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ABSTRACT

BACKGROUND: Endotoxicosis is a multifactorial pathophysiological process that can significantly affect the
mother—placenta—fetus system during gestation. Alcohol consumption is a potential aggravating factor for maternal health,
associated with biochemical disturbances both in the mother and the fetus, and may increase the risk of endotoxicosis.

AIM: The work aimed to assess endogenous intoxication in women at different stages of pregnancy by measuring the
concentration of middle molecules in venous blood and its association with serum phosphatidylethanol (PEth) levels.
METHODS: Endogenous intoxication was evaluated by middle molecules levels in pregnant women (n=163). In accordance
with PEth 16:0/18:1 concentrations, groups of women were identified according to alcohol consumption levels: group 1 with
PEth <8 ng/mL (non-drinkers, control); group 2 with 8-45 ng/mL (drinking less than one dose); group 3 with =45 ng/mL
(drinking more than one dose). Measurements were performed at 6—12, 18-22, 28-32, and 38-40 weeks of gestation. Plasma
samples were used for analysis. Middle molecules were determined at A=238, 254, 260, and 280 nm, followed by calculation
of distribution coefficients (238/260, 238/280, 280/254).

RESULTS: Compared with controls, significant reductions in middle molecules levels (\=238 nm) were observed in
alcohol-consuming women at 28—32 weeks in both group 2 (p=0.013) and group 3 (p=0.003). Before delivery, middle molecules
levels were lower in group 3 compared with controls (p=0.004). A significant decrease in middle molecules levels (A=280 nm)
was detected in group 3 compared with group 2 (p=0.017). In alcohol-consuming women, regardless of PEth 16:0/18:1 levels,
significantly lower values of the peptide-nucleotide distribution coefficient 238/260 (p=0.007 and p <0.001 in groups 2 and
3, respectively) and aromaticity coefficient 238/280 (p=0.002 and p <0.001 in groups 2 and 3, respectively) were observed
compared with controls at 28—-32 weeks. Before delivery, decreases in these coefficients were noted only in group 2 (p=0.006 for
238/260; p=0.015 for 238/280). The 280/254 distribution coefficient was higher in alcohol-consuming women at 28-32 weeks
compared with controls (p=0.003 and p=0.014 in groups 2 and 3, respectively).

CONCLUSION: The findings indicate reduced levels of specific fractions of middle-molecular toxins reflecting both anabolic
and catabolic pools in alcohol-consuming women, which may be associated with serious metabolic disturbances in the
mother—placenta—fetus system. Distribution coefficients proved to be sensitive markers for monitoring endogenous intoxication
in pregnant women, suggesting a predominance of catabolic processes with accumulation of catabolic products and a possible
increased risk of preterm delivery, regardless of alcohol dose.
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bepeMeHHOCTb M anKorosb: napaMeTpbl 3HA0reHHOM
MHTOKCUKaLMK B 3aBUCUMOCTHU OT YPOBHSA
dochaTuamunataHona B KpoBu

H.B. CemeHoBa, E.A. HoukoBa, 0.A. HukutuHa, A.1H0. MapsHsH, A.H. Kapauesa,
C.W. KonecHukos, T.A. baunposa, A.B. benbckux, E.B. bensiesa, A.10. Cambsnosa,
0.A. Epwosa, H.B. llpoTtononosa, JI./. KonecHukosa

HayuHbli LieHTp NpobieM 340poBbA CeMbM 1 PenpoayKLMY YenoseKa, MpkyTck, Poccus

AHHOTALMUA

06ocHoBaHMe. JHIOTOKCMKO3 — MHOrOrpaHHbIi Natohm3noNorMyeckuin NpoLecc, CnocobHbIN oKasaTb BoMbLLIOe BAUSHUE
Ha cUCTeMy «MaTb—NfaLeHTa—-naoA» BO BpeMs rectaumuu. 3noynotpebieHne cnMpTocoAepalumMMm NpoayKTaMn — BEeposT-
HbIi OTATOLLAKLLMIA GaKTop 41 340p0Bbst 6ePEMEHHBIX, KOTOPbI MOXET CONPOBOXAATLCA BUOXMMUYECKUMM HapYLLIEHNAMN
KaK y MaTepu, TaK W y Moja, B TOM YKCIIe NOBbILIATh PUCK Pa3BUTUSA SHLOTOKCUKO3A.

