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THE ROLE OF ENDOTHELIAL SYNTHASE (eNOS) IN THE PATHOGENESIS OF HYPOXIC-ISCHEMIC INJURIES BRAIN
DAMAGE IN PREMATURE INFANTS

Asadova T. A.

Abstract. 102 premature infants with perinatal hypoxic-ischemic CNS lesions from mothers with a burdened
obstetric history aged from 1 day to 1 month of life were examined. Most of the children were born to mothers
under the age of 35-72 (70.6%), the rest were over 35 — 30 (29.4%). Premature children of the male sex were 53
(52%), female — 49 (48%); residents of the city — 70 (68.7%), the village — 32 (31.3%). The examination of premature
infants was carried out on days 1-3, 5-7, and again on days 10-14. The following research methods were used:
clinical, morphofunctional immaturity parameters, anthropometric indicators, functional state of organs and
systems. The gestational age (g/v) of infants was determined based on the mothers ‘ anamnesis and ultrasound
results. Endothelial nitric oxide synthase (eNOS or NOS-3) was determined by enzyme immunoassay (ELISA). Studies
were carried out: RN-diagnostics of the chest organs, NSG; Doppler studies of the vascular system ; EchoCG, ECG.

Results. Cerebral ischemia (Cl) of the first stage was detected in n=51; Cl of the second stage in n=32; Cl of
the third stage in n=19 premature infants, respectively. To identify the role of vasoregulatory mechanisms in CNS
damage, the nitric oxide synthase system was studied, in particular, the role of endothelial synthase (eNOS) in 71
premature infants, depending on g/v and the severity of Cl.

eNOS has been shown to play a leading role in the development of cerebral ischemia. It was revealed that
the increased expression and activation of eNOS directly depends on the gestational age of the infant. The more
pronounced the effect of hypoxia and ischemia, the more pronounced the violation of the ability of adequate
function and structure of the endothelial cells of the brain vessels, which contributes to the occurrence of cerebral

ischemia of varying severity, leading to serious consequences.
Conclusions. In the pathogenesis of hypoxic ischemic encephalopathy, eNOS is the main indicator of the
processes of endothelial dysfunction of the cerebral vessels, simultaneously reflecting both its cause and effect.
Key words: prematurity, pathology of the central nervous system, hypoxic lesion of the central nervous system,

endothelial synthase eNOS.
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The connection of the publication with planned
research works. This work is fragment of the disserta-
tion for the degree of Doctor of Philosophy in medicine
“Early diagnosis and prognosis of ischemic nephropathy
in low birth weight infants”.

Introduction. Low birth weight newborns’ (LBW) pa-
thology accounts for a significant portion of the causes
of perinatal morbidity and mortality. According to the
American Academy of Pediatrics, Acute Kidney Injury
affects 12.5-18% of low-birth-weight infants, with a
mortality rate of 42% relative to low-birth-weight in-
fants that do not have kidney damage (5%). SGA (Small
for gestational age) newborns hold a unique position
among LBW children, since this group of children suf-
fers from chronic intrauterine hypoxia due to a variety
of pathological causes. This suggests that the hypoxia
factor affects them for a longer period of time, and they
have less nephrons at birth, resulting in residual neph-
ron hypertrophy and hyperfiltration. In the context of
other pathological conditions, such as chronic hypoxia
and asphyxia, a kidney functioning in the hyperfiltration
mode is more susceptible to the effects of various path-
ological factors [1, 2].

There is a high incidence of ischemic nephropathy
(IN), a pathology that is a manifestation of kidney dam-
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age, in newborns, especially premature SGA infants,
who have experienced perinatal asphyxia [3, 4].

The early detection of this disorder in newborns
is difficult as the changes in the kidneys are often
“masked” as signs of other diseases [5]. The commonly
accepted kidney injury criteria, based on the urinary
syndrome markers, do not allow for an early diagnosis
of the severity and the localization of glomerular or tu-
bular lesions [6].

