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ABSTRACT

The analysis of the features of homeostatic markers and genetic polymorphism in women of fertile age,
whose anamnesis is characterized by the presence of reproductive disorders in the form of miscarriage
associated with the excessive contamination of biomedia with hydroxybenzene of technogenic origin.
Changes in the parameters of regulation and metabolism were revealed in the form of an increase in the level
of phosphorus, AST to the upper limit of the norm, and a decrease in the level of total cholesterol. It was
found that the C allele and the C/C genotype of peroxisome gene PPARG Prol2Ala rs1801282 act as factors
of undesirable reproductive events (miscarriage). At the same time, the G/G genotype of the SULT1A1 gene
Arg213His rs9282861 acts as a factor associated with the conditions of increased blood contamination with

phenol, abolishing the synthesis of sex steroid, modifying lipoprotein metabolism with a drop in total

cholesterol in women with miscarriage.
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1. INTRODUCTION

The study of the miscarriage problem is of particular
relevance, taking into account the modern challenges to
the health of women who are daily exposed to the
adverse conditions of external environment of
anthropogenic origin [1].

The negative impact of hydroxybenzene, which
enters the woman’s body by aerogenic means can also
be attributed to the number of unfavorable technogenic
factors. Hydroxybenzene is a hormone-like toxicant that
disrupts the level of natural steroid hormones triggering
a cascade of reactions in the body, affecting the
immune, endocrine, and hormonal systems [2—4].

During pregnancy, the female body undergoes
significant changes, which are manifested not only in
changes in the immune and hormonal indicators, but
also in homeostasis indicators (biochemical indicators).
Changes in the level of expression of biochemical
parameters may indicate ongoing disturbances in the
body system balance [5].

The genetic markers act as predisposing factors for
the development of various pathologies manifested
under the influence of unfavorable environmental and
lifestyle factors.

Peroxisome proliferation activating receptors
(PPARSs) are a group of nuclear receptors that function
as a transcription factor. PPARs play an essential role in
the regulation of cell differentiation, glucose and lipid
metabolism, have an anti-inflammatory effect, an effect
on the ovaries and placenta, which can serve as a link
between carbohydrate and lipid metabolism,
inflammatory response, and reproductive function.
Divakova and Ruzhilo suggest that the defects in
regulatory genes such as PPARs are the cause of a
cascade of metabolic and hormonal disorders [6].

Sulfotransferases (SULTs) form a superfamily of
genes that are involved in Phase Il biotransformation of
endobiotics and xenobiotics through sulfonation. Sulfo-
conjugation transforms such compounds into a more
hydrophilic form, which facilitates their elimination.

By influencing detoxification mechanisms, SULTs are
involved in the initiation of hepatotoxicity when any
highly reactive electrophiles produced by sulfonation are
not restored [7]. SULT1Al is capable of sulfonating a
wide variety of phenolic compounds (hydroxybenzenes)
such as p-nitrophenol, as well as endogenous compounds
such as estrogen, thyroid hormones, and neurotransmitters
[8]- The purpose of the work is to assess the features of
biochemical and genetic profile of women with recurrent
miscarriage exposed to hydroxybenzene.
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2. METHODS AND MATERIALS

The study involved 200 women of reproductive age
permanently residing in the territory with the ieased
aerogenic pollution with hydroxybenzene more than
>1.0 threshold limit value- time weighted average.
There were identified 4 samples: Observation—1
60 women with reproductive disorders at the age of
31.19+0.89 years old contaminated with
hydroxybenzene in the blood above the referencel lev
(> 0.016mg/cr¥); Observation 2— 60 women with
reproductive disorders at the age of 31.25+0.7#syea
old, not contaminated with hydroxybenzene; Confrol
— 31 conditionally healthy women aged 33.17 + 1.06,
contaminated with hydroxybenzene above the referenc
level (> 0.016 mg/cr); Control 2 — 29 apparently
healthy women aged 34.10 + 0.92, without blood
contamination with hydroxybenzene.

The level of contamination of biological media
(blood) with hydroxybenzene was determined by gas
chromatography with the inductively coupled plasma
on the Kristall 5000 chromatograph (Russia). Thele
of biochemical parameters (phosphorus, iron, ACAT)
were determined photometrically using Keylab (BPS
Biosed, Italy) and Humalyzer 2000 (Human, Germany)
devices. The polymorphism of the SULT1Al
sulftransferase genes Arg213His rs9282861 and the
peroxisome receptor gene PPARG Prol2Ala rs1801282
was evaluated using BioRAD CFX96 device in real
time with the allelic discrimination in the TagMAN
software.
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The statistical data processing was carried othén
Statistical0.0 program. The results are preserged-a
mean, SE-error of the mean (X+SE). The distribution
normality was estimated based on the W of Shapiro-
Wilk test. The level of significance was establdhe
using the correction for multiple comparisons -
Bonferoni, which makes it possible to exclude type
error, i.e. “false alarm”, while the differences.0083
were considered significant. As for the sample it
normal distribution, the results of comparison b t
Student’s t test were considered significant, fonples
with an abnormal distribution by the U-Mann-Whitney
test. The genetic data were analyzed using
Multiplicative and General Inheritance Models, witie
identification of compliance with the equilibriunf the
Hardy-Weindberg law. A cross-classification anaysi
of the “sensitivity marker — exposure marker — eiffe
marker” models was carried out with the help ofirml
SNPstats of the Catalan Cancer Institute.