Llenb. OueHUTL SHA0rEHHYI0 MHTOKCUKALMIO Y XEHLUMH B pasHble CPOKM BepeMeHHOCTU MO COAEpPIKaHUI0 MONIEKYN CPefHen
Macchbl B BEHO3HOM KPOBM M €€ 3aBUCMMOCTb OT YPOBHA CbIBOPOTOYHOro docdatuaunataHona (PEth).

Martepuanbl u Metopbl. OLieHMBaNM ypoBeHb 3HAOTEHHOM MHTOKCUKALMM MO COLEPXaHUI0 MOMEKYN cpeaHeii Macchl y be-
peMeHHbIX (n=163). B 3aBucuMocTM 0T KoHUeHTpaumm PEth 16:0/18:1 6biiu BbigeneHbl FPYNNbl KEHLWMH, YnoTpebnsatowmx
pasHble Ao3bl ankorons: 1-a rpynna — 3HayeHue PEth <8 Hr/mn (Henbtowwme, KoHTpONb); 2-5 rpynna — ot 8 fo 45 (nblowwme
MeHee 0[iHOM [03bl); 3-9 rpynna — =45 (Nbtowme 6onee oaHoi fo3bl). [okasaTenu 4 pasa oLeHMBaNM Ha CPOKAx recTaumm
6-12, 18-22, 28-32, 38-40 Hepenb. B kavectBe Matepuana ang uccnefoBaHMa UCMOMb30BanM niasMy KpoBu. YpoBeHb
MOJIEKYN cpefHen Macchl onpeaensnm npu A=238, 254, 260 n 280 HM ¢ nocieyOWMM pacyeéToM KoadUUMEHTOB pacnpe-
Aenenus (238/260, 238/280, 280/254).

Pesynbratbl. [lo cpaBHeHMIO C KOHTpONEM YCTAHOBMEHO [OCTOBEPHOE CHUMXEHME YPOBHS MOMEKYn CpefHeil Macchl
(A=238 HM) y bepeMeHHbIX, YNOTPeONSAIOLLMX afKorofb Ha cpoKe 28-32 Heaenm Kak Bo 2-1 (p=0,013), Tak 1 B 3-# (p=0,003)
rpynne. Mepen pofamu oTMeyaeTcs 6onee HU3KMIA YpoBEHb MOJIEKYN CPeHEN Macchl B 3-1 rpynmne No CPaBHEHMIO C KOHTPO-
nem (p=0,004). BbifiBNeHO [OCTOBEPHOE CHUKEHME YPOBHS MOJEKYN cpeaHei Macchl (A=280 HM) B 3-11 rpynne 6epeMeHHbIX
no cpaBHeHuto co 2-i rpynnon (p=0,017). Y eHwWMH, ynoTpednsiowmx ankorosb, HesaBuUcMo OT ypoBHA PEth 16:0/18:1,
LOCTOBEPHO 3HaUMMO DoMee HU3KME 3HaYeHWst NENTULHO-HYKNeoTMAHOro KoadduumenTa pacnpegenequs 238/260 (p=0,007
n p<0,001 Bo 2-1 u 3-¥ rpynnax coOTBETCTBEHHO) U KO3 dULMeHTa apoMaTuuHocTv 238/280 HM (p=0,002 1 p<0,001 Bo 2-ii
 3-# rpynnax COOTBETCTBEHHO) MO CPABHEHWIO C KOHTPONLHOW rpynnoi Ha 28-32-i Hepene GepeMeHHocTw. epen pona-
MU CHUXKEHWe AaHHbIX KO3P(ULMEHTOB 0TMeYeHO TonbKo Bo 2-i rpynne (p=0,006 ana 238/260 n p=0,015 ana 238/280).
B rpynnax nbtoLumx eHWmH KoadduumeHT pacnpesenenns 280/254 HM bbin Bbile Ha cpoke 28-32 Hepenu No cpaBHEHUHD
¢ KoHTponeM (p=0,003 n p=0,014 Bo 2-# 1 3-1 rpynnax coOTBETCTBEHHO).