The discovery of biomarkers associated with the
early stages of nephropathy that are independent of the
kidneys’ filtration capability, is linked to the pursuit for
new and improved methods of diagnosing hypoxic kid-
ney damage.

KIM-1 (Kidney Injury Molekule-1) and NGAL (Neu-
trophil Gelatinase-Associated Lipokalin), as well as Cys-
tatin C, a marker of glomerular function disorder, are
currently the most promising biomarkers of ischemic
nephropathy.

KIM-1 (Kidney Injury Molecule) is a transmembrane
glycoprotein that is not found in the urine in a healthy
kidney but is synthesized in high concentration by epi-
thelial cells of the proximal tubules after ischemic dam-
age and persists until tubular function is completely re-
stored [7].
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The presence of KIM-1 enables epithelial cells to
identify and engage in the utilization of postischemic
kidney dead cells. KIM-1 is a phosphatidylserine recep-
tor that detects apoptotic cells and converts proximal
tubular epithelial cells into “semi-professional” phago-
cytes [8, 9].

KIM-1 has been added to a short selection of kidney
injury markers used in drug investigation protocols by
the FDA and EMEA (American and European Medicines
Control Associations).

NGAL is a neutrophil gelatinase associated lipocalin.
This protein has a molecular weight of 25 kDa and exists
as a monomer, homodimer, or heterodimer in urine and
neutrophils. It is linked to matrix metalloproteinase-9.
Many organs, such as the lungs and liver, release NGAL
into the blood plasma when they are affected. Howev-
er, tubular injury associated with ischemia in acute renal
failure (ARF) due to acute tubular necrosis or tubulo-
interstitial nephropathy causes an early and sharp in-
crease in urine and serum NGAL levels. NGAL synthesis
is induced by inflammation in epithelial cells, including
proximal tubules [10].

The thick segment of the ascending limb of the loop
of Henle and the collecting ducts secrete NGAL into the
urine, where it provides antimicrobial and antioxidant
defense by iron chelation.

Since glomeruli filter plasma NGAL freely, a decrease
in glomerular filtration due to renal pathology causes
NGAL to accumulate in the systemic circulation [11].

Serum Cystatin C is a cysteine proteinase inhibitor
with a low molecular weight. In comparison to creati-
nine, the amount of this inhibitor is determined solely
by the glomerular filtration rate, which is unaffected by
gender, body weight, age, or nutrition. Since this pro-
tein does not participate in the metabolism of substanc-
es, its synthesis is independent of the body’s metabolic
processes. In comparison to serum creatinine, serum

Cystatin C can be considered an almost perfect endog-
enous biomarker of renal function [12].

The purpose of the study. Using novel biomarkers
of kidney damage, to compare the functional state of
kidneys in SGA and AGA newborns with ischemic ne-
phropathy (IN).

Object and methods of the research. A total of 72
newborns were included in the study. SGA (small for
gestational age) newborns comprised 33, while AGA
(appropriate for gestational age) newborns comprised
39 of the total number of infants. They were split into
three groups based on the intensity of their IN (children
with IN of I, Il, or lll degrees), with each group divided
into two subgroups. Newborns with | degree IN (N=36)
were divided into smaller subgroups of SGA (N=16) and
AGA (N=20); newborns with Il degree IN ( N=20) were
divided into SGA (N=9) and AGA (N=11); and newborns
with 1l degree IN (N=16) were divided into SGA (N=8)
and AGA (N=8) subgroups.

On days 1-3 and 7-10 of the patient’s life, blood and
urine samples were taken to determine the levels of
KIM-1 and NGAL in the urine, as well as Cystatin Cin the
blood serum.

