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Pathogenetic role of nitrosative and oxidative stress
in the development of anemia of inflammation in young
children

Abstract. Background. The purpose was to study the pathogenetic role of nitrosative and oxidative stress in the
occurrence of anemia of inflammation in young children. Materials and methods. The content of nitrotyrosine
and phospholipase 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 inflammatory 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
activation 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.
Kawwninrde: vniina childrens anemia nf inflammatinn: nitrncative ctrece: nvidative ctrace

Introduction

Over the past decade, much attention has been paid to
studying the molecular mechanisms of nitrosative and oxidative
stress. These processes are associated with the development and
course of a number of mechanisms that are pathogenetic links of
inflammatory diseases [1, 2]. Compared to other systems, the
respiratory system is the most vulnerable to damage caused by
oxidative stress due to anatomical 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

© «3m0pos'a auTuHM» / BRopoBbe pebetkax / «Child's Health» (((ZdO rov’e eben ka»),
2019 © Bupasewyp 3acnascskuit O.10. / U3natens 3acnasckuit AO. / Publisher Zaslavsky O.Yu.,
2019

defense, which leads to an imbalance in the system of reactive
oxygen species and antioxidant defense [1]. The variety of
free-radical forms and processes necessitates the selection 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 nitric oxide
(NO), an intracellular signal transmitter, its role
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has been deciphered and systematized [2]. Stable metabolites are
formed in the cascade of NO reactions, including nitrotyrosine, a
tyrosine nitration product that reflects the activity of protein
oxidat ion [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 contain
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 permeability 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 phospholipids it leads to the formation of
inflammatory mediators 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 previous
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 development of anemia
of inflammation and is a demonstration of impaired iron
metabolism, it leads to an insufficient supply 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 increased 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 bacterial
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 pathogens
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 without
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 mucous
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 CTSI-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 Respiratory
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 t-test was used. Differences were considered
significant at p < 0.05.

All procedures performed in studies involving human
participants were under the ethical standards of the institutional
and national research committee and with Declaration of
Helsinki (1964) and its later amendments or comparable 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 result s 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 nitrosative
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 second 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 nitrosative 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 comparison
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 moderate severity (38.50 + 2.43
ng/ml) (p < 0.01), in the second 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 severe degree of
the disease, it was 7.3 £ 0.4 ng/ml and exceeded 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 subgroup — 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 content 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 pathogenesis
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 conditions for the development
of anemia of inflammation. According 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 response
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 infectious process
due to the chain of the aforementioned reac-

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

Boslogroupin= 90 Comparison grou Control grou
aris o
Indicators First subgroup, Second subgroup, f he 10g e n=15 Py
n=15 n=15
Nitrotyrosine 63.3+4.724 29.0+ 5,723 15.25 + 4.60 125+1.6
Phospholipase A2 6.1+0.7° 4.63 + 0.50° 4.1 +04° 2.28 £ 0.40

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

Subgroup 1, moderate severity
80,

ﬂ% N

Subgroup 2 £ 3
moderate N 22T g;\?egrguup 1,
severity \ A ey

—&—Nitrotyrosine, ng/ml|
—B—Control group

Subgroup 2, severe disease

Subgroup 1, moderate severity
g

Subgroup 2, Subgroup 1
moderate severs
severity disease

-#— Phospholipase A2, ng/ml
—B—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 elimination 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]. Significantly higher levels of
phospholipase A2 in the blood serum of children with anemia of
inflammation, taking into account the protective function of the
aforementioned state in response to the progressive
multiplication of bacterial pathogens, 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 conditions of anemia [9].

Conclusions

1.Nitrosative and oxidative stress is as a specific patho-
genetic link in the development of anemia of inflammation 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 children 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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Jeacenxo I'A., Abpamos A.B., Iloepebnas A.A.