3. RESULTS

According to the results of the assessment of hetaigo
parameters presented in TABLE 1, it was found luait all

the studied biochemical parameters in all studiexligs,
with the exception of Aspartate Aminotransferas8A&)

in the “Observation 1" group (women with reprodveti
system pathologies with the increased blood contation

with phenol), which did not differ significantlydm the
upper limit, varied within the normal range.

Table 1Features of levels of biochemical indicators inshely groups

Indicator Norm Observation 1 Observation 2 Control 1 Control 2
Phosphorus 0.8-1.62 mmol/dr 1.41+0.03 1.42+0.09* 1.13+0.03 1.17+0.04
Iron 6.6—26.0 mmol/drh 13.33+0.96 12.61+1.69 14.21+1.18* | 14.57+1.19*
ALT 0-32 E/dm 26.78+7.67* 20.86+3.55* 13.83+£1.33* | 14.46+1.20*
ASA 0-31 E/dm 31.53+5.22% 22.93+1.38 17.52+1.02 | 22.29+1.37*
y- GT 7-32 E/dm 24.78+3.79* 22.00+2.08 21.55+2.11* | 20.43+1.79*
Total cholesterol 0-5.16 mmol/drh 4.21+0.13 4.631£0.32 4.69+0.16 5.1240.26*

Note: * — the indicator corresponds to the nornfa@ro-Wilk distribution,t — the indicator exceeds the upper limit of
the norm,| — the indicator is less than the lower limit of thorm, ** — the differences with the norm are gfigant.

Pairwise comparisons revealed differences between
women with reproductive disorders and
contamination of biological media (blood) with plo&n

increased

and women with similar disorders, but the level of
phenol was within the physiological limit (Obserieat
1 — Observation 2): Despite a slight differencel 5
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times in the level of calcium in the blood these
differences were significant according to the U-tasd
corresponded to the established level of signifiean
taking into account the correction (p <0.0083).

The comparison of the groups of apparently healthy
women with increased contamination of biological
media with phenol above the permissible level and
conditionally healthy women with the level of phéno
within the physiological limit (Control 1 — Contr@)
established significant differences in ASA levelg b
1.27 times according to the U — criterion.

The comparison of women with reproductive
disorders and conditionally healthy women with
increased contamination of biological medialogical
media with phenol (Observation 1-Control 1) revdae
significant difference in the level of calcium byO&
times, by the level of phosphorus by 1.25 timestHzy
level of ALT by 1.93 times , according to the ASgveél
by 1.80 times according to the U-criterion.

The comparison of women with reproductive disorders
and high level of phenol in the blood with conditidy
healthy non-contaminated with phenol (Observation 1
Control 2) revealed significant differences in taeel of
phosphorus by 1.21 times, ASA by 1.42 times, ata to
cholesterol by 1.23 times (U-test).

Pairwise comparisons of groups of women with
reproductive disorders and an acceptable level of
phenol and conventionally healthy ones contaminated
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with  phenol (Observation 2-Controll) revealed
significant differences in the levels of phosphofL26
times) and ACAT (1.31 times) according to the Uztes

The study of the regulation gene polymorphism and
comparison of genotype frequencies between the
groups of women with reproductive disorders and
conditionally healthy, whose blood phenol was withi
the physiological level (Observation 1-Control 13de
it possible to reveal significant differences in
polymorphism of the peroxisome receptor gene PPARG
Prol2Ala 1801282 associated with a decrease in the
frequency of the G allele by 3.0 times, the prenwedeof
the homozygous C/C genotype by 2.31 times, the
decrease in the frequency of the heterozygous C/G
genotype by 2.67 times, as well as the homozygdGs G
genotype by 5.33 times (Table 2)

According to the established level of significanite,
was shown that an excessive level of blood
contamination with phenol increases the likelihaxfd
developing adverse reproductive events (Observition
Controll) associated with the PPARG Prol2Ala
1801282 C allele polymorphism (OR = 4.45; CI: 1.44—
13.47) and C/C genotype (OR = 6.73; Cl: 1.44-31.40)
(Table 2). For the SULT1A1 Arg213His 9282861 gene,
no significant differences in allele and genotype
frequencies were found between the studied groups
(Table 3).