The levels of biomarkers were determined by the en-
zyme-linked immunosorbent assay (ELISA). NGAL using a
kit of reagents from RayBiotech, inc (USA), KiM-1—using
a kit of reagents from Arqutus Medical, BioAssayWorks,
and Cystatine C in blood serum using a kit of reagents
Human Cystatin C ELISA from BioVendor (Czech Repub-
lic). Additionally, we determined the levels of creatinine
in blood serum, and performed renal artery Doppler
Ultrasound for Resistance Index (RI) assessment. Statis-
tical processing — accumulation, adjustment, systemati-
zation and visualization of the results obtained was car-
ried out using standard programs for mathematical and
statistical analysis Microsoft Excel 2013 and SPSS 20.0.
(Armonk, NY: IBM Corp). To compare the data obtained,
we used the methods of nonparametric analysis using

the Mann-Whitney U-test. The

obtained values of the U-Mann-
Whitney test were estimated by
the comparison with the tabular
data. In that case, if the calculat-

ed value of the U-Mann-Whitney
test was equal to or less than the
critical value, the statistical sig-
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nificance of the differences was
recognized. Outliers were elimi-
nated using the Fischer test.

The study was approved by
the Ethics Committee of the
Azerbaijan Medical University
(protocol N 7, from 27.07.2019).
In the research and the collection
and processing of patient data
were obtained informed consent
of children parents.

The results of the study and
their discussion. We discovered
the following results while per-
forming a comparative study of
markers characterizing the func-
tional status of the kidneys in

Figure 1 — The comparative analysis of KIM-1 and Creatinine levels in SGA and AGA newborns.
Note: *- difference within one subgroup, in relation to AGA newborns at p<0,05

low birth weight infants based
on the correspondence of their
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anthropometric parameters to
gestational age and the degree
of ischemic nephropathy.

The difference in creatinine
levels between the subgroups
on days 1-3 and 7-10 was signifi- | 150
cant only in the Il degree of ne-
phropathy, where it was higher
in the SGA newborns’ subgroup
While newborns with Il degree

200

nephropathy had the highest
creatinine values in the SGA sub-

nephropathy, the values of KIM-1
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in the AGA subgroup. The high-

Figure 2 — The comparative analysis of NGAL levels in SGA and AGA newborns.

est concentrations of KIM-1 were Note: *- difference within one subgroup, in relation to AGA newborns at p<0,05

found in the subgroups of Ill de-
gree IN, with nearly equal values (Figure 1).

The subgroup with SGA newborns had slightly higher
levels of NGAL in the urine on days 1-3 with Il degree IN
and days 7-10 with Il degree IN (Figure 2).

When evaluating glomerular renal function, it was
discovered that the amount of Cystatin C in SGA new-
borns with | and Il degrees of IN did not significantly sur-
pass the markers of children with AGA, both in the first
and second measurements. Similarly to low birth weight
infants with Il degree IN, statistically significant Cystatin
C values were found in newborns with developmental
delays on the 1%-3" days of life and on the 7*"-10" days
of life (Figure 3).

There were no major variations in the subgroups
of the main group with a high index of resistance in all
three groups, suggesting an improvement in peripheral
vascular resistance in the kidneys (Figure 3).

Thus, relative to premature infants with a weight
that corresponds to their gestational age, the tubular
apparatus of the kidneys in newborns with intrauterine
growth retardation is more vulnerable. This confirms
the kidneys’ high sensitivity to the unfavorable factors
of the antenatal period that reduce the fetus’ intrauter-
ine development. High KIM-1 values, which represent
histotoxic hypoxia of the kidney tissues from birth to the
end of the early neonatal period, indicate the severity
of tubular disorders in SGA newborns at the | degree
of IN. Despite the lack of a statistically significant dif-
ference in creatinine levels between subgroups with IlI
degrees of IN, the level of NGAL in infants who had a de-
velopmental delay was statistically significantly higher
than in AGA newborns, indicating that this category of
newborns may develop the terminal stage of AKI (Acute
Kidney Injury).

A rise in Cystatin C concentration by the end of the
early neonatal period in this cat-
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egory of children indicates that
the restoration of glomerular
filtration has been disrupted, de-
spite the glomerular apparatus’s
anatomical and functional imma-
turity.