3anoposrcckuii cocyoapcmeennblil MeOUYUHCKULL yHusepcumen, 2. 3anopooicve, Ykpauna
MaToreHeTu4eckas POAb HUTPO3ATUBHOINoO U OKCUAATUBHOIO CTpeccda B Ppa3BUTUN AHEMUU BOCNAAEHUA
y A€Tel paHHero Bo3pacTta
Pestome. AxtyanbHocTb. Llenb: u3ydeHne naToreHeTHYECKOM pHaibl 1 METO bl ONpeeNsuii CoAepKaHHe HUITPOTHPO3MHA U POIIH

HUTPO3aTUBHOTO U OKCUAATUBHOI'O CTPECCAa B BO3HUKHO-

¢docdonunassr A2 B CEIBOPOTKE KPOBH 55 jieTeil paHHero Bo3pac-

BEHMH aHEMHH BOCTIAJICHUS y AeTell paHHero Bo3pacra. Mare- ta (cpegnuii Bo3pact — 1,6 * 0,3 roxa) npu nomMoIy IMMyHO-
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¢depmentHoro ananuza. OCHOBHYIO Tpymiy coctaBiin 30 nereii ¢
OCTPbIMH  OaKTepHaIbHBIMU 3a00JICBAaHUSMH  PECITUPATOPHOTO
TpaKTa, cpeid KOTOpbIX y 21 mamueHTta ObUI JUarHOCTUPOBaH
OCTpbIil OakTepuanbHbIl OPOHXHUT M y 9 — BHEroclnurTaibHas
MHeBMOHU. IlareHTsl OCHOBHOM TIpyNIbl ObLIM pa3/eNieHbl Ha
JIBe TOATPYNIBL: mepBas — 15 nereil ¢ aHemuel BocmayleHUs,
BTOpast — 15 nereit ¢ ocTpbIMK GaKTepHUaIbHBIMHU 3a00/1€BAHUIMI
pecMpaToOpHOrO TpakTa Oe3 NposBIeHWH anemuu. [pymmy
cpaBHeHHst cocraBwiaM 10 manueHToOB cC Kene3oiaeUIUTHON
aHeMuel 6e3 IpOsBICHNIT BOCTIAIMTENBHEIX 3a001eBaHMl OpraHoB
neixanus. KoHTpospHas rpynma mpencrtaBieHa 15 ycioBHO
3JI0POBBIMU IETHMH. Pe3ynbTaThl. YCTaHOBICHO, YTO HaIMdue
QHEeMHMH BOCHAJEHHS Yy JeTed CONPOBOXKHACTCS aKTHBaUeH
MPOLECCOB HUTPO3AaTUBHOTO M OKCHIATHBHOTO CTpEcca, O 4YeM
CBHIETEIBCTBYET BEICOKOE COZIEPKaHNE HUTPOTHPO3HHA

Jexcenxo I'.O., Abpamos A.B,, ITocpiéna A.O.
3anopizekuii Oeporcasnuil meouunuil ynisepcumem, m. 3anopixcoics, Yxpaina

(63,3 + 4,7 ur/mi), npeBbllIaBIIee TOKa3aTeN IPYIIILI KOHTPOIIS B
5 pa3 (12,5 + 1,6 ur/mn) (p < 0,01), u dpocdonumnaszsr A2 (6,1 + 0,7
Hr/MIT), Kotopoe Obuto B 2,3 pasa (2,28 £ 0,4 ur/mn) (p < 0,05)
BBILIIE, YEM B KOHTPOJILHOM IpymIie. Y CTaHOBIICHA OJI0XKUTEIbHAS
KOppe/sLUs ~ MEXIy CTeleHbIO TSDKECTH  OaKTepUalIbHOro
BOCHAJIMTEIBLHOTO 3a00JI€BaHNs M aKTHBALMEH HUTPO3ATHBHOIO U
okcuparuBHoro crpecca (f = 0,7, p <0,001). BeBoasl. AktuBarius
KHCIJIOPOJIOCOJIEPXKAIIMX M a30TCOAEPKAMMUX MeTa0OJIMTOB Ha
(oHe MHQEKIMOHHO-BOCIATIUTEIHHOTO 3a00I€BaHUS HHIYITHPYET
pa3BUTHE HUTPO3AaTHBHOTO U OKCHIATHBHOTO CTpEcca, 4TO HrpaeT
Ba)XKHYIO POJIb B IIATOr€HE3e aHEMHH BOCIIAJICHUS Y JIETCH paHHETo
Bo3pacta C  OCTPHIMH  OaKTepHATLHBIMH  3a00JICBAaHHSIMHI
PECIHMPAaTOPHOTO TPaKTa.