3akniouenue. [lonyyeHHble pe3ynbTaThbl YKa3bIBAKT HA CHIKEHUE COAEPIKAHMA OTAEMbHBLIX QpaKLmii CpeSHEMOIEKYNAPHBIX
TOKCMHOB, 0TODPaXAIOLLMX KaK aHaboNMYecKui, TaK 1 KaTaboMuecKuii Nyfbl, B FPYNNe XeHLWMH, YNoTpebnsiowmx ankorosb,
YTO MOXET ObITb CBA3aHO C Pa3BUTMEM CEPLE3HBIX METaboMYeCKMX HapYLLEHWI B cUCTEME «MaTb—MlaueHTa—nnogy». Koag-
(QUUMEHTBI pacnpefieneHus 0Ka3anuch YyBCTBUTENbHBIMW MapKepaMu ANs O0TCNEXWUBaHUSA YPOBHSA 3HLOMEHHOWM UHTOKCUKaLMK
B rpynnax 6epeMeHHbIX, CBUAETENCTBYA O NPEBaMPOBAHUN KaTabonMYecKux NpoLEecCOB C HAKOMIEHWEM MPOAYKTOB KaTa-
bosmM3Ma 1 BO3MOXKHOM PUCKE NPEXKAEBPEMEHHBIX POAOB NpU YNOTPEOAEHUM anKoroNs He3aBUCMMO OT [03bl.

KnioueBble cioBa: 3HA0reHHasA MHTOKCUKALMS; MONEKYNbI CpefiHeii Macchl; docdaTuannaTaHon; 6epeMeHHOCTb pasHbiX
CPOKOB.
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BACKGROUND

The development of normal pregnancy is accompanied
by a series of adaptive responses aimed at maintaining
dynamic homeostasis at all levels to ensure healthy fetal
growth [1]. Functional changes in free radical homeostasis
and neuroendocrine regulation play a significant role in this
process, which may lead to alterations in middle molecule
(MM) levels, serving as markers of endogenous intoxication
[2]. MMs are biologically active peptide substances, includ-
ing polyhydric alcohols, aminoglycans, and non-regulatory
oligopeptides, depending on the type of diseases and compli-
cations; their concentrations increase with enhanced protein
catabolism [3-5]. MMs are involved in microcirculatory dis-
turbances, carbohydrate and energy metabolic disorders, and
they also inhibit mitochondrial respiration and DNA synthesis.
By exacerbating processes, they act as secondary toxins and
can be considered prognostic factors of metabolic disorders
[6]. MMs have diverse origins: alimentary (from food), from
intestinal microbiota metabolites, and endogenous (protein
proteolysis products). Due to their varied biological activi-
ties—disruption of biomembrane ion permeability, inhibition
of enzymatic systems, and binding of essential proteins—
they contribute significantly to endotoxicosis [7, 8].

Endotoxicosis is a complex and multifaceted pathophys-
iological process that profoundly affects the mother—pla-
centa—fetus system during gestation. Pregnancy induces
hemodynamic adaptations and alters the lipid profile with
the predominance of unsaturated fatty acids and cholesterol,
potentially aggravating endogenous intoxication. One of the
key pathophysiological mechanisms underlying endotoxicosis
is the activation of lipid peroxidation processes triggered by
oxygen radicals, along with increased phospholipase system
activity. Progression of endotoxicosis in pregnant women is
further promoted by hormonal imbalance, diabetes mellitus,
liver diseases, and impaired detoxification systems [9, 10].
These disturbances may occur in the context of maternal
alcohol consumption. Ethanol, even at low doses, exerts
detrimental effects on the embryo. Several fetal neuro-
physiological pathologies induced by ethanol are now col-
lectively recognized as fetal alcohol syndrome, observed in
approximately half of children born to women with alcohol
dependence. During pregnancy, ethanol exposure may lead
to oligohydramnios, placental aging, severe toxicosis, and
accumulation of toxic metabolites in the amniotic fluid [11].
It has been shown that levels of lipid peroxidation interme-
diates are significantly higher in alcohol-consuming women
compared with controls [12].

It is believed that MMs can penetrate the placental barrier
and exert adverse effects on the fetus, causing various mul-
tiorgan disturbances [13]. The risk of impaired development
of the fetus and placenta increases during critical periods of
pregnancy because of hormonal insufficiency (6—12 weeks),
the development of isthmic—cervical insufficiency, as well
as gestational diabetes mellitus and pre-eclampsia (18-22
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weeks), late gestosis, placental insufficiency, and premature
placental abruption (28-32 weeks). Therefore, it is of par-
ticular interest to assess the levels of these factors at these
specific time points. In addition, from week 38, the maternal
organism undergoes intensive preparation for the upcoming
delivery; this period is extremely important because fetal de-
velopment is fully completed [14].