Even with regular Rl values,
hypoxia causes arteriovenous
shunting with blood supply to

‘ I renal artery resistance index
age.

Cystatin,mg\L,1-3 days  Cystatin,mg\L,7-10 days

B SGA newborns,1st gr 3rd days
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Resistance Index (Ri),1

juxtamedullary nephrons and
damage to the cortex, so the
does not always represent the
magnitude of renal tissue dam-

Conclusions.

1. Based on the findings, it
can be concluded that SGA new-
borns are a high-risk category for

developing AKI, which must be
considered when treating this

Resistance Index (Ri),7-
10th days

Figure 3 — The comparative analysis of Cystatin C level and Rl in SGA and AGA newborns.
Note: *- difference within one subgroup, in relation to AGA newborns at p<0,05

population of children. Prevent-
ing impaired polypragmasia and
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water-salt metabolism, particularly when nephrotoxic  objective assessment of the degree of damage to the
drugs are used, is a critical issue in modern neonatology. ~ tubular apparatus.

Prospects for further research. Further study of the
KIM-1, NGAL and Cystatin C biomarkers in children with
treme AKI is needed since assessing renal functions  yarious kidney diseases in the early childhood and ado-
solely on the basis of creatinine does not allow for an  lescence period is planned.

2. The use of more sensitive markers to avoid ex-
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BU3HAYEHHA CTYNEHA NOWKOAXEHHA HUPOK Y HOBOHAPOAXKEHUX 3 MAJ/IOIKO MACOIO TIJ1A B 3ANIEXK-
HOCTI BIA, CNIBBIAHOLWEHHA IX AHTPONOMETPUYHUX MOKA3HUKIB TA FTECTALLINHOIO BIKY

AxyHpoBa A. A.

