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Introduction

Today, premature births (PB) are not only a medical problem, but also a socially
significant one. The relevance of the topic of premature births is beyond doubt
among scientists around the world, primarily due to its significant contribution to
perinatal morbidity and mortality rates. According to the World Health
Organization, «...the incidence of premature births varies from 5 to 18% and has not
shown a downward trend over the past 20 years... PBs increase perinatal mortality
by 4 times, neonatal morbidity by 3 times, and are the cause of neonatal death in 40-
70% of cases...»'. In this regard, the study of the features of early diagnosis of
threatening premature birth (PB), the development of methods of prevention,
treatment and management of pregnant women at various stages of the pathology
that has arisen in order to reduce complications are among the tasks that require
solutions in medicine.

In world practice, multicenter scientific research continues aimed at revealing
various aspects of this problem, especially identifying new pathogenetic causes and
additional diagnostic criteria for the development of premature births. Despite numerous
studies, the mechanism of development of premature births has not yet been fully studied.
At the same time, determining the pathogenesis of the onset of premature births is a
necessary condition for developing effective prognostic and preventive measures taking
into account social and ethical norms.

In our country, large-scale measures are being taken for the early diagnosis and

prevention of somatic diseases among the population. Along with this, there are a

! GBD 2019: Global burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019.
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number of unresolved problems in the healthcare system, among which the most
important are the prognosis and prevention of premature births. In this regard,
comprehensive measures to radically improve the healthcare system include: "...
expanding opportunities for high-quality medical care for mothers and children,
providing specialized and high-tech medical care and reducing infant and child
mortality." Based on this, at present, it is important to study the causes of premature
births in women?. In this regard, conducting research aimed at improving the quality
of life and reducing perinatal outcomes has served as a reason for searching for
additional, new pathogenetic causes of premature birth, for developing principles of
early prognosis and prevention of this pathology in order to reduce perinatal

mortality and childhood disability.

20’ zbekiston Respublikasi Prezidentining farmoni, 28.01.2022 yildagi PF-60-sonli «Yangi O zbekistonni 2022-2026 yillarda
rivojlantirish strategiyasi to'grisida



MODERN CONCEPT OF ETIOPATHOGENESIS, DIAGNOSIS
AND TACTICS OF MANAGEMENT OF PREMATURE LABOR
(LITERATURE REVIEW)

In obstetric practice, premature birth is considered a medical, economic and
social issue. This is due to the high prevalence of premature babies, exceeding full-
term babies by 35-40 times [15, p. 24-28; 29, p. 56-61; 48, p. 194; 189, p. 791].

The frequency of consequences directly associated with prematurity is
proportional to the gestational age of the premature birth. At present, two main tasks
are noted - the manifestation of threatening premature births to prevent inappropriate
interventions, and safe management of the fetus to premature birth [45, p. 33; 79, p.
33].

Despite significant developments in clinical care in recent decades and the
widespread use of adrenomimetics as tocolytic drugs, the prevalence of PB remained
the same, amounting to 5-10%. It is noteworthy that the introduction of assisted
reproductive technologies into practice has increased the frequency of multiple
pregnancies, which also progresses pregnancy and causes its premature termination.
[17,p.32].

In the case of premature birth, the outcome of pregnancy depends on the
amount of medical care, medical qualifications, and the choice of the correct

management tactics [96, p.218-221; 170, p.2852-2861].



According to WHO, premature termination of pregnancy is defined as birth
occurring between 154 and 259 days of gestation or between 22 and 37 weeks of
pregnancy from the first day of the last menstrual period [89, p. 37].

It is noted that premature births are one of the most important indicators of
reproductive health of the population [18, p.48]. According to WHO data, it has been
demonstrated that by gestational age, premature births (PB) are divided into very
early - 22-27 weeks, early - 28-33 weeks and premature - 34-37 weeks. This 1s due
to the choice of obstetric tactics, the course of pregnancy and the outcome of
childbirth [105, p.4; 154, p.120]

The data of the scientific work noted that 7% of cases of premature births
occur before 28 weeks of pregnancy, 15% - at 28-31 weeks, 22% - at 32-33 weeks,
70% - at 34-37 weeks [2, p.74].

According to the Cochrane Handbook, the incidence of preterm birth has not
changed over the past 50 years, despite advances in medical care, including the
widespread use of beta-adrenergic agonists as tocolytic agents since the 1970s [35,
p.35; 160, p.265].

The conclusion of international literature shows that the prevalence of preterm
birth (PB) is approximately 7-11%, while 11% in the USA, 8% in England, 5% in
Europe, 7% in France, 9% in Germany, 10% in Hungary, 7% in Norway, 4.3% in
Russia, 18% in Africa [6, p.27-29; 18, p.39-48; 153, p.1869; 158, p.437; 178, p.1670;
195, p.128;].

Preterm birth rates are associated with ethnic groups. Afro-Caribbean and
African American women have an 18% preterm birth rate compared to 9% white
women [ 140, p.489; 181, p.60].

Prematurity rates in Spain and East Asia are low compared to India and South
Asia, which are high [122, p.975; 145, p.59].

K. O'Donoghue et al. (2008, USA) showed in their study that 25% of pregnant
women who smoked had a risk of premature birth [173, p.1-6].



It is reported that PB affects 11% of all births, i.e. babies, each year, of which
two thirds are spontaneous [139, p.1227].

Literature data indicate that 85% of women who give birth prematurely do not
have certain risk factors [200, p.1030].

15-20% of pregnant women with unexpected manifestation of premature
labor, and even against the background of the use of hormonal and tocolytic therapy,
labor occurs before 34 weeks [141, p.121; 193, p.33-38].

In Russia, the registration of PB occurs every year in the Russian Ministry of
Health No. 32 from 28 weeks of pregnancy, while in economically developed
countries - from 22 weeks. Therefore, the indicators of perinatal losses were not
comparable [89, p.37; 148, p.194; 154, p.120; 156, p.649].

At the moment, premature births are divided into 2 types: spontaneous and
induced [100, p.52-55; 187, p.254].

An analysis of scientific publications has shown that many premature births
are spontaneous in nature and develop as a result of detachment of an abnormally
located placenta or premature rupture of the amniotic sac. A small number of
premature births are formed as a result of a violation of the mother's condition, such
as preeclampsia [123, p.1768; 200, p.1036].

The key factor in preterm birth may be genetic. It has been found that a
woman's history of PB often increases the risk of miscarriage [84, p.71; 123, p.1768;
154, p.120].

The results of the study convincingly prove that molimorphisms of the
interleukin-1, interleukin-6 receptor antagonist gene increase the risk of premature
babies by 1.6-2 times [175, p.296].

The genetic contribution of the mother to the development of preterm birth
has been described by a number of researchers [104, p.591; 133, p.56-71]. Single
nucleotide changes (SNPs) in different genes affect gene expression and function
[106, p.37-42; 148, p.357-366].

Genetic variability of binding protein-2 and interleukin-10 is a factor in the

formation of chorioamnionitis, causing stress to the fetus by imbalance of the
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hypothalamic-pituitary-adrenal system, release of cortisol, release of prostaglandins,
contributing to damage to the fetal membranes [196, p.359-364].

Intrauterine infections can also cause preterm birth, accounting for 30% of
spontaneous PB [79, p.124]. It is noted that intrauterine infections are caused by
bacterial colonization, inflammatory process, formation of toxins, intensification of
cytokine reaction, production of prostaglandins in chorioamniotic membranes and
placenta. Hypo- and hyperreactivity of immunity leads to pathological changes in
the mother's body, which leads to increased metalloproteases, depression of
chorioamniotic membranes and shortening of the cervix [124, p.21; 189, p.791].

There are publications that prostaglandins can increase contraction of the
myometrium, damaging the fetal membranes and causing PB [110, p.12504; 133,
p.1388-1395].

Literature data indicate that placental abruption and preeclampsia, which
cause disruption of placental blood flow, are often medical indications for induction
of labor [97, p.127-134]. According to literature, preeclampsia occurs in 3-5% of
pregnant women, and placental abruption occurs in approximately 1% [98, p.50-54;
133, p.1395; 139, p.1227-1233].

An analysis of scientific publications has shown that 75% of cases of PB are
due to neonatal morbidity and 70% of neonatal mortality, including consequences
leading to complications, cerebral palsy, bronchopulmonary dysplasia, intellectual
disabilities, etc. [129, p.934-946; 163, p.181].

A history of PB can often be a factor in premature birth, pregnancy loss,
cervical surgery, etc. A history of PB increases the risk of PB by 4-6 times. [146, p.
318-324; 164, p.30495; 171, p.758-70].

Premature birth can be predicted and diagnosed by a series of criteria [161, p.
106-116].

The presence of nagging pain in the lower abdomen is not a sufficient
symptom for diagnosing PB [111, p.246].

Regular uterine contractions, characterized by dilation of the cervix and

shortening of the cervix, seem to be a traditional clinical sign [128, p.72-77].
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The above mentioned signs are considered to have low specificity and
sensitivity [61, p.14].

It should be noted that anamnestic features such as nutrition, obstetric history,
ethnicity, age, psychological, economic and social status of the mother, bad habits,
are used by some clinicians as an indicator of the likelihood of premature birth [79,
p.29-33; 137, p.132- 134].

According to modern concepts, it has been shown that the age of over 35 years
and up to 20 years reliably increases premature births, especially early and
spontaneous types. [110, p.12504].

Other studies have found that single women are 2.5 times more likely to have
spontaneous preterm birth than married women [110, p.12504].

It is noted that the level of education, bad habits (smoking, drinking alcohol
during pregnancy), physical activity, business employment during pregnancy do not
affect PB [11, p.32-34; 106, p.37-42; 131, p.56-71].

Another important indicator of PB is uterine activity, which manifests itself
in the form of increased uterine tone and nagging pain in the lower abdomen.
However, it is difficult to assess the therapeutic tactics of a pregnant woman based
on these data, since they are individual and subjective. Therefore, home monitoring
of uterine activity is considered one of the methods for early diagnosis of PB. A A.
Popov and M.S. Minnaard (2017) [64, p.895-899; 158, p.E56-E63] showed in their
works that the uterine activity monitor can be used with high accuracy in
determining labor activity, high risk of preterm labor and improving neonatal
mortality and perinatal outcomes.

An important indicator of preterm labor is the length of the cervix. Bishop
(1964) developed a subjective indicator of labor activity and assessment of preterm
labor based on dynamic changes in the state of the cervix during vaginal examination
[183, p.103-111].

The use of transvaginal ultrasound is considered a universal and objective

method for determining the condition of the cervix.
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The absence of muscle tone of the uterus during normal pregnancy, its cervix
remains closed, long, dense. It can shorten and soften only under the influence of the
hormonal system, prostaglandins, before childbirth [123, p.1768; 141, p.121-127].
According to transvaginal ultrasound, the length of the cervix is determined only
after 16-20 weeks, since by this period the length of the cervix fluctuates greatly, on
the one hand, and it is difficult to distinguish the border with the lower uterine
segment, on the other [12, p.62; 131, p.71]. The data of the prospective study of the
cervical length by transvaginal ultrasound in 2915 pregnant women showed that the
length of the cervix varies with the risk of PB. An increased probability of PB was
revealed with a cervical length shorter than the tenth percentile for a given
gestational age (26 mm), however, the sensitivity was 37%. It was noted that with a
cervical length less than the 25th, 50th and 75th percentile for a given gestational
age (30, 35 and 40 mm, respectively), a high risk of PB was recorded compared with
a cervical length greater than the 75th percentile. At 24 weeks, the risk of PB was
3.79, 2.35 and 1.98, respectively, and at 28 weeks - 5.39, 3.52 and 2.8, respectively
[40, p.86-91].

Hasegawaetal [152, p.203] found that cervical shortening was associated with
the risk of PB only in primigravidas [136, p.45].

Another factor of PB is infectious and inflammatory. It has been found that
30% of all cases of PB are accompanied by infection [43, p.10]. Many authors have
tried to identify the connection between local infection and this disease. [24, p.21].

Bacterial vaginosis (BV) is considered a non-inflammatory process of
bacterial genesis caused by dysbiosis of the vaginal biotope and is accompanied by
a decrease in lactobacilli and an increase in obligate and facultative anaerobic
microorganisms [138, p.337; 151, p.806].

It is important to note that changes in the vaginal microbiocenosis may be the
result of inflammation of the genitourinary system, changes in hormonal activity,

and the use of antibacterial therapy [100, p.55].
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The pathogenesis of premature births is also not fully understood, but it is
known that they occur as a result of pathological processes or idiopathic early
activation of labor [59, p. 444].

Interestingly, inflammation is also a key trigger in the physiological process
of labor [81, p.56].

Feto-maternal immune tolerance results from the production of parental
antigens on fetal tissues. The maternal immune system recognizes and responds to
these fetal antigens first during intercourse, when the reproductive tract comes into
contact with seminal fluid, followed by continuous contact with the paternal antigen
throughout pregnancy through the invasion of fetal trophoblast cells into the
endometrium. The implantation process is considered inflammatory, during which
cytokines, chemokines, and prostaglandins are produced and leukocytes infiltrate
the uterus [94, p.508-514]. Around the time of implantation, inflammation is
inhibited and a tolerogenic environment is created. Multiple mechanisms are
involved in the induction of such an environment, including the release of anti-
inflammatory molecules such as TGFP [98, p.54] and the induction of specialized
anti-inflammatory T-cells known as CD4+FOXP3+ regulatory T-cells (Treg), which
moderate fetal anti-inflammatory immune responses [132, p.30614-3]. Tolerogenic
dendritic cells (DCs), uniquely present in the decidum, cross-present fetal antigens
to maternal CD4+ T-cells, thereby also activating the generation of Treg cells [123,
p.1768]. Treg cells interact with DCs and macrophages, altering their phenotypic
states to be proto-tolerogenic [82, p.51]. Importantly, Treg cells reduce the extent of
anti-fetal immune responses, limit the influence of T-effector-cells (Teff), and
maintain anergy in the T-cell population (Tcon) that would otherwise differentiate
into Teff[139, p.1233]. Placental cells also contribute to the creation of a tolerogenic
environment, with the help of colony stimulating factor (CSF)1 secreted from
trophoblasts and interleukin (IL)10, which induces decidual macrophages with the
regulatory phenotype “M2”, expands functionally suppressive CD4+FOXP3+ Treg

14



cells, and limits the activation of T-helper (Th) 1-, Th17- and Th2-cytokine-
producing Teff cells [130, p.150].

In normal pregnancy, there is significant crosstalk between the maternal and
fetal systems due to the shared circulatory system through the placenta. Nutrients
and waste products are transferred from mother to fetus, along with cells, signaling
molecules, extracellular vesicles (ECVs), and nucleic acids. The exchange of cells
results in microchimerism in either mother or fetus, with maternal cells transferred
to the fetus being called maternal microchimerism (MMC). Reciprocally, fetal cells
transferred to the mother are called fetal microchimerism (FMC). Both MMC and
FMC can persist for decades after pregnancy in various tissues of the body, including
the brain, skin, heart, lungs, bone marrow, spleen, and lymph nodes [124, p. 21; 137,
p. 134; 142, p. 946].

Experimentally, MMC cells have been shown to increase tolerance to
maternal antigens in fetal immune cells during pregnancy by inducing non-inherited
maternal antigen (NIMA)-specific CD4+FOXP3+ Treg cells [130, p.150]. They can
also increase the reproductive fitness of the next generation by inducing sustained
tolerance to NIMA [20, p.304-305; 120, p.27].

Microvesicles, exosomes, and cell-free (cf) proteins and nucleic acids such as
cfRNA and cfDNA cross the placenta. The concentration of cfRNA, cfDNA
transcripts, and RNA in the maternal circulation increases during pregnancy [139,
p-1233; 142, p.946]. Immunosuppressive CD71+ fetal erythroid cells are an
abundant source of fetal DNA in the maternal circulation [137, p.134]. cfDNA and
RNA transcripts can be transferred passively or via exosomes (ECVS) released by
exocytosis into the extracellular environment. The placenta releases exosomes into
the maternal circulation during pregnancy [145, p.66]. The functional significance
of the various ECVs during pregnancy is largely unknown, but they are thought to
mediate communication between the fetus and mother at key stages of pregnancy,
including implantation and parturition [96, p. 221; 143, p. 1046]. Trophoblasts and
villi secrete exosomes containing placenta-specific microRNAs into the maternal

circulation, which play a key role in regulating immune signaling [134, p.110287].
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Maternally derived exosomes are also enriched during pregnancy, and the transfer
of exosomes between the fetus and mother is bidirectional [149, p.198842].

Experimentally and clinically, the authors have found that inflammation is
associated with the pathogenesis of idiopathic PB [115, p.249]. In addition, it is
believed that PB occurs in the early stages of pregnancy, before the development of
the placenta. Thus, PB is a disorder that occurs as a result of defective placentation
[116, p.982; 125, p.640], similar to preeclampsia.

Since maternal immune adaptation is involved in processes that support
pregnancy throughout gestation, disruption of immune adaptation early in pregnancy
and failure to establish immune tolerance or attenuate excessive inflammation may
be responsible for PB. This theory raises the possibility that early immune
disruptions may have long-lasting effects on pregnancy [117, p.31].

Early immune disturbances caused by maternal stress, infection, and diet may
lead to depressed immune tolerance and increased inflammation [114, p.126; 137,
p.134]. In addition, the composition of the vaginal microbiota may play a role in PB,
as differential vaginal microbial composition has been associated with increased risk
of PB in women of African descent [69, p.69; 87, p.10].

Problems that arise later in pregnancy, such as maternal infection, endocrine
dysfunction, and metabolic dysregulation, can also aggravate the inflammatory

response and lead to preterm delivery [79, p. 33; 110, p. 12504; 146, p. 324].

The role of immune factors in the pathogenesis of premature

birth

Given the role of inflammation in the onset of labor at term or preterm, it is
important to emphasize that there are multiple pathways that contribute to preterm
labor, including immune, hormonal, and environmental factors. Immunomodulatory
agents activate or exacerbate physiologically occurring inflammatory pathways
involved in labor induction and recapitulate the clinical manifestations of labor

associated with infection and/or inflammation.
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Using mouse models of PB, macrophages have been identified as major
contributors to the induction of preterm labor. Depletion of macrophages by anti-
F4/80 prior to experimental LPS-induced PB abolishes susceptibility to PTL [125,
p. 640]. Macrophages are involved in the pathogenesis of PB through the secretion
of inflammatory cytokines such as tumor necrosis factor (TNF)a, IL1, IL6, and ILS,
as well as uterine contractility genes such as matrix metalloproteinases (MMPs) [90,
p. 40]. In particular, IL1 is known to be an activator of the inflammatory response,
therefore, it is believed that the introduction of IL1 induces PB, and inhibition of its
receptor prevents them [112, p. 489], probably through the activation of NF-xb
signaling pathways [104, p. 593]. Similarly, IL6, which is another cytokine
important in determining the timing of parturition and pathogenesis of PB, as IL6-
deficient mice have delayed parturition and are also resistant to LPS-induced PB
[65, p.70].

Complement activation plays an important role in the development of PB,
which 1s observed in infectious PB, where women had elevated concentrations of
complement products C3a, C4a, and C5a [121]. Mice deficient in the complement
receptor C5aR did not have preterm labor. This study noted increased complement
deposition in the cervical epithelium of mice with preterm labor [117, p.31].

The innate immune system plays a crucial role in modulating RVP and the
adaptive immune response. It is suggested that PB results from impaired maternal
tolerance to fetal antigens [7, p.136]. Indeed, Treg and Teff cells show distinct
changes in frequency and phenotype in PTB. It is reported that Treg cells in the
peripheral blood of women with PB have differential activation and reduced
suppressive capacity compared to controls [117, p.31; 139, p.1233]. In normal
conditions, there is a decrease in Treg cell activity and a reciprocal intensification of
Teff cells, which are usually controlled by Treg cells [92].

A decrease in the number and/or function of Treg cells in pregnancy
pathologies is usually associated with an increase in Tcon/Teff activation. This is
normal during labor, since T cells increase in the chorionic membranes (fetal

membranes) of women with preterm labor [96, p.221]. The number of effector CD4+
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and CD8+ T cells is also increased in the decidua of PB relative to those of normal
birth, suggesting that the inflammatory potential of these cells is higher in women
with preterm birth [73]. CD4+ and CD8+ T cells expressing “exhausted” (PD-
1+TIM—3+CTLA4-LAG—3-) and “senescent” (KLRG-1+CD57+) phenotypes have
been identified in the decidua of women with full-term and preterm birth [141,
pp.121-127]. The number of exhausted CD4+ T cells increased in the parietal
decidua with increasing gestational age but decreased in the basal decidua in women
who had PB with placental inflammation. Since TNFa and interferon (IFN)y
secretion can be induced ex vivo in exhausted T cells, these cells may restore their
effector function in placental inflammation [136, p.45].

Ragl—/— T- and B-cell-deficient mice exhibit increased susceptibility to LPS-
induced preterm labor as a result of macrophage activation. However, adoptive
transfer of CD4+ T cells in mid-gestation conferred resistance to LPS-induced
preterm labor because these cells are able to rapidly differentiate into Treg cells [136,
p.45]. Conversely, activation of Teff cells using anti-CD3 induces preterm labor by
enhancing local and systemic proinflammatory responses such as IL6 and IFNy
[113, pp.168-175]. Interestingly, intrauterine transfer of CD4+ and CD8+ Teff cells
induces late fetal resorption dependent on TNFa and IFNy. These cytokines also
induce uterine contractility in vitro. However, it is unclear whether these Teff cells
induce PB upon subsequent administration or systemically [54, pp.55-62].

Taken together, these studies suggest that activated T cells and Teff cells may
be involved in mediating inflammation at normal term. In this case, Tregs may
minimize the inflammatory potential or premature activation of exhausted Teff and
memory cells. One potential pathway for preterm labor is IL10, which is produced
by Tregs. IL10 has been shown to prevent preterm labor, as IL10 deficiency or
administration of IL10-neutralizing antibodies increases susceptibility to preterm
labor in mice [97, pp.127-134]. Since IL10 deficiency resulted in decreased
inflammatory cytokine gene expression in the uterus and placenta, IL10 may
regulate inflammatory responses associated with parturition. Recent work

demonstrates that TLR4 signaling in decidual endothelial cells at term can induce
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IL10 in perivascular stromal cells via activation of NF-xb IL6 and STAT3. This may
be a mechanism to maintain homeostatic immune balance during inflammation,
which may be disrupted in PB [84, p. 71].

New clinical and experimental data indicate that the fetal environment in RVP
is characterized by inflammation, along with priming of fetal T-cells against
maternal antigens [54, pp.55-62].

NKT cells, an innately related T cell with specialized functions, are also
involved in the development of PB. Maternal NKT cells recognize CD1-restricted
lipid antigens that are expressed by fetal trophoblast cells and are thought to play an
immunoregulatory role during pregnancy [94, p.508-516]. Interestingly, depletion
of invariant NKT cells reduces the incidence of LPS-induced PB in mice, and
administration of an NKT cell-specific antibody (a-GalCer) late in pregnancy
induces PTB via activation of CD4+ T cells, macrophages, neutrophils, and DCs in
the myometrium/decidua [74, p.86; 95, p.129]. A critical component of
inflammatory immune responses is the engagement of toll-like receptors (TLRs),
which trigger signaling pathways and the activation of cytokines and chemokines by
innate immune cells. TLRs are an evolutionarily conserved class of recognition
receptors (PRRs) that recognize pathogen-associated molecular patterns (PAMPS)
derived from microorganisms and damage-associated molecular patterns (DAMPS)
released by immune cells as well as stressed and dying cells. TLR activation is an
important initiating component of the inflammatory pathway that can induce normal
or preterm labor.