Known alcohol bhiomarkers are considerably variable in
sensitivity and specificity [15]. The most reliable marker for
the detection of ethanol intoxication is phosphatidylethanol
(PEth), the determination of which in biological fluids is con-
sidered a promising method for diagnosing episodic alcohol
intake and chronic alcohol intoxication. PEth is a glycero-
phospholipid formed from phosphatidylcholine in various tis-
sues in the presence of ethanol. Because of its long half-life
after alcohol consumption, PEth accumulates in the blood
and can be detected for up to 28 days after alcohol intake
[16, 17]. To date, 48 PEth homologues have been identified,
among which PEth 16:0/18:1 is the most informative [18].

The study aimed to assess endogenous intoxication by
the concentration of MMs in venous blood of women depend-
ing on serum phosphatidylethanol levels at different stages
of pregnancy.

MATERIALS AND METHODS

The study was conducted from 2021 to 2024 in accor-
dance with the Declaration of Helsinki of the World Med-
ical Association (1964, amended 2013) and was approved
by the Biomedical Ethics Committee of the Scientific Center
for Family Health and Human Reproduction (meeting extract
No. 2 of March 4, 2021). The written informed consent was
obtained from all participants.

A prospective study included 163 pregnant women re-
ceiving care at Irkutsk City Clinical Hospital No. 8. The sam-
ple size was not pre-determined. Inclusion criteria: current
pregnancy; age 18-40 years; signed informed consent; reg-
ular follow-up at the medical facility. Non-inclusion crite-
ria: HIV infection; viral hepatitis; diabetes mellitus; exacer-
bation of chronic diseases; acute respiratory viral infection;
COVID-19; participation in an in vitro fertilization program;
sexually transmitted infections; arterial hypertension. Ex-
clusion criteria: withdrawal of consent, protocol violations,
technical problems with samples, gestational diabetes mel-
litus, pre-eclampsia, and thyrotoxicosis. The parameters
were evaluated according to gestational age at 6-12, 18-22,
28-32, and 38-40 weeks of pregnancy. The exclusion criteria
and deliveries before 38 weeks of gestation resulted in a
subset of women unable to provide biological samples at all
four time points.

The group distribution was as follows:

+ 612 weeks of gestation: group 1, n = 62; group 2,

n = 66; group 3, n = 35;
+ 18-22 weeks of gestation: group 1, n = 53; group 2,
n =57; group 3, n = 35;
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 28-32 weeks of gestation: group 1, n = 43; group 2,
n =49; group 3, n = 28;

» 38-40 weeks of gestation: group 1, n = 34; group 2,
n=35; group 3, n = 14,

Based on PEth concentrations, groups of women were
identified according to alcohol consumption levels: group 1
with PEth <8 ng/mL (non-drinkers, control); group 2 with
8-45 ng/mL (drinking less than one dose); group 3 with
245 ng/mL (drinking more than one dose) [12].

Fasting blood samples were collected from the median
cubital vein according to standard procedures. The quan-
titative determination of the direct alcohol biomarker PEth
16:0/18:1 in plasma was performed using High-Performance
Liquid Chromatography—Mass Spectrometry on Shimadzu
LCMS-8060 system (Japan). The validated lower limit of
quantification for PEth 16:0/18:1 was 1 ng/mL.

MM levels were measured at four wavelengths (238, 254,
260, and 280 nm) using SF-2000 spectrophotometer (Russia)
[19]. MM fractions were expressed in arbitrary units (AU) of
optical density. Distribution coefficients (238/260, 238/280,
280/254) were also calculated.

Statistical analysis was performed using STATISTICA 10.0
software (StatSoft Inc, USA). The normality of distribution for
continuous variables was assessed with the Lilliefors-cor-
rected Kolmogorov—Smirnov test and the Shapiro-Wilk test.
Because the data were normally or near-normally distribut-
ed, results were presented as means and standard deviations
(m + SD). Intergroup differences were assessed using the
parametric Student t-test with Bonferroni correction; differ-
ences were considered statistically significant at p < 0.017.

