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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.
Keywords: young children; anemia of inflammation; nitrosative stress; oxidative stress

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 free-radical 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 oxygen-containing
and nitrogen-containing metabolites can occur both with
severe damage to pro-inflammatory cells in response to
the effects of pathogen-associated 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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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]. Gram-negative 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 demonstration
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 oxygen-containing and
nitrogen-containing 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

Fifty-five 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 %) — community-acquired
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 CLSI-based + Phenotypic
software.

An enzyme-linked 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 biotech)
and Lipoprotein-associated 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. JPZ8041382130ARCN10-J).
To assess the differences in indicators in the compared
groups, Student’s 7-test 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 severity of
the disease, the following was established. As can be seen
from Fig. 1, there was a direct dependence of the content of
nitrotyrosine 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 discase
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. Koskenkorva-Frank et al. (2011),
NO production is significantly regulated by iron, and the
antioxidant enzyme catalase is a heme-containing 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 A2 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 caspase-dependent 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

Basic group, n = 30 X
. - Comparison group, Control group,
Indicators First subgroup, Second subgroup, n=10 n=15
n=15 n=15
Nitrotyrosine 63.3+4.7>4 29.0+5.7%3 15.25 + 4.60 125+1.6
Phospholipase A2 6.1+0.7* 4.63 + 0.50* 4.1+0.4* 2.28 +0.40

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

Subgroup 1, moderate severity
0
Subgroup 2, ﬁ:i;\\’\’\
oy ‘&%f’
—&— Nitrotyrosine, ng/ml

—i—Control group

Subgroup 1,
severe
disease

Subgroup 2, severe disease

Subgroup 1, moderate severity
8

Subgroup 2, Subgroup 1,
moderate severe
severity disease

~—&—Phospholipase A2, ng/ml
—— Control group

Subgroup 2, severe disease

Figure 1. Nitrosative stress indicators taking into
account the severity of the disease

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 anti-apo-
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 nitrogen-containing 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.

Conflicts of interests. Authors declare the absence of
any conflicts of interests and their own financial interest that
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3QropOXCKMM FOCYAQPCTBEHHBIN MEAULIMHCKULA YHUBEOCUTET, . 3Aropoxbe, YKpauHA

NaroreHeTMyecKas POAb HATPO3ATUBHOIO M OKCUAATUBHOIO CTPECCA B PA3BUTUM AHEMUU BOCTNIAAEHUS
Yy A€Tel paHHEero Bo3pacTa

Pesiome. AkryanbHocts. Lleb: usydeHne maToreHETUUYECKOit
POJIM HUTPO3AaTUBHOTO MU OKCUAATUBHOIO CTpECCa B BOBHUKHO-
BCHUM aHEMUU BOCIIAJICHUA Y IICTGﬁ pPaHHETrO BO3pacTa. MaTe-

puabl U MeToabl. OTpeaessiiu cofepXaHue HUTPOTUPO3UHA U
dochonumazer A2 B CBIBOPOTKE KPOBH 55 JieTeil paHHETro Bo3pac-
ta (cpegHuii Bo3pact — 1,6 £ 0,3 roga) rmpu MoOMOIIM UMMYHO-
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depmeHnTHOrO aHanu3a. OCHOBHYIO rpymnmy coctaBuiu 30 gereii
C OCTPbIMU OaKTEepUAbHBIMU 3a00JIEBAHUSIMUA PECITUPATOPHOTO
TpakTa, cpeau KOTOpbIX y 21 manmeHTta ObUl I1MAarHOCTHPOBAH
OCTpBIIi OaKTepUaNTbHbIE OPOHXUT U Y 9 — BHErocnuTajibHasi
nHeBMOHMS. [lallMeHTbl OCHOBHOM TPYyMIbl ObUIM pa3iesieHbl
Ha JIBe TONATrPYIIIbL: repBasi — 15 gereil ¢ aHeMueil Bocmale-
HUsI, BTOpass — 15 meTeit ¢ ocTpbIMU OaKTepHaIbHBIMU 3a00J1e-
BaHUSIMU PECIIUPATOPHOrO TpakTa Oe3 MPOSIBICHUN aHEMUU.
Ipynny cpaBHeHust coctaBuin 10 mauuMeHTOB C XeJesonedu-
LIMUTHOW aHeMuel 0e3 MposIBIeHUI BOCMaIUTENbHbIX 3a00JeBa-
HUI opraHoB nbixaHusi. KoHTposbHas rpyrina npeacrasieHa 15
YCJIOBHO 3M0POBBIMU JeThMU. Pe3yabTaThl. YCTaHOBIEHO, YTO
HaJlMyle aHeMUM BOCHAJICHUs y JAeTeil COMPOBOXIAETCS aKTH-
BallMel TPOLECCOB HUTPO3aTUBHOTO U OKCUIATUBHOTO CTpecca,
0 4YeM CBHUAETEJIbCTBYET BBICOKOE COIEepKaHWe HUTPOTHPO3MHA

NexxeHko [.O., Abpamos A.B., lNMorpibHa A.O.

(63,3 &+ 4,7 Hr/mu), IpeBbIIIABIIIEe TOKA3aTeN TPYIITHI KOHTPO-
qsg B 5 pas (12,5 = 1,6 ur/mi) (p < 0,01), u dochonumnassr A2
(6,1 = 0,7 Hr/mn), Kotopoe 66110 B 2,3 pasa (2,28 + 0,4 Hr/mi)
(p < 0,05) BbllIe, YeM B KOHTPOJIBHOII TPYIIIe. YCTaHOBJIEHA M0~
JIOXKUTEJIbHASI KOPPEJISILMS MEXIY CTETEeHbIO TSKECTH OaKTepu-
aJIbHOTO BOCTAJUTELHOTO 3a00JIeBaHUSI M aKTHBAIIME HUTPO-
3aTMBHOTO U oKcupaTuBHoro crpecca (r = 0,7, p < 0,001). Boi-
BO/Ibl. AKTUBALIMsI KMCIOPOIOCOACPXKALIMX U a30TCOAePKAILIMUX
MeTabosnuTOB Ha (hoHe MHGMEKIMOHHO-BOCMTAIUTENBHOTO 3200-
JIEBAaHMSI MHAYLIMPYET Pa3BUTUE HUTPO3ATMBHOTO M OKCHAATHB-
HOTO CTpecca, YTO MIPaeT BaXKHYIO POJIb B MATOreHe3e aHeMUU
BOCTAJIEHMSI Y JIeTeil paHHEro BO3pacTa ¢ OCTPbIMU OaKTepuasb-
HBIMU 3200JIEBAaHUSIMU PECTTUPATOPHOTO TPAKTA.

KiioueBble €10Ba: netv paHHero Bo3pacTa; aHeMHUs BocHae-
HMSI; HUITPO3ATUBHBIN CTPECC; OKCUIATUBHBIN CTPeCC

3Qropi3bKkni AEPIKABHUM MEANYHN YHIBEPCUTET, M. 3arnopiioks, YkpaiHa

MaToreHeTUYHA POAb HITPO3ATUBHOIO | OKCUACGTUBHOIO CTPECY B PO3BUTKY HEMIi 3ANAAEHHS B AiTen
PAHHBOrO BiKY

Pe3iome. Akryanbhicts. MeTa: BUBYEHHS MATOTEHETMYHOI PO
HIiTpO3aTUBHOTO i OKCMIATUBHOI'O CTPECY Y BAHMKHEHHI aHeMii 3a-
MaJIeHHS B IiTeil paHHbOTO BiKy. MaTepianu Ta MmeToau. BrusHava-
JIM BMICT HITpOTHPO3UHY Ta hocodinazu A2 B cUpoBarLi KpoBi 55
JliTeit paHHBOTO BiKY (cepenHiii Bik — 1,6 + 0,3 poky) 3a 101OMOroo
iMmyHO(epMeHTHOro aHanizy. OcHOBHY rpymny ctaHoBWIM 30 miTeit
i3 rocTpuMU OaKTepiaIbHUMU 3aXBOPIOBAHHSIMU PECITIPATOPHOTO
TpaKkTy, cepen sIKUX y 21 maitieHta OyB IiarHOCTOBaHUIA TOCTPUiA
OakTepiasbHUIT OPOHXIT i B 9 — mo3arocmitanbHa MHeBMOHis. [1a-
LIiEHTU OCHOBHOI rpyMu OyJIM PO3/iJIeHi Ha ABi MiArpynu: repiia —
15 nmiteit i3 aHeMi€lo 3anajeHHs, apyra — 15 giteii i3 roctpumu
OaKTepiaIbLHUMM 3aXBOPIOBAHHSIMU PECIipaTOPHOTO TPakTy Oe3
nposiBiB aHeMii. [pyny mopiBHSHHS cTtaHoBuau 10 miteit i3 3ami-
30[e¢(IlLIMTHOI0 aHeMiel Oe3 MPOsBIB 3aMallbHUX 3aXBOPIOBAHb
opraHiB auxaHHs. KoHTposibHa rpymna rnpeacrapieHa 15 yMOBHO
3n10poBUMHK IiTbMU. Pe3ymbTaTH. BcraHoBiIeHO, 1110 HasIBHICTH

aHeMil 3amajeHHs B JiTeil CyMPOBOMXKYEThCSI aKTUBALIIE€IO TIPOLIe-
CiB HITPO3aTMBHOIO Ta OKCUIATUBHOTO CTPECY, MPO 1O CBiIYUTH
BUCOKMIA YMICT HiTpoTUPO3UHY (63,3 £ 4,7 Hr/MJ1), SIKUii TIEpeBU-
1IyBaB MOKa3HUKK TPYIU KOHTpoJIo B 5 pasiB (12,5 + 1,6 Hr/mi)
(p <0,01), Ta pocdoninazu A2 (6,1 = 0,7 ur/mi), 1o 6yB B 2,3
paza (2,28 £ 0,4 ur/mn) (p < 0,05) BUIIMM, HiXX y KOHTPOJIbHIi
rpyri. BusHaueHo MO3UTHUBHY KOPEJISILIIIO MiX CTYMEHEM TSKKOCTi
0aKTepiaTbHOTO 3aTMaTbHOTO 3aXBOPIOBAHHSI T aKTUBAITIEIO HITPO-
3aTUBHOIO Ta okcuaaTuBHoOro crpecy (r= 0,7, p < 0,001). Bucho-
BKH. AKTHBALlisi KUCHEBMICHMX Ta a30TOBMICHUX METa0OJIITiB Ha
i iH(eKUiTHO-3anaIbHOTO 3aXBOPIOBAHHSI iHIYKY€E PO3BUTOK Hi-
TPO3aTUBHOTO Ta OKCUIATUBHOTO CTPECY, LI Bilirpa€ 3Ha4Hy POJib
y IIaToreHe3i aHeMil 3amajeHHsI B IiTeil paHHbOTI'O BiKY i3 TOCTpUMU
3anajJbHUMU OaKTepiaIbHUMU 3aXBOPIOBAHHSIMM.

Ki1040Bi ci10Ba: nit1 pannboro Biky; aHeMis 3anaieHHs; HiTPO-
3aTUBHUI CTpeC; OKCUIATUBHUIA CTpeC
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