Pe3stome. HoBOHapoaKeHi i3 3aTPMMKOI BHYTPILIHbOYTPOBHOrO PO3BUTKY 3aiiMaloTb ocobamse Mmicue B Cy-
YacHii HeoHaToNOrii, OCKINbKK Ui AT HalWbinbWw YyTAMBI A0 BNAMBY Pi3HOMAHITHMX NATO/IOMYHMX GAKTOPIB AK Y
BHYTPiLUHbOYTPOOHOMY, TaK i B HEOHATa/IbHOMY nepioaax. BoHW niggatoTbca TPUBANOMY BMJIMBOBI FNOKCIT y BHY-
TPiILWHbOYTPOOHOMY NepioAi, Lo 3yMOBAIOE TAXKMUIA Nepebir pisHOMaHITHMX 3aXBOPOBaHb OPraHiB Ta CUCTEM B PaH-
HbOMY HEOHaTa/IbHOMY BiLli, 30KpeMa HUPOK. YparKeHHA HUPOK Y HeJOHOLWEHNX HOBOHAPOAKEHMX YaCcTo 3aauLua-
€TbCA HeAjiarHOCTOBaHMM Ha GOHI iHWKMX 3aXBOpPIOBaHb, Takux Ak PAC (pecnipaTtopHuii guctpec cuHapom) ta CC3
(cepueBo-cyaMHHI 3aXBOPIOBaHHSA). Y Halwili poboTi My, npu BuKkopucTarHi KIM-1 (Kidney Injury Molecule-1), NGAL
( Neutrophil Gelatinase Associated Lipokalin) Ta Cystatin C 6iomapKepis, NpoBenu NOPiBHANbHWUIA aHaNi3 TAMKKOCTI
NMOLUKOAMEHHA HUPOK Y HOBOHAPOAMKEHMX 3 iluemiyHow HedponaTieto (IH). TakoxK BU3HaYyanuca piBeHb KpeaTuHi
HY KpOBi Ta iHAeKc pe3ncteHTHocTi (IP) HMpKoBoi apTepii. [lo AocnigkeHHa 6yn0 BKAOYEHO 72 HOBOHAPOAKEHUX 3
MasIol0 Macoto Tina Npu HapogKeHHi ( 33 MIB HoBoHapoaKeHMX (Mani gns rectauiiHoro Biky) Ta 39 BB (wo Bigno-
BifaloTb recrauiiHomy BikoBi)). BoHM Bynv po3aineHi Ha TpW rpynu B 3ai1eXKHOCTI Big, cTyneHs IH (aitn 3 I1H 1, 11 a6o Il
CTyNeHs), Npy LLbOMY KOXHa rpyna, B CBOt Yyepry, byna po3gineHa Ha Agi niarpynu. HoBoHapoaskeHi 3 IH | ctyneHs
(N=36) bynun posgineHa Ha 6inblu Api6bHi rpynn MIB (N=16) Ta BB (N=20); HoBoHapoaskeHi 3 IH Il ctyneHa (N=20)
6ynu posgineHi Ha MIB (N=9) i BB (N=11) Ta HoBoHapogaseHi 3 IH Il ctyneHa (N=16) 6ynu posgineHi Ha niarpynm
MIB (N=8) 1 BI'B (N=8). Hawwi pe3ynbTaTi NOKa3aau,Wwo piBeHb KpeaTuHi Hy NigsuLyBaBca y aiter niarpyn MIB npu
Binblu TAXKKKMX cTyneHsx IH, Ha 6inblu ni3Ho Ao6Yy, B Tol Yac Ak pieHb KIM-1 6yB BUCOKMM npu BCix cTyneHsx IH, 3
nepwmnx AHiB »KuUtTa. PiseHb NGAL Takox 6ys Bulle y MIB HoBoHapoaeHux 3 IH 1l-ro ta lll-ro ctyneHs 3 nepuumx
OHiB XuUTTA, a piBeHb Cystatin C y ujei X KaTeropii Mantokis NiABULLYBaBCA NMLLE NPU TAXKKOMY cTyneHi |H. IP 6ys
BMCOKMM Y BCiX Migrpynax oCHOBHOI rpynu. Takum YynHom, MI'B HOBOHapOAKeHi CKNafatoTb rpyny pUsmKy y BUHUK-
HeHHi FHH (rocTpa HMPKOBa HEAOCTATHICTb) | paHHSA AiarHocTuKa IH y unMx HOBOHaAPOAMKEHMX 3a/IMWAETLCA AHIEND 3
npobaem cy4acHoi MeguLUNHU.

Kntouosi cnosa: KIM-1, NGAL, Cystatin C, BI'B, MI'B, iwuemiuHa HedponaTia, THH.

DETERMINATION OF THE DEGREE OF THE KIDNEY INJURY IN LOW BIRTH WEIGHT INFANTS DEPENDING ON THE
CORRESPONDENCE OF THEIR ANTHROPOMETRIC PARAMETERS TO GESTATIONAL AGE

Akhundova A. A.

Abstract. Newborns with intrauterine growth retardation occupy a special place in modern neonatology, since
they are susceptible to prolonged exposure to hypoxia in the intrauterine period, and this causes a severe course of
various diseases of organs and systems in the early neonatal age. Kidney damage in premature infants often remains
undiagnosed in the presence of other diseases such as RDS (Respiratory Distress Syndrome) and heart disorders. In
our investigation, we performed a comparative analysis of the severity of kidney damage in newborns with ischemic
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nephropathy (IN) using KIM-1 (Kidney injury Molucule-1), NGAL ( Neuthrophil Gelatinase Associated Lipokalin) and
Cystatin C biomarkers. The level of creatinine in the blood and the resistance index (RI) of the renal artery were also
determined. A total of 72 newborns were included in the study. SGA (small for gestational age) newborns comprised
33, while AGA (appropriate for gestational age) newborns comprised 39 of the total number of infants. They were
split into three groups based on the intensity of their IN (children with IN of I, Il, or Ill degrees), with each group
divided into two subgroups. Newborns with | degree IN (N=36) were divided into smaller subgroups of SGA (N=16)
and AGA (N=20); newborns with Il degree IN (N=20) were divided into SGA (N=9) and AGA (N=11); and newborns
with Il degree IN (N=16) were divided into SGA (N=8) and AGA (N=8) subgroups. Our results revealed that the cre-
atinine level increased in children of the SGA subgroups with more severe degrees of IN, at a later days, while the
level of KIM-1 was high at all degrees of IN, from the first days of life. The NGAL level was also higher in SGA infants
with 1l and 1l degrees from the first days of life, and the Cystatin C level in the same category of infants increased
only with severe IN. IR was high in all subgroups of the main group. So SGA newborns constitute a risk group for
the development of acute renal injury, and early diagnosis of IN in these newborns remains one of the problems in
modern medicine.
Key words: SGA infant, AGA infant, AKI (Acute Kidney Injury), Ischemic Nephropathy, KIM-1, NGAL, Cystatin C.

