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THIAMINE DEFICIENCY IN EXTREMELY PREMATURE NEWBORNS

Introduction. The critical state of extremely premature newborns is accompanied by significant oxidative stress,
which leads to an increase in anaerobic metabolism; impaired oxygen utilization in mitochondrial oxidation may
occur due to thiamine deficiency.

The aim of the study — to learn the thiamine status of extremely premature newborns in the neonatal period
follow-up.

Research Methods. The study involved 55 of premature newborns with birth weight less than 1000 g and 35
healthy full-term newborns. The indicated children’s blood tests were made in the first day of life and at the end of
the neonatal period. The lactate and magnesium were determined by colorimetric method., the pyruvate content was
determined enzymatically; the concentration of vitamin B1 was studied using a fluorimeter.

Results and Discussion. In the first days of life, all premature infants have a significantly lower level of thiamine
in the blood than the normal one, with the low limit of the norm of mature infants, due to the greatest intensity of
adaptive reactions and the redistribution of nutrients in fasting. The deficiency of thiamine of extremely premature
infants is accompanied by hypomagnesemia. The defining factor of thiamine deficiency of premature infants is
morphofunctional immaturity. Deficiency of thiamine of premature infants is correlated with hyperlactatemia through-
out the neonatal period. The metabolic features of an organism of a newborn with an extremely low birth weight
reflect hypoxic disturbances (increased lactate and pyruvate level, changes in their ratio), which indicates the acti-
vation of glycolysis. The highest level of pyruvate was observed in premature infants in the first day of life and sig-
nificantly exceeded the reference values with subsequent decrease during the first month of life, but remained beyond
the norm, resulting in the development of secondary acidosis and persistent decrease in aerobic metabolism. Thi-
amine deficiency contributes to the pathogenesis of suppression of the pyruvate-dehydrogenase complex, bypass-

ing pyruvate towards lactate overproduction and the development of metabolic acidosis.
Conclusion. Deficiency of thiamine in premature newborns may lead to a deeper critical condition.

KEY WORDS: hypoxia; premature newborns; lactate; pyruvate; vitamin B,.

INTRODUCTION. Particular attention is paid
to the study of the health of premature newborns
with birth body weight less than 1000 g. Current
scientific advances in the field of perinatal techno-
logy have significantly improved the survival rate of
newborns with an extremely low birth weight [1, 2].
The birth rate of babies with a low birth weight (less
than 1000 g) is 0.2 %, with an extremely low birth
weight (from 1000 to 1500 g) it is equal to 0.8 %
[3]. However, it is this category of children that
determines the high mortality and the formation of
pathologies in the children's population, which leads
to disability [4]. Energy metabolism and extremely
premature newborns weight gain are undoubtedly
related to the conditions of care and the prevention
of energy costs. Also, the complications that formed
during the neonatal period (patent ductus arterio-
sus), which worsens the oxygen state of the body,
are of great importance. It is hypoxia that is the
© H. O. Ushakova, O. Z. Brazaluk, O. Yu. Yevstafieva, 2019.

leading pathogenetic factor; as a result, the mito-
chondria of brain cells in the process of oxidative
phosphorylation can not effectively use energy
substrates, which leads to the accumulation of
lactate and the development of acidosis — one of
the factors that damage neurons.

