assess the differences in indicators in the compared 
groups, Student’s ttest was used. Differences were consi
dered significant at p < 0.05.

All procedures performed in studies involving human 
participants were under the ethical standards of the institu
tional and national research committee and with Declara
tion of Helsinki (1964) and its later amendments or com
parable ethical standards. Informed consent was obtained 
from all participants included in the study. The full data set 
by children, their parents, and physician that support the 
findings of this study are not publicly available due to the 
restrictions of the ethics approval originally obtained.

Results
The results of the studies are presented in Table 1.
As can be seen from the data given in Table 1, inflamma

tory bacterial processes in the bronchopulmonary system in 
young children were accompanied by activation of nitrosa
tive stress, it looks quite logical. The highest activity of the 
process was noted in the first subgroup of children, where 
the content of nitrotyrosine increased by 5 times compared 
to the control group. Against this background, the content 
of nitrotyrosine in the blood serum of children of the se
cond subgroup increased by 2 times vs control group. The 
data obtained suggest the pathogenetic role of functional 
iron deficiency, which is observed in children with anemia 
of inflammation, in supporting and fully activating nitro
sative stress in the presence of an inflammatory process. At 
the same time, iron deficiency without acute inflammatory 
process is not a factor in the activation of nitrosative stress, 
which we observed in children of the comparison group 
(p < 0.05). We found similar indications after evaluating 
the serum phospholipase A2, a marker of oxidative stress 
activity. However, certain differences were present. Firstly, 
we drew attention to the fact that the activation of oxidative 
stress was significantly less pronounced. That is, the content 
of phospholipase A2 in the blood serum of children of the 
first subgroup exceeded the indicator of the control group 
by 2.3 times, remaining significantly higher than in children 
of the second subgroup. Secondly, the fact of the absence of 
a statistical difference between the indicators obtained from 
the children of the second subgroup and the data of the com
parison group attracted attention. Thus, the data presented 
may indicate that the activation of nitrosative (primarily) 
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and oxidative stress is an important pathogenetic link in the 
development of anemia of inflammation.

When analyzing the obtained indicators of nitrotyros
ine and phospholipase A2 in the blood serum of children 
of the main study group, taking into account the seve rity of 
the di sease, the following was established. As can be seen 
from Fig. 1, there was a direct dependence of the content of 
nitrotyro sine in the blood serum on the severity of the disease 
(r = 0.7, p < 0.001). The level of nitrotyrosine in children from 
the first subgroup with severe disease was 74.25 ± 2.80 ng/ml  
and almost twice exceeded that of children with mode
rate severity (38.50 ± 2.43 ng/ml) (p < 0.01), in the se
cond subgroup it was 2.5 times higher (40.1 ± 4.6 ng/ml  
and 16.1 ± 4.8 ng/ml, respectively) (p < 0.01).

It should be noted that given the severity of the disease, 
the content of phospholipase A2 in the main observation 
group is indicative, because in the first subgroup with a se
vere degree of the disease, it was 7.3 ± 0.4 ng/ml and ex
ceeded that of children with a moderate severity of disease 
by 1.5 times (4.7 ± 0.7 ng/ml) (p < 0.01), in the second sub
group — by 1.4 times (5.5 ± 0.3 ng/ml and 3.8 ± 0.4 ng/ml, 
respectively) (p < 0.05) (Fig. 2).

Discussion
The obtained data confirmed the importance of nitro

tyrosine and phospholipase A2 in the formation of the in
flammatory reaction in young children with inflammatory 
bacterial diseases of the respiratory system, their influence 
on nitrosative and oxidative stress, and the role of the latter 
in the development of anemia of inflammation. Identified 
violations develop against the background of increased con
tent of the above compounds in the blood serum. This is due 