DETERMINATION OF THE DEGREE OF THE KIDNEY INJURY IN LOW BIRTH WEIGHT INFANTS DEPENDING ON THE
CORRESPONDENCE OF THEIR ANTHROPOMETRIC PARAMETERS TO GESTATIONAL AGE

Akhundova A. A.

Abstract. Aim. Using novel biomarkers of kidney damage, to compare the functional state of kidneys in SGA and
AGA newborns with ischemic nephropathy (IN).

Materials and Methods. A total of 72 newborns were included in the study. SGA (small for gestational age) new-
borns comprised 33, while AGA (appropriate for gestational age) newborns comprised 39 of the total number of
infants. They were split into three groups based on the intensity of their IN (children with IN of I, Il, or Il degrees),
with each group divided into two subgroups. On days 1-3 and 7-10 of the patient’s life, blood and urine samples
were taken to determine the levels of KIM-1 and NGAL in the urine, as well as Cystatin C in the blood serum. The
levels of biomarkers were determined by the enzyme-linked immunosorbent assay (ELISA).

Results. The difference in creatinine levels between the subgroups on days 1-3 and 7-10 was significant only in
the Il degree of nephropathy. In both the I and Il degrees of nephropathy, the values of KIM-1 in SGA newborns sub-
stantially exceeded the values of this marker in the AGA subgroup. The highest concentrations of KIM-1 were found
in the subgroups of Il degree IN, with nearly equal values. The subgroup with SGA newborns had slightly higher
levels of NGAL in the urine on days 1-3 with Il degree IN and days 7-10 with Ill degree of IN. Statistically significant
Cystatin C values were found in newborns with developmental delays on the 1-3" days of life and on the 7"-10%"
days of life.

Disscusion. Thus, relative to premature infants with a weight that corresponds to their gestational age, the
tubular apparatus of the kidneys in newborns with intrauterine growth retardation is more vulnerable. High KIM-1
values, indicate the severity of tubular disorders in SGA newborns at the | degree of IN. Despite the lack of a statisti-
cally significant difference in creatinine levels between subgroups with 1l degrees of IN, the level of NGAL in infants
who had a developmental delay was statistically significantly higher than in AGA newborns, indicating that this
category of newborns may develop the terminal stage of AKI.A rise in Cystatin C concentration indicates that the res-
toration of glomerular filtration has been disrupted, despite the glomerular apparatus’s anatomical and functional
immaturity. Even with regular Rl values, hypoxia causes arteriovenous shunting with blood supply to juxtamedullary
nephrons and damage to the cortex, so the renal artery resistance index does not always represent the magnitude
of renal tissue damage.

Conclusions.

Based on the findings, it can be concluded that SGA newborns are a high-risk category for developing AKI, which
must be considered when treating this population of children.

The use of more sensitive markers to avoid extreme AKl is needed since assessing renal functions solely on the
basis of creatinine does not allow for an objective assessment of the degree of damage to the tubular apparatus.

Key words: SGA infant, AGA infant, AKI (Acute Kidney Injury), Ischemic Nephropathy, KIM-1, NGAL, Cystatin C.
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