KitroueBble ciioBa: netu paHHEro BO3pacTa; aHeMHsl BOCIIAJICHHUS;
HUTPO3aTUBHEIN CTPEcC; OKCHAATUBHEIN CTpece

MaToreHeTMYHA POAb HITPO3ATUBHOIO | OKCUMAGTUBHOIFO CTPECY B PO3BUTKY GHEMII 3AMAAEHHS B AiTEH
PAHHBLOTO BiKy

Pestome. AKTyanbHICTh. MeTa: BUBYCHHS TATOTGHETHYHOI POt
HITPO3aTHBHOTO i OKCHAATUBHOI'O CTpeCy Y BUHUKHEHHI aHeMii 3a-
HasNeHHs B JiiTeil paHHBOTO BiKy. Matepianu Ta MeToau. Busnaua-
JIM BMICT HITPOTHPO3HHY Ta (ocdoninasu A2 B cCHpOBATII KpoBi 55
niTeil paHHBOTO BiKy (cepeniit Bik —1,6 + 0,3 poky) 3a J0IOMOroro
iMmyHO(epMeHTHOro anainilzy. OcHOBHY rpymy cranoBuiu 30 miteit
i3 rOCTpUMH OaKTepiaIbHUMH 3aXBOPIOBAHHSIMU PECIIPATOPHOTO
TpPaKTy, cepen SKUX y 21 manienTa OyB AiarHOCTOBAHMII TOCTPHIL
GakTepiaTbHUN OPOHXIT i B 9 — mo3arocmiTanbHa MHeBMOHis. [la-
LiEHTU OCHOBHOI Ipynu OyJIH PO3MiieH] Ha IBi MirpymIH: mepia
15 nmireit i3 aHeMi€lo 3ananeHHs, qpyra — 15 piTeif i3 rocTpuMu
GakTepialbHIMH 3aXBOPIOBAaHHSIMH PECIIPaTOPHOTO TPaKkTy 6e3
nposiBiB aHeMii. ['pymy nopiBHsHHs cTraHoBuiH 10 miTeif i3 3ami-
301e(iUTHOIO aHEMi€ro Oe3 MPOSBIB 3aMaJbHUX 3aXBOPIOBAHb
oprauiB auxanHs. KoHtponbHa rpyna npezacrasieHa 15 yMoBHO
310poBUMH JiThbMH. Pesynbratn. BeraHOBICHO, 1110 HAsIBHICTH

aHeMii 3amajeHHs B IiTeH CypPOBOIKYETHCS aKTHBALIEIO TIPOLIECIB
HITPO3aTHBHOT'O Ta OKCHUJIATUBHOTO CTPECY, PO IO CBIAYUTh BUCOKHH
YMICT HITPOTUPO3UHY (63,3 + 4,7 Hr/MiT), SIKHil IEPEBHILYBAB OKA3HUKH
rpynu KOHTpoIo B 5 pasis (12,5 + 1,6 ur/min) (p < 0,01), ta dpocdoninazu
A2 (6,1 £ 0,7 ur/mn), mwo 6yB B 2,3 pasa (2,28 + 0,4 ur/min) (p < 0,05)
BHUIIMM, HDK Y KOHTPOJIbHIH Tpymi. BU3HaueHO NO3UTHBHY KOPEISALII0 MK
CTYIICHEM TSDKKOCTI GaKTepialIbHOrO 3arajibHOr0 3aXBOPIOBAHHS Ta
aKTUBALI€IO HITPO3aTUBHOTO Ta OKCHAATHBHOTO cTpecy (I =0,7, p <0,001).
BucHoBky. AKTUBAIlIS KHCHEBMICHHX Ta a30TOBMICHHX METa0OITIB Ha Tl
iH(eKifHO-3amaIbHOTO 3aXBOPIOBAHHS iBIYKY€E PO3BUTOK HITPO3aTHBHOTO
Ta OKCHIATHBHOTO CTPECY, IO BiAirpae 3HauHy poiib Y MaTOrCHE31 aHeMil
3allaJICHHs B JiTEH PaHHBOTO BiKy i3 TOCTPHMH 3alalIbHIMI
GakTepiallbHIMHU 3aXBOPIOBAHHIMH.
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