The critical condition of premature babies may
be associated with the risk of thiamine deficiency
(TD), a coenzyme of enzymes of mitochondrial
glucose oxidation [5]. Thiamine pyrophosphate
(TPP), the active form of thiamine, is a coenzyme
of pyruvate decarboxylase and a-ketoglutarate
dehydrogenase complexes, as well as transketo-
lase. The first two enzymes are involved in the
metabolism of carbohydrates, transketolase func-
tions in the pentophosphase cycle. TPP is synthe-
sized mainly in the brain and liver tissues, the re-
action occurs with the participation of Mg?* ions.
Thiamine deficiency also leads to lactic acidosis,
slowing down the oxidative decarboxylation of
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pyruvate, accumulation of intermediate metabolites
and a decrease in ATP synthesis [6]. That is why
TD in premature babies can significantly worsen
the symptoms of an existing critical condition. As a
rule, clinicians do not diagnose TD as the cause of
metabolic acidosis in extremely premature new-
borns. Currently, there is no clear evidence that all
premature newborns have TD and a risk of deve-
loping thiamine-deficient complications. However,
in the works of some authors, TD is associated with
aworsening condition of patients in critical condition.
[7, 8], whereas in other studies this relationship was
not found [9, 10]. Such a discrepancy in the results
can be explained both by different research designs
and by different methods for measuring the blood
thiamine concentration. Therefore, the study of
thiamine status of extremely premature newborns
is important for evaluating the results of intensive
therapy [11].

RESEARCH METHODS. The research was
conducted on the basis of the Clinical Institution
“Regional Children's Clinical Hospital” in 2017—
2018. The main group involved 55 (22 boys and 33
girls) of premature newborns with extremely low
body birth weight. The reference group involved 35
healthy full-term newborns (21 boys and 14 girls).
The gestational age of the main group children
ranged from 24 to 35 weeks, average birth weight —
(891+79.2) g; in the reference group newborns with
38-39 weeks of gestation had an average weight
of (2.045.94+290.19) g. According to the gestational
age the children of the main group were divided into
3 subgroups. The subgroup I: 13 newborns with
23-26 weeks of gestation, average birth weight
(843.9+106.2) g; the subgroup II: 24 newborns with
27-30 weeks of gestation, average birth weight
(901.5+78.6) g; the subgroup llI: 13 newborns with
31-35 weeks of gestation, average birth weight
(902.36+77.54) g. Criteria for inclusion in the main
group: birth weight up to 1000 g, stabilization of the
main vital functions before 1 month of life. Exclusion
criteria: detected antenatal malformations, the
presence of genetic diseases.

On the basis of the Department of Biochemistry
and Medical Chemistry of Dnipro State Medical
Academy the quantification of blood lactate, pyru-
vate, vitamin B1 and magnesium in children of the
first day of life and after the newborn period was
conducted. The serum concentration of lactate and
magnesium were determined with the colorimetric
method using Beckman Coulter reagents (USA), in
pmol /I; the blood content of vitamin B1 was studied
using Immundiagnostik reagents (Germany) on a
microplate high-temperature fluorometer FluoDia
T70 (England), in ng/ml. The blood content of pyru-
vate was studied with the enzymatic UV method

using NPF-ABRIS reagents (Russia), in umol/l. For
statistical data processing, parametric (Student’s)
and nonparametric (Mann—Whitney test) criteria
were used. The changes were considered reliable
if p<0.05 [7].