RESULTS

MM levels at different stages of pregnancy in the study
groups are shown in Table 1. At 28-32 weeks, a decrease
in MM levels (A = 238 nm) was observed in alcohol-consum-
ing pregnant women compared with controls, regardless of
PEth blood levels (p = 0.013 and p = 0.003 in groups 2 and
3, respectively). Before delivery, MM levels were lower in
group 3 compared with controls (p = 0.004). A significant
decrease in MM levels (A = 280 nm) was detected in group 3
compared with group 2 (p = 0.017).

The calculation of distribution coefficients showed that,
compared with controls, alcohol-consuming women, re-
gardless of the PEth 16:0/18:1 concentration, had signifi-
cantly lower values of the 238/260 distribution coefficient
(p=0.007 and p < 0.001 in Groups 2 and 3, respectively) and
the 238/280 distribution coefficient (p = 0.002 and p < 0.001
in Groups 2 and 3, respectively) at 28-32 weeks of gestation
(Table 2). Before delivery, decreases in these coefficients
were noted only in group 2 (p = 0.006 for 238/260; p = 0.015
for 238/280). The 280/254 distribution coefficient was high-
er in alcohol-consuming women at 28-32 weeks compared
with controls (p = 0.003 and p = 0.014 in Groups 2 and 3,
respectively).
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DISCUSSION

The mechanisms of biochemical adaptation in normal
pregnancy and in obstetric diseases involve changes in the
placental metabolic regulation. The development of pregnan-
cy are characterized by improved oxygen delivery to the fe-
tus and placenta due to thinning of the placental membrane,
which facilitates the transfer of MMs across the placental
barrier and their effects on the fetus [20, 21].

More intensive catabolic processes in the third trimes-
ter of normal pregnancy, compared with alcohol-consuming
women, are indicated by higher levels of peptide substances
absorbing at 238 nm. The increased production of reactive
oxygen species occurs due to the enhanced metabolism,
high oxygen consumption, and fatty acid utilization. During
the third trimester, insulin resistance increases, fat catabo-
lism and release of free fatty acids intensify, leading to the
increased hydrogen peroxide production [22]. The MM238
includes catabolic products, natural degradation products of
cells and tissues, and microbial particles [23]. Lower val-
ues of these parameters in the third trimester in alcohol-
consuming pregnant women may indicate lower catabol-
ic activity and immunogenesis during this period, which,
together with reduced anabolic intensity, adversely affects the
mother—placenta—fetus system.

It is known that MM280 reflects the anabolic pool and
demonstrates activation of reparative and synthetic process-
es in cells and tissues. At this wavelength, phenols, tyro-
sine, tryptophan, and phenylalanine—important for neuronal
processes—have maximal absorption. Several studies have
demonstrated the impaired synthesis and metabolism of ar-
omatic amino acids with alcohol consumption. Altered meta-
bolism of these amino acids leads to central nervous system
neurotransmitter imbalance, which underlies psychiatric and
neurological disorders in alcoholism [24].

Endogenous intoxication may result both from elevated
concentrations of certain substances and from the disruption
of equilibrium between components of homeostatic processes.
For this reason, calculation of coefficients provides an addi-
tional meaningful characteristic of the development and sever-
ity of pathologic processes. The peptide-to-nucleotide coeffi-
cient at 238/260 nm reflects the ratio of peptide content shifts,
whereas the aromaticity coefficient at 238/280 nm reflects
the ratio of aromatic to nonaromatic chromophores [25].

A decrease in aromaticity coefficient with alcohol con-
sumption, regardless of dose, beginning at 28 weeks of
gestation may indicate increased cellular synthesis of bi-
ologically active compounds promoting labor activity and
potentially contributing to pre-term birth. A decrease in the
peptide-to-nucleotide coefficient in these groups suggests
accumulation of toxic metabolic products (incomplete protein
breakdown products and hydrophobic toxins), which may re-
sult from consumption of ethanol-containing products.