Table 2 Frequencies of genotypes and alleles of studigalaon genes pparg in the study groups and their

compliance with the hardy-weinberg balance law

Groups Observation 1 Observation 2

Genotypes Alleles Genotypes Alleles
Gene / polymorphism / rs. Gl Get G2 A1 A2 |p (Gl Get G2 A1l A2 |p
PPARG Prol2Ala 1801282 71 21 2 88 1B [+ 83 1 0 02 |8+
Groups Control 1 Control 2

Genotypes Alleles Genotypes Alleles
Gene / polymorphism / rs. Gl Get Al A2 |p [G1 Get G2 A1 A2 |p
PPARG Prol2Ala 1801282 33 56 11 61 39 |+ 60 40 0 8RO | +

Note: G1 — normal homozygote, Get — heterozygofe;-@Gutant homozygote, A1 — normal allele, A2 —antiallele,
p — significance level for HWE, “+" — the HWE law hot violated, “-” — the HWE law is violated.
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Table 3 Frequencies of genotypes and alleles of the gandetoxification of phenolic compounds sultlalhie studied
groups and their compliance with the law of equiliby of hardy-weinberg

Groups Observation 1 Observation 2

Genotypes Alleles Genotypes Alleles
Gene / polymorphism / rs. G1 Get G2 Al A2 |p Gl Get G2 A1 A2 |p
SULT1A1 Arg213His 9282861 27 53 20 53 47 + 18 58 2348 53 +
Groups Control 1 Control 2

Genotypes Alleles Genotypes Alleles
Gene / polymorphism / rs. G1 Get G2 Al A2 |p [G1l Get G2 A1l A2 |p
SULT1A1 Arg213His 9282861 51 26 23 64 36 - 2y 41 3248 52 +

Note: G1 — normahomozygote Get — heterozygote, G2 — mutant homozygote, Atrmal allele, A2 — mutant allele,
p — significance level for HWE, “+" — the HWE law hot violated, “-" — the HWE law is violated.

The dependence of the total cholesterol level en th conditions of increased blood contamination with
genotypes of the SULT1A1 Arg213His rs9282861 phenol, the homozygous G/G genotype acted as arfact
sulftransferase gene under conditions of varioa®dl canceling the synthesis of sex steroids, modifying
contamination with phenol — sensitivity marker (ger lipoprotein metabolism with a drop in total chokrst
exposure marker (phenol in the blood) — response in women with miscarriage (Table 4).
marker (total cholesterol). For example, under

Table 4. Dependence parameters in the system "sensitiarken — exposition marker — response marker"

Gene is the answer Phenol above normal limit (>0.016) | Phenol within normal limits (0-0.016)
SULT1A1 - total cholesterol X+SE Differences (CI 95 %) X+SE Differences (Cl 95 %)
G/IG 86.91+12.64 0.00 221.91+43.98| 135.00 (57.61-212.40
G/A 95.53+17.95| 8.61 (-37.86-55.09) | 82.55+24.82 | —-4.36 (-53.46—-44.73)
A/A 155.08+26.46 68.17 (15.63-120.71)| 91.27+23.18 | 4.35(-60.17-68.88)
Interaction p = 0,019

Note: X is a mean, SE is an error of the means@l¢onfidence interval, p is a significance level.

also be associated with the development of mistgeri

4. DISCUSSION [10] and its serum insufficiency can be associatitl
premature uterine contractility [11]

Phosphorus homeostasis is less susceptible to ehang Elevated levels of ALT and ASA, which go beyond

than calcium, but it is dependent on it, therefibrean the upper limit of the norm in women with reproduet
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disorders and increased blood contamination with
phenol, may testify in favor of hepatotoxicity of
phenols, since the liver is the primary organ wheee
processes of detoxification of xenobiotics occud an
alanine aminotransferase and aspartic aminotraarssfer
are associated with the processes in the liver. [12]

Changes in total cholesterol levels are associated
with reproductive disorders [13]. Cholesterol ise th
source for production of all steroid hormones. Doe
the fact that phenols are substances mimicking sex
hormones that replace natural estrogens, the
homeostatic need for cholesterol decreases forraing
deficiency in total cholesterol the synthesis oficlhis
canceled by phenols in women with reproductive
disorders.

5. CONCLUSION

The formation of pathology of the reproductive syst

in women of fertile age in conditions of excesdiveod
contamination with phenol is accompanied by a
decrease in the level of total cholesterol in theod.

An inverse reliable dependence of the expression of
total cholesterol on the level of phenol in thedalavas
established. Peroxisome receptor gene PPARG
Prol2Ala 1801282, its C allele (OR = 4.45; Cl: 144
13.47) and C/C genotype (OR = 6.73; CI: 1.44-31.40)
are decisive factors in the development of reprtderc
disorders, aggravated by increased blood contaimimat
with phenol.

The SULT1A1 Arg213His rs9282861 sulftransferase
gene and its homozygous G/G genotype act as arfacto
that cancels the synthesis of sex steroids modjfyin
lipoprotein metabolism with a drop in total chotast
in women with miscarriage.l t is recommended to use
the studied markers of homeostasis (total cholelster
ALAT, ACAT) and genes for regulation (PPARG
Prol2Ala rs1801282) and detoxification of phenolic
compounds (SULT1A1 Arg213His rs9282861) to
screen for the development of miscarriage in caoomt
of excessive contamination with hydroxybenzenes.
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