RESULTS AND DISCUSSION. Determination
of the level of thiamine in blood of premature new-
borns with extremely low body weight established
areliable increase of 8.4-8.9 % in all subgroups of
the main group during the first month of life and a
slightly lower increase in new-borns of the control
group — by 7.8 %. On the first day of life, the blood
thiamine content in the main group babies was
significantly lower than the reference value, pro-
bably due to enhanced catabolism, the creation of
conditions for gluconeogenesis, the redistribution
of nutrients and energy during fasting. On the first
day, the thiamine content in the reference group
babies was observed at the lower limit of normal.
There is a close inverse correlation between the
blood thiamine level and the gestational age of
children in subgroups | and Il during the entire
neonatal period (r=-0.75 to -0.81; p<0.05); In the
subgroup Il1, this connection was less explicit
(r=-0.56 and r=-0.67; p<0.05). There was no statis-
tically significant connection found between the
level of thiamine and gestation in the reference
group. Between the level of thiamine and body birth
weight during the neonatal period, a close inverse
correlation was observed only in extremely prema-
ture new-borns, between 23 and 26 weeks of
gestation (r=-0.59 and r=-0.63; p<0.05); in other
subgroups and in full-term newborns no close cor-
relation was found. Based on these data, it can be
assumed that morphofunctional immaturity is a
major pathogenetic factor in preterm newborns
thiamine deficiency. In all subgroups of the main
group, the serum lactate level, which significantly
exceeded the norm (2.77 times in subgroup |, 2.44
times in subgroup Il and 1.8 times in subgroup )
in the first day of life, decreased by 7.5-9.1 % during
the month, which can be explained by the intensive
care effectiveness and compensatory mechanisms
activation (Table). In all subgroups, there was a
close inverse correlation between the content of
lactate and gestation (r=-0.92 to -0.46; p<0.05),
which is confirmed in other studies [11]. At the same
time, there are no close correlations between the
lactate level and body birth weight in all subgroups,
which can be explained by the low variation (8.8 %)
of weight in the main group. Newborn hyperlac-
tatemia indicates glycolysis activation and is a sign
of dismal prognosis [12]. In healthy, full-term babies,
the lactate level during the entire neonatal period
corresponded to normal values with a decrease in
the end by 8.9 %, largely due to the restoration of
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Table — The content of thiamine, lactate, pyruvate and magnesium in the blood
of premature and healthy children (M+m)

Subgroup | (n=13) Subgroup Il (n=24) Subgroup Il (n=13) | Reference group (n=35)
23-26 weeks 27-30 weeks 31-35 weeks 37-38 weeks
Indicator of gestation of gestation of gestation of gestation
1st day 1 month 1st day 1 month 1st day 1 month 1st day 1 month
of life of age of life of age of life of age of life of age
Thiamine, 11.5+ 13.29+ 14.96+ 16.85+ 15.79+ 18.63+ 30.86+ 39.35+
ng/ml 1.45 1.68** 1.9* 1.6** 2.49* 2.21** 5.67 2.87
Lactate, 6.77+ 5.65+ 5.93+ 5.4+ 5.62+ 4.22+ 2.22+ 1.98+
pmol /I 0.63 0.69** 0.21* 0.2** 0.079* 0.106** 0.016 0.167
Pyruvate, 0.65+ 0.39+ 0.59+ 0.43+ 0.47+ 0.25+ 0.15+ 0.12+
pmol /I 0.076 0.12** 0.09*8 0.07** 0.078* 0.07** 0.021 0.02
Magnesium, 0.48+ 0.65% 0.52+ 0.72+ 0.53+ 0.81+ 0.75% 0.8+
pmol /I 0.05 0.036** 0.38* 0.086** 0.048* 0.081** 0.075 0.054

Note. * — Statistical difference compared to subgroup | (p<0.5); ** — Statistical difference compared to reference group

(p<0.01).

the protective-compensatory forces of the body. In
all subgroups of the main group, TD correlated with
hyperlactatemia during the entire neonatal period
(Figure), with lower coefficients in the subgroup IlI
(r=-0.92 to -0.56; p<0.05). Based on these data, it
can be assumed that TD affects the development
of acidosis and tissue hypoxia. The level of pyruvate
on the first day of life in children of subgroups |, II,
[l of the main group significantly exceeded normal
values (by 4.1; 3.6; 2.9 times, respectively); the
accumulation of pyruvate due to slowing down of
the transformation to acetyl-CoA leads to the se-

condary acidosis development. At the end of the
first month of life, the level of pyruvate decreased
significantly in all subgroups of the main group: by
40.1 % in subgroup |, by 27 % in subgroup Il and
by 46 % in subgroup I, but reached normal levels
in none of them. The study showed that between
the thiamine content and the level of pyruvate during
the neonatal period, there is a close inverse corre-
lation (r=-0.94 to -0.66; p<0.05) in subgroup | and
subgroup Il, but less expressed in subgroup llI
(r=-0.56 and r=-0.49; p<0.05). The ratio of lactate/
pyruvate in the first days of life in premature new-
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Fig. The content of thiamine and lactate in the blood of premature and healthy children in neonatal period follow-up.

Note. 1 — 1%t day of life; 2 — end of neonatal period.
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borns of subgroups | and Il when the levels of
lactate and pyruvate were elevated was within
normal (10.4 and 10.5), with a subsequentincrease
to 14.4 and 12.5 at the end of the neonatal period,
which is the result of lactate decrease and a more
drastic pyruvate drop; thus, the lactate/pyruvate
ratio cannot reveal an imbalance of these metabo-
lites in children of low gestational age (23-30
weeks). In children of the subgroup Ill, who were
relatively more gestationally mature, the lactate/
pyruvate ratio was close to the full-term value: from
12.0 and 14.8 at the beginning of the first month of
life and to 14.8 and 16.2 at the end respectively; a
possible explanation for this data is to gradually
compensate for metabolic disorders. Based on the
data obtained, it can be assumed that under con-
ditions of thiamine insufficiency in extremely pre-
mature newborns, they have thiamine deficiency,
under which pyruvate is not involved in the Krebs
cycle and is converted into lactate, which is a sig-
nificant contribution to the formation of metabolic
acidosis. Low levels of magnesium in the blood
serum on the first day of life were found in children
of all subgroups of the main group; during the month,
its level in the extremely premature new-borns of
subgroup | grew by 26.2 % but did not reach the
reference values, and in children of the subgroup
[l and I, with high gestational age, grew by 27.8 %
and 34.5 % respectively, was within the normal. In
healthy, full-term new-borns, normal magnesium
levels were observed on the first day of life; during
the month, this value rose by another 6.3 %. In all
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I. O. Ywakosa', O. 3. bpaszanyk?, O. l0. EsctachbeBa’

JHINPOBCHKW HALIIOHA/IbHW YHIBEPCUTET IMEHI O/TECH MTOHYAPA?

AHIMPOMNETPOBCHLKA MEAVNYHA AKALEMIS?

JE®INUT TIAMIHY B NIMBOKOHEJOHOIIEHUX AITENA

Pestome
Bcmyn. KpumuyHuli cmaH 2/1u60KoOHeAd0HoWeHuUx dimel CyrnpoBOOXXYEMbCS 3HAYHUM OKCUGamUuBHUM CMPECOM,
W0 rpu3BoouUMb 00 MIOBUWEHHST aHaepobHO20 Memabo/li3My; MOPYWEHHS ymusiizayii KUCHIO Mpu MimOXOoHOpiasb-
HOMY OKUCHEHHI 6yBae BHacC/1i00K HedocmamHocmi miamiHy.
Mema 00c1id)eHHs1 — 8uB4UMU miamiHoBuli cmamyc y 2/lu6OKOHeOOHOWeHUX dimell y QUHaMIyi HeoHamaslb-

HO20 r1epiooy.

Memoou docidxeHHs. Y 00C/iOXeHHI 835/1U yHacmb 55 HedoHoweHuUx dimeli 3 Macoro mina rnpu HapoOXKEHHI

MmeHwe 1000 2 ma 35 300poBuUX OOHOWEHUX HOBOHapPOOXeHUX. Y yux dimel 0ocioxysasnu Kpos, ompumMaHy Ha
repwy 006y umms ma HarnpukiHyi HeOHamasibHo20 rnepiody. Bmicm nakmamy ma MagzHito BU3Hayasiu Kosiopu-
Mempu4YHUM MemodoM, BMiCM ripysamy — eH3UMamuyHo, KOHYeHmpauito simamiHy B, — 3a 00romoa0oto ¢o/iyopu-
mempa.