Many studies on the role of TLR in PB have shown that TLR4 is able to bind
to PAMP and DAMP ligands, including bacterial LPS. In mice, it was found that
TLR4 is activated in the uterus both normally and during PB and is necessary for
timely delivery in mice, controlling activation [70, p.5]. Pregnant TLR4—/— mice
give birth on average 13 hours later than controls. At the same time, their offspring
live shorter lives [127, p.376]. Furthermore, inhibition of TLR4 signaling by the
TLR4 antagonist (+)-naloxone after intrauterine administration of E. coli suppressed

the inflammatory cascade and effectively prevented the development of PB [78,
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p.164]. Recently, it has been established that TLR4 expression by decidual
endothelial cells, rather than immune cells, is key to the initiation of this response,
as mice with endothelial-specific deletion of TLR4 are resistant to LPS-induced PB
[88, p.37]. In humans, maternal single nucleotide polymorphisms (SNPs) in the
TLR4 gene are associated with early preterm birth before 32 weeks of gestation [96,
p.218-221]. MyD88-dependent and -independent (TRIF-dependent) signaling
pathways control the expression of a specific inflammatory gene. In mice with PB,
MyDS88 plays a role, since MyD88—/— mice are completely protected from PB
induced by E. coli [132].

TLR activation subsequently leads to inflammasome activation and the
persistence of additional production of cytokines and chemokines in the placenta
and decidua, such as IL8, CCL2, IL1B and IL6 [100, p.55]. TLR activation also
initiates a number of immune cells, the production of prostaglandins and MMPs,
which leads to the activation of cervical ripening and uterine contractions.
Furthermore, the influx of immune cells such as macrophages into the amniotic
cavity is critical for the onset of labor as it induces the secretion of inflammatory
mediators such as NF-kb. NF-kb i1s a key mediator of the inflammatory cascade
leading to labor as it directly binds to the promoters of genes inducing uterine
contractility such as PTGFR (prostaglandin F2a receptor), GJA1 (connexin 43),
OXTR (oxytocin receptor) and PTGS2 (cyclooxygenase 2, ¢c. COX-2), as well as
genes encoding the proinflammatory cytokines TNFa, IL1p, IL6 and IL8 [90, p.40].

DAMPs and PAMPs that are able to bind to PRRs play an important role as
“messengers” initiating the inflammatory cascade leading to preterm labor. TLRs
are activated during pregnancy during sterile inflammation and in the absence of
active infection via DAMPs [101, p. 65]. The most studied dampening factors in
preterm labor are high mobility group block 1 (HMGB1), fetal cfDNA, and platelet-
activating factor (PAF). Oxidative stress and cellular senescence of the fetal amnion
and chorion may trigger labor in humans through the release of DAMPs. In senescent
cells, DAMPs are translocated from the nucleus to the cytosol, where they can be

secreted as alarmins and trigger the inflammatory labor cascade [102, p.88]. Intra-
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amniotic administration of HMGBI, an alarmin, induces preterm labor in mice [76,
p.60] and is elevated in the amniotic fluid of women undergoing PTL, regardless of
intra-amniotic infection status [103; pp.54-62]. HMGBI has been found to be
primarily expressed by amnion epithelial cells, myofibroblasts, neutrophils, and
macrophages [111, p.246], and incubation of chorioamniotic membranes with
HMGBI results in the release of proinflammatory IL1p and IL6 [124, p.21]. cfDNA,
a common activator of TLRs, released during cell death has been shown to induce
TLR signaling in the placenta [105, p.1]. The inflammatory phospholipid PAF is
another factor critical for parturition. It is elevated in the amniotic fluid of women
who deliver preterm, and its administration induces PTB in mice via TLR signaling
in macrophages [88, p.37; 118, p.48; 129, pp.934-946]. Alarmins released from cells
during tissue stress can bind to PRRs. In fact, the levels of the alarmins IL.1a and the
S11 family proteins calgranulin A and calgranulin C were increased in amniotic fluid
during sterile intra-amniotic inflammation [110, p.12504]. Other PRRs, such as
NRLP3 and NOD2, activate inflammasomes, which likely play a role in the initiation
of PB, since activation of components of this pathway induces the secretion of IL13
in chorioamniotic membranes during normal term labor [100, p.55]. PRR expression
in the placenta mediates their functions as a key barrier capable of recognizing and

responding to microbes and stress.

Modern approaches to diagnostics and prognosis of premature

birth

At present, the main parameters indicating the threat of PB include signs of
pressure in the vagina, pulling pains in the lower abdomen, bloody discharge from
the genital tract, and shortening of the cervical region of the uterus [16, p. 547].

It is noted that other indicators of PB are considered to be complaints of the
pregnant woman, the condition of the cervix and the contractile state of the uterus.
Often, according to vaginal examination, the cervix is preserved, but the external os

may be closed. A characteristic feature of the course of premature labor is the
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presence of a monotonous rhythm of contractions, with no increase in the number of
contractions and their duration in the active phase of the first period of labor [12, pp.
60-64].

Classification of PB according to gestational age:

o cxtremely early PB is at 22-27 weeks 6 days inclusive. This form is
characterized by deeply premature newborns, extremely low birth weight (up
to 1000 g), severe immaturity of the respiratory system, and an extremely
unfavorable prognosis;

e very early PB is 28-30 weeks 6 days. It is accompanied by very low birth
weight (up to 1500 g), severe prematurity, immature lungs, and a more
favorable outcome;

e premature birth - 31-33 weeks 6 days — premature birth. The newborn has
moderate prematurity.

e late PB is 34-36 weeks 6 days, at which time the fetal lungs are mature) [13,
p.79].

Depending on the course, PB can be threatening or incipient [6, p.27-29].

Threatening PB are characterized by increased tone and impaired contractility
of the uterus, pain syndrome in the lower abdomen, minor bloody discharge from
the genital tract, shortening and opening of the cervix.

The onset of PB is accompanied by the discharge of amniotic fluid, rupture of
the membranes, dilation of the cervix more than 2 cm, and bloody discharge from
the genital tract.

In European countries, a different classification of the distribution of
premature babies is used depending on the gestational age: 34-36 weeks — late or
borderline prematurity (latepreterm/borderlinepreterm), 32—33 weeks — moderate
prematurity (moderateprematurity), 28—-31 weeks — deep or very low prematurity
(severeprematurity), less than 28 weeks — extremely low prematurity

(extremelypreterm).
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According to birth weight, newborns are distributed as follows: less than 2500
g — low weight, less than 1500 g — very low, less than 1000 g — extremely low [12,
p.64; 13, p.175].

Over the past 40 years, the incidence of premature births in all countries has
changed little and amounts to about 10% of all children born, despite the widespread
introduction of preventive measures against miscarriage [14, p.23].

According to the US, the rate of prematurity over the past 10 years has
averaged 10.1%, in the UK — 7.8%, in France — 7.2%, in Germany — 9-10%, in
Norway — 7.9%, in Hungary and Russia — 10% [15, p.249; 16, p.982].

The number of both early and very early premature births (22-28 weeks) also
remains constant. In the general population, this figure is about 1%, accounting for
approximately half of all perinatal losses [14, p.54].

However, against the background of improving nursing tactics, the survival
rate of premature babies is increasing every year. Currently, in developed countries
that switched to the WHO criteria for live births more than 30 years ago, among
children weighing up to 500.0 g, 10-12% survive, from 500.0 g to 749.0 g - 50%,
from 750.0 g to 1000.0 g - about 80-85% [3, p. 9; 5, p. 24].

Diagnosis of premature birth presents certain difficulties due to the lack of
specific symptoms and symptoms resembling the onset of premature birth are often
encountered during the normal course of pregnancy.

Diagnosis is also complicated by the fact that when amniotic fluid leaks in
small amounts or intermittently, and ultrasound scans show a slight decrease in the
amniotic fluid index, noninvasive laboratory tests can help diagnose premature
rupture of membranes.

Several biophysical and biochemical markers have been proposed to diagnose
preterm labor, both asymptomatic and accompanied by cramping pain. There is
compelling evidence that cervical ultrasound is superior to digital vaginal
examination in determining the risk of preterm labor before 34 weeks. The shorter

the cervix, the higher the risk of preterm labor, and vice versa [21, p.59].
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When studying the data on the course of pregnancy, various factors leading to
the threat of premature birth were identified in all groups of pregnant women.
Genital infection was noted in 35 (87.5%) of those examined, one or more abortions
in the anamnesis were in 20 (50%), and habitual miscarriage in the anamnesis was
in 10 (25%). According to the vaginal examination data, shortening and softening of
the cervix, which is not typical for the gestational age, was observed in 15 (37.5%)
[12, p.64].

According to S.G. Babson and A.I. Khazanov, the duration of premature labor
is usually longer than that of term labor, however, with isthmic-cervical
insufficiency, the first stage of labor is shortened. Premature rupture of the
membranes occurs in approximately 30-38% of cases. The third stage of premature
labor, in contrast to the same period in term labor, is characterized by more frequent
bleeding due to uterine hypotension or retention of parts of the placenta. Due to the
protracted course of premature labor and premature rupture of membranes, the
incidence of postpartum septic diseases increases [75, p. 177; 89, p. 37; 167, pp.
184-190].

Two indicators are important for diagnosing active preterm labor: regular
contractions (at least 4 in 20 minutes of observation) and dynamic changes in the
cervix (shortening and smoothing), since changes in the cervix are a more objective
indicator than the assessment of labor activity. The degree of cervical dilation is an
important diagnostic criterion and prognosis for the effectiveness of tocolysis. In the
case of threatened or incipient labor, therapy aimed at preserving the pregnancy can
be administered, but if the os dilates more than 3 cm (a sign of the active phase of
the first period), tocolysis will most likely be ineffective [28, p.37; 92].

Another important diagnostic method is the assessment of uterine contractile
activity based on cardiotocography data and the determination of biochemical
markers of premature birth (hCG, elastase, protease, phospholipase, a-fetoprotein
(a-FP) in the mother's blood serum). The study of biological markers has allowed us
to better understand the pathological mechanisms leading to spontaneous premature

birth, but the clinical significance of most of them is small [9, p.29]. The
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concentration of a number of substances in biological fluids can predict premature
birth only 24 hours before its onset, which excludes the possibility of prevention,
and other substances serve as markers of premature birth in the late stages of
pregnancy, when the incidence among newborns is relatively low. Currently, the
greatest clinical significance is fetal fibronectin, a glycoprotein, the detection of
which in cervical-vaginal secretions indicates rupture of the fetal membranes [18, p.
48].

The diagnosis of the onset of premature labor can also be clarified using
transvaginal ultrasound with measurement of the length of the cervix or
determination of fetal fibronectin in cervical-vaginal secretions [10, p. 22].

In the absence of fibronectin in vaginal secretions, the probability that a

woman will give birth within a week is about 1% [30, p. 21; 66, p. 136].

Pathogenetic and clinical significance of placental apoptosis as
a trigger mechanism for premature birth. Apoptosis and its

regulation

Apoptosis is a natural form of programmed cell death (PCD), along with
autophagy, oncosis, mitotic catastrophe, etc. [56, p.78-84]. In relation to
reproductive issues, this phenomenon has been studied fragmentarily. Nevertheless,
at present there is every reason to speak about the participation of PCD processes in
all stages of placenta development, starting with implantation and ending with
rejection.

The role of apoptosis inducers is assigned to ligands from the tumor necrosis
factor superfamily (TNFa, Fas-L, TRAIL, TWEAK, LTa, LTp, 4-1BBL, LIGHT)
[12, p. 64], expressed in the human placenta [69, pp. 55-64]. Fas-L-containing cells
are capable of inducing apoptosis of cells on the surface of which there is a
corresponding receptor, Fas. Fas-L is also present on the surface of the trophoblast
[23, pp. 52-53]. Initiation of apoptosis of T-lymphocytes sensitized to the fetus

through the FasL-Fas interaction protects it from aggression from the mother's
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immune system. Fas is also expressed in small quantities on the surface of the
trophoblast itself, but this pathway of apoptosis activation is blocked in it [20, pp.
304-305]. This block is not absolute: in the presence of IFN and TNFa, the
sensitivity of the trophoblast to the initiation of apoptosis through the FaslL-Fas
system increases [24, p. 21].

Trophoblastic expression of Fas-L decreases during labor, which may be
evidence of the involvement of apoptotic processes in placental rejection [57, p. 28-
35]. It is possible that the FasL-Fas mechanism is involved in the disruption of
placental formation in gestosis, since excessive expression of Fas-L and Fas in the
decidual tissue has been detected in this pathology [55, p. 30-35].

Unlike Fas, TNFa-induced apoptosis in villous trophoblast is not blocked [20,
p-304-305]. The biological purpose of this phenomenon is unclear. It is possible that
apoptosis in trophoblast is limited through other regulatory systems.

A study of cytokine regulation of apoptosis showed that TNFa and v-
interferon (IFNy) synergistically induce apoptosis in trophoblast culture, and the
level of Bcl-2 protein expression in the cytotrophoblast modulates the degree of
apoptosis. TNFa is involved in the activation of placental apoptosis in intrauterine
fetal growth retardation [25, p.320]. It has been shown that spontaneous abortions
are accompanied by an increase in the expression of Fas-L in decidual lymphocytes
and Fas in the extravillous trophoblast [5, pp.22-24].

Overexpression of Nodal, a member of the transforming growth factor-
superfamily, activates apoptosis and inhibits trophoblast proliferative activity via the
p27-cyclin E/Cdk2 mechanism [65, p. 70].

Studies on another cytokine, placental growth factor (PIGF), which was first
isolated in 1991, have shown that PIGF protects trophoblast from apoptosis caused
by growth factor deficiency, but does not have a similar protective effect against
TNF-a-induced apoptosis. In contrast, epidermal growth factor blocks TNF-a-
induced apoptosis, prevents alcohol-induced apoptosis in the placenta [28, p. 37],
but does not protect trophoblast in the presence of growth factor deficiency [64, pp.
895-899].
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Apoptosis in the placenta is affected by the level of glucocorticoids. 118-
hydroxysteroid dehydrogenase-2 is localized in the placenta, the expression of which
increases with increasing gestational age in parallel with the growth of apoptosis
indices in the placenta [38, p.26].

Hepatocyte growth factor suppresses trophoblast apoptosis by
phosphorylating serine-threonine protein kinase (Akt), which leads to inhibition of
glycogen synthase kinase (GSK-3beta). This, in turn, causes activation of the
transcription factor B-catenin and inducible NO; intase [83, p.187].

It has been established that leptin, a polypeptide hormone with features of a
long-chain cytokine (similar to IL-2, IL-12), is synthesized in the placenta, as
evidenced by the high homology of its receptor with representatives of class I
cytokine receptors [59, p. 444; 71, p. 1040]. A stimulating effect of this cytokine on
the proliferation of trophoblast cells has been revealed, as evidenced by the
activation of 3H-thymidine incorporation, cell advancement to the G2/M phase of
the cell cycle, and increased expression of cyclin D1. In addition, leptin suppresses
apoptosis processes in the trophoblast [60, p. 73].

In the extravillous trophoblast, progesterone significantly reduces apoptotic
activity by decreasing the number of TUNEL-positive cells, the expression of Fas,
Fas-L, caspases 3, 8, and PARP (poly(ADP)ribose polymerase), and increasing the
expression of Bcl-2 [79, p.33]. Endothelin-1 also suppresses apoptosis in the
trophoblast, which probably suggests its protective role in trophoblast injury [27,
p.83].

The myeloid cell leukemoid factor-1 (Mcl-1) system plays an important role
in the regulation of placental PCD. This system is represented by the apoptosis-
inhibitory factor Mcl-1L and the pro-apoptotic component Mcl-18S, as well as Mtd-
L and Mtd-P, isoforms of Mtd/Bok (Matador/Bcl-2-related ovarian killer), a
representative of the Bcl-2 family, which induce the development of mitochondria-
dependent apoptotic mechanisms [4, p. 163]. The pro-apoptotic activity of the Mcl-
1S and Mtd-L molecules is neutralized by its binding to Mcl-1L, which also blocks
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the apoptogenic protein BIM and other representatives of the Bak family [21, p. 59;
73, p. 47].

Oxygen is a potential regulator of apoptotic cell death. Some members of the
Bcl-2 family, including the BH3 ligands Nix and Nip, as well as Mcl-1 and Mtd, are
directly regulated by oxygen via the transcription factor HIF-1 [63, p. 41]. Mcl-1L
expression is activated by decreased oxygenation, indicating an activating regulatory
effect of HIF-1 [41, p. 144]. In addition, the level of proapoptotic Mcl-1¢ and Mcl-
1S in the placenta increases at 10-13 weeks, when pO2 increases significantly.

Nitric oxide in the placenta not only affects vascular tone, but also acts as a
factor influencing cell apoptosis. It also regulates blastocyst implantation [35, p. 35],
trophoblast differentiation [36, p. 44], its motility and invasion [17, p. 32]. The
dominant effect of nitric oxide during pregnancy is the modulation of the formation
of new vessels in the placental villi [72, p. 40; 162, pp. 30-36]. It is assumed that
nitric oxide, by increasing the sensitivity of decidual membrane cells to proliferative
stimuli, affects the processes of decidualization [76, p. 60].

In vitro studies have shown that extravillous trophoblast cells are more
susceptible to apoptosis when cultured, and the addition of NO donors to the medium
reduces the sensitivity of extravillous trophoblast cells to apoptogenic stimuli in
preeclampsia, but activates the NO-induced apoptotic pathway in normal cells [86,
pp. 56-60].

In trophoblast cells, the genes APG9L1 and APGI9L2 were found, which carry
out post-transcriptional regulation of endothelial NO; intase and are necessary for
the formation of such a phenomenon as autophagy - one of the types of programmed
cell death - an intracellular system for the degradation of most proteins and some
cell organelles [26, p. 77].

An analogue of nitric oxide is carbon monoxide, formed in the process of the
heme oxygenase reaction, which is also involved in the regulation of PCG. Carbon
monoxide protects trophoblast from apoptosis induced by episodes of
hypoxia/reoxygenation. This probably explains the paradoxical fact of the lower

prevalence of preeclampsia in smoking pregnant women [16, p.547].
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Activation of apoptosis of trophoblastic cells can be caused by increased
production of free radicals, accompanying disruption of blood supply to the placenta
[74, p. 86]. With inadequate restructuring of the spiral uteroplacental arteries, blood
flow in them is variable, since they continue to respond to vasoconstrictor effects.
As a result, alternating episodes of hypoxia and hyperoxia occur, which leads to
excessive production of free radicals. Activation of apoptosis in the placenta during
hypoxia-reoxygenation is carried out through the RT-kB system, p38, stress-
activated PC, mitogen-activated PC [66, p. 136], accompanied by an increase in the
level of TUNEL-positive nuclei, 4-hydroxynonenal, nitrosylation products,
activation of caspase-3 and polyADP-ribose polymerase and is prevented by
vitamins C and E [66, p. 136;., 81, p. 56], deferroxamine and superoxide dismutase
[17, p.461; 42, pp. 73-81] and low concentrations of glycerol trinitrate [39, p. 26].

It has been established that hypoxia in the placenta causes caspase-dependent
modification of myeloid cell leukemoid factor-1 (Mcl-1). In particular, preeclampsia
is accompanied by cleavage of the apoptosis-inhibitory factor Mcl-1 by caspases-3
and -7 and inclusion of the apoptogenic Mcl-1. Episodes of hypoxia-reoxygenation
in preeclampsia are not only accompanied by cleavage of Mcl-1, but also activate
its expression, along with Mtd-L and Mtd-P. Under conditions of chronic hypoxia,
both normal and preeclamptic placentas decrease expression of syncytin, a specific
protein marker of syncytial fusion of trophoblastic cells, indicating a decrease in the
rate of trophoblast differentiation [4, p. 163; 43, p. 10].

Caspase-14 [52, p. 70] is found in the placenta; it is characteristic of the
epidermis and plays an important role in the keratinization process. The peculiarities
of caspase functioning in the placenta are a poorly studied issue. Initiator caspases-
8 and -10 are activated in the part of the differentiated cytotrophoblast that is
intended for syncytial fusion [6]. Effector caspases are expressed in the
cytotrophoblast only in an inactive form [13, p. 79].

An increase in the content of caspase cleavage products was revealed in
hydatidiform mole, which is difficult to explain at this stage, since in other tissues

tumor growth is usually associated with suppression of apoptosis [9, p. 29].
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The cytotrophoblast, preparing for syncytialization, initiates the cellular
program of apoptosis and, at the same time, produces a significant number of
apoptosis inhibitors, including proteins of the Bcl-2 family [49, p. 194]. Bcl-2 is a
family of proteins that control the process of programmed cell death. They
participate in the mitochondrial regulation of apoptosis.

In the placenta, bcl-2 is expressed in the villous and extravillous trophoblast,
villous mesenchyme, and placental macrophages. Maximum expression was
detected in trophoblast cells in the first trimester of pregnancy [67, p.70]. The degree
of expression significantly decreases in the placenta after 32 weeks of gestation,
which occurs simultaneously with the slowdown in placental growth. This may be
one of the mechanisms of the so-called "aging" of the placenta [68, p.872]. During
labor, bcl-2 expression does not change [80, p.47].

Regulation of a number of caspases is carried out by the flice-like inhibitory
protein (Flip). Flip is expressed in the placenta and competes with caspase-8 for
binding to death receptors such as TNF-R and Fas [24, p.21], thereby reducing the
destructive activity of caspase-8 in the villous cytotrophoblast.

At early stages, apoptosis of underlying endometrial cells frees up space for
the growing ovum [7, p. 34; 58]. It has been established that endometrial stromal
cells (ESCs) express Fas, while implanting trophoblast cells secrete Fas-L. However,
it has been shown that, regardless of hormonal differentiation, ESCs are primarily
resistant to Fas-dependent apoptosis. At the same time, y-interferon and TNF-a are
able to unblock this pathway, which is accompanied by activation of caspases-3, -8
and -9 [44, p. 15].

Later, the extravillous trophoblast migrating through the blood vessels of the
endo- and myometrium attaches to the vascular wall, causing its transformation.
Fibrinoid changes in the wall of the spiral uteroplacental arteries lead to the
expansion of these vessels, providing sufficient blood flow to the placenta,
regardless of the influence of vasoconstrictor factors [1, p. 404]. Trophoblast cells,
participating in this extremely complex dosed invasive process, demonstrate some

functional similarity with malignant cells [50, p. 136].
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There is a hypothesis suggesting activation of smooth muscle cell (SMC)
apoptosis during invasion of extravillous trophoblast into the muscular layer of
uterine spiral arteries, which is a fundamental process in their gestational
transformation. The key role in this process is assigned to apoptotic cytokines of the
TNF family, in particular, the Fas-Fas-L system, TRAIL and metalloproteinases, in
particular MPP-12 [11, p. 246; 48, p. 17; 85, pp. 16-19]. This is evidenced by TRAIL
production by both villous and extravillous trophoblast [61], expression of TRAIL-
R1 and -R2 receptors on SMC of spiral arteries, the ability of TRAIL to induce SMC
apoptosis, and induction of SMC apoptosis by trophoblast via a TRAIL-dependent
mechanism. At the same time, by activating the Akt-, ERK-dependent pathway,
TRAIL promotes the proliferation and viability of endothelial cells [82, p.51].

Also involved in the apoptotic transformation of spiral arteries is ulFN, which
increases the sensitivity of SMC to Fas-induced apoptosis [46, p. 102]. A similar
permissive effect of ulFN is also observed in the case of stromal cells of the
endometrium, trophoblast, etc. It has been established that ulFN, one of the main
sources of which in the trophoblast are natural killers (NK), stimulates apoptosis and
reduces the secretion of metalloproteinases (MMP2) [45, p. 33], which leads to the
suppression of the invasion of extravillous trophoblast [54, p. 62].

Thus, apoptosis is both a mechanism for the transformation of spiral arteries
and a mechanism that limits and localizes this process. If, for one reason or another,
the process is not localized by apoptosis of the invading trophoblast cells, then,
depending on the degree of the disorder, a hydatidiform mole or choriocarcinoma
occurs [9, p.29].

On the contrary, early spontaneous abortion, gestosis and fetal growth
retardation syndrome have common pathogenetic factors associated with
insufficient trophoblast invasion [2, p. 968]. Incomplete restructuring of the uterine
spiral arteries causes compensatory reactions in the form of increased apoptosis in

the placenta, leading to increased permeability of the fetoplacental barrier to improve

fetal nutrition [108, p. 30293-3; 50, p. 130-136].
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Apoptosis of the invading trophoblast may be associated with factors causing
its premature differentiation [47, p.158-162]. It has been shown that excessive
macrophage infiltration of the decidua is observed in gestosis. It has been suggested
that macrophages may influence trophoblast invasion, possibly initiating apoptosis
of the latter. The specific mechanisms of this process are still unclear, but they are
apparently central to the pathogenesis of gestosis [62, p.22].

Apoptosis is of great importance in the formation of fetomaternal tolerance.
The participation of HLA-G, Fas-FasL, and TRAIL-TRAIL-R in the apoptosis of
maternal leukocytes during pregnancy has been shown [18, p. 48; 50, p. 136]. The
ability of syncytiotrophoblast and placental macrophages to secrete a soluble form
of Fas-L, which participates in the formation of tolerance, has been discovered [19,
p. 80]. Also, the ligand of programmed cell death (PDL1) is expressed in
syncytiotrophoblast and cytotrophoblast [67, p. 70], which, by activating T-cell
apoptosis, limits the expansion of T-lymphocytes, suppresses the production of IFNy
and promotes the formation of T-cell tolerance [3, p. 9].

It was found that the granzyme inhibitor B-P1-9 is synthesized in the
extravillous and villous trophoblast, the maximum expression level of which is
registered in the second trimester. It is believed that this protein allows the
trophoblast to block the aggression of natural killers of the mother's body [14, p.45].

Thus, apoptosis is involved in the process of formation of fetomaternal
tolerance. Cytokines produced by the placenta cause apoptosis in immunocompetent
cells of the mother and block their apoptosis-mediated cytotoxicity in relation to
trophoblast cells.

A significant amount of research allows us to speak with confidence about the
important role of the process of programmed cell death in the decisive periods of
placenta development. During the implantation process, apoptosis frees up space for
the blastocyst penetrating the endometrium. During the invasion of the extravillous
trophoblast, apoptosis plays a leading role in the gestational reorganization of the
spiral arteries and the localization of the invasion. The processes of programmed cell

death participate in the formation of an immunological partnership between the
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immune systems of the mother and the fetus, which is necessary for carrying a

pregnancy.

Management of pregnancy and childbirth in women

with a history of premature birth

The goal of treatment is to prevent premature birth, prolong pregnancy in case
of threat of termination and premature rupture of membranes using drugs that help
suppress contractile activity of the uterus, improve the condition of the fetus in
preparation for childbirth in order to improve clinical outcomes in newborns, which
are better the longer the gestation period [15, p. 28].

In our country, threatened premature birth is recognized as an indication for
hospitalization [2, p.74; 6], with bed rest, with the patient preferably lying on the left
side (non-drug treatment). According to foreign studies, prolonged bed rest, used as
the only treatment method, does not produce positive results. The bedrest regimen
1s recommended (alternating periods of active rest with periods of complete rest 3
times a day) [12, p.64].

The tactics of management and treatment of the threat of premature birth take
into account the possible causes of premature birth and are determined by: the
gestational age, the condition of the mother and fetus, the presence of an intact
amniotic sac, the nature of the contractile activity of the uterus, the degree of changes
in the cervix, the presence of bleeding and its severity [12, p.62].

Inhibition of uterine contractions is indicated in cases where the pregnancy
period does not exceed 37 weeks and the cervix is dilated less than 4 cm.

To treat the threat of premature birth, various tocolytic drugs are used - a group
of drugs with different mechanisms of action that suppress the contractile activity of
the uterus, which are given primary importance in prolonging pregnancy, since their

tocolytic effect is due to stimulation of B2 receptors of the uterus [4, p. 163].
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Currently, the well-known and actively used tocolytic drug B-adrenergic
agonist (Hexoprenaline sulfate) has a fairly wide range of contraindications and
undesirable side effects on the body of the mother and fetus [8, p.61].

The need to reduce the dosage and duration of use of B-mimetics has led to
the search for new alternative drugs for the treatment of the threat of premature birth.
Abroad, calcium channel blockers (Nifedipine) currently occupy a leading place in
tocolysis [11, p.246]. Due to the fact that it has less pronounced side effects on the
part of the mother and fetus and obvious tocolytic effects [8, p.61].

General contraindications to tocolysis: obstetric contraindications
(chorioamnionitis, detachment of a normally or low-lying placenta (risk of
developing a kuvelaire uterus), conditions when prolongation of pregnancy is
inappropriate (eclampsia, preeclampsia, severe extragenital pathology of the
mother), contraindications from the fetus (malformations incompatible with life,
antenatal death of the fetus).

Currently, the most popular tocolytics are selective f2-adrenergic agonists,
oxytocin receptor blockers and calcium channel blockers [12, p.64].

Selective B2-adrenergic agonists are the most studied in terms of maternal and
perinatal effects. Their representatives in our country are Hexoprenaline sulfate and
Fenoterol. When using these drugs, myometrium relaxation is achieved by binding
them to P2-adrenergic receptors and suppresses the contractile activity of the
myometrium [8, p.61].

The recommended hexoprenaline sulfate should be started with a bolus
administration of 10 mcg (1 ampoule of 2 ml) of the drug diluted in 10 ml of isotonic
solution for 5-10 minutes, followed by infusion at a rate of 0.3 mcg/min [8, p.61].

When performing long-term tocolysis, the recommended dose of
Hexoprenaline sulfate is 0.075 mcg/min. The maximum daily dose is 430 mcg.
When preparing a solution for administration using intravenous systems, the
infusion concentrate is diluted with 500 ml of isotonic sodium chloride solution. The

prepared solution is administered intravenously by drip. The calculation of a dose of
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0.3 mcg/min corresponds to: 1 ampoule (25 mcg) - 120 drops per minute, 2 ampoules
(50 mcg) - 60 drops per minute, etc. [5, p. 24].

When using infusion pumps: 75 mcg of infusion concentrate (3 ampoules) is
diluted in 50 ml of 1sotonic sodium chloride solution, the rate of administration is
0.075 mcg/min.

Fenoterol (fenoterol hydrobromide). When preparing a solution for
administration using intravenous systems, the concentrate for infusions is 2
ampoules of 0.5 mg (1 ml - 2.5 mcg) diluted in 500 ml of isotonic sodium chloride
solution. Infusion is started at a rate of 0.5 mcg/min (5 drops per minute), increasing
the dose if necessary every 15 minutes until the effect is achieved. Most often, the
effective dose is 1.5-2 mcg/min (15-20 drops per minute).

Contraindications for the use of P-adrenergic agonists are maternal
cardiovascular diseases (aortic stenosis, myocarditis, tachyarrhythmia, congenital
and acquired heart defects, cardiac arrhythmias), hyperthyroidism, closed-angle
glaucoma, insulin-dependent diabetes mellitus, fetal RDS not associated with uterine
hypertonicity.

When using B2-adrenergic agonists, it is necessary to: monitor the mother's
heart rate every 15 minutes, monitor the mother's blood pressure every 15 minutes,
monitor the blood glucose level every 4 hours, monitor the volume of administered
fluid and diuresis, auscultate the lungs every 4 hours, monitor the condition of the
fetus and uterine contractility.

I/V tocolysis is performed with the woman lying on her left side under cardiac
monitoring.

Side effects: from the mother: nausea, vomiting, headaches, hypokalemia,
increased blood glucose levels, nervousness, anxiety, tremor, tachycardia, shortness
of breath, chest pain, pulmonary edema; from the fetus: tachycardia,
hyperbilirubinemia, hypocalcemia.

It is important to remember that the frequency of side effects depends on the

dose of P-adrenomimetics. If tachycardia or hypotension occurs, the rate of
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administration of the drug should be reduced, and if chest pain occurs, the
administration of the drug should be stopped.

Oxytocin receptor blockers. Oxytocin receptor antagonists are a
fundamentally new class of tocolytic drugs, they block oxytocin receptors, help
reduce myometrial tone and reduce uterine contractility. This group includes the
drug Atosiban.

Atosiban is administered intravenously in 3 consecutive stages: first, 1 vial of
0.9 ml of the drug is administered without dilution over 1 minute (initial dose 6.75
mg), immediately after that, the drug is infused at a dose of 300 mcg/min for 3 hours
(infusion rate 24 ml/hour or 8 drops/min), after which a long-term (up to 45 hours)
infusion of Atosiban is administered at a dose of 100 mcg/min (infusion rate 8
ml/hour or 3 drops/min). The total duration of treatment should not exceed 48 hours.
The maximum dose for the entire course should not exceed 330 mg.

If there is a need for repeated use of Atosiban, it should also be started with
stage 1, followed by infusion of the drug (stages 2 and 3). Repeated use can be started
at any time after the first use of the drug, it can be repeated up to 3 cycles [3, p.9].

The main contraindications to the use of oxytocin receptor blockers are:
gestational age < 24 weeks and > 33 completed weeks, premature rupture of
membranes in pregnancies > 30 weeks, growth restriction and/or signs of fetal RDS,
uterine bleeding, severe preeclampsia, intrauterine fetal death, suspected intrauterine
infection, with placenta previa or premature detachment of a normally located
placenta, any other conditions that affect both the mother and the fetus, in which
maintaining the pregnancy is dangerous.

Calcium channel blockers. Today, calcium channel blockers are promising
drugs for tocolytic therapy due to the lower severity of side effects on the part of the
pregnant woman. Nifedipine is used more often, since its advantages compared to
other tocolytic drugs have been proven: lower frequency of side effects, increased
prolongation of pregnancy, reduction of neonatal complications.

Nifedipine and Atosiban have comparable efficacy in prolonging pregnancy

to 7 days. Compared with selective 2-adrenergic agonists, Nifedipine has been
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shown to improve neonatal outcomes, although long-term results have not yet been
studied. No comparative randomized studies have been conducted on the use of
Atosiban and Nifedipine.

A systematic review found a trend towards a greater than 48-hour delay in
delivery with Nifedipine.

Schemes for the use of Nifedipine: 20 mg orally, then - if uterine contractions
persist - 20 mg again after 30 minutes, then 20 mg every 3-8 hours for 48 hours as
indicated. The maximum dose is 160 mg/day. Or 10 mg sublingually, then, if
necessary, 10 mg every 20 minutes (maximum dose during the first hour is 40 mg),
then 20 mg every 4 hours for up to 48 hours.

Side effects (only on the mother's side): hypotension (extremely rare in
patients with normotension), tachycardia, headaches, dizziness, nausea.

Recommended monitoring during tocolysis with Nifedipine: continuous
monitoring of fetal heart rate while there are uterine contractions, measuring pulse,
blood pressure every 30 minutes during the first hour, then every hour during the
first 24 hours, then every 4 hours.

Tocolysis is performed for 48 hours in order to prevent RDS in the fetus and
transfer the pregnant woman to a perinatal center.

Nitroglycerin can induce relaxation of the smooth muscles of the
myometrium. When using nitroglycerin, a decrease in the frequency of births was
noted before 37 weeks, but no effect of therapy on the frequency of births before 32-
34 weeks of pregnancy was noted [3, p. 9]. Drugs of this group have not yet found
application as tocolytic therapy.

Magnesium sulfate remains one of the most popular means to reduce the
contractile activity of the myometrium to this day. Despite this, magnesium sulfate
does not have a clear tocolytic effect and its use as a tocolytic is not recommended
[3,p.9].

Prevention of premature birth is an extremely complex and difficult task.
Therefore, for a more favorable outcome, active management of the prenatal period

is recommended for pregnant women with a burdened social history, although its
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effectiveness in terms of reducing the number of premature births has not been
proven. Prevention of prematurity consists of proper management of women from
the very beginning of pregnancy, determining markers that indicate a threatening
premature birth [12, p.64].

The new policy challenge is to understand how a ‘primary prevention’
approach (identifying and treating risk factors in all women planning pregnancy to
prevent miscarriage) can reduce the incidence of preterm birth, thereby improving
the effectiveness of practical tocolytic therapy with oxytocin analogues or other
drugs. Secondary prevention is given to women at risk, with multiple aggravating
factors (e.g. prophylactic suturing in miscarriage and multiple pregnancies). Tertiary
prevention is given after the onset of labour to delay delivery and improve the
prognosis for the newborn.

The outcomes of birth for premature babies are determined by the gestational
age, as well as the characteristics of the course of premature birth. Most
complications, both in the mother and the fetus, are caused by a violation of the
contractile activity of the uterus.

In the first half of the last century it became known that increased activity of
endogenous progesterone is a necessary condition for the development and
maintenance of pregnancy. A decrease in progesterone is associated with the onset
of timely and premature labor [18, p.48].

Since then, progesterone and its synthetic analogues, 17-0-
hydroxyprogesterone caproate (17-OPC), have been tested in clinical trials to
prevent premature birth. The drugs were administered daily as vaginal injections of
8% gel or 100400 mg of micronized progesterone [14, p. 45].

Most of the women included in the studies had a history of premature birth.
In women with a short cervix (15 mm or less) without signs of threatening premature
birth (contractions, etc.), the use of progesterone (200 mg vaginally daily) from the
middle of the second and in the third trimesters was effective [14, p. 45]. At the same
time, the effectiveness of prescribing 17-OPC in women with a short cervix and

sutures on the cervix was not noted.
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However, if the same women do not have cervical sutures, 17-OPC reduces
perinatal mortality. Neither progesterone nor 17-OPC have been studied as
prophylactic agents in women with a positive fibronectin test. Both drugs have
proven effective in tertiary prevention of preterm birth after tocolysis [21, p.59].

Synthetic 17-OPC and micronized progesterone differ in chemical structure
and have different effects on the woman's body, including the myometrium.
Micronized progesterone can slow down uterine contractions, while 17-OPC does
not affect the contractility of the uterus. In multiple pregnancies, neither micronized
progesterone nor 17-OPC can prevent premature birth [14, p.45].

Chapter conclusions.

Currently, there are no specific pathogenetic studies of the cause of the risk of
developing preterm labor in pregnant women with a complicated somatic and
obstetric-gynecological history; preclinical diagnostic markers of the risk of
development.

Analysis of literary sources showed that premature birth is the result of the
impact on the body of a pregnant woman and the fetus of a complex of unfavorable
medical and biological, social and other factors. Instability of the socio-economic
conditions of life of women of reproductive age, the growth of somatic pathology
and sexually transmitted diseases, changes in their reproductive behavior - the birth
of the first child at a later age (25-35 years), systematization and identification of the
most significant risk factors for the prognosis of premature birth, the impact on
termination of pregnancy is not specific and refers to the number of multifactorial
pathological conditions. Therefore, determining the significance of groups of factors
and each factor separately makes it possible to more accurately predict the
development of this pathology using modern laboratory studies when setting which
can predict PB. Such an approach to determining the tactics of managing pregnant
women will allow targeted prevention of premature birth, which will help reduce

perinatal pathology and mortality of newborns.
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In this regard, the issue of more accurate forecasting and prevention of the risk

of developing PB, based on accessible and objective indicators, remains relevant.
All of the above determines the need and relevance of this scientific study.
The review on the topic: "CLINICAL AND PATHOGENETIC PREDICTORS OF
PREMATURE BIRTH, OPTIMIZATION OF THE SYSTEM OF TREATMENT
AND PREVENTIVE MEASURES" was prepared based on the databases:
EBSCOhost, Springer NATURE, Scopus, PubMed, Google Scholar, eLibrary for
the period from 2012-2022.
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MATERIALS AND METHODS OF RESEARCH.

Study design

This work was carried out in the period from 2020 to 2023.

The study was conducted at the branch of the Republican Specialized Scientific
and Practical Center for Pregnancy and Maternity Protection center in Samarkand
(chief physician - Khamraeva L.K., Samarkand).

The analysis, processing and calculation of data were carried out in the
department of pathology of pregnant women of the branch of the center of the
Republican Specialized Scientific and Practical Center for Pregnancy and Maternity
Protection in Samarkand (head of the department — Akhmedov Sh.A.).

The study included a prospective comparative analysis (Fig. 2.1).

Study design:

A total of

352
pregnant women
155 © @\ were examined /®e 157
I group I group

o
40
III group

Figure 2.1. Study design

This monograph is the result of a clinical study approved by the local ethics
committee of the university and carried out in accordance with ethical standards
(Good Clinical Practice).

As a result of the conducted prospective study, the following data were
analyzed: initial clinical characteristics, features of the course of pregnancy, as
well as its outcomes in 352 pregnant women with threatened premature birth.

The patients were included in the study as they applied. According to the
data of both clinical, laboratory and functional examination methods, as well as
the diagnosis, as well as in accordance with the developed criteria for inclusion

in the study, all pregnant women were divided into 3 groups.
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The first (I, n=155) is the main group of pregnant women with threatened

PB

The second (II, n=157) is the comparison group of pregnant women with

threatened PB

The third group (control, n=40) included 40 pregnant women with a

physiological course of pregnancy and childbirth, who delivered on time.

The inclusion criteria were:

1.

Singleton pregnancy that occurred in a natural cycle;

2. Age of pregnant women from 18 to 36 years;

3.

Repeatedly pregnant women with a gestation period from 22 to 34 weeks;

4. Threat of termination of pregnancy;

5.

Women with a history of premature birth who gave birth through the natural

birth canal;

6. Informed consent to participate in the study;

7. History of medical abortion (1 or more abortions in the history).

Exclusion criteria:

1

. Uterine scar;

. Pregnant women with severe extragenital pathology;

. Severe obstetric pathology requiring elective early delivery;
. Decompensated placental insufficiency;

2
3
4
3.
6
7
8

Congenital malformations of the fetus;

. Multiple pregnancy;
. Chronic and acute kidney diseases;

. HIV-infected pregnant women.

All patients included in the study underwent a standard set of examinations

in accordance with the order of the Ministry of Health of the Republic of
Uzbekistan dated November 19, 2017 Ne123n “On approval of the Procedure for

the provision of medical care in the field of obstetrics and gynecology”.

Each woman was informed about the purpose and methods of the study,
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all patients signed a voluntary informed consent for their participation in the
scientific study.

In accordance with the set objectives, the following biological material
was collected: whole blood (blood serum), secretions from the posterior vaginal
fornix, urine.

Treatment of patients with the threat of premature birth, aimed at
prolonging pregnancy, was carried out in accordance with the clinical
recommendations of the Ministry of Health of the Republic of Uzbekistan
"Preterm birth" ICD-10.

The tactics of management and delivery of pregnant women were
determined based on a combination of clinical and functional data, as well as the

effectiveness of treatment in each specific case.

Research methods

Laboratory examination included determination of endogenous intoxication,
antioxidant protection, proinflammatory cytokines, reactive proteins, determination
of ceruloplasmin, determination of S-100 protein content, nitric oxide, endothelial
dysfunction, uric acid study, morphological study of the placenta, statistical analysis.

All studies were conducted at the laboratories of maternity hospitals and the
private medical centers MedSI and INNOVA EXPERT.

Blood for the study of all parameters was collected from the cubital vein into
a siliconized tube containing 3.8% sodium citrate, centrifuged at 3000-4000 rpm
(1200 g) for 15 minutes, resulting in platelet-poor plasma, which was transferred to
another tube, where it was stored until the study. Frozen plasma samples were
stored at a temperature of -20 to -16°C.

Methods of studying endogenous intoxication

Hydrophobic toxic products were determined by the characteristics of the
physicochemical properties of albumin. For this purpose, the effective (ECA) and
total (TCA) concentrations of albumin in the blood serum were studied using the

fluorescence method on a specialized analyzer AKL-01 "Zond". A set of reagents
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"Zond-Albumin" (Moscow) was used in accordance with the attached instructions.
The following were calculated: the albumin binding reserve (ABR), which reflects
the proportion of albumin centers in the serum, binding to which is not blocked by
metabolites or toxins, was determined by the formula: PCA = ECA / TAR; the
plasma toxicity index (IT), reflecting the degree of filling of tissue centers with
various toxic substances, was determined by the formula: IT = TAR / ECA-1

(Gryzunov Yu. A., Dobretsov G. E., 1994).

Methods for studying antioxidant protection

Determination of superoxide dismutase (SOD) activity was studied by a
biochemical method using the reagents “Reagent for quality control of superoxide
dismutase SD 126 “Randox Laboratories (Great Britain)”. 3 ml of phosphate buffer
(pH 7.4) were added to the washed erythrocytes and homogenized until a
homogeneous suspension appeared. After centrifugation at 5000 rpm for 15 minutes,
0.5 ml of supernatant was collected and added to a centrifuge tube containing 1 ml
of a chloroform-alcohol mixture (2:1, by volume). The resulting mixture was cooled,
thoroughly mixed and centrifuged. The aqueous-alcohol layer containing the
enzyme was collected and several drops of a saturated solution of KH2PO4 were
added. The enzyme preparation was obtained by diluting the obtained phase 20
times. The reaction medium contained nitroblue tetrazolium (57 umol), NADH (98.5
umol), phenazine metasulfate (16 pumol) and 0.2 ml of the enzyme preparation.
Nitroblue tetrazolium is used as an indicator capable of accepting electrons and
being reduced to formazan, which has an absorption maximum at 560 nm. The
reduced form of biformazan is colored from blue to black. The reaction proceeded
for 10 minutes in 0.5 mol phosphate buffer (pH 8.3) with EDTA (0.1 mmol) at 250
C under aerobic conditions (Gurevich V.S. et al., 1990). The enzyme preparation
was not added to the control sample.

Quantitative determination of catalase was determined by enzyme

immunoassay using reagent “Cat. SEC418Hu” from Cloud-Clone Corp.
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Methods for studying lipid peroxidation

Diene conjugates were determined by spectrophotometric method (Ganston
F. D., 1986), malondialdehyde (MDA) with thiobarbituric acid test, TBA active
products with reagent kit "TBK AGAT" Russia, Moscow. Lipids from erythrocytes
were extracted with chloroform-methanol mixture. Total lipid preparation was
dried to dryness on rotary vacuum evaporator, lipid residue was dissolved in
hexane. Absorption spectrum was recorded at wavelengths of 190-275 nm on SF-
46 spectrophotometer (Russia). Lipid oxidation was estimated by oxidation index
values calculated per 1 mg of lipids by determination of ratio A 232/A 215 and A
275/A 215 (A is optical density at specified wavelengths). The content was
expressed in conventional units/mg lipids.

A=T%/(100% - T%),
where A is the enzyme activity in arbitrary units, calculated per 1 mg of protein,
T% 1s the percentage of inhibition of the nitroblue tetrazolium reduction reaction in
the sample per minute.
Determination of malondialdehyde (MDA) was carried out using a thiobarbituric

acid test, and diene conjugates were determined spectrophotometrically at 233 nm.

Study of proinflammatory cytokines

The level of cytokines in the blood serum (interleukins 1, 2, 4, 6, 8, 10, tumor
necrosis factor) was determined by the enzyme immunoassay method using the
appropriate reagents from Vector-Best CJSC according to the manufacturer's
protocol.

The primary monoclonal antibodies to the corresponding cytokine were
adsorbed onto polystyrene plates (COSTAR, France) at 50 pl per well at a
concentration of 10 ug/ml in a 0.1 M sorption carbonate buffer, pH 9.0, for an hour
at room temperature on a shaker. The plates were washed twice with a 0.05 M
phosphate buffer, pH 7.2, containing 0.1% NP-40 detergent (SIGMA, USA). For
this purpose, 100 pul of the washing phosphate buffer was added to each well using
a 12-channel automatic pipette (COSTAR, France), after which the added buffer was
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aspirated with a pipette. After washing, blocking was performed by adding 100 ul
of 0.05 M phosphate buffer with 1% BSA to each well, followed by double washing
as described above. Then, the studied samples were added in a volume of 50 pl per
well, making 2-3 two-fold dilutions, the studies were performed in 3 parallels. The
dilutions of the samples were carried out in a washing phosphate buffer.
Simultaneously with the samples, a standard cytokine sample in different
concentrations was added to one of the rows of the plate. The plate with the samples
was incubated for 1 hour on a shaker at room temperature or at +4-C overnight. After
incubation, a double wash was performed as described above. Then, the second
polyclonal rabbit antibodies to the corresponding cytokines were added to the plate
at 50 pl per well at a concentration of 1 pg/ml. Incubation with the second antibodies
was carried out for 1 hour under the same conditions as in the previous stages,
followed by a double wash. At the last stage, goat anti-rabbit antibodies labeled with
88 horseradish peroxidase (“SIGMA”, USA) were added to the plate and incubated
for an hour under the same conditions. The concentration of these conjugates is
selected empirically for each specific cytokine. After the end of the last stage, a four-
fold wash was performed. Staining was carried out in phosphate-citrate buffer 0.1
M pH 5.0 with added orthophenylenediamine dye at a concentration of 0.5 mg / ml
and 0.06% hydrogen peroxide as a substrate. The plates were kept in the dark at
room temperature for 15-20 min. until the colored product of the enzymatic reaction
completely appeared. The reaction was stopped by adding an equal volume of 1 M
HSO to the wells. The reaction results were recorded at a wavelength of 495 nm

using a 3550 plate spectrophotometer (Bio-Rad, USA).

Determination of reactive blood proteins
C-protein is a glycoprotein produced by the liver and related to acute phase
inflammation proteins. Under the influence of proinflammatory cytokines
(interleukin-1, tumor necrosis factor-alpha and especially interleukin-6), its

synthesis increases after 6 hours, and the concentration in the blood increases 10-
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100 times within 24-48 hours after the onset of inflammation.

C-reactive protein was determined by the method of Immunoturbidimetry
mg/l. Increased content of basic concentrations of which in the blood indicates an
inflammatory process in the vascular wall, leading to the development of various
complications.

Before taking the test, pregnant women were asked not to eat for 12 hours

before the test and to avoid physical and emotional stress 30 minutes before the test.

Determination of blood ceruloplasmins

The modified Revin method is based on the participation of ceruloplasmin
(CP) in the oxidation of p-phenylenediamine [58]. Determination of ceruloplasmin
in the blood was carried out by a biochemical method using the reagents "CER", a
reagent for determination on the IMMAGE 800 analyzer.

Reagents: 1. 0.4 M acetate buffer (pH 5.5) prepared by mixing solutions 1 and
2 (in a ratio of 9:1): Ist solution - 54.44 g sodium acetate was placed ina 1 L
volumetric flask and brought to the mark with distilled water, and 2nd solution - 22.6
ml glacial acetic acid was dissolved and brought to the mark with 1 L distilled water.
2. 3. 1.3% sodium fluoride solution. 0.5% solution of p-phenylenediamine
hydrochloride.

Procedure. 8 ml of acetate buffer and 0.1 ml of plasma were added to the test
tubes one by one. 2 ml of sodium fluoride solution were added to the control samples
(in order to inactivate the enzymatic activity of ceruloplasmin), the experimental
samples were left unchanged. The next step was to add 1 ml of p-phenylenediamine
hydrochloride solution to both test tubes. The test tubes were shaken, placed in a
thermostat and incubated for an hour at a temperature of 37 © C. At the end of this
time, 2 ml of sodium fluoride solution were added to all test tubes (except the
control). The contents of the test tubes were mixed again and sent to the refrigerator
for 30 min. Colorimetry of the samples was performed against the control with a
pale pink color in cuvettes with a layer thickness of 1.0 cm at a wavelength of 530

nm.
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The calculation of the concentration of CP in mg/l was made by multiplying the
optical density value by the conversion factor 875:

CP (mg/l) = D. 875, where:

D is the optical density of the analyzed sample.

Determination of protein content S-100

The S-100 protein content was determined by a solid-phase enzyme
immunoassay using reagents from CanAg (Sweden). The resulting serum in a
volume of 0.5 ml was frozen and stored at a temperature of -20°C for no more than
2 months. Standards and patient samples are incubated together with biotinylated
anti-S-100 monoclonal antibodies (obtained from mice) in streptavidin-coated
microplate wells. During incubation, the S-100 protein contained in the standards or
patient samples is adsorbed on streptavidin-coated microplate wells with
biotinylated anti-S-100 monoclonal antibodies. The strips are then washed and
incubated with horseradish peroxidase-labeled anti-S-100 monoclonal antibodies.
After washing, buffer substrate is added to each well and the enzymatic reaction is
carried out. During the reaction, a blue color develops if the antigen is present. The
intensity of the color is proportional to the amount of S-100 antigen present in the
sample. The color intensity is measured on a microplate reader at 405 nm after
adding the stop solution. Standard curves are plotted for each assay as optical density
versus concentration for each standard. The concentration of S-100 in patient
samples is calculated from the calibration curve.

Methods of studying nitric oxide.

The production of nitric oxide was assessed based on the content of stable
metabolites (NOx) in the blood plasma, which were determined by recording the
final stable metabolites of nitric oxide — nitrates/nitrites [I.L. Emchenko et al., 1994]
— with the reagent “Nitric Oxide (NO)”, 192 (detection — 540 nm), cat. number
KGEO01 Russia, Moscow.

The concentration of nitrites was determined using the calibration graph and then
calculated using the formula:

48



X (mg/1)=C1 - V1 - 1.016, where:

C1 1s the concentration of nitrite ion found using the calibration graph; V1 is the
volume of protein-free extract; 1.016 is the ratio of the total volume of the
photometric solution (ml) to the volumes of the sample taken for analysis (ml) and
the protein-free extract taken for further analysis (ml). Recalculation into pmol/l was

performed using the formula:
X (Mr/n)
1 ="5054

where 0.054 is the average mass of nitrite/nitrates 0.01 uM.

Methods of studying endothelial dysfunction

- D-dimer is a protein, a product of the destruction of the fibrin molecule. D-
dimer was determined by latex agglutination immunoassay using reagents from
Renam (Russia).

- Von Willebrand factor (vW{) is a glycoprotein synthesized by endothelial
cells. The level of von Willebrand factor indicates the state of the rheological
properties of the blood. An increase in the concentration of vWf in the blood plasma
is detected during stimulation or damage to endothelial cells, platelet aggregation,
etc. [12]. The study of von Willebrand factor was carried out using the TECHOZYM
vWF ELISA test system ("Technoclone") by the ELISA method.

Thrombomodulin was determined using the ELISA method with reagents
produced by “BCM-diagnostics”.

Uric acid test

Uric acid in the blood serum of the mother and the newborn was determined
using an enzymatic colorimetric test using a reaction with uricase (HUMAN,
Germany). The blood sample was collected in a simple vial and incubated at 37 ° C
for 30 minutes, after incubation the clot was removed and the remaining sample was
taken into a centrifuge tube, the test sample was centrifuged at 3000 rpm for 10-20
minutes. The supernatant was collected in a clean and dry serum tube for uric acid

analysis.
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In case the patient was taking medications affecting MK metabolism
(diuretics, aspirin, losartan), they were cancelled for 3-4 days. Also, pregnant
women and the control group were prescribed a diet with purine restriction for 3
days before collecting samples. Hydrogen peroxide formed during the reaction
reacts in the presence of peroxidase with sodium salt of N-ethyl-N-(2-hydroxy-3-
sulfopropyl)-3-trimethylaniline (TOOS) and 4-aminophenazone (PAP) with the
appearance of red-violet quinone imine.

Reaction scheme:

Uricase
Uric acid + 02 + H20 <------------- > allantoin + CO2 + H202
Peroxidase
2H202 + DCGBS + PAP <-----------eme- > quinoneimine + HC1 + 4H20

After opening the vials, the reagents were stored at a temperature of 2-8°C
and were used within 2 weeks. Before the start of the determination, the urine was
diluted in a ratio of 1+10 with distilled water. The samples were incubated for 10
minutes at 20-25°C or for 5 minutes at a temperature of 37°C. The calculation of
uric acid in the blood serum was performed using the formulas:

Serum:

A standard
The test is linear up to a uric acid concentration of 20 mg/dL or 1190 pmol/L.
If the uric acid content in the sample exceeded 1190 umol/L, the sample was
additionally diluted with saline in a ratio of 1 + 1 and the test was repeated. The
obtained result was multiplied by 2 (dilution factor). The reference limits of UA in
blood serum are 200-420 mmol/L. To convert the UA concentration in blood serum

from pmol/L to mg/dL, a coefficient of 59.48 was used, by which the value was

divided.
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Amniotic fluid examination: Anterior amniotic fluid was collected in the first
stage of labor during spontaneous rupture of the amniotic sac or amniotomy.
Amniotic fluid was collected during examination of the woman from the lower
spoon with a syringe in the amount of 5-10 ml. Biochemical examination was
performed on the automatic biochemical analyzer "Hitachi-912". Amniotic fluid was
pre-centrifuged at 2700 rpm for 5 minutes to separate it from cervical mucus, cheesy
lubricant, meconium, epidermal scales and vellus hair of the fetus, then the quantity
was determined.

Study of the hemostasis system

To determine the state of the blood coagulation system, its individual links
and the overall coagulation capacity of the blood were examined:

spontaneous blood clotting time according to the Lee-White method (1913),

blood plasma recalcification time according to Bergerhof-Rock (1954),

blood plasma tolerance to heparin according to Poller as modified by V. P.
Baluda (1954),

kaolin time of blood according to Hattersley (1966),

prothrombin time of blood according to the Quick method (1966),

thrombin time of blood according to Biggs-McFarlane (1962),

antithrombin III concentration according to Hansen as modified by K.M.
Bishevsky (1963),

fibrinogen and fibrin degradation products (FDP) in plasma were determined
according to the Nanniga Guest method (1967),

fibrin-monomer complexes (paracoagulation products) according to Godal as
modified by V.G. Lychev (1975),

natural lysis of a blood clot according to M.A. Kotovshchikova and B.I.
Kuznik (1962),

euglobulin method for determining the fibrinolytic activity of blood according

to Kovarzhik-Bullock (1954).
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In order to determine the coagulation-lytic state of liver tissue structures during the
above tests, liver extract obtained according to the method of V.P. Skipetrov
(1969) was added to the reaction mixture.

Morphological and histological research methods.

Morphological research methods were carried out in the 1st Clinic of the
SamMU at the Department of Pathological Anatomy with a course of sectional
biopsy under the guidance of the head of the department, Associate Professor
Khamidova F.M.

All placentas were subjected to morphological and histological analysis after
delivery. All samples in the amount of 317 were collected immediately after
delivery, regardless of the delivery tactics.

Placental tissue was transported in RPMI-1640 medium with glutamine
(PanEco) with the addition of 100 pg/ml gentamicin for 1 hour at a temperature of 0
to +4°C. Then, the tissue was homogenized with a small addition of a lysing solution
on particles, strictly in accordance with the protocol.

For staining we used methylene blue X400, X600, hematoxylin and eosin %10,
x100, x200, x400.

Electron micrographs were taken (%4800, x5600).

Circulating endothelial cells were determined in the Goryaev chamber.
Macroscopic signs were assessed: - small size and weight of the placenta;

- various pathologies of the umbilical cord.

Microscopic signs: - acute chorioamnionitis and other signs of intrauterine infection;
- various disorders of villous differentiation in the form of delayed or accelerated
maturation; - signs of maternal and fetal malperfusion; - desquamated

endotheliocytes; - the effect of hyperuricemia on placental destruction.

Cytological diagnostics - the number of circulating desquamated endothelial
cells in the peripheral blood was assessed using microscopy methods. Using the
traditional method, we performed a morphometric study of the functional state of
the endothelium in pregnant women. In the work, a modified method for counting

desquamated endotheliocytes was used (Ovsyanik D.M., Fomin A.V., 2014) [62],
52



which included staining the cytological preparation with a 0.1% methylene blue
solution, staining the cytoplasm of the cells blue, and nuclear fragments dark blue
for optimal color contrast and image clarity during CMM. For each patient, the
number of endotheliocytes was counted in 10 samples of the Goryaev chamber, and
the average value of the number of circulating DEC was determined. At the same
time, the preparation was photographed from the microscope tube with a camera,
the image was transferred and saved using a file conversion program. In automatic
mode, the image tone correction was performed to minimize the level of errors
associated with coloring and lighting. The image of bioobjects was isolated
(segmented) under the control of the operator and the average morphometric

parameters of desquamated endotheliocytes were determined.

Statistical analysis

Statistical processing of the material was carried out on a personal computer.

All the data obtained were ordered, coded and entered into tables. These data
included information on parity, age, gestational age at the time of the ultrasound,
data on previous illnesses and data outcomes.

For statistical analysis of the data, the original software package Statistica
12.0, IBM SPSS Statistics 28.0.1.0 and Microsoft Excel 2013 were used.

The mathematical processing of the material was based on nonparametric
methods of mathematical statistics.

When analyzing quantitative parameters (variation series), the data were
presented as medians of the parameters Me and quartiles of distributions: lower —
Q1 and upper — Q2, in the format Me (Q1; Q2), the spread (minimum and maximum
values) was also used. Comparison of observation groups with each other of
quantitative parameters was made using the Mann-Whitney and Smirnov criteria.

When analyzing frequency tables (contingency tables), the nonparametric
criterion 2 (Chi-square) was used.

The differences in distributions were presented as P values; when interpreting the

results of statistical analysis, the significance level of P=0.05 was taken as critical;
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the differences were considered statistically significant at a parameter value of

P<0.05; for values close to zero, P<0.001 was indicated.
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CHARACTERISTICS OF THE EXAMINED PREGNANT
WOMEN (PROSPECTIVE STUDY)

Results of a prospective study

To determine one of the links in the pathogenesis of PB, we observed 352
pregnant women with threatened PB at a gestational age of 22-34 weeks. Patients
were included in the study as they sought help and were hospitalized in the
pregnancy pathology department of the branch of the Republican Specialized
Scientific and Practical Medical Center for Maternal and Child Health in
Samarkand in the period from 2020-2023.

The following data were analyzed: initial clinical characteristics, features
of the pregnancy course, clinical and laboratory examination methods. In
accordance with the developed inclusion criteria for the study, all pregnant

women were divided into 3 groups (Fig. 3.1).

Design of group distribution:

155
I Main group
of women with threatened PB
352
pregnant women 157
were prospectively II Comparison group
examined of women with threatened PB

III Control group
with physiological pregnancy

Figure 3.1. Group distribution design
The age of women varied from 19 to 38 years. The youngest age at the onset

of premature birth was 18 years, and the later age was 38 years, on average, 27+2.9

years in all groups (Fig. 3.2.).
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Age of the examined women

Mile 4
’ [ Croup (b}

Umntil 19 age

. [ Growp (m-157)
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35 more

I - Group .l] — Group I11 - Group

Figure 3.2. Distribution of examined women by age

In group I, the average age was 27 + 1.7 years, in group II 28 + 1.0 years, in the

control group the average age was 26.5 + 2.1 years (Table 3.1.).

Table 3.1.
Anthropometric data
. Groups, n ( %)
Indicator I (n=155) 2 (n=157) 3 (n=40) P value
Age 27 (25;33) 29 (26;36) 26,5 (19;29) p'=0,52*
g b b 2 2 p2=0902*
. p'=0,15 *
Height, cm 164,5+6,8 165,4+5.9 167,2+7,6 N
p—=0,14
) p'=0,11%
Body weight, kg 71,2+11,5 68,8+10,2 63,4458 NP
p—=0,14
p'=0,35%
BMI, kg/m2 26,8+3,98 25,1+6,2 22,6+2,98 .
p—=0,45

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and 3.
*- significance of differences P <0.05*

The average height was 164.5+6.8 cm in group I, 165.4£5.9 cm in group II,
and 167.2+7.6 cm in the control group.

Body weight — in group I 71.2+11.5 kg, in group II 68.8+10.2 kg and in the
control group was 63.445.8 kg. Body mass index — in group I 26.8+3.98 kg/m2, in
group I 25.14+6.2 kg/m2 and in the control group was 22.6+2.98 kg/m2.

When analyzing the place of residence, urban residents predominated. By
social status among those surveyed: students made up 18.2%, workers — 40.3%,

housewives —41.5%. (Fig. 3.3.)
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The place of residence of the patients is presented in (Table 4.2.)

Housewives
42%

Figure 3.3. Social status of the examined women

e 3
Students

18%

40%

Working
women

Table 3.2.
Place of residence of patients
. Groups, n ( %) P
Indicator 1 (n=155) 2 (n=157) 3 (n=40)
City 92(59,3%) | 90 (57,3 %) 20 (50 %) b20'403
, s P2=0,405
Rural . . o P1=0,358
ura 63 (40,6 %) | 67 (42,6 %) 20/(50 %) P2=0,405

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and 3.

To identify the risk group based on the anamnesis, we used the “Prognostic
matrix for identifying risk factors” (computer program: 03/13/2022 (Agency for
Intellectual Property under the Ministry of Justice of the Republic of Uzbekistan

*- significance of differences P <0.05*

No. DGU 2022 1122)) (Fig. 3.4.)
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Figure 3.4. Prognostic matrix for identifying risk factors

Based on the matrix results, pregnant women can be divided into 3 groups
v Group 1 — low probability of developing PB (up to 5 points);
v Group 2 — average, probability of developing PB (from 6 to 20 points);
v" Group 3 — high probability of developing PB (more than 20 points).

In our study, we selected a group of women with medium and high probability

of developing PB with hyperuricemia.
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Figure 3.5. Uric acid content in the blood of pregnant women

Changes in the content of uric acid in the blood of pregnant women occur due
to: a protective antioxidant mechanism at the onset of pregnancy, active placental
function, metabolic disorders, perfusion load and inflammatory processes in the
kidneys, asymptomatic hyperuricemia of unknown etiology, congenital
enzymopathy.

It is known that the reproductive and somatic health of women depends on the
normal functioning of the menstrual cycle. A comparative analysis of the nature of
the menstrual function did not reveal statistically significant differences in the period
of formation, duration of menstruation, and duration of the menstrual cycle between
the groups studied. The data characterizing the menstrual function of the examined
women are presented in Table 3.3.

Table 3.3.

Characteristics of menstrual function (n, %)

1:
<11 y.o. 38(24,5) | 24(152) | 10(25) 5228’8gi
Age of p1=0,060
menarche, years 12-14 y.o. 80 (51,6) 105 (67)* 20 (50) =0 630*
>15 y.0. 37(23.8) | 28(17,.8) 10(25) p'=0,15
1 *
. p'=0,045
Buration of <4 19(22% | 29084) | 1005 | P00
menstruation, p'=0,7856
ays 5.7 125 (80.6) | 120(764) | 30(75) | DZyeos
825 11(7.1) 8 (5) 10,2022
p'=0,021%*
Moderate 81 (52,2)* | 116 (73,8)* 40 (100) A
p?=0,013*
The nature of
menstrual flow Abundant 57 (36,8) 41 (26,2)
Scarce 17 (10,9) 0 (0)
1:
Nature of the Regular 107(89.2) | 144 (91,7) | 40 (100) gzzg’?gé
cycle Irregular 13 (10,8) 13 (8,2)

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and 3.

*- significance of differences P <0.05*

However, it should be noted that for women who gave birth on time, moderate

menstrual bleeding was statistically more common, while for groups 1 and 2, heavy
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menstrual bleeding was statistically more common.

When studying the features of the gynecological anamnesis, it turned out that
all nosologies were distributed with approximately equal frequency in all groups
without statistically significant differences between the studied groups. It is worth
noting that gynecological diseases prevailed in the 2nd group (Table 3.4.).

Table 3.4.

Gynecological diseases

Uterine myoma 5(3.,2) 12 (7,6) p=0,232
Cervical ectopia 15(9,7) 24 (15,2) p=0,509
Chronic endometritis 40 (25,8) 76 (48,4) p=0,012*
Chronic salpingo-oophoritis 20 (12,9) 44 (28,0) p=0,026*

Note: p — comparison of groups 1 and 2 *- significance of differences P <0.05*

It is important to note that inflammatory diseases such as salpingo-oophoritis
occurred in 12.9% in the first and 28% in the second group, endometritis in 25.8%
and 48.4% in the second group.

In the parity study, according to the inclusion criteria, all women were mainly

multiparous.
Table 3.5.
Results of the reproductive history of the study groups.
Type of birth
Spontaneous 79 (70) 80 (51) 3(7.5) P1=0,028*
P2<0,001*
Induced 21 (20) 77 (49) 5(12,5) P1=0,286
P2<0,001*
Other parameters
primigravida 20 (12,9) - 33(82,5) | P1<0,001*
repeatedly pregnant 135 (87,00* | 157 (100)* 7(17,5) | P1<0,001*
P2<0,001*
Primiparous 18 (11,6)* - 33(82,5) | P1<0,001*
Multiparous 137 (88,3)* 157 (100)* 7(17,5)* P1<0,001*
P2<0,001*
Miscarriage 34(21,9) 43 (27,3) 0 -




History of Preterm -

Bi‘rth y 58 (37.4) | 6943.,9) 0

Medical Abortion 67 (43.2) 109 (50.4) 0 P1<0,786

Non-viable pregnancies 32 (20.6) 45 (412) 0 P1<0,060
P1<0,057

Spontaneous 35 (225) | 64(58,7) 0

miscarriage

Hypertensive conditions | (32.9) 69 (43.9) 0 P1<0,076

Intrauterine P1<0,089

manipulations 16 (10,) 28 (17,8) 3(7,5) P2<0,121

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and 3.

*- significance of differences P <0.05*

The frequency of induced labor was 20% in the first group, 49% in the second
and 12.5% in the third group, spontaneous labor was 70% in the first, 51% in the
second and 7.5%, respectively.

In the first group, primiparous women accounted for 12.9%, repeatedly pregnant
women accounted for 87%, multiparous women accounted for 88.3% in the first
group and 100% in the second group.

A study of the gynecological anamnesis showed that miscarriage accounted for
21.9% and 27.3% of cases, respectively.

A history of preterm birth was present in 37.4% of the first and 43.9% of the second
group.

The number of abortions in the first group was observed up to 43.2%, in the
second 50.4% of cases, of which non-developing pregnancy - 20.6% and 41.2%,
spontaneous miscarriage 22.5% and 58.7% of cases.

Hypertensive conditions - 51 (32.9%) and 69 (43.9%), intrauterine
manipulations 10% and 17.8%, respectively.

Thus, it is noted that the factors of high risk of threat of termination of
pregnancy and premature birth are the first pregnancy, first birth, history of
miscarriage, various types of termination of pregnancy (spontaneous, medical),

inflammatory diseases. They can negatively affect the course of pregnancy.
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When analyzing concomitant diseases, it was found that iron deficiency
anemia (IDA), myopia, and varicose veins of the lower extremities were
significantly more often diagnosed in women in the study groups.

The analysis of concomitant diseases is presented in (Table 3.6.).

Table 3.6.

Results of somatic diseases

1:
Anemia 46 (29.6) 48 (30,6) p =012
Cardiovascular disease 2(L,3) 5@3,18) p'=0,12
Myopia 22 (14,1) 28 (17,8) p'=0,12
Hypothyroidism 10 (6,5) 12 (7,6) p'=0,39
Chronic cystitis 5(3,2) 40 (25,4) * P'=0,04*
Chronic pyelonephritis 12 (7,7) 32 (20,38) p'=0,024*
Varicose veins of the =
lower extremities 1509,6) 2415,2) p=0.15
Disruption of fat 1
metabolism 6G.8) 425 p =042

Note: pl — comparison of groups 1 and 2.
*- significance of differences P <0.05*

It is known that the infectious factor is one of the main reasons for the
implementation of premature birth, in connection with which the frequency of
infectious and inflammatory diseases was analyzed in the work and the spectrum of
possible pathogens was determined. The study of vaginal microflora was performed
in all women of the studied groups.

Bacterial vaginosis and vulvovaginal candidiasis were more common in group 2.

In accordance with the Order of the Ministry of Health of the Republic of
Uzbekistan Nel123n dated 19.11.2017, patients with premature births before 34
weeks should be transported to a third-level hospital, and this rule was not
violated. At the same time, delivery after 34 weeks is possible in level 2
institutions, and in case of full-term pregnancy - at levels 2 and 1 (depending on
the presence or absence of pregnancy complications, extragenital diseases). Thus,
the routing of pregnant women and women in labor was observed, and early births

in our cohort were equally common among city and rural residents.
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Considering that patients with the threat of premature birth often have a
complication in the form of premature rupture of membranes, we determined the
duration of the anhydrous interval. In the 1st and 2nd groups, the anhydrous interval
fluctuated from 17 hours 17 minutes in the first and 12 hours 27 minutes in the
second group, the average anhydrous interval was 14 hours 43 + 29 minutes, 12
hours 33 + 17 minutes, respectively.

One of the most important issues that concerns obstetricians all over the world
is the optimal tactics of delivery in premature births. Taking into account that at
present there is no unified concept of management of premature births.

All 352 pregnant women with threatened PB were prescribed traditional
pregnancy-preserving therapy, which included:

Drugs for tocolysis: 1. Nifedipine - 10 mg orally every 30 minutes
(maximum single dose 40 mg). Then - 10 mg every 4-8 hours orally for no more
than 48 hours from the start of therapy; or « 20 mg orally, then, if uterine contractions
persist after 30 minutes, 20 mg again, then 20 mg every 4-8 hours for no more than
48 hours from the start of therapy.

Indomethacin is an NSAID that blocks the synthesis of prostaglandin
synthetase and partially blocks the development of the inflammatory response.

Features of use:

* Use for no more than 48 hours and for gestational ages less than 32 weeks.

* Tocolysis regimen: starting with 50-100 mg rectally or orally, then 25 mg
every 6 hours.

Ginipral is a beta2-adrenergic agonist hexoprinaline sulfate. Ginipral doses:
25-50 mcg (1 ampoule of 2.0 ml of 10 mcg) in 500.0 ml of 0.9% sodium chloride
solution intravenously by drip at 10 drops per minute. The infusion rate can be
increased by 10 drops per minute every 30 minutes until contractions stop or until
the maternal pulse exceeds 120 beats per minute. The maximum rate of
administration with a dilution of 25 mcg (1 ampoule) is 120 drops per minute, with
a dilution of 50 mcg (2 ampoules) — 60 drops per minute.

* Upon completion of intravenous administration - 1 tablet of ginipral (500
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mcg) every 4-6 hours.

* Combine tocolysis with ginipral with oral administration of isoptin or
phenoptin 40 mg 4 times a day or 80 mg 3 times a day.

Magnesium sulfate - No obvious tocolytic effect and use as a tocolytic is not
recommended.

* Used for fetal neuroprotection according to protocol.

Atosiban - oxytocin receptor blocker

A drug that inhibits labor, an oxytocin receptor blocker.

It is administered intravenously in three stages:

1) initially, 6.75 mg is administered over 1 minute;

2) immediately after that, an infusion of 300 mcg/min is administered over 3
hours (infusion rate 24 ml/h, atosiban dose 18 mg/h);

3) after that, a continuous (up to 45 hours) infusion of atosiban is administered
at a dose of 100 mcg/min (infusion rate 8 ml/h, atosiban dose 6 mg/h).

The total duration of treatment should not exceed 48 hours. The maximum
dose of atosiban for the entire course is 330 mg.

Nitroglycerin - For emergencies.

If necessary, Progesterone 200 mg 2 times a day until 36 weeks of pregnancy.
Additional to traditional complex therapy, only pregnant women in the main group
were prescribed (Chapter 6).

According to the results of the analysis of timely and premature births, it was
revealed that among the studied groups (n=352), PB were more often observed in
women who received traditional therapy in the second group (33.1% of cases). All

births ended more often through the natural birth canal (Chapter 6).

Results of ultrasound examination
The following parameters were analyzed from the ultrasound data as part of the
study during abdominal echography: uterine tone, amount of amniotic fluid, placenta

condition, cervical length (CL) in mm, and fetal condition.
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For the analysis, 352 pregnant women were divided into 2 groups. The first main
group (n =312) of pregnant women with threatened PB and the second control group
of 40 pregnant women with a physiological course of pregnancy.
To detect changes in the cervix using ultrasound, it is necessary to take into account
its norm (Table 3.7.).
Table 3.7.
Length of the cervix in the norm and with its shortening depending on the

gestational age (n =312)

22-27 weeks 40.3-36.4 mm 48.6-50.0 mm
28-30 weeks 37.2-30.5 mm 36.15-40.2 mm
31-33 weeks 28.5-2.0 mm 34.6-40.4 mm
34-36 weeks 18 mm and less 40 mm and less

Ultrasound examinations were performed in all study groups. As can be seen
from Table 3.7. shortening of the cervix in the main group was observed at 22-27
weeks of gestation - in 18.2% of cases, 28-30 weeks - in 10.29%, 31-33 weeks - in
42.6%, 34-36 weeks - in 10.5% of cases. In 18.41% of pregnant women, shortening
of the cervix was not observed.

As can be seen from Table 3.8, in the main group, fetal growth restriction
syndrome was observed in 27.8%, an increase in the thickness of the placenta -
26.2%, an expansion of the intervillous space - in 84.9% and early aging of the
placenta - in 58.0% of cases, which is directly informative for diagnosis, preventive
measures and treatment tactics.

Table 3.8.
Results of Doppler ultrasound in pregnant women from a prospective study
roup with hyperuricemia.

Abs. % Abs. %

Hypertonicity of the 309 99,0 2 5 <0,05*
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uterus

Changes n the 210 67,3 1 2,5 <0,05*
quantity and

composition of

amniotic fluid

Fetal growth 87 27,8 1 2,5 <0,05*

restriction syndrome
stages 1,2,3

Increased thickness of 82 26,2 2 5 <0,05*
the placenta

Enlargement of the 265 84,9 2 5 <0,05*
intervillous space

Premature aging of the 181 58,0 1 2,5 <0,05*
placenta

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and 3.
*- significance of differences P <0.05*
The results of a prospective study showed the presence of a violation of
uteroplacental hemodynamics in the examined women with threatened PB and the
control group (Fig. 3.6.).
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among groups.
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With regard to fetoplacental hemodynamic disorders, comparison of groups
also demonstrated the existence of statistically significant differences between
individuals from 22-27 weeks 6 days and 28-30 weeks 6 days (p=0.037), as well as
between 22-27 weeks 6 days and 37-41 weeks 6 (p=0.019).

It follows from this that induction of labor during PB was determined not only
by indications from the mother, but also by indications from the fetus in the form of
disturbances in fetoplacental hemodynamics.

Table 3.9.
Results of the analysis of blood circulation in the "mother-placenta-fetus"

system in groups.

Degree of violations Main group Control group P
n= 312 n= 40
Abs. % Abs. Y%
No 47 15,0 35 87,5 <0,05*
IA 73 233 3 7,5 <0,05*
Ib 134 42,9 1 2,5 <0,05*
11 58 18,5 1 2,5 <0,05*

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and 3.
*- significance of differences P <0.05*

As the results of the study showed, circulatory disorders in the "mother-
placenta-fetus" system in the groups were high. In the main group, stage I B occurred
in up to 42.9%, stage I A - in 23.3% of cases, stage Il - in 18.5% of cases.

Circulatory disorders in the mother-placenta-fetus system, determined by
Doppler ultrasound, ultimately lead to FGRS.

Considering that Dopplerometry was performed on all pregnant women, we
decided to compare the data from both groups.

The figure shows the presence of significant differences in pregnant women with
threatened PB in the 2 study groups compared to the control group (p< 0.028) (Fig.
3.7).
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Distribution according to the presence of FGRS fetal and uteroplacental

hemodynamic disorder in the first and second groups.

After delivery, all placentas were subjected to pathomorphological
examination. In order to identify placental features, we performed statistical analysis
of the results by prospective groups.

Among the morphological properties, we compared the disruption of villus
maturation, circulatory disorders in the placenta, the presence and severity of
compensatory-adaptive reactions.

Among the variants of pathological immaturity of the villi, dissociated villous
maturation disorder was more common, obliterative angiopathy was somewhat less

common, and chorangiomatosis was noted only in patients with PB (Fig. 3.8).
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Figure 3.8. Dissociated villous maturation disorder. Hematoxylin and eosin

staining. x80 (Umrzokova Bakhora i1\b 3516 Pregnancy III 29.7 weeks P III)
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Figure 3.9. Distribution by the presence of dissociated villous maturation in the
study groups

The data in Figure 3.9 clearly demonstrate the statistical significance of the
differences between pregnancies with preterm and term pregnancies (p< 0.001).
Thus, disruption of placental villus maturation may contribute to very early preterm
birth. In our study, its detection increases the risk of preterm birth compared to term
birth by 35.4-48.5 times.

Obliterative angiopathy is a morphological sign of PB when the placenta is

infected in the early stages of pregnancy; its existence leads to a disruption of
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capillary blood flow in the placenta.
Figure 3.10 shows that obliterative angiopathy is significantly more common

in premature births than in term births (p<0.001).
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Figure 3.10. Distribution by the presence of obliterative angiopathy in the
study groups.

Circulatory disorders in the placenta are represented by ischemia, thrombosis
of the intervillous spaces, and infarctions. These changes may be the result of
infectious lesions, immunological conflict, vascular spasm in hypertensive
conditions, and bleeding in premature placental abruption.

When comparing data by groups, statistically significant differences were
found only between preterm and term pregnancies (p<0.001). Circulatory disorders
in the placenta are a consequence of pregnancy complications: preeclampsia,
infectious damage, immunological conflict. The longer the pregnancy period at the
time of delivery, the fewer the number of complications, as has already been shown

above.
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Figure 3.11. Distribution by the presence of placental circulation disorder in the
study groups
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Figure 3.12. Distribution by the presence of compensatory-adaptive
reactions in the placenta in the study groups
Of greatest interest are the results of comparison of groups by the presence
and severity of compensatory-adaptive reactions in the placenta (Fig. 3.12). It has
been shown that statistically very highly significant differences were found in

patients with PB (p<0.001). This means that the worse the compensatory-adaptive
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reactions are expressed (up to their absence), the earlier the pregnancy will be
terminated.

Much attention in domestic and foreign literature is paid to the influence of
the infectious factor on the course and outcome of pregnancy. Infection of the
fetoplacental complex can occur by ascending or hematogenous route, which is
confirmed by examination of the placenta after childbirth.

Figure 3.13 shows the prevalence of histological chorioamnionitis by delivery

time.

Figure 3.13. Panel of stages (anatomical) and degrees (intensities) of the
inflammatory reaction of the fetus in acute chorioamnositis A) Stage 1 degree 1; B)
Stage 1 degree 2; C) Stage 2 degree 1; D) Stage 2 degree 2 Hematoxylin and eosin

staining. x80 (* Karomatullaeva Gulbahor i\b 6799, Pregnancy II 32.4 weeks R I;
“Abdumanova Ikbol i\b 7280, Pregnancy III 30.1 weeks P III)
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Figure 3.14. Distribution by the presence of histological chorioamnionitis in
the study groups

A very high prevalence of chorioamnionitis was shown in all pregnant
women. This can be explained by the existing differences between histological and
clinical chorioamnionitis. In the absence of clinical manifestations, serous
chorioamnionitis is a consequence of the physiological process of separation of the
placenta. No significant differences were found between the groups, which suggests
the absence of an infectious and inflammatory process in the chorionic plate and
membranes in most observations (Fig. 3.14).

The decidua is in direct contact with the amnion (Fig. 3.15).

o -’

73



Figure 3.15. Basal deciduitis — pronounced lymphoplasmacytic infiltration of the
basal decidual plate. Hematoxylin and eosin staining. x80 (Zakirova Mohira i/b

8594, Pregnancy IV 33.4 weeks P I1I:)

120

100
100

82 85

80

60

77
o8 62 61.2
58 :
56 54.2
45.8
39.2

40 33

20 18 15

] )
0

22-27 weeks 28-30 weeks 31-33 weeks 34-36 weeks 37-41 weeks 1st-group  2nd-group  3rd-group
6 days 6 days 6 days 6 days 6 days

HYes mNo

Figure 3.16. Distribution by the presence of deciduitis in the study groups

Statistically significant differences were found between preterm and normal
births (p=0.015). In our opinion, firstly, this proves the absence of clinical
chorioamnionitis in most observations, since leukocyte infiltration of the chorionic
plate and amnion is carried out by maternal neutrophils from the decidua, and
secondly, it indicates the participation of an infectious and inflammatory factor in
the genesis of preterm birth (Fig. 3.16).

In case of ascending infection, the next localization of the inflammatory
process is the intervillous space.

From this, we can conclude that ascending infection contributes to premature
birth.

Intevillusitis is a placentitis of the intervillous space, a focal lesion of part of
the villi with migration of inflammatory cells.

In ascending infection, the next localization of the inflammatory process is the
intervillous space. Figure 3.17 presents the data from our study on the prevalence of

intervillousitis.
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the surface of the fetus, at the base of the chorionic villus, seen at the top right)

Hematoxylin and eosin staining. x80
(Salomova Shakhlo 1\b 0215, Pregnancy I 31.3 weeks P I)
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Figure 3.18. Distribution by the presence of intervilsitis in the study groups.
Hematoxylin and eosin staining. x80

Statistically significant differences were found between threatened PB and

normal births (p=0.0013). This suggests that ascending infection contributes to

preterm birth (Fig. 3.18).
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However, in addition to the ascending route of infection, there is also a
hematogenous route. In this case, the inflammatory process is localized in the villi.
Villusitis is an inflammation of the chorionic villi, which can be terminal or

stem, depending on the type of damaged structures (Fig. 3.19).

Figure 3.19. Villusitis. Hematoxylin and eosin staining. x125

(Rashidova Mamlakat Khusenovna i\b 1834, Pregnancy IV 34.1 weeks P II:)
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Figure 3.20. Distribution by the presence of villusitis in the placenta in the
study groups.
The data in Figure 3.20 clearly show statistically very highly significant
differences between PB and normal births. Consequently, hematogenous infection
contributes to an earlier termination of pregnancy.
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The high frequency of occurrence of umbilical cord phlebitis in preterm births is

noteworthy, however, significant differences were found only in term births

(p<0.05) (Fig. 3.21.).
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Figure 3.21. Distribution by the presence of umbilical cord phlebitis in the
study groups

The umbilical vein is affected first, and the next stage of hematogenous spread of
infection is arteritis. The detection of umbilical arteritis indicates a high risk of an
unfavorable perinatal outcome (Fig. 3.22).
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Figure 3.22. Distribution by the presence of umbilical cord arteritis in the
study groups
Statistically significant differences were found between PB and normal births

(p<0.05). This fact may explain the high frequency of intrauterine infection in
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children with extremely low body weight, leading to an unfavorable outcome.

Chapter conclusions:

Thus, it 1s noted that high risk factors for the threat of termination of
pregnancy and premature birth are miscarriage, various types of abortions
(spontaneous, medical), and CPPT. They can negatively affect the course of
pregnancy.

All this suggests a combined effect of factors on the outcome of preterm labor. An
increase in the anhydrous interval increases the risk of purulent-septic
complications, as well as acute fetal distress due to compression of the umbilical
cord. Circulatory disorders in the "mother-placenta-fetus" system, determined by
Doppler ultrasound, ultimately lead to fetal growth retardation, which can also be a

cause of preterm labor.

Dissociated violation of villous maturation, circulatory disorders in the placenta,
the presence and severity of compensatory-adaptive reactions, obliterative
angiopathy, chorangiomatosis, phlebitis and arteritis can contribute to very early and

early premature birth.
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ASSESSMENT OF THE SIGNIFICANCE OF
BIOCHEMICAL AND IMMUNOLOGICAL INDICATORS IN
PREGNANT WOMEN WITH THREATENED PREMATURE

BIRTH

Among the most pressing problems in obstetrics are premature births, which
are directly related to the incidence of neonatal and perinatal morbidity and
mortality. Currently, the problem is timely diagnosis and subsequent prevention of
premature births. The reason for this is that premature births are a complex problem,
both medical and socio-economic, associated with solving the problems of
improving the quality of subsequent life of children born prematurely, and
associated with material and economic costs. It should be noted that in premature
births, all measures are aimed at improving the survival rates and health of premature
babies. But even these efforts do not reduce the incidence of premature births. In
half of the cases, the cause of premature births remains completely unknown.
Regardless of the availability of various clinical and laboratory methods for
diagnosing threatening premature births, the issue of predicting the outcome of
pregnancy for both the mother and the fetus cannot be considered finally resolved.
Therefore, the implementation of premature births is a multifactorial problem.
Among the risk factors, one can single out medical factors, such as a history of
premature births, spontaneous miscarriages, abortions, inflammatory diseases of the
genitals and urinary tract infections, as well as socio-demographic factors, including
young age, low social status, unsettled family life, etc.

Various diseases suffered by the pregnant woman play a major role in the
occurrence of premature birth. A special place is occupied by viral infections,
including acute respiratory viral infections suffered during pregnancy. The body's
response to infectious agents leads to the occurrence of systemic inflammatory
response syndrome. As is known, the activation of the inflammatory response occurs

due to cytokines. The participation of which has been indirectly proven in many

79



studies, and the periodic nature of the fluctuation in the level of cytokines in the
amniotic fluid, cervical mucus and peripheral blood of women with the threat of
premature birth has been studied.

One of the key stages in the development of premature birth is oxidative stress,
described in modern literature, its role is reduced to the activation of a systemic
inflammatory response, in which metabolic disorders develop in the body of a
pregnant woman.

The balance of oxidative/antioxidant status is a process that begins before
birth, and preterm infants are particularly susceptible to oxidative stress. Most
complications of prematurity, such as bronchopulmonary dysplasia, retinopathy of
prematurity, necrotizing enterocolitis, intraventricular hemorrhage, periventricular
leukomalacia, and white matter punctate lesions, appear to be related to oxidative
stress, mainly due to a mismatch between free radical production and the body's
antioxidant capacity. In addition, antioxidant defense mechanisms are
underdeveloped or deficient in preterm infants. Preterm infants have decreased
antioxidant defense mechanisms, including decreased levels of vitamin E, B-
carotene, melatonin, ceruloplasmin, transferrin, and erythrocyte superoxide
dismutase (SOD). The combination of hyperoxia, which increases the production of
reactive oxygen species, and low antioxidant levels induces oxidative stress,
inflammation, and even apoptosis, thereby increasing mortality and morbidity. In
line with the mechanisms of oxidative stress and the lack of research in this area, in
this prospective study we aimed to compare the serum prooxidant-antioxidant
balance levels in pregnant women with preterm labor.

The survey was conducted with a total of 118 pregnant women with threatened PB;
of these, Group 1 (n=41), Group II (n=42), Group III (n=35) were controls with a
physiological course of pregnancy and childbirth, and delivery was completed on

time.
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Assessment of the degree of endogenous intoxication
Premature birth is the result of the combined action of unfavorable endogenous
factors.

It has been found that the condition of endotoxicosis aggravates the course of
pregnancy, especially in case of gestosis. Until now, there is no single point of view
regarding the significance of endotoxicosis in pregnancy pathology.

Taking these facts into account, it becomes appropriate to identify new
pathogenetic processes of this condition.

When studying the data of the biochemical study, it was revealed that the
effective and total albumin concentration (EAC, TAC) were reduced relative to the

control group (Fig. 4.1).
Comparison of Groups in ECA and OCA

40 F 38.5
Groups

N Group 3
Group 1
E Group 2

27.2

26.8

ECA OCA
Categories

Figure 4.1. EAC and TCA intoxication indices in pregnant women. Note: here
and below. EAC is the effective albumin concentration, TCA is the total albumin
concentration.

*- significance of differences P <0.05*

The effective albumin concentration (EAC) was 18.1£0.9 IU/ml, which is

L 1.5 times less in the first group and 22.4 + 1.02 IU/ml in the second group, which

is | 1.2 times less relative to the control group.
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The total albumin concentration (TCA) was reduced by | 1.4 times in the first
group (27.2+ 1.2 IU/ml) and | 1.3 times (30.5 £ 1.1 IU/ml) in the second group, less
than in the control group.

The ABR index was reduced to 0.71 + 0.002 (%), which is | 1.2 times less in
women of the second group compared to the control group. (Fig. 4.2).

The plasma toxicity index among women of the main group exceeded the
control group by 21.1% (p < 0.05).

Thus, the development of premature birth is accompanied by the formation of

endogenous intoxication in pregnant women.

Status of the pro and antioxidant system

According to the literature, the development of endogenous intoxication is
accompanied by activation of lipid peroxidation processes [5, 89].

Taking into account these facts from the literature, it seemed appropriate to
find out whether only local activation of lipid peroxidation processes occurs in the
"mother-placenta-fetus" system, or with the risk of preterm labor against the
background of systemic activation of free-radical oxidation processes.

To partially resolve this issue, a comparative assessment of the state of lipid

peroxidation processes (DC, MDA) in the venous blood of pregnant women was
carried out.
It was found that the content of diene conjugates (DC) in the blood plasma of women
with threatened premature birth was 31.2 £ 1.7 umol/l, which is 1.5 times higher
than 33.1 £ 1.6 umol/l, which is 1.6 times higher than in the control groups (Fig.
4.3).
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Figure 5.3. Indicators of lipid peroxidation processes in pregnant women
with threatened PB
*- reliability of differences P <0.05*

The content of malondialdehyde (MDA) in blood plasma during threatened
PB was highest in the first group at 7.73+0.35 umol/l (11.5), in the second group
7.59+£0.28 umol/I (1.3), and in the control group - 5.8+2.1 (umol/l), (p<0.05).

In recent years, an important role in the pathogenesis of preterm labor has
been given to systemic inflammatory response syndrome (SIRS) and oxidative
stress. The development of oxidative stress is caused by an imbalance between the
generation and elimination of reactive oxygen species (ROS). Our research results,
presented in Table 5.1, showed that the content of lipid peroxidation products in the
blood plasma of pregnant women in the control group was 41.54+3.67 umol/l. It was
noted that with the progression of the pathology, the content of TBA significantly
increases: it was 67.234+5.78 pmol/l in the first, 78.14+6.89 pumol/l in the second,
and 41.54+3.67 pmol/l in the control group (p<0.05).
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An increase in the level of toxic lipid peroxidation products in the blood of
pregnant women with threatened PB is certainly one of the pathogenetic factors of
free-radical modification of lipid and protein components of the blood, degradation
of biological membranes of blood cells, endothelial dysfunction, and disturbances in
the coagulation potential of the blood, which naturally accompany miscarriage of
various etiologies.

Simultaneously with the activation of oxidative processes, there is an increase
in the activity of blood catalase in pregnant women of group I to 13.57+1.56 kat/l,
which is 11.7 times, and in group II to 11.32+1.27 kat/l, which is increased by 11.4
times compared to the control group, which indicates an increase in the antioxidant
activity of the blood.

Increased blood catalase activity in patients of group II indicates depletion of
the antioxidant defense system, which is indirectly confirmed by a decrease in SOD
and the content of TBA-active products in this group, compared to the control. A
decrease in SOD activity in group I by 45%, in group II by 64% compared to healthy
pregnant women is noted. There are also suggestions that it is the consequences of
decompensation of antioxidant defense that contribute to the accumulation of LPO
products.

These changes can be explained by the fact that in healthy pregnant women,
activation of LPO processes leads to activation of the antioxidant defense system,
but these processes are in balance with each other and are not accompanied by
clinically significant damage. It is known that even normal pregnancy initiates some
degree of oxidative stress. In the case of premature birth, an imbalance is observed
between prooxidant and antioxidant forces towards the predominance of
prooxidants, leading to damage to cells, tissues, and primarily the endothelium

(Ailamazyan, Mostovaya, 2008).
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Table 4.1.

Analysis of LPO-AOS indices in pregnant women with preterm labor

. I group IT group IIT group
Indicators (n=41) (n=42) (n=35)
% %
TBA-active products, umol/l 67,23+5,78 78,14+6,89 41,5443,67
Catalase activity cat/l 13,57+1,56* 11,32+1,27%* 7,98+0,81
SOD activity IU/1 mg protein 3,46+0,29%* 2,31+0,21%* 6,34+0,58

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and 3.
*- significance of differences P <0.05*

As is known, catalase begins to work at high concentrations of H202, which is
not observed during normal pregnancy. These disorders lead to an imbalance
between oxidative and reductive processes in the peripheral blood and tissues,
accumulation of lipid peroxidation products, products of covalent modification of
proteins, a decrease in the efficiency of energy-converting mitochondrial
membranes and an increase in the number of damages to nuclear and mitochondrial
DNA.

Thus, one of the pathogenetic factors of PB is the activation of free-radical
destabilization processes of biological membranes, accompanied by an excessive
increase in the content of peroxide compounds in the blood, as well as malonic
dialdehyde, diene conjugates and catalase with a pronounced universal

cytopathogenic effect and a decrease in the amount of SOD.

Assessment of the state of the cytokine system
The physiological course of pregnancy is accompanied by a certain
restructuring of the immune system, ensuring the tolerance of the mother's body to
the antigens of the fertilized egg and the bearing of the pregnancy. It has now become
obvious that the protection of the fetus from the damaging maternal immune
response is based on a complex mechanism and that communication between the

different steps in the cascade of events is carried out by cytokines.
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In the last decade, active scientific research has been conducted to study the
role of cytokines in the development of premature birth (PB). Being biologically
active factors, cytokines primarily regulate the development of local protective
reactions in tissues with the participation of various types of blood cells,
endothelium, connective tissue and epithelium.

Cytokines are responsible for all successive stages of the development of an
adequate response to the introduction of a pathogen, ensuring its localization and
removal, and then restoring the damaged tissue structure, wherever the inflammatory
reaction develops. The main role is assigned to the cytokine network, the functioning
of which determines the direction of the immune response during inflammation. The
importance of cytokines for the vital activity of the organism can hardly be
overestimated. Their participation in the regulation of immunogenesis, where they
are necessary at all stages of the immune response, has been studied most
thoroughly. Cytokines determine the differentiation of T-helpers into Th-1 and Th 2
types, which differ in the profile of the cytokines they synthesize in response to
various inducers [Khaitov R.M., Pinegin B.V., 2000]. Th -1 produce
proinflammatory cytokines interleukins: IL-1, IL-3, IL-8; interferons (IFN  and ),
tumor necrosis factor (TNFa), which play an important role in the regulation of
inflammatory reactions in the endometrium, limit trophoblast invasion, disrupting
its formation [El-Ziben M.Y ., 2001]. Th-2 produces - interleukins: IL-4, IL-5, IL-6,
IL-10, colony-stimulating factor, etc. - anti-inflammatory cytokines, and IL-10 is
also called "suppressor". It is known that Th-1 determines the development of the
immune response by the cellular type, and Th-2 - by the humoral type.
Physiologically proceeding pregnancy develops with the participation of the Th-2
type of immune response, while there is a certain balance of interaction between Th-
1 and Th-2. To date, the main reasons leading to significant shifts in the immune
system have not been fully studied. At the same time, the study of the state of the
immune system in pathological pregnancy can contribute to the pathogenetic
substantiation of rational ways of ante- and intranatal protection of the fetus and the

prevention of complications during childbirth.
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We examined 35 women in the II and III trimesters of the gestation period
with physiologically progressing pregnancy - the control group. It was found that in
women of the control group, the level of cytokine IL-1f in the blood serum was
2.15+0.18 pg / ml, IL-2 - 11.14+0.91 pg / ml, IL-4 - 3.58+0.19 pg / ml, IL-6
2.38+0.19 pg / ml, IL-8 - 5.42+0.51 pg / ml, IL-10, - 22.48+1.96 pg / ml, and the
level of TNF-a was within 1.76+0.14 pg / ml.

As is known, the main cells producing cytokines are monocytes,
macrophages, endothelium and other cells. High values of IL-1 in the blood serum
indicate the possibility of occurrence of undesirable immunopathological processes,
since IL-1 1is characterized by the ability to stimulate the production of
prostaglandins. Maintaining this cytokine at a low level is one of the factors
contributing to the preservation of pregnancy. In pregnant women at risk of
premature birth, the level of IL-8 was increased by 1.5 times in group I patients and
by 2 times in patients of group II relative to the indicators of the control group. High
level of spontaneous IL-8 production may indicate significant activation of
mononuclear phagocytes - producers of proinflammatory cytokines, which play an
important role in the development of immunopathological processes. The obtained
data on the increase in IL-1P and IL-8 reflect the activity of the inflammatory
process. An increase in the concentration of proinflammatory cytokines indicates
that in this contingent of pregnant women, the inflammatory reaction has systemic
manifestations. At the same time, IL-1 stimulates the release of band leukocytes
from the bone marrow, increases the formation and release of collagenase by them,
causes the expression of endothelial-leukocyte adhesive molecules (ELAM) on the
surface of endothelial cells and leukocytes, promotes the marginal standing of
leukocytes and stimulates the process of their emigration.

As our research results show, pregnant women at risk of premature birth have
a 1.5-fold increase in the IL-6 serum in the first group and a 2-fold increase in the
second group compared to the control group. Due to the disruption of the placental
barrier, a large amount of antigenic material of fetal origin enters the mother's

circulation. This leads to the induction of an inflammatory response from the
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maternal immune system with the production of a large amount of IL-6 and TNF-a,
which causes a high level of trophoblast apoptosis. In addition, IL-6 stimulates the
production of reactive proteins, which leads to remodeling of the cervix and the
development of labor.

According to our data, in pregnant women with risk of preterm delivery,
serum TNF-a level increases by 1.5 times in the first group and by 1.7 times in the
second group compared to control data. As is known, TNF-a is formed by tissue
macrophages, monocytes and lymphocytes in the area of acute inflammation,
enhances the main functions of leukocytes, stimulates the release of histamine by
basophils and mast cells, causes activation of fibroblasts, smooth myocytes and
vascular endothelium in the inflammation focus, induces the synthesis of acute phase
proteins. Hypersecretion of TNF-a leads to a significant increase in the number of
apoptotic trophoblast cells, which can be one of the factors contributing to
miscarriage.

It was found that during normal pregnancy, the cytokine status shifts towards
immunosuppressive cytokines (IL-4, IL-10, TGF-B), inhibiting cellular immune
responses and stimulating the production of blocking antibodies. In our study, the
level of anti-inflammatory cytokines IL-4 and IL-10, respectively, was significantly
lower by 1.5 and 2.4 times in the first group, and 0.6 and 3 times in the second group
compared to similar indicators in the control group. In this situation, the most

informative were the IL-10 indicators, low values of which can serve as a marker of

the risk of developing preterm labor.

Table 4.2.

nant women with threatened preterm labor

II group I11-group

(n=42) 5 (n=35)

TL-1 B, nr/m 331+£0,27*% | 4,350,738 * 2,15+0,18
TL-2, nr/ma 9,53+ 0,84*% | 7,54+ 0,64* 11,14+0,91
IL-6, nr/ma 3,78+0,35% | 4,83+0,39* 2,38+0,19
TL-8, ir/mun 8,51+ 0,79* | 10,98+ 1,03* 5,42+ 0,51
TNF-a, nr/mi 2,68+ 0,27% | 3,14+ 0,23* 1,76+ 0,14
TL-4, nr/mi 224+ 0,17% | 2,15+ 0,13% 3,58+ 0,19
TL-10, nir/mu 9,01£0,82% | 7,360,62* 22,48+ 1,96




Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and 3.
*- significance of differences P <0.05*

Therefore, in pregnant women at risk of preterm birth, significant disturbances
occur in the cytokine system, which may be accompanied by the penetration of
proinflammatory cytokines into the systemic circulation, which, in our opinion,
contributes to understanding the pathogenesis of preterm birth.

In addition, an increase in TNF-a and cytokines can serve as markers of
inflammation of the uterine vascular endothelium, and also indicate high
permeability of the membranes of the fetal membranes, which, in our opinion, is one
of the reasons for the mechanisms of premature birth and rupture of amniotic fluid.
Thus, the results of our study on the activation of proinflammatory cytokines (IL-1
in group I by 1.5 in group II 2 times, IL-2 in group I by 0.8 in group II 0.6 times
more, IL-4 in group I was decreased by 1.5, in group II 0.6 times, IL-6 in group I
was increased by 1.5 in group II 2 times, IL-8 in group I was increased by 1.5 in
group II 2 times, IL-10 was decreased in group I by 2.4 in group II 3 times, TNF-a
was 1.5 in group I and 1.7 in group II compared to the control group) allow us to
assert that the study of cytokine balance is significant for assessing the direction of
the immune response, as well as the outcome of pregnancy for the mother and fetus

in case of threat of preterm labor.

The state of the body's reactive proteins
A significant increase in the concentration of C-reactive protein may be associated
with various complications of pregnancy, such as stress on the immune system,

intrauterine infection, development of hypertension, and threatened premature birth.
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Figure 4.4 Activity of the SRP in women with threatened PB

*- reliability of differences P <0.05*

The development of threatening premature birth with changes in the immune
system was accompanied by an increase in the content of state reactive proteins
(SRP) in the first group to 5.87+0.19 mg/1 (11.7), in the second group to 5.15+0.16
(11.5) mg/l, compared to the control group in women with threatened PB.

When studying nitric oxide, it was noted that in women with threatened PB in the

main group, nitric oxide levels exceeded the values in the control group.
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Figure 4.5. Nitric oxide activity in the study groups.

*- significance of differences P <0.05*

In the first 86.1£3.4 ppb; in the second 89.5+3.1 ppb compared to the control
group (Fig. 4.5).

Increased nitric oxide accompanied by cytokine activity can be considered
one of the predictors of PB.

It is known that in addition to the copper-binding function, ceruloplasmin has
significant antioxidant activity and is involved in the neutralization of peroxides.

We studied the amount of ceruloplasmin as a predictor of PB.

As the results of our study showed, in the first group the level of ceruloplasmin
was reduced to 12.6+0.4 mg/dl, which is | 1.6 times less, and in the second group it
was reduced to 10.44+0.31 mg/dl, which is | 1.9 times less compared to the control
group (Fig. 5.6), which indicates a decrease in the antioxidant system and may be
the cause of PB.

It is currently known that S100 is a calcium-binding protein and is involved
in the processes of cell division, differentiation and death. A comparative analysis

of the S100 protein level in the serum of pregnant women showed a tendency for it
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to decrease in groups I and II compared to patients in the control group. The average
content of S100 protein in the blood serum of women in the control group was
40.9£5.08 ng/ml, while in the first group it was reduced to — 8.80+£0.41 ng/ml, in
the second group 7.90+0.21 ng/ml (>0.05) (Fig. 4.6.)

Serum S100 levels equal to or less than 32.55 ng/ml are also a new prognostic
criterion for PB and increase the risk of their occurrence after a threatened

miscarriage at 22—-34 weeks by 4.6 times.

The nature of the violations of the hemostasis system parameters

Numerous studies have shown that elevated levels of oxidized lipoproteins
during oxidative stress lead to endothelial damage. Increased levels of lipid
peroxides have been noted in platelet and erythrocyte membranes. Lipid peroxides
and free radicals inhibit prostacyclin synthesis, which worsens endothelial
dysfunction. Lipid peroxides damage capillary permeability for proteins and can
thus be involved in the formation of edema and proteinuria. Lipid peroxides promote
increased thrombus formation by increasing the thrombin content and endothelial
release of plasminogen activator inhibitor 1, while decreasing the antithrombin
content and endothelial release of tissue plasminogen activator. Thus, endothelial
damage under the influence of LPO products promotes increased vascular
permeability and their sensitivity to vasoactive substances, loss of their
thromboresistant properties with the formation of hypercoagulation, creating
conditions for generalized vasospasm. Generalized vasospasm leads to ischemic and
hypoxic changes in vital organs with impairment of their function. In this situation,
one of the indicators of intravascular platelet activation is the presence of active
forms of platelets and the number of aggregated ones. As can be seen from the
obtained research results presented in (Table 5.4), pregnant women with a risk of
premature birth have an increase in the sum of active forms of platelets relative to
the control values by 24%. An increase in the sum of active forms of platelets in
pregnant women of the main group was combined with an increase in the number of

platelets involved in aggregates by 1.6 times. The damaging effect of the detected
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disorders in the risk of termination of pregnancy on the vascular wall with the

development of a thrombophilic state cannot be ruled out. Meanwhile, the

determination of factors of vascular wall damage in the blood is an indirect method

for assessing the severity of endothelial dysfunction. Such factors include: von

Willebrand factor, fibrinogen, thrombomodulin.

Table 4.3.

Dynamics of hemostasis system parameters in pregnant women at risk of
premature birth

Total active platelet count (%) 30,12+2,56 34,63+3,12 24,32+1,41 >0,05 <0,01
Number of platelets involvedin | -, o5 ) | 18014234 | 9441092 | <0.05 |<0,001
aggregates (%)

Von Willebrand factor (ng/ml) | 127,38+8,01 139,41+8,54 96,58+7,69 <0,01 | <0,001
Thrombomodulin, (ng/ml) 9,83+0,76 11,24+0,84 6,34+0,57 <0,001 | <0,001
Thrombin time (sec) 17014024 | 15,43£024 | 20,57+£138 | <005 |<0,001

: : -
Antithrombin IIL, (%) 68,5145,12 | 60.84+547 | 80241647 | >0,1 | <0,05
D-dimer pg/ml 4234027 2.140,11 0.8940,07 | <0,001 | <0,001

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and 3.

When studying the content of the most significant factors of endothelial

damage (von Willebrand factor and fibrinogen), a reliable increase in the latter was

noted when compared with the control group, respectively, the von Willebrand

factor by 1.3 times. The identified changes in the dynamics of adhesive proteins play

an important role in increasing the adhesive-aggregation properties of platelets. Of

particular interest is the study of the von Willebrand factor (VWF) as a marker of

endothelial damage in premature birth. It is known that at full-term physiological
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pregnancy, a moderate increase in the content of the von Willebrand factor occurs,
indicating an increase in the thrombogenic potential of the vascular wall. In case of
risk of premature birth, the content of von Willebrand factor increases significantly
and correlates with the severity of the disease. D-dimer was increased by 1 4.7 and
1 2.4 times. Thus, in pregnant women with risk of premature birth, we observe an
increase in the anticoagulant activity factor against the background of endothelial
cell dysfunction. This condition apparently leads to depletion of the level of natural
anticoagulant antithrombin III in the blood and is one of the causes of thrombophilic
state and thrombotic complications in premature birth.

It is extremely important to study the content of anticoagulant potential
indicators in the blood of pregnant women at risk of preterm birth.

When studying the hemostasis system, it was found that premature birth is
characterized by changes in coagulation and fibrinolytic activity in the form of

hypercoagulation and hypofibrinolysis.

Comparison of Coagulation Parameters Among Groups

28.1
Groups

I Group 2
Hm Group 3
Group 1

26.5

Values

45 41 375

I

APTT PT Fibrinogen
Categories

Figure 4.7. Dynamics of hemostasis system parameters in the examined subjects

*- reliability of differences P <0.05*
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In women of the main first group, a shortening of the APTT and PT time by
33.3 and 31.2% (p<0.05) was noted relative to the control group; in the second
group, the APTT and PT were lower than the control group by 20.1 and 25.4%
(p<0.05) (Fig. 4.7).

When studying the process of fibrinolysis in premature births, it was found
that the amount of fibrinogen increased in groups 1 and 2 by 51.8, 39.4 and 26.9%
(p<0.05) when compared with the control group (Fig. 4.7).

Recently, vascular and hemodynamic disorders in pregnant women, which
are observed in various somatic diseases, have traditionally been considered risk
factors for preterm labor. Generalized endothelial dysfunction underlies
hemodynamic and microcirculation disorders, including those in the
uteroplacental basin, developing in various somatic pathologies. There are several
hypotheses explaining the development of endothelial dysfunction in threatened
preterm labor.

These changes are associated with the intensification of intravascular blood
coagulation processes, including in the uteroplacental blood flow. The severity of
shifts in the vascular-platelet, coagulation, fibrinolytic and anticoagulant links of
hemostasis is determined by the characteristics of the course of pregnancy and the
initial state of the coagulation system.

These factors are interconnected and interdependent; their violations often
lead to termination of pregnancy at different times, which makes timely diagnosis
of intravascular thrombus formation and its therapy with the use of specific and non-
specific methods that affect individual links in pathogenesis relevant.

Thus, analyzing the results of the studies, we can conclude that in PB, there is
a pronounced intensification of lipid peroxidation processes, hemostasis system
disorders, cytokine intensification and immune system, reactive proteins in the blood
plasma. It should be noted that the maximum changes in the homeostasis system
were found in pregnant women with a high risk of premature birth and with the threat

of termination, to a lesser extent - in pregnant women with a high risk of PB who
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gave birth prematurely, and minimally - in pregnant women with a high risk of PB
who gave birth on time.

Evaluation of the content of purine metabolism product

As 1s known, uric acid is the end product of purine metabolism in the human
body. The last two reactions of its formation, catalyzing the conversion of
hypoxanthine to xanthine, and the latter to uric acid, are catalyzed by the enzyme
xanthine oxidoreductase, which can achieve two interconvertible forms, namely
xanthine dehydrogenase or xanthine oxidase. The latter uses molecular oxygen as an
electron acceptor and generates superoxide anion and other products of active
oxygen. As noted above, during pregnancy, the activity of oxidative stress increases,
which contributes to endothelial damage. Increased serum uric acid concentrations
occur as a physiological response to increased oxidative stress during pregnancy,
providing a counter-regulatory boost to antioxidant defenses. Uric acid is the end
product of purine catabolism, which acts as an antioxidant and reduces DNA damage
at physiological concentrations. However, high uric acid concentrations can promote
inflammation and endothelial dysfunction. High levels of maternal uric acid can
diffuse to the placenta, enter the fetal circulation, cause placental inflammation and
dysfunction, and ultimately impair fetal development. Elevated uric acid levels can
also inhibit placental amino acid uptake, trophoblast invasion, and trophoblast
incorporation into endothelial monolayers, leading to placental hypoperfusion.

The literature indicates that hyperuricemia develops as early as the 10th week
of pregnancy in women who subsequently experience premature labor. At this time,
invasive trophoblast cells actively remodel the uterine spiral arterioles, integrating
and finally replacing the endothelial lining of the vessels. Uric acid caused a
concentration-dependent attenuation of trophoblast invasion and integration into the
endothelial cell monolayer of the uterine microvessels. Weakened trophoblast
integration appears to be the result of decreased trophoblast-induced endothelial cell
apoptosis, probably due to the intracellular antioxidant effect of uric acid. In
addition, uric acid can initiate inflammatory cascades by increasing the production

of monocyte chemoattractant protein-1, IL-1p, IL-6, and tumor necrosis factor
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(TNF)-a. Elevated uric acid concentrations can alter endothelial function, health,
and repair.

Several studies indicate that uric acid impairs nitric oxide (NO) production in
vascular endothelial cells, a key pathogenic event preceding the development of
cardiovascular disease. While uric acid has long been identified as an antioxidant,
the ability of uric acid to act as a prooxidant capable of initiating intracellular redox
signaling and inactivating NO has been described in the context of compromised
antioxidant status. Of direct relevance to the current study, uric acid may interfere
with key processes involved in normal vascular remodeling, particularly the
proliferation and migration of endothelial cells and vascular smooth muscle cells.
Also, in late pregnancy, uric acid crystals activate the nodular receptor protein-3
(NLRP3) inflammatory pathway via the IL-1-dependent pathway, causing
inflammation at the placental interface and affecting fetal development. According
to some researchers, uric acid concentrations change dynamically during normal
pregnancy. Uric acid concentrations decrease significantly at 8 weeks of gestation,
and these decreased levels remain stable until approximately 24 weeks of gestation,
after which maternal uric acid levels rapidly increase to pre-pregnancy levels. These
findings highlight the importance of paying attention to uric acid concentrations
throughout pregnancy. It should be noted that uric acid, due to its antioxidant
properties, may have potentially important and beneficial effects on various body
systems. The antioxidant properties of uric acid have long been recognized and, as
a result of its relatively high serum concentrations, it is the most abundant free
radical scavenger in humans. The effect of uric acid was significantly greater than
that of vitamin C. Collectively, these data support the hypothesis that elevated
circulating uric acid levels in women at risk for preterm birth contribute to the
pathogenesis of the disorder. It should be noted that uric acid levels are influenced
by various factors, such as altered renal function, as well as enzymatic defects in
purine metabolism. During pregnancy, uric acid levels in early gestation (8-10
weeks) were reduced by numerous factors, such as estrogen exposure and increased

glomerular filtration rate. However, from 22 weeks of gestation onwards, they
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gradually increased and are one of the causes of the risk for preterm birth.

As we have stated previously, uric acid is a well-known marker of tissue
damage, oxidative stress. Based on the above, high uric acid values in the blood are
observed in women at risk for preterm birth. If so, uric acid should be increased
before the syndrome becomes clinically evident. Hyperuricemia is one of the earliest
and generally consistent observations noted in women at risk for preterm birth.
Although elevated circulating uric acid concentrations are not always observed in
every woman at risk for preterm birth, they appear to identify a subset of women
with preterm birth who are at greater risk for maternal and fetal morbidity.

This study was planned to compare serum uric acid values in pregnant women
at risk for preterm birth with a control group to identify new pathogenetic links.

To study this issue, we decided to investigate the level of uric acid in various
substrates in pregnant women at risk of premature birth at 22-34 weeks of gestation
in the entire study group.

The present examination was conducted with a total of 352 pregnant women;
of these, Group I (n=155), Group II (n=157), Group III (control, n=40) — 40 pregnant
women with a physiological course of pregnancy and delivery, delivered on time
were examined. Selection criteria: arterial hypertension, no history of urinary tract
infection. Absence of any other medical complications (cardiovascular diseases,

renal diseases, collagen vascular diseases) associated with preeclampsia.
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Figure 4.8. Certificate for the Computer Program.

The analysis of the obtained results of the study, presented in Table 4.5, shows a

general increase in the level of uric acid in the first and second groups of examined

patients. Uric acid has antioxidant properties and also helps absorb free radicals in

human blood serum. An increase in the level of uric acid may occur due to a

protective reaction that limits the unsafe effects of free radicals and oxidative stress.

Table 4.4.

Determination of uric acid in the blood serum of pregnant women at 22-34 weeks
of gestation with threatened PB (before treatment)

I group
(n=155)

IT group
(n=157)

III group
(n=40)

M

m

M

m M m

22-27 weeks of
gestation

436,43

26,1

442,28

p1<0,001*

31,16 332,87 | 13,68 | 001+

28-34 weeks of
gestation

441,43

31,1

449,28

p1<0,001*

33,2 12<0.001*

332,87 | 13,68

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and

3. *- significance of differences P <0.05*

As can be seen from the table, the uric acid content upon admission to the

hospital in the first group was increased by 1.3 times (on average to 438.5+28.6)
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compared to the control group, in the second group by 1.3 times (on average
445.78+32.18 umol/l) compared to the control group.

After the proposed therapy (Chapter 6), there was a significant improvement in these
indicators.
Table 4.5.
Determination of uric acid in the blood serum of pregnant women at 22-34 weeks
of gestation with threatened PB (after treatment)

after treatment | ,ger treatment | after treatment
on the 1st day on the 4th day | on the 10th day

22-27 k I *
of gestation | wow | 436,43 | 26,1(353,17|21,75 | 315,55 | 20,9 g;g’ggi*
28-34 weeks p1<0,001*
of gestation 45143 | 311135928 | 33,2/ 311,80 | 13,68 | 7" "1
2227 weeks | 11 | 44228 21,16 | 439,33 [ 27,22 | 440,18 | 27,04 | p1<0,091
of gestation | group p2<0,087
28-34 weeks 454312724 [ 451,28 | 27,04 | p1<0,089
of gestation 452,291 33,2 E2<0,078

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and
3. *- significance of differences P <0.05*

In the first group, the average improvement in the endotoxicosis index was
115.24 umol/l, in the second group it remained unchanged, which is of no small
importance for the prognosis and prevention of this pathology.

Amniotic fluid is a unique biological environment that reflects the functioning
of the fetoplacental complex. At the end of gestation, its formation involves the
mother's plasma, fetal membranes, placenta, alveolar contents and urine of the fetus.
Amniotic fluid ensures fetal homeostasis, protects it from physical, chemical and
infectious effects, participates in the metabolism of proteins, lipids, carbohydrates,
in the metabolism of hormones, and allows the fetus to develop freely. Complete
exchange of amniotic fluid occurs within 3 hours. The possibility of determining the
condition of the fetus based on the biochemical study of amniotic fluid is described
by many authors. However, most studies devoted to this problem study only
individual indicators, and the values of the latter often differ.

The next objective of the study was to examine the level of uric acid in the

amniotic fluid.
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We were faced with a question! What changes does the biochemical profile of
amniotic fluid undergo when uric acid in the mother's blood increases and is there a
connection between them?

To address this issue, the biochemical profile of the amniotic fluid
composition was examined in women with endotoxicosis who had PROM upon
admission, during labor, and in the control group.

The anterior amniotic fluid was collected from pregnant women at risk of
premature birth in cases of PRROM, in the first stage of labor in case of spontaneous
rupture of the amniotic sac or amniotomy. The posterior amniotic fluid was collected
at the end of the second stage of labor, immediately after the birth of the fetus. The
amniotic fluid was collected during the examination of the woman in the mirrors
from the lower spoon with a syringe in the amount of 5-10 ml. The content of uric
acid in the amniotic fluid increases during gestation due to the increase in excretion
in the urine of the fetus as it matures.

As can be seen from the presented research results (Table 4.7), the content of uric

acid in amniotic fluid has its own dynamics and concentration.

Table 4.6.
Determination of uric acid in the amniotic fluid of pregnant women among groups
Iand IT
I group IT group Control group
c acid ) (n=157) —40 F
Uric acid in (n=155) (n=40)
amniotic fluid | M m M m M m
(umol/T)
p1<0,001
364,53 (24,3 427,95 | 9,93 340,92 | 13,95 12<0,001*

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and
3. *- significance of differences P <0.05*

As the results of the biochemical profile showed, the content of uric acid in
the amniotic fluid in women of the 1st group was increased by a small amount
compared to the second group (1.2 times).

The increase in uric acid levels in the amniotic fluid of pregnant women who
did not receive the complex that we found may be due to a disruption of metabolic

processes during the breakdown of cellular elements.
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Our findings of a significant association between maternal serum uric acid
levels in the second group, supported by studies demonstrating free transfer of uric
acid across the placenta in pathologies, suggest that elevated uric acid levels may be
the real etiology of these adverse outcomes.

According to the tasks set, we were faced with a survey on how uric acid
affects the fetus? Does uric acid pass through the feto-placental barrier?

To address this issue, we examined the level of uric acid in amniotic fluid and
in cord blood serum in all groups, in the early postpartum period in pregnant women

with premature and full-term births.

Table 4.7.
Determination of uric acid in umbilical cord blood serum.

Uric acid in the I group II §T1C;1’17p Control group p
umbilical cord |  (n=155) (n=157) (n=40)

blood of a M m M M M m

newborn

p1<0,001*
( umol/l) 432,86 |24,1142592| 8,66|327,15| 13,14 12<0,001*

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and
3. *- significance of differences P <0.05*

As can be seen from Table 4.8, we observed more pronounced changes in the
content of uric acid in the cord blood in pregnant women of the study groups, not
significantly in the first group and 1.3 times more in the second group compared to
the control group. Apparently, the identified changes in the level of uric acid in
various substrates, in our opinion, are due to metabolic disorders in the body of the
examined pregnant women and there is a significant relationship between the levels
of uric acid in the mother, in the serum of umbilical cord blood and amniotic fluid,

which most likely leads to deep endotoxicosis and causes premature birth.

Chapter conclusions:
Thus, analyzing the results of the studies, we can conclude that with

threatening PB, in the blood plasma of women there is a pronounced intensification
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of endogenous intoxication processes in the form of lipid peroxidation, hemostasis
system disorders, cytokine intensification, immune system and reactive proteins. It
should be noted that the maximum changes in the homeostasis system and
hyperuricemia in various substrates were found in pregnant women with a high risk

of preterm labor and with threatening PB, the cause of which is deep endotoxicosis.

103



RESULTS OF THE STUDY OF PLACENTAL APOPTOSIS

Results of morphological studies

After delivery, the placentas of all patients in the prospective stage of the study
were subjected to morphological and histological analysis.

During the histological examination of the placentas in the control group, it
was established that the villous tree has a normal structure: stem, mature
intermediate and terminal villi are determined. A distinctive feature is the presence
of compensatory angiomatosis of the terminal villi. The fetal membranes are without

pathologlcal changes (Fig. 5.1).
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Figure 5.1. Morphological structure of the placenta of the control group
Hematoxylin and eosin staining x10, x100, x200, x400

(a and b — intermediate villi, ¢ and d — stem, intermediate and terminal villi) and the
first and second groups (d and e — stromal fibrosis and fibrinoids, d — high degree of
apoptosis of structural components with the presence of Hofbauer cells located
inside the stromal channels, g — stem villi are not fully formed and stromal channels
with circulating macrophages (Hofbauer cells) are present in the villi).

(A.Mardonova, Part No1256, Pregnancy I, 31.3 weeks, Childbirth I; B. Primova, G.
Ne6789, Pregnancy II, 30.3 weeks, Childbirth II; V. Abdullaeva, M. No5678,
Pregnancy IV, 29.3 weeks, Childbirth II; G. Kosimova, 1. Ne127, Pregnancy 111, 32.3
weeks, Childbirth III; D. Kabilova, I. Ne2389, Pregnancy I, 31.5.3 weeks, Childbirth
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I; E. Mukhtarova, A. Ne567, Pregnancy 111, 32.3 weeks, Childbirth III; E. Ibratova,
G. Ne6543; Zh. Alieva, S. Ne98, Pregnancy II, 27.5 weeks, Childbirth II.)

When studying the morphology of the villous stroma of the control group, the
following was noted: immature intermediate villi, capillaries located on the
periphery, stromal channels - in the center, stromal channels formed by the processes
(telopodia) of several telocytes (average cell diameter 2.85 £+ 0.6 um), located in the
center of the immature intermediate villus, several thin long telopodia (average
diameter 0.23 + 0.08 pum) that do not contain organelles, contacting each other and
forming a network of stromal channels in the lumen, where macrophages are located
(Hofbauer cells (Hb). It is shown that white blood cells migrate from adjacent blood
vessels into the connective tissue to perform their functions as macrophages. A small
number of granular cisterns of the endoplasmic reticulum were found only in the
expansions of the telopodium. In the mature stroma of the intermediate villi, collagen
deposits are found. Stromal channels are absent, and blood vessels are formed. In
the stroma of the mature intermediate villus with collagen deposits, there are stellate
telocytes (average diameter 2.96 + 0.8 um) with 3-4 telopodiums (average diameter
0.23 = 0.1 um) forming a network around the blood vessels. The expansion of the
telopodiums reaches more than 1.16 pum. The processes of the telocytes are marked
by grooves. Erythrocytes are located in the lumen of the vessel. (In the mature
intermediate stroma of the wvilli, under the basement membrane of the
cytotrophoblast, there are spindle-shaped telocytes (average diameter 2.65 £+ 0.9 um)
with elongated nuclei and usually 2 thin telopodiums (average diameter 0.29 + 0.1
um). The elongated processes of these telocytes form a chain under the basement
membrane. Smooth and granular endoplasmic reticulum (SER) and mitochondria
are mainly located in the extensions of the telopodium. In some areas, in the stroma
of mature intermediate villi, telocytes are observed under the basement membrane
of the trophoblasts. Spindle/stellate cells are formed and more than 2 processes make
contact with stellate telocytes located deeper. Cisterns of granular endoplasmic
reticulum, single mitochondria and glycogen granules located in the perinuclear

zone and in the extensions of the telopodium. Mature intermediate stroma of the
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villi. In the stroma of the trunk villi, myofibroblasts (mean diameter 2.98 + 1.1 um)
with 2 extensions (mean diameter 0.23-1.16 um) in the arterial adventitia form a
network in the smooth muscle wall of blood vessels. Cisterns of well-developed
granular endoplasmic reticulum are located near the nucleus and in the processes; a
small number of myofibrils are found on the periphery of the cell, together with

dense bodies (characteristic of both fibroblasts and smooth muscle cells).

Figure 5.2. Morphology of villous stroma (a-e). Methylene blue staining (x400).
Electron micrograph (x4800, x5600)
(A-B Ziyanova S. 1\b, Ne3214, Pregnancy 11, 30.3 weeks, Childbirth II.; B, G, D. -
Fikratova A. 1\b, Ne7811 Pregnancy III, 30.2 weeks, Childbirth II1,)

Morphological analysis of the placentas of the first and second groups
revealed that the villous tree contains supporting, intermediate immature and
intermediate differentiated villi. The supporting villi are represented by a loose
collagen body, in places with preserved stromal channels with single Kashchenko-
Hofbauer cells. Among the intermediate villi, the generation of immature forms
predominated up to 80% in the first group and up to 50% in the second with typical
stromal channels and the presence of placental macrophages. The epithelial lining is
represented by syncytiotrophoblast with separate areas of cytotrophoblast, mainly

with light eosinophilic cytoplasm (Fig. 5.1).
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Figure 5.3. Morphological changes in the placenta of the first and second groups (a-
d). Methylene blue staining (x400). Electron micrograph (x4800, x5600). (A-B
Primova A. 1\b Ne5783, Pregnancy 111, 33.1 weeks, Delivery I; B, G, D. - Zakirova
K. Ne3861, Pregnancy 1, 29.1 weeks, Delivery 1.)

The capillary bed of intermediate immature villi is represented by a small
number of them, centrally located, with their virtual absence in the subepithelial
zones. Intermediate differentiated villi were found in 15-20% of the first group and
30-40% of the second with a more densely cellular stroma, single stromal channels
and topographically prevailed in the paracentral and central zones of the placental
disk.

In all cases of the first and second groups, there were morphological signs of
ascending infection with the presence of parietal deciduitis, parietal
chorioamnionitis, serous-purulent choriodeciduitis, membranitis, subchorial and
subbasal intervillisitis, and placental chorioamnionitis.

When studying the morphology of the villous stroma of intermediate villi in
PR, the following was noted: accumulation of erythrocytes in the lumen of the
vessel, stellate telocyte-like cells are located near the blood vessels. The stroma
contains collagen fibers, and multiple vacuoles are visible in the
syncytiotrophoblasts. Areas of telocyte-like cells form pseudostromal channels in
mature intermediate villi. Telocyte-like cells (average diameter 3.25 £ 0.6 um) are

visible in the stroma of fibrous villi due to their processes (average diameter 0.28 +
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0.1 um), which limit pseudostromal channels. Macrophages with multilobed nuclei
and multiple vacuoles are present.

Evaluation of markers of endothelial dysfunction in placental apoptosis

The aim of the morphological stage of the study was to unify the indices of
endothelial function using morphometry of DEC. This stage was necessary to
accumulate a sufficient volume of cell sample preparations in order to assess
physiological variants of quantitative and qualitative features of placental apoptosis
and endothelial dysfunction in the peripheral blood of a woman during pregnancy.
Due to the volume of processed information, a new information technology for
objectifying vascular system damage in pregnant women using vital computer
morphometry of desquamated endotheliocytes was created empirically.
Using a traditional method, we carried out a morphometric study of the functional
state of the endothelium in pregnant women. In the work, a modified method for
counting desquamated endothelial cells was used (Ovsyanik D.M., Fomin A.V.,
2014) [62], which included staining the cytological preparation with a 0.1%
methylene blue solution (Figures 5.4. (4a-4d))
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Figures 5.4. (4a-4d) — DEC in Goryaev’s chamber. Methylene blue staining.
Magnification 400x%.

(A-Karimova U., No. I\b 1489 Pregnancy II, 32.4 weeks, Childbirth II; B-
Azizova A., No. I\b 8975 Pregnancy I, 33.2 weeks, Childbirth I; B- Akilova S., No.
I\b 3247 Pregnancy I, 29.3 weeks, Childbirth I, G- Fozilova A., No. I\b 7781
Pregnancy 111, 34.3 weeks, Childbirth III.)

The staining with 0.1% methylene blue solution used in the work stained the
cytoplasm of cells in blue, and fragments of the nucleus in dark blue for optimal
color contrast and image clarity during CMM. For each patient, the number of
endotheliocytes was counted in 10 samples of the Goryaev chamber, and the average
value of the number of circulating DEC was determined. Simultaneously, the
preparation was photographed from the microscope tube with a camera, the image
was transferred and saved using a file conversion program. In automatic mode, the
image tone correction was performed to minimize the level of errors associated with
coloring and lighting. The image of bioobjects was isolated (segmented) under the
operator's control and the average morphometric parameters of desquamated

endotheliocytes were determined.
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When determining the average number of desquamated endothelial cells in
the study groups, an almost twofold increase was noted in the group of pregnant
women with preterm labor: 12.1+1.54 x104 cells/100 ml in the first group, 7.87+0.58
x104 cells/100 ml in the second, 5.9+0.25 x104 cells/100 ml in the third group
(p<0.001; t=3.98, p<0.001; t=4.24).

Figure 5.5. — Desquamated endotheliocyte, control group.
Morphometric study in Leica Application Suite LAZ EZ Version 2.1.0.
Methylene blue staining. Magnification 600x%.
(Kilicheva P. No. 459. Pregnancy I, 34.3 weeks, Labor II)

Figure 5.6. Desquamated endotheliocyte, main group.
Morphometric study in Leica Application Suite LAZ EZ Version 2.1.0.
Methylene blue staining. Magnification 600x.
(Abbosova N. No. 189 Pregnancy 111, 33.3 weeks, Labor II)
During the damage process, the cell goes through the stages of compression,
chromatin condensation and formation of apoptotic bodies. At the same time, the
geometry of the affected cell changes. With a pronounced degree of endothelial

dysfunction, most of the desquamated endothelial cells are recorded in the
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cytomorphometry in the stage of blebbing and apoptotic bodies, which is reflected
in the decrease in the geometric parameters of the altered cells (Fig. 4.3).

The following results were obtained in the study groups during the cytometric
study of desquamated endotheliocytes of peripheral blood: diameter is the distance
between the most distant points (pixels) of the image on the plane. The average
diameter of desquamated endotheliocytes of the control group was 44.14+3.88 um,
which is 1.5 and 1 times higher than this indicator of the first group 30.1+6.1 um
and the second - 38.7.1+£6.1 pum (p<0.001, t=6.23, p<0.01, t=5.89).

During apoptosis, the cell shape changes, going through the stages of
compression, fragmentation and formation of apoptotic bodies. The characteristic of
the cell perimeter change can be an additional cytometric indicator of endothelial
cell apoptosis activity. The average perimeter of desquamated endothelial cells in
the control group was 140.5+8.5 um, in the first group - 92.7+11.4 pm (p<0.03,
t=3.47) and in the second - 115.4+10.6 pm (p<0.01, t=3.24).

The number of pixels that do not go beyond the object boundary is taken into
account. The parameter value is affected by the actual cell size and the ability to
form outgrowths. The average area of the desquamated endothelial cell was
1600.5£58.9 um? in the control group, 850.5+£36.5 pm? and 1255.7+34.8 um?2 in the
main group (p<0.001, t=4.64, p<0.001, t=4.64).

The shape factor is a characteristic of the irregularity of the perimeter of an
optical object, a dimensionless value representing a combination of the
characteristics of the size and shape of a particle or structural component,
representing the ratio of the length to the width or the square of the perimeter to the
plane. This indicator of a cytometric study shows the approximation of the shape of
an object to the shape of a circle. The shape factor of desquamated endotheliocytes
of peripheral blood was 14.1+0.15 in the control group, 9.7+0.23 in the first (p>0.03,
t=3.11), 11.5+£0.26 (p>0.02, t=3.54) in the second.

Polarization is the degree of ellipticity of the object. This parameter varies
from 0 to 2. Change in the shape of the desquamated endothelial cell is associated

with the loss of the rounded shape of the cell. The polarization index can be used as
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an additional parameter of the cytometric characteristic of the desquamated
endothelial cell. Polarization of desquamated endothelial cells: 0.075+0.015 in the
control group, 0.18+0.024 in the first group (p<0.003, t=6.23), in the second
0.010+0.019 (p<0.002, t=6.14). Thus, most of the cytometric indices of desquamated
endothelial cells of the peripheral blood differed in the studied groups. The results
are presented in Table 5.1.

Table 5.1.

Parameters of desquamated endothelial cells of peripheral blood

Quantity,
104 12,1+1,54 7,87+0,58 5,940,25 <0,001 |<0,01
Average
diameter, 30,1+6,1 38,7+6,1 44,1+3,88 >0,05 | >0,2
um
Perimeter,
um 92,7+11,4 115,4+10,6 140,5+8,5 <0,01 [>0,05
Area 850,5+36,5 1255,7+34.8 1600,5+58,9 | <0,001 [<0,001
Form factor 9,7+0,23 11,5+0,26 14,1£0,15 <0,001 [<0,001

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and 3.
Thus, during the morphological study of desquamated endothelial cells of
peripheral blood, in addition to the classical traditional parameter of the amount of
DEC, we obtained a digital portrait of the cell, which served as the basis for
confirming the possibility of a connection between the onset of oxidative processes
in the peripheral blood due to an increase in uric acid, which possibly leads to the
onset of PR due to apathosis of placental cells.
The histogram of the distribution of the values of the indicator “Number of

DECs” (Figure 5.7) clearly shows the differences between the groups.
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Figure 5.7. — Graph of distribution of the amount of DEC in pregnant women
in the study groups.

Note: DEC — dexquamated endothelial cells.

When conducting a comparative analysis of the results of measuring
circulating endothelial cells, a statistically significant difference was found in the
groups of participants.

The study revealed that the average value of the perimeter of the DEC in
women from the control group was significantly higher than in those in the main
study group. This indicates that the control group had a more pronounced
morphological structure compared to the main group. A similar indicator for the
main group was 93.8 um, which is also statistically significant.

Thus, the results of the study indicate that women from the control group had
a higher average area of endothelial cells and a more homogeneous distribution of
this morphometric parameter than women from the main study group, which
indicates the absence of oxidative processes.

A correlation analysis of the dependence of the number of desquamated
endotheliocytes and the average diameter of desquamated endotheliocytes was

performed. A model of a two-dimensional normally distributed general population
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was constructed. The scatter diagram of the parameters of the cytometric parameters

of desquamated endotheliocytes of peripheral blood is shown in Fig. 5.8.

y=-1,5006x +46,719
R>=0,7779

MKM
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Figure 5.8. Linear correlation diagram of the number and average diameter
of desquamated endothelial cells.

We found that the changes in the morphometric parameters of desquamated
endothelial cells in gestation disorders are statistically significant and can be used
as informative markers of vascular disorders that are the cause of elevated uric acid
that led to PB. This means that our results can help in the diagnosis of endothelial
dysfunction in pregnant women and improve the prediction of the risk of PB. It is
important to note that we used the geometric parameters of desquamated
endothelial cells in peripheral blood as a diagnostic criterion for endothelial
damage in humans for the first time. This approach can form the basis for future
research in this area and help in the development of new diagnostic methods and
therapeutic strategies.

Morphometry of placental vessels.

We examined the material obtained after delivery of the placenta and the
contents of the uterine cavity in women with PB and physiological course. This
material is tissue fragments of placental elements of various colors, having an elastic

or spongy consistency, which we studied at the microscopic level. In the
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morphometric analysis, the thickness of the capillary wall was determined by the
thickness of the cells of apoptosis. In the course of the study, we studied 180
histological preparations of placental villi in patients.

Our study included only those vessels in which pericytes were absent, which
allowed us to standardize the research method.

This study analyzed various characteristics of the vessels that are located in
the villous space of the placenta (these look like small branches that provide nutrition
to the fetus). Several parameters were studied:

1. Average vessel wall thickness.

2. Average diameter of the lumen (empty space inside) of the vessel.

3. Average area of the internal space of the vessel.

4. Kernoghan index is the ratio of the vessel wall thickness to its diameter.

5. Endothelial cell apoptosis index is an indicator that indicates the number of
cells showing signs of apoptosis (programmed death) in relation to the total number
of cells examined.

To detect apoptosis in endothelial cells, a special technique called nuclear
segmentation by indirect immunofluorescence microscopy was used.

In our study, we analyzed the condition of the placental tissue in patients in
the group of women with PB. We found that the frequency of villous tissue necrosis
in the preparations was 6.7% (6 patients). In addition, 25 patients (27.8%) had
hemorrhages in the stroma of tertiary villi, and leukocyte infiltration of the villi was
found in 4 patients (4.4%). Placental villous dystrophy was diagnosed in 7 people
(7.8%), while placental villous stromal edema was detected in 12 pregnant women
(13.3%). These data can help to better understand the condition of the placental
villous tissue in patients and identify risk groups for subsequent monitoring and
treatment. Thus, we can conduct more effective treatment and reduce the risks of
possible complications in pregnant women.

In this study, computer morphometry of the placental villus vessels was
performed in each woman.

The obtained results indicate that in the main 1 group the most common vessel
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wall thickness is 0.7 um, with the range of fluctuations of this indicator from 0.48 to
0.99 um, and the standard deviation was +0.12 um. The average value of the vessel
lumen diameter was 6.73 um, and the range of fluctuations of this indicator was from

5.76 to 6.42 um, with a standard deviation of £0.38 pum.

Comparison of Vessel Parameters Between Groups

Groups
I First Group

Average Vessel Wall Thickness
0.7 Second Group

Average Vessel Lumen Diameter (Empty Space Inside)
39.8
Average Internal Vessel Space Area

Kernogan Index (Ratio of Vessel Wall Thickness to Diameter)

Endothelial Cell Apoptosis Index

0 5 10 1|5 20 2|5 30 3|5 4|0
Values

Figure 5.9 Results of morphometry of placental vessels

The average value of the vessel lumen area was 36.1 um? in the main group,
with a range of 22.97 to 51.68 um? and a standard deviation of +4.62 um?. The
Kerogan index of placental vessels in the main group was 0.05, with a range 0f 0.036
to 0.073 and a standard deviation of =0.008, and the endothelial cell apoptosis index
in the wall of placental villi vessels was 7.1%, with a range of 2.5 to 11.4% and a
standard deviation of £2.49%.

We found that the average vessel wall thickness in the second group with PB
was 0.9 um, and the range of variations of this parameter was from 1.25 to 0.67 pm.
The standard deviation for this indicator was +0.12 um, indicating high accuracy of
the obtained data. These results will help to better understand the structure of the
chorionic vessels and identify any abnormalities.

In the second group of women with preterm labor, we found that the mean
lumen diameter of the vessels was 6.9 um, and the range was from 4.53 to 8.92 um.
The standard deviation of this indicator was £0.93 um. The mean lumen area of the
primary placental capillaries was 39.8 um?, and the range was from 16.59 to 63.84

um?. The standard deviation of this indicator was +10.96 pum?.
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The Kernoghan index in the control group was 0.06, and its range of variation
was from 0.044 to 0.117. The standard deviation of this indicator was +0.017.

The endothelial cell apoptosis index was 3.9%, and the range of fluctuations
of this indicator was from 2 to 5.7%. The standard deviation of this indicator was
+1.49%.

A study was conducted to examine microscopic preparations of placental villi,
which revealed important differences in the studied features between the groups. As
a result of the study, necrotic changes in placental villi were detected with a
frequency that significantly exceeded the value of the control group (p<0.0001;
t=8.76).

In addition, placental villous dystrophy was also more common in the main
group, where hyperuricemia prevailed and was the cause of preterm birth (p<0.0001;
t=7.24). Other studied parameters were also higher in the group where premature
birth occurred. These results may indicate a relationship between the observed
changes in microscopic preparations and the risk of premature birth and indirectly
confirm the role of hyperuricemia in the process of cell apoptosis, which is largely
the cause of preterm birth.

Chapter conclusions:

Thus, morphological studies have shown that the development of premature
birth is accompanied by a violation of the maturation of the placental villi,
angiopathy, the presence of ischemia, thrombosis of the intervillous spaces, signs of
deciduitis, chorioamnionitis, intervillousitis, villitis, phlebitis and arteritis of the

umbilical cord.
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FEATURE OF OPTIMIZATION OF THE SYSTEM OF
TREATMENT AND PREVENTIVE MEASURES IN
PREGNANT WOMEN WITH THREATENED
PREMATURE BIRTH
Development and implementation of methods for predicting

and preventing complications in premature births

When studying the data of a prospective study, it was established that the first
pregnancy, repeated births, miscarriage, history of non-developing pregnancy,
medical abortion, inflammatory diseases of the reproductive system, etc. are risks of
premature birth. When hospitalizing patients with a risk of threat and premature
birth, significant changes in the homeostasis system, disturbance of uteroplacental
and fetoplacental hemodynamics were noted.

However, to identify the real risk factors for PB, the activities of the most
important components of the homeostasis system were determined, such as the
presence of endotoxicosis, activation of lipid peroxidation, antioxidant protection,
cytokine intensification, the state of the body's reactive proteins, the content of
purine metabolism products, and the stability of the hemostasis system.

To demonstrate the pathogenetic mechanism of PB development, we have
developed an algorithm that can be used in scientific research and theoretical classes

of educational institutions for students.
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PATHOGENETIC MECHANISM OF PR DEVELOPMENT
Pregnancy onset
Changes in body's homeostasis system
Activation of immune system
Metabolic changes in internal organs
ENDOTOXICOSIS
LECA| JOCA | & LRCA| TIT

Antioxidant Depression
TDK| TMDA | 1 Cat | 1 TBK | { SOD | t POL

Cytokine Activation
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Endothelial Dysfunction
Von Willebrand Factor | T Fibrinogen | { Antithrombin Il
T Thrombomodulin | { Thrombin Time | T D-dimer
Increased Desquamated Endothelial Cells
Activation of Purine Metabolism
T UA (Uric Acid)
Acute Placental Insufficiency
Disruptions in placental villi maturation, angiopathy, ischemia, thrombosis, apoptosis, desquamation, and destruction of placental cells

UA in Amniotic Fluid | UA in Umbilical Blood
FETAL ENDOTOXICOSIS

PR DEVELOPMENT

Figure 6.1. Proposed pathogenetic mechanism of PB

As can be seen from Figure 6.1, it has been pathogenetically revealed: after the
onset of pregnancy, changes in the body's homeostasis system appear, the immune
system is activated, metabolic changes in the internal organs appear, which leads to
endotoxicosis of the pregnant woman, this process is accompanied by antioxidant
depression causing cytokine activity, reactive proteins of the body are activated
leading to endothelial dysfunction, which in turn leads to desquamation of
endothelial cells activating purine metabolism leading to placental insufficiency
(impaired maturation of placental villi, angiopathy, ischemia, thrombosis of the
intervillous spaces, apoptosis, desquamation and destruction of placental cells), and
an increase in UA in the amniotic fluid and umbilical cord blood, which leads to

fetal endotoxicosis and preterm labor (Fig. 6.1).
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As the results of our study showed, changes in the content of uric acid in the
blood of pregnant women (without signs of preeclampsia and hypertension) occur
due to,

e protective antioxidant mechanism of the body during pregnancy;

e active functioning of the placenta (the placenta is a source of purines - due to its
functioning, uric acid is formed, trophoblast microparticles released into the
bloodstream damage the placenta leads to dysfunction of the placental vessels,
which in turn leads to NMPC, FPN, inflammatory genesis of the placental bed
activates cytokines;

e due to metabolic disorders (excess body weight);

e due to perfusion load and inflammatory processes in the kidneys;

e congenital enzymopathies;

e asymptomatic form of hyperuricemia of unclear etiology.

The authors believe that since the intrauterine growth rate of the fetus slows
down to 1 mm/day by 20 weeks, it is possible that elevated levels of uric acid in the
mother's blood play an important role in this process. This leads to suppression of
growth rates, an increase in the level of uric acid in the fetus, a decrease in the
amount of nitric oxide in endothelial cells, which is accompanied by "endothelial
dysfunction", and, consequently, to the threat of termination of pregnancy.

According to the literature, the pathogenesis of PB cannot be considered only
as an isolated lesion of an organ, such as the placenta, without closely linking the
nature of local changes with the general disorders that arise in the body [54, 89, 125,
147].

Currently, there are two prevailing points of view on the relationship between
the etiology and pathogenesis of PB. According to one of them, PB is a
monopathogenetic but polyetiological disease. According to the other, each

etiological factor has a pathogenetic mechanism characteristic only of it [12, 79,

148].
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Being a polyetiological disease, PB is pathogenetically caused by the
influence of metabolic, vascular, neurotrophic, toxic-allergic, and traumatic factors
that lead to damage to internal organs [104, 178].

According to modern concepts of the pathogenesis of PB, the causes of the
development of this pathology are two closely interconnected groups of damaging
factors: 1) neurohumoral (impaired innervation and metabolic functions of internal
organs); 2) toxic (the presence of exogenous and endogenous toxic metabolites of
various natures) [88, 97, 113, 141].

Activation of the homeostasis system in pregnant women is accompanied by
an intoxication syndrome, which contributes to decompensation of the body's
detoxification systems and causes frequent cell death. Endotoxicosis is characterized
by a complex of metabolic disorders leading to dysfunction of the main life support
systems and underlies the development of multiple organ failure. The severity of
endogenous intoxication is determined by the content of the total and effective
albumin concentration in the blood plasma and by the content of medium-molecular
peptides. An increase in the formation of medium-weight molecules has a negative
effect on the functioning of various organs and systems and homeostasis as a whole,
being one of the most important reasons for the formation of multiple organ failure
syndrome [73, 97, 125, 146].

At this time, against the background of increased blood circulation, the
process of activation of lipolytic enzymes - phospholipase A and lipase - accelerates.
Lipid-water exchange is considered one of the triggers of membrane-destabilizing
processes in PB [35, 104, 133].

Recently, the role of interleukins (IL) in the pathogenesis of PB has been
widely discussed in the scientific literature. They are bioregulators of the
inflammatory-necrotic process and cause the main pathological reactions that occur
in the early stages of the disease. Considering that IL-1 intensifies LPO processes,
an assumption has been made about the role of this compound in increasing the risk
of developing multiple organ failure syndrome and determining the severity of RVP
[44, 69, 117, 123].
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In RVP, microcirculatory changes occur at the earliest stages of the disease,
are generalized in nature, and have a certain staging [59, 101, 134].

Disturbances in macro- and microhemodynamics in PB occur as a “circulatory
shock”, are accompanied by significant changes in the rheological properties of the
blood and persist at all stages of the pathological process. As a result, foci of local
ischemia arise and the process of cellular autolysis is initiated [26, 77, 109, 147].

The results of the prospective study showed that the above changes were
registered not only in pregnant women, but also in fetuses.

In the early stages of premature labor, pregnant women experience
endogenous intoxication (decrease in TCA, ECA, ABR, and increase in IT),
pronounced intensification of lipid peroxidation processes (increase in DC, MDA),
and decrease in antioxidant protection (decrease in SOD, Kat). These processes
contribute to the progression of pregnancy and lead to intensification of the cytokine
system (increase in 1L-1,2,4,6,8,10, TNF-a, systematization of the inflammatory
process (increase in RPS, nitric oxide, S-100, decrease in ceruloplasmin), activation
of purine metabolism (increase in uric acid). At the same time, disturbances in the
activity of the coagulation system (decrease in APTT), fibrinolysis (increase in
fibrinogen) are recorded.

Moreover, changes in the homeostasis system were associated with the
duration of PB.

It can be said with confidence that UA is the final and final parameter of the
pathogenetic mechanism of PB, which can be used as a predictor for prognostication
and prevention of complications in this pathology. This is confirmed by the value of

correlation analysis (Table 6.1).
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Table 6.1.

Correlation dependence of UA with indicators of the homeostasis system during
PB in pregnant women

UA
Indicators [ — group II — group III — group

(n=41) (n=42) (n=235)

TCA -0,955* -0,969* -0,799*

IT 0,942* 0,949* 0,692*

JC 0,926* 0,939%* 0,753*
MDA 0,938* 0,955%* 0,311*
SOD -0,957* -0,981* -0,544*
IL1 0,880* 0,909* 0,772%*

IL 2 0,990* 0,999* 0,159%*

IL 4 0,925* 0,912* 0,643*

IL 6 -0,909* -0,898* -0,681*

IL 8 -0,881* -0,933* -0,697*
IL 10 -0,681* -0,943* -0,797*
SRP 0,731* 0,790* 0,322*
Nitric oxide 0,862* 0,895* 0,862*
APTT -0,951* -0,871* -0,651*
Fibrinogen 0,933* 0,833* 0,571*

*- significance of differences P <0.05*

As can be seen from Table 6.1, correlation analysis confirms the relationship
between UA and homeostasis system indicators, proinflammatory cytokines, and

reactive proteins.
Thus, according to the prospective study data, it has been proven that the UA

marker is a specific indicator of the development of PB, which can be used to predict

and prevent complications of this pathology (Fig. 6.2).
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Figure 6.2. Improved algorithm for diagnostics, treatment, and prevention of PB

Development of tactics for the management and treatment of

premature births

Currently, many schemes of complex treatment of threatened PB have been
proposed. But to date, there are no proposed complex treatment schemes for
threatened PB with progressive intoxication and hyperuricemia.

In this regard, we propose a new method for correcting intoxication,
homeostasis disorders and hyperuricemia in threatened PB, the spectrum of which,
as noted above, is extremely wide, taking into account its ability to correct disorders
in various organs and systems.

After a complete clinical and laboratory examination, pregnant women with
threatened PB of the second group were prescribed traditional pregnancy-preserving
therapy. Pregnant women of the first group (the main one) were recommended to
use the proposed course of treatment in addition to traditional therapy + drugs with
an antioxidant effect and containing rosmarinic acid, which reduces uric acid
within 12 hours after taking 1 tablet 3 times a day (in our study, we used Canephron

H50) + Glucurono-2-amino-2-deoxyglucoglucan sulfate, 1 tablet 2 times a day (in
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our study, we used Sulodoxide 250 LE (lipoprotein lipase units)) (according to the
coagulogram indicators) and (suppresses the proliferation of smooth muscles of the
vascular wall, promotes the restoration of the structure and function of vascular
endothelial cells, normalizes the rheological properties of the blood), and L-
Arginine L-Aspartate 5-10 ml x 3 times a day (has antihypoxic, membrane-
stabilizing, cytoprotective, antioxidant, detoxifying effect, has an acid-forming
effect and helps correct acid-base balance) if there is FPN.

A diet (plenty of fluids), iodine preparations 200 mg, iron preparations, ascorbic
acid 0.1 g 3 times a day for 20 days, progesterone 200 mg 2 times a day until 36
weeks of pregnancy, nifedipine 10 mg orally every 30 minutes (maximum single
dose 40 mg) were prescribed. Then - 10 mg every 8 hours orally for no more than
48 hours from the start of therapy under the control of blood pressure, indomethacin
100 mg 1 sv. x 1 time per day for 10 days.

The analysis of the results of the therapy was assessed on the Ist, 4th, 10th
day of hospitalization using laboratory research methods. Clinical improvement in
the condition was noted by an average of 76% of women in both groups.

However, it was revealed that against the background of the use of a
traditional therapeutic course in the second group (Ist, 4th, 10th day of
hospitalization), homeostasis parameters remained abnormal.

On the contrary, the use of complex therapy in pregnant women of the first group
with threatened PB in addition to traditional therapy made it possible in the early
stages to: reduce the severity of endogenous intoxication, the activity of lipid
peroxidation, improve the state of immune activity, restore blood hemostasis, the

fibrinotic system and hyperuricemia (Table 6.2).
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Figure 6.3. Dynamics of the decrease in the amount of uric acid in the groups before
and after the therapy
As can be seen from Figure 6.3, after the complex therapy, a significant decrease in

uric acid in the blood plasma was noted on the 4th and 10th days.

Table 6.2.
Comparative characteristics of the main biochemical parameters depending
on the day of treatment of PB

: Study Observation period, days P1 P2
Indicator
groups 1-days 4-days 10-days
I 0,54+0,012 0,49+0,09 0,45+0,05 05 | <0,05
0
IT (%) II 0,5+0,011 0,51+0,07 0,52+0,04 205 |02
11 0,39+0,06
I 27,2462 35,4458 37,1+4,9 202 |02
TCA, IU/ml 11 30,5 £5.4 31,1+3,8 29,5432 202 |01
11 38,5453
I 31,240,012 28.1£0,09 | 22,53+0,04 <0,00
<0,05 |1
DC pmol/l 1T 33,120,011 33,55+0,08 | 34,47+0,03 <0,00
<0,01 |1
I 20,240,09
I 3,46+0,33 4,4+0,41 5,1+0,45 <0,00
SOD, IU/1 mg protein <0,05 |1
11 3,31+0,26 3,740,34 3,1+0,42 TOaOO TOaOO
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I 6,34+0,58
I 3314023 | 2,8+0,19 | 2,620,15 TO’OO TO’OO
IL1, pg/ml I 4.45+0.17 4.,5+0,14 4,640,11 TO»OO TO»OO
I 2,15+0,18
I 356,23+27, | 313,26+17.2
443,93+28,6 9 <0,00
4 <0,05 |1
UA, umol/l I 447.28+27,1
. 446,8227,3 | 44573274 | o o0 | Z0 00
1 1
I 332+13,
I 5, 87+0,54 4,5+0,4 3,8+0,36 >0,5 |>0,1
RPS, mg/l 1 5,15+0,41 5,31+0,39 5,61%0,22 0.05 TO’OO
> b
I 3.4+0,23
I 89,5:9,6 70,4+8,8 OLTETA 1205 | >0.1
Nitric oxide, ppb II 86,1+8,7 85,9+10,9 89,4587 101 | <0.05
I 36,4+5,3
I 28,1+1,45 24,141,68 | 254+195 | _ o | 05
APTT, sec 11 32,3+1,74 30,8+1,93 3LIE2,03 1 505 | <001
I 26,5+1,94
I 4,59+0,53 4,140,41 3324036 | o5 |05
Fibrinogen, g/1 I 4,48+0,44 4,62+0,21 4,78+0,12 >0.2 | >0,1
I 3,6440,11
I | 8,8+0,53 15,540,64 | 31,6+0,71 <0,00
<0,01 |1
S -100 protein mg/dl 1 7,940,47 7,5+0,87 8,4+0,91 <0,00
<0,01 |1
I 40,9+2,04

Note: P1 — reliability of differences on days 4 and 1, P2 — reliability of differences on days 10

and 1

The complex of therapeutic measures for threatened PB in the main group

allowed to significantly reduce the intensity of endotoxicosis indicators in the blood
plasma after the start of therapy, as evidenced by the indicators given in Table 6.2.
IT on the 4th day after the start of therapy improved by 13.2%, on the 10th day by
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20%. TCA on the 4th day was improved by 23.2% and on the 10th day by 26.7%
(p<0.05).

On the 4th day of dynamic observation, a decrease in the amount of diene
conjugates by 11.03% was noted, and by the 10th day by 38.5% from the initial
value (p<0.05).

The use of complex therapy quickly restored the activity of the system's
antioxidants. The concentration of SOD was increased on the 4th and 10th knocks
by 27.17 and 47.4% (p<0.05). By the last day, SOD corresponded to the control
group.

It is important to note that complex therapy of pregnant women with PB
allowed to restore the activity of the immune system. A significant improvement in
IL1 was observed by 18.21% on the 4th day and 27.31% on the 10th day (p<0.05).

The use of complex therapy in pregnant women and threatened PB made it
possible to reliably reduce the intensity of lipid peroxidation processes in blood
plasma despite the duration of the pathology.

When studying the indicators of metabolic processes, it was revealed that
complex therapy reduced their disturbances by the 10th day of the study.

Uric acid was reduced by 24.6% on the 4th day and 37.3% on the 10th day.

RPS and nitric oxide improved on day 4 by 30.4% and 27.1% and on day 10
by 54.5% and 45.1% (p<0.05), respectively.

Evaluation of hemostasis parameters in PB against the background of complex
therapy revealed that in the first four days of observation, increased coagulation
activity and suppression of the fibrinolytic component of the hemostasis system were
recorded. The fibrinogen content on the 4th day decreased by 12.0% and on the 10th
day by 38.3%.

The use of complex therapy in PB led to the restoration of the state of
intrauterine hypoxia of the fetus. At the same time, the result of S-100 protein against
the background of complex treatment increased on the 4th day by 43% and on the
10th day by 72.2% compared to the comparison group that received traditional
therapy (p<0.05).
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At the same time, in the group with a complex type of therapy, the number of
complications such as fetal hypoxia at birth, postpartum complications, etc. were
less common than in the second group.

It should be noted that the inclusion of complex therapy in the early stages of
threatened PB allows suppressing intoxication and the activity of lipid peroxidation,

restoring antioxidant protection, immunity, and stabilizing metabolic processes.

Analysis of the outcome of births among the study groups: all births in the
study groups, regardless of the type of delivery, proceeded without any special
features.  After conducting complex and traditional therapy, we conducted a

comparative analysis, identified and compared the incidence of preterm labor among

the 2 groups.
Table 6.3.
Results of birth outcomes among the surveyed groups.
I group (n=155) II group (n=157)
Premature birth 21,2% (33) 33,1% (52)
Extremely early PB 3% (1) 9,6 % (5)
(22-27 weeks 6 days)
Very early PB 15,1% (5) 17,3% (9)
(28-30 weeks 6 days)
Early PB 33,3% (11) 32,6% (17)
(31-33 weeks 6 days)
Late PB 48,4 (16) 40,3 (21)
(34-36 weeks 6 days)
Urgent labor 122 (78,7%) 105 (66,9%)
Childbirth through the
natural birth canal 139 (89,7%) 132 (84%)
Childbirth by cesarean 16 (1(),3%) 25 (16%)
section

*- significance of differences P <0.05*
According to the results of the analysis of timely and PB, it was revealed that
among the studied groups, PB were more often observed in the second group in
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women who received traditional therapy in 33.1% of cases, while in the main group
PB were observed in 21.2% of cases, which proves the effectiveness of complex
therapy and shows a decrease in the number of PB by 11.9%.

In group I, urgent deliveries accounted for 78.7% (122) of cases, and in
group II - 66.9% (105).

Based on the results of the analyses of timely and PB, it was revealed that
among all the studied groups, births ended more often through the natural birth
canal in 89.7% in the first group and 84% in the second.

According to the results of the analysis of timely and PB, it was revealed
that among all the studied groups, births ended more often through the natural
birth canal in 89.7% in the first group and 84% in the second. By means of
cesarean section, 10.3% of the first group and 16% of the second group cases were
delivered.

In the PB groups complicated by PRROM, a higher frequency of episiotomy
was noted, but no statistically significant differences were found compared to SR.
Complications of the third stage of labor were more common in the PR group
(Table 6.4).

Table 6.4.

Peculiarities of the birth act in the examined patients (n, %)

Nosological form Group 1 Group 2 Group 3 p value
(n=139) (n=132) (n=40)
Episiotomy 18,6% 23,4% 11,5% p1=0,0643
p2=0,1811
Manual examination of 9,3% 6,3% 3,8% p1=0,5881
the uterine cavity p2=0,0507
Blood loss during | 201 + 88,4 196 + 76,2 187 £28,2 p1=0,1921
childbirth (ml) p2=0,6272
Birth injuries (rupture 12,8% 15% 2% p1=0,1881
of the cervix, vagina, *
perineum) p2=0,1507
%

Note: pl — comparison of groups 1 and 3, p2 — comparison of groups 2 and 3.

*- significance of differences P <0.05*

Thus, manual examination of the uterine cavity walls and removal of placental
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tissue remnants due to placental defects was performed in the first group in 9.3%,
in the second 6.3% by groups, respectively. The volume of blood loss did not
statistically significantly differ among women in all groups and was: in group 1
201+88 ml, in group 2 — 196+£76 ml, in group 3 — 187+28.2 ml.

There were no cases of pathological blood loss or postpartum hemorrhage.
When analyzing the postpartum period, anemia was significantly more common
among the study groups. Endometritis was diagnosed in only 2.3% of group 1 and
2.1% of group 2. Considering that one of the exclusion criteria for the study was
delivery by cesarean section, many women in the study were delivered vaginally.
Caesarean section was performed only in emergency conditions of the mother and

fetus in 10.3% and 16% of cases (Fig. 6.4.).

Causes of Labor Complications

Ineffective Labor Induction
Hypertensive Complications

Delayed Rupture of Membranes (DRM)
Non-reassuring Fetal Status

Prolonged Active Labor Phase

Chorioamnionitis
Abnormal Fetal Position

Premature Rupture of Membranes (PRM)

Figure 6.4. Indications for cesarean section
The indications for the operation were: inconclusive condition of the fetus,
placental insufficiency, chorioamnionitis, etc. All operations proceeded without
any particular complications. After the operation, everyone received traditional

preventive therapy.
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Perinatal outcomes of preterm birth.

Analysis of the duration of labor through the natural birth canal showed that,
in the study, there were rapid births of up to 2 hours.

Newborns were examined after birth and resuscitated when necessary.

Of the 352 newborns born, 85 were premature. Of these, 21.2% of
premature newborns were from the first group and 33.1% from the second group
(out of 352 mothers in labor).

Of the number of PB (n=85) in the first group (n=33) 38.8%, in the second
group (n=52) 61.17% of cases.

Immediately after birth, the condition of premature newborns was assessed
using the Silverman scale. The analysis of the assessment of the condition of
premature newborns at birth in the 1st and 2nd groups was 5+2.1 and 5+1.5
points at the 1st minute and 6+1.8, / 6+2.9 points at the Sth minute, respectively,
while among newborns born on time, the assessment according to the Apgar
scale was: at the first minute 7.8+0.20 points, and at the fifth minute - 8.8+0.9
points (Fig. 6.5).

Group | (n=33) Group Il (n=52)

Moderate Asphyxia (n=12)
Moderate Asphyxia (n=9)

Mild Asphyxia (n=11)

actory Condition (n=17) Mild Asphyxia (n=23)

Satisfactory Condition (n=19)

Figure 6.5. Perinatal outcomes of preterm birth
In satisfactory condition were born 57.6% of premature newborns in group I,
and 32.6% in group II, in a state of asphyxia of mild severity - 33.3% in group I and
44.2% in group II, respectively, in asphyxia of moderate severity 9% in the first
group and 23% of cases in the second group. Newborns born with varying degrees

of hypotrophy corresponded to the expected echographic degree of FGRS.
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When studying the weight and height indicators of newborns, it was found
that the body weight of premature newborns varied from 500 g to 2500 g and was
1861+737 g in group 1 and 18114693 g in group 2. In group 3, all newborns had
an average weight of 3367+351 g. The average length of newborns was 41.0+5.0
cm in the first group, 40.0+£6.0 cm in the second group, and 52+2.3 c¢cm in the group
of women with a physiological pregnancy.

Transfer to the second stage of nursing was required for 6 newborns from
mothers with hyperuricemia, while 100% of newborns from mothers with normal
uric acid levels were discharged home in satisfactory condition.

In the study, neonatal mortality was observed in 2.7% (2) of the total
number of PBs in the second group, the cause of which was generalized
intrauterine infections, neonatal sepsis and acute hypoxia.

Blood was taken from all newborns immediately after birth (from the
maternal part of the umbilical cord) to determine the amount of UA and S-100
protein. The results of the study showed a reliable increase in UA and S-100
protein in the umbilical cord blood and in the amniotic fluid in PN more often than
in the second group.

Thus, hyperuricemia and decreased S-100 protein are prognostically
valuable predictors of the development of preterm labor, fetoplacental

insufficiency, FGRS, and fetal hypoxia.

Development of an algorithm for diagnosis, prognosis and
management of pregnancy and childbirth in women at risk of
premature birth

Based on the data obtained during the study, an algorithm was developed for
the diagnosis, prognosis and management of pregnancy and childbirth in women at
risk of premature birth (Fig. 6.6).

When a pregnant woman with a risk of premature birth is admitted, it is
necessary to conduct a set of clinical, laboratory and instrumental research methods.

However, taking into account clinical data remains insufficient for
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diagnosis, prognosis and determination of pregnancy and childbirth

management tactics in women at risk of premature birth.

IIL1,2,4,6,8,1
0, TNF —a

Figure 6.6. Pathogenetic components of PB in hyperuricemia.

At the same time, the results of the studies have shown that the determination
of pathogenetic parameters such as TCA, ECA, ABR, IT, DC, MDA, SOD, Kat, IL,
CD141, D-dimer can be reliably used in the diagnosis and prediction of the risk of
premature birth. However, these parameters have a number of features: technical
complexity, high cost, duration of implementation.

We propose to use uric acid as a predictor of diagnosis and prognosis of
pregnancy and childbirth in women at risk of premature birth, since it is one of the
main links in the pathogenesis of preterm labor.

Regardless of the pregnancy prognosis, additional drugs with antioxidant
effect and containing rosmarinic acid, Glucurono-2-amino-2-deoxyglucoglucan
sulfate and L-Arginine L-Aspartate, which affect various components of the

homeostasis system and antioxidant system, must