The ratio of the 280/254 fractions in Groups 2 and 3
was higher than in controls. An increase in this parameter
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Table 1. Level of middle molecules (MM) at different stages of pregnancy in the studied groups of women (M+SD)

JKoNorna HenoBeka

Gestational age Group 1 Group 2 Group 3 Significance level
MM238
6-12 weeks 0.30£0.21 0.27+0.12 0.2410.16 -
18-22 weeks 0.27:0.14 0.29£0.15 0.29+0.13 -
28-32 weeks 0.3410.17 0.2610.13 0.2210.12 p,,=0.013
p;_5=0.003
38-40 weeks 0.330.16 0.27:0.16 0.19£0.09 p,5=0.004
MM254
6-12 weeks 0.23:0.16 0.19£0.09 0.21:0.12 -
18-22 weeks 0.21+0.09 0.2210.09 0.2210.10 -
28-32 weeks 0.23:0.11 0.20£0.07 0.20£0.07 -
38-40 weeks 0.23:0.10 0.21£0.07 0.18+0.04 -
MM260
6-12 weeks 0.22+0.10 0.21:0.08 0.22+0.12 -
18-22 weeks 0.25:0.29 0.2310.09 0.2310.10 -
28-32 weeks 0.23:0.11 0.22+0.06 0.21:0.07 -
38-40 weeks 0.23:0.11 0.2310.06 0.19+0.05 -
MM280
6-12 weeks 0.28+0.12 0.25:0.08 0.27+0.13 -
18-22 weeks 0.26+0.10 0.29+0.10 0.29:0.10 -
28-32 weeks 0.30£0.13 0.29:0.10 0.28+0.08 -
38-40 weeks 0.31£0.12 0.30+0.07 0.24+0.06 p,_=0.017
Table 2. Distribution coefficients at different stages of pregnancy in the studied groups of women (M+SD)
Gestational age Group 1 Group 2 Group 3 Significance level
238/260
6-12 weeks 1.380.72 1.41£0.90 1.090.66 -
18-22 weeks 1.3120.62 1.27+0.54 1.290.54 -
28-32 weeks 1.48+0.62 1.150.54 0.99+0.47 p,_,=0.007
pi_; <0.001
38-40 weeks 1.510.63 1.1310.48 1.04+0.57 p,_,=0.006
238/280
6-12 weeks 1.1120.64 1.180.98 0.87+0.50 -
18-22 weeks 1.0720.52 1.020.43 1.01£0.39 -
28-32 weeks 1.15£0.47 0.86+0.41 0.76+0.38 p,_,=0.002
p_3<0.001
38-40 weeks 1.12+0.47 0.86+0.39 0.82+0.44 p,_=0.015
280/254
6-12 weeks 1.330.29 1.3420.27 1.37£0.25 -
18-22 weeks 1.3020.22 1.380.27 1.35:0.23 -
28-32 weeks 1.330.21 1.48+0.25 1.47£0.25 p,,=0.003
p,_s=0.014
38-40 weeks 1.41:0.27 1.45:0.19 1.3910.16 -
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may indicate intensified catabolic processes, more active
lipid peroxidation, and enhanced immunogenesis. Previous
studies have shown that even minimal alcohol intake in
the first trimester of pregnancy activates lipid peroxidation
processes [12].

The processes occurring during ethanol metabolism pro-
mote oxidation of proteins and lipids, DNA destruction, and
mitochondrial dysfunction, all of which ultimately lead to
apoptosis and cellular injury. The disruption of key placental
functions occurs as a result of destructive and proliferative
changes induced by the toxic effects of alcohol. Chronic alco-
hol intoxication leads to reduced placental mass and dystro-
phic and necrotic changes in the chorionic epithelium, which
may subsequently manifest as chronic fetoplacental insuffi-
ciency, fetal hypoxia, and growth restriction [26, 27].

Elevated levels of progesterone, cortisol, prolactin, es-
tradiol, and other hormones are characteristic of the hor-
monal shift during gestation [28], which, in turn, may inten-
sify free radical oxidation processes [29, 30] and alter the
pool of middle-mass peptides. It has been shown that the
harmful effects of ethanol involve stimulation of the hypo-
thalamic—pituitary—adrenal system, with the potential for
overstrain and failure of compensatory mechanisms, leading
to imbalance in redox status [31]. In addition, women with
the laboratory-confirmed alcohol consumption in early ges-
tation are significantly more likely to experience intrauterine
growth restriction, anemia, and pre-term hirth [11], which
may be associated with the involvement of imbalance in the
prooxidant—antioxidant system and alterations in the pool of
middle-molecular peptides.

This study has several limitations. First, not all pregnant
women were able to provide biological material for analysis
at all gestational time points because of the exclusion criteria.
Second, alcohol consumption by each woman at all stages of
pregnancy was not assessed, which precluded longitudinal
observation of changes in middle-molecular fractions across
gestational ages in the same participant. Future studies are
planned to define groups of women and investigate changes
in MM concentrations longitudinally, depending on alcohol
consumption in different trimesters of pregnancy.