Pe3ynbmamu Ui 062080peHHs. Ha nepwy 006y xumms smicm miamiHy 8 Kposi BCix HedoHoweHuUx dimel
BUSIBUBCS 3HAYHO HUXXYUM 38 HOPMY, a 8 O0HOWEHUX Ma/IHOKIB nepebysas Ha HUXHIU Mexxi HopMu, UMOBIPHO, BHAC/TIO0K
Halb6i/IbLWo20 HanpyXXeHHs adarmusHUX peakyilti ma rnepepo3rnodisly NOXXUBHUX PEHOBUH MPU 20/100yBaHHI. Y a/1u-
60KoHEAoHOWEHUX dimeli deghiyum miaMiHy CyrpoBOOXYBaBCs 2irnoMagHIieMIEr0. BusHaYa/ibHUM YUHHUKOM deqbiyumy
miamiHy 8 HEOOHOWEHUX Mas/ltoKiB Bys1a MopghohyHKUiOHa/IbHa Hespislicme. dehiyum miamiHy 8 HUX KOPesiosas
3 einepiiakmamemieto nPomsi2oM ycb020 HeoHamasibHo20 nepiody. Halisuwuli piseHb nipysamy criocmepieasu 8
HedoHoweHuUx dimel Ha repwy 006y Xumms. BiH 3Ha4HO repesaxas peghepeHCHI 3Ha4eHHs1 3 HaCMyrnHUM 3MeH-
WeHHSIM IPOoMsi20M Nepuio2o MICsIUsi XUMMS, a/ie 3a/IULIUBCS 103a Mexamu HOPMU, WO Mpu3se/1o 00 PO3BUMKY
BMOPUHHO20 ayudo3y ma cmillko2o 3HUWKEHHST aepobHO20 Memabosiismy. MemabosiidHi 0cob/1usocmi opaaHiamy
HOBOHapPOOXEH020 3 eKcmpeMas/ibHO Maslor Macor misa Bidobpaxaroms 2irNOKCUYHI MopyweHHs (MioBUWEHHS
PiBHSA lakmamy ma riipysamy, 3MiHy iX crisIOHOWEHHST), W0 c8i04UMb PO akmusayito 2/1ikoisy. Aegiyum miamiHy
CIPUYUHSIE NPU2HIYEHHS MipyBam-0e2iopo2eHa3Ho20 KOMIT/IEKCY ma po3BUMOK Memabo/liyHo20 ayudosy.

BucHosok. [lechiyum miamiHy 8 HEOOHOWEHUX HOBOHAPOOXKEHUX MOXe Mpu3secmu 00 102/1ub/1eHHS KpUMUY-
HO20 cmaHy.

K/IHKOYOBI C/TIOBA: rinokcisi; HeAOHOLWEHI A4iTU; NaKTaT; MarHiii; nipysart; sitamiH B,.
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I. A. YwakoBa!, A. 3. Bpasanyk?, O. l0. EBctadybeBa?
JHEMPOBCKW HALIMOHATbHBIA YHUBEPCUTET UMEHW O/TIECH TOHYAPA?
JAHETPOINETPOBCKAS MEAWLIMHCKAST AKALEMUVIS?

JE®UIINT TUAMUHA Y INTYBOKOHEJJOHOIINEHHBIX JETEN

Pestome

BcmynieHue. Kpumudeckoe cocmosiHue 2/1y60KOHeO0OHOWEHHbIX 0emeli ConposoXX0aemcsi 3Haqyume/ibHbIM
OKcUuGamuBHbIM CMPECCOM, KOMOopPbIU MPUBOOUM K MOBbILUEHUIO aHaspo6bHOo20 Memabo/lu3ma; HapyweHue ymu-
Jlu3ayuu Kuc/1opooa rnpu MumoxoHOpUa/ibHOM OKUC/IeHUU bbiBaem Bc/1iedcmsue HedocmamoyHOCmuU muamMuHa.

Lenb uccnedosBaHusi — Usy4yumbs MuUaMuHoOBbIU cmamyc y 2/1y60KOHe0OHOWEeHHbIX 0emel 8 QUHaMUKe Heo-
Hama/ibHo20 repuoda.

MemoodbI uccnedosaHusi. B ucciedosarHuu npuHsi/iu yyacmue 55 HeOoHoWweHHbIX demel ¢ mMaccol mesia
rpu poxoeHuu MmeHee 1000 e u 35 300p0Bbix OOHOWEHHbLIX HOBOPOXOEHHbIX. Y amux demell ucc/1e008asiu Kposhb,
MO/TyYEeHHYI0 8 MepBble CYMKU XU3HU U B KOHYE HeoHamaslbHo20 rnepuoda. CodepxaHue siakmama u MagHUs
onpeoe/is/iu Ko/IopuMempuyeckuM MemoooM, CoOepxaHue rnupysama — 3H3uMamu4ecKu, KOHYyeHmpayur suma-
MuHa B, — ¢ nomMoujbto ghsryopumempa.

Pe3ynibmambi u 06cyx0eHue. Ha nepsbie Cymku Xu3HU codepxaHue muaMuHa 8 KpOBU BCEX HEOOHOWEHHbIX
Odemell 0Ka3a/10Ch 3Ha4YUMe/IbHO HUXXE HOPMbI, & y OOHOWEHHbIX Ma/ibiwel Haxo0us10Ch Ha HUXHeU 2paHuye Hop-
Mbl, BepPOSIMHO, BC/1iedcmBuUe HaubosIbWe20 HanpskeHus adarnmusHbIX peakyul u repepacrnpedesieHus: numa-
me/IbHbIX BEWECmB Mpu 20/100aHUU. Y 2/1y60KOHEOOHOWEHHbIX demel dechuyum muamuHa COrnpoBOXOasIcs au-
rnomazHuemuel. Bedywum thakmopom dechuyuma muamuHa y HEOOHOWEHHbIX Masibiuel 6bi/1a MopghoghyHKYUO-
Ha/lbHasi Hespesiocmsb. Aechuyum muamuHa y HUX Kopes/iuposasl ¢ 2unepiakmamemueli Ha npomsiXeHuu 8ceao
HeoHama/lbHO020 nepuoda. Hausbicwuli yposeHb nupysama Habnodaiu y HeOOHOWEeHHbIX demell Ha nepsbie
CYMKU »U3HU. OH 3Ha4umesIbHO rnpesbiuasl pegepeHcHble 3HaYeHUS C NMoc/1e0yrouuM yMeHbWEeHUEeM Ha Mpomsi-
JKeHUU epso2o Mecsya XU3HU, HO 0CMasiCs BHE HOPMasbHbIX 3HaYeHUU, 4mo MpuBesIo K passumuro BMopu4yHO20
ayudosa u cmoUlKoMy CHUXEHUIO aspobHo20 Mmemabo/iusma. Memabosiuyeckue 0cobeHHOCMU OpaaHu3mMa HOBO-
POXOEHHO20 C 3KCMpeMaslbHO HU3KOU mMaccol mesia ompaxarom 2urokcu4yeckue HapyweHusi (nosbleHue ypos-
HS1 /lakKmama u nupysama, U3MeHeHuUe Ux COOMHOWEHUS]), Ymo caudemesicmsyem 06 akmusayuu 2/1UKO/IU3a.
JAecbuyum muamuHa 8bi3biBaEmM y2HemeHue nupysam-0e2uopo2eHa3Ho20 KOMIIeKca u passumue Memabosiu-
4ecKo2o ayuoosa.

Bb1800. [echuyum muamuHa y HeOOHOWEHHbIX HOBOPOXOEHHbIX MOXem rpusecmu K ye/1y6/1eHuro Kpumu4ec-
K020 COCMOSIHUSI.

K/TIOYEBBIE C/TOBA: runokcus; HeJOHOLWEHHbIE AeTy; NaKTaT; MarHuii; nupysar; BUTaMuH B..
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