to the fact that excessive production of NO during inflam
matory processes in the body leads to the formation of its 
metabolites, including peroxynitrite and nitrogen dioxide. 
In conditions of inflammation, when a superoxide anion is 
formed, NO is rapidly depleted in response to a reaction with 
superoxide, the result of which is the formation of highly re
active peroxynitrite — an extremely powerful oxidant, which 
is largely responsible for the adverse effects of excessive NO 
synthesis, causing tissue damage and formation of tyrosine 
nitration residues [10, 11]. Given the role of this pathoge
nesis link, our study demonstrates an excess of nitrotyrosine 
formation during anemia of inflammation, which developed 
against the background of a major inflammatory disease of 
the respiratory system. In addition, oxidative stress induced 
by iron deficiency anemia can be caused by insufficient 
oxygen supply to the tissues, which leads to an increase in 
the concentration of inflammatory mediators that activate 
white blood cells [9, 12]. This process creates favorable con
ditions for the development of anemia of inflammation. Ac
cording to a study by T.S. KoskenkorvaFrank et al. (2011), 
NO production is significantly regulated by iron, and the 
antioxidant enzyme catalase is a hemecontaining enzyme 
[9]. Thus, dysfunction of normal iron homeostasis induces 
the development of nitrosative and oxidative stresses, which 
is confirmed by the results of the study.

At the present stage, there is no doubt as to the role of 
phospholipase А2 as an initiator of the inflammatory re
sponse by interfering with the metabolism of fatty acids. 
Combined events in which phospholipase A2 is involved 
lead to the activation of caspasedependent apoptosis in 
infected macrophages [13]. The development of the infec
tious process due to the chain of the aforementioned reac

Table 1. Nitrosative and oxidative stress indicators, ng/ml

Indicators

Basic group, n = 30
Comparison group, 

n = 10
Control group, 

n = 15First subgroup, 
n = 15

Second subgroup, 
n = 15

Nitrotyrosine 63.3 ± 4.72, 4 29.0 ± 5.72, 3 15.25 ± 4.60 12.5 ± 1.6

Phospholipase A2 6.1 ± 0.71 4.63 ± 0.501 4.1 ± 0.41 2.28 ± 0.40

Notes: 1 — p < 0.05, significance of differences compared with the control group; 2 — p < 0.01, significance of 
differences compared with the control group; 3 — p < 0.05, significance of differences vs comparison group; 
4 — p < 0.01, significance of differences vs comparison group.

Figure 1. Nitrosative stress indicators taking into 
account the severity of the disease
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Figure 2. Oxidative stress indicators taking into 
account the severity of the disease
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tions is associated with the result of opposing the antiapo
ptotic properties of infectious agents and activation of the 
physiological death of the infected cell as a component of 
the body’s defense mechanism [14]. D.J. Macdonald et al. 
(2015) in their study show that the catalysis of the elimi
nation of the fatty acid residue from phospholipids leads to 
their conversion into toxic compounds, the functioning of 
which leads to the dissolution of red blood cells [15]. Signifi
cantly higher levels of phospholipase A2 in the blood serum 
of children with anemia of inflammation, taking into ac
count the protective function of the aforementioned state in 
response to the progressive multiplication of bacterial path
ogens, can be explained by significant violations of the lipid 
spectrum of erythrocyte membranes, which are likely to be 
adaptive in nature and do not affect the ability of red blood 
cells to deform. The detected changes can possibly be both 
a consequence of the damaging activity of phospholipase A2 
and an adaptation mechanism that ensures the optimization 
of oxygen transfer from red blood cells to tissues under con
ditions of anemia [9].

Conclusions
1. Nitrosative and oxidative stress is as a specific patho

genetic link in the development of anemia of inflamma
tion in young children with acute inflammatory bacterial 
diseases and are manifested with the activation of oxygen
containing and nitrogencontaining metabolites against the 
background of infectious and inflammatory process in chil
dren in the basic group.

2. The degree of activation of nitrosative and oxidative 
stress is directly reflected (r = 0.7, p < 0.001) on the severity 
of the disease.
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Патогенетическая роль нитрозативного и оксидативного стресса в развитии анемии воспаления  
у детей раннего возраста

Резюме. Актуальность. Цель: изучение патогенетической 
роли нитрозативного и оксидативного стресса в возникно
вении анемии воспаления у детей раннего возраста. Мате-

риалы и методы. Определяли содержание нитротирозина и 
фосфолипазы А2 в сыворотке крови 55 детей раннего возрас
та (средний возраст — 1,6 ± 0,3 года) при помощи иммуно
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ферментного анализа. Основную группу составили 30 детей 
с острыми бактериальными заболеваниями респираторного 
тракта, среди которых у 21 пациента был диагностирован 
острый бактериальный бронхит и у 9 — внегоспитальная 
пневмония. Пациенты основной группы были разделены 
на две подгруппы: первая — 15 детей с анемией воспале
ния, вторая — 15 детей с острыми бактериальными заболе
ваниями респираторного тракта без проявлений анемии. 
Группу сравнения составили 10 пациентов с железодефи
цитной анемией без проявлений воспалительных заболева
ний органов дыхания. Контрольная группа представлена 15 
условно здоровыми детьми. Результаты. Установлено, что 
наличие анемии воспаления у детей сопровождается акти
вацией процессов нитрозативного и оксидативного стресса, 
о чем свидетельствует высокое содержание нитротирозина 

(63,3 ± 4,7 нг/мл), превышавшее показатели группы контро
ля в 5 раз (12,5 ± 1,6 нг/мл) (p < 0,01), и фосфолипазы А2 
(6,1 ± 0,7 нг/мл), которое было в 2,3 раза (2,28 ± 0,4 нг/мл) 
(p < 0,05) выше, чем в контрольной группе. Установлена по
ложительная корреляция между степенью тяжести бактери
ального воспалительного заболевания и активацией нитро
зативного и оксидативного стресса (r = 0,7, p < 0,001). Вы-
воды. Активация кислородосодержащих и азотсодержащих 
метаболитов на фоне инфекционновоспалительного забо
левания индуцирует развитие нитрозативного и оксидатив
ного стресса, что играет важную роль в патогенезе анемии 
воспаления у детей раннего возраста с острыми бактериаль
ными заболеваниями респираторного тракта.
Ключевые слова: дети раннего возраста; анемия воспале
ния; нитрозативный стресс; оксидативный стресс
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Патогенетична роль нітрозативного і оксидативного стресу в розвитку анемії запалення в дітей 
раннього віку

Резюме. Актуальність. Мета: вивчення патогенетичної ролі 
нітрозативного i оксидативного стресу у виникненні анемії за
палення в дітей раннього віку. Матеріали та методи. Визнача
ли вміст нітротирозину та фосфоліпази А2 в сироватці крові 55 
дітей раннього віку (середній вік — 1,6 ± 0,3 року) за допомогою 
імуноферментного аналізу. Основну групу становили 30 дітей 
із гострими бактеріальними захворюваннями респіраторного 
тракту, серед яких у 21 пацієнта був діагностований гострий 
бактеріальний бронхіт i в 9 — позагоспітальна пневмонія. Па
цієнти основної групи були розділені на дві підгрупи: перша — 
15 дітей із анемією запалення, друга — 15 дітей iз гострими 
бактеріальними захворюваннями респіраторного тракту без 
проявів анемії. Групу порівняння становили 10 дітей iз залі
зодефіцитною анемією без проявів запальних захворювань 
органів дихання. Контрольна група представлена 15 умовно 
здоровими дітьми. Результати. Встановлено, що наявність 

анемії запалення в дітей супроводжується активацією проце
сів нітрозативного та оксидативного стресу, про що свідчить 
високий уміст нітротирозину (63,3 ± 4,7 нг/мл), який переви
щував показники групи контролю в 5 разів (12,5 ± 1,6 нг/мл)  
(p < 0,01), та фосфоліпази А2 (6,1 ± 0,7 нг/мл), що був в 2,3 
раза (2,28 ± 0,4 нг/мл) (p < 0,05) вищим, нiж у контрольній 
групі. Визначено позитивну кореляцію між ступенем тяжкості 
бактеріального запального захворювання та активацією нітро
зативного та оксидативного стресу (r = 0,7, p < 0,001). Висно-
вки. Активація кисневмісних та азотовмісних метаболітів на 
тлі інфекційнозапального захворювання індукує розвиток ні
трозативного та оксидативного стресу, що відіграє значну роль 
у патогенезі анемії запалення в дітей раннього віку iз гострими 
запальними бактеріальними захворюваннями.
Ключові слова: діти раннього віку; анемія запалення; нітро
зативний стрес; оксидативний стрес