CONCLUSION

The findings indicate reduced levels of specific fractions
of middle-molecular toxins reflecting both anabolic and
catabolic pools in alcohol-consuming women, which may
be associated with serious metabolic disturbances in the
mother—placenta—fetus system. Distribution coefficients
proved to be sensitive markers for monitoring endogenous
intoxication in pregnant women, suggesting a predominance
of catabolic processes with accumulation of catabolic prod-
ucts and a possible increased risk of pre-term delivery, re-
gardless of alcohol dose.

The problem of alcohol use in the modern stage of so-
cial development remains one of the most urgent issues, the
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resolution of which may reduce the risk of gestational com-
plications and fetal malformations. Monitoring the levels of
middle-molecular toxin fractions may help in decision-mak-
ing regarding pharmacologic correction or educational inter-
ventions for pregnant women.
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[0MNOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBropoB. H.B. CeMEHOBa — KOHLIENUMS 1 AN3aH UCCneaoBaHus,
HanucaHue TeKCTa, cTaTucTUYecKas obpabotka; AH. Kapauesa — cbop
1 0bpaboTka Matepuana; E.A. HoB1KoBa — aHanua nuTepaTypHbIX UCTOYHM-
KoB; 0.A. HWKknTHa — 0bpaboTka v aHanm3 Matepuana; A.K). MapsiHaH —
Av3anH uccnefoakmns; C.M. KonecHukoB — pepakTupoBaHue cTatbi;
TA. baupoa, AB. bBenbckux, E.B. bBensesa, Al). Cambsnosa,
0.A. Epwosa, H.B. MpotononoBa — cbop u obpaboTka Matepuana;
J1N. KonecHukoBa — pefiakTvpoBaHue CTaTbu, YTBEPX/EHNE OKOHYaTeNb-
HOro Bap1aHTa pykonvcu. Bee aBTopbl NOATBEP/AIOT COOTBETCTBME CBOETO
aBTOPCTBA MeXAyHapoaHbIM KputepusaM ICMJE (Bce aBTopbl BHEC/M cyLie-
CTBEHHbIV BKNaL B pa3paboTKy KOHLENLWMW, NPOBEAEHWS WUCCNEeA0BaHNS
1 MOATOTOBKY CTaTby, MPOYM 1 0A0bpunn GrHanbHylo BepCUio nepes, ny-
onvKaupen).

ITuveckan 3kcnepTusa. [lpoBeseHVe UCCNENOBaHUS 0400pEH0 NoKasb-
HbIM 3Th4YecKuM KomuTeToM OTBHY «HayuHbiid LieHTp NpobieM 300poBbA
CEMbU W penpoayKumm Yenoseka» (npotokon N 2 ot 04.03.2021).
Cornacue Ha ny6aukaumio. Bce yuacTHvkv uccnefoBanms Ao6poBonbHO
nognmcany GpopMy MHOOPMMPOBAHHOTO COrNacvs A0 BKIOYEHWS B UCCe-
L0BaHMe.

WcTounukmu duHaHcupoBaHus. ViccnenosaHue nposesieHo B paMkax HAP
N 123051600012-7.

PackpbiThe MHTepecoB. ABTOPLI 3aAB/AIOT 06 OTCYTCTBM OTHOLLIEHWI, fie-
ATENBHOCTY W MHTEPeCoB 3a NOC/eHWe TPU rOfia, CBA3aHHBIX C TPETHMM
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OPUIMHATTIBHOE VICCIEOOBAHME

MuaMm1 (KOMMEPYECKUMM W HEKOMMEPYECKVMM), MHTEPECh! KOTOPbIX MOryT
BbITb 3aTPOHYTHI COAEPKAHWEM CTaTbU.

OpuruHanbHoCTb. [lpy CO3AaHMM HacToALLEN paboThl aBTOPbI HE UCMOJTb-
30BanM paHee onybnMKoBaHHbIE CBEEHUA (TEKCT, MAMICTPALWN, faHHbIe).
JocTyn K AaHHbIM. PefjakLMOHHas NOSMTUKA B OTHOLLIEHWW COBMECTHOMO
MCMOMb30BaHMA JaHHbIX K HacTosLLel paboTe He MPUMEHWUMa, HoBble AaH-
Hble He cobupanu 1 He Co3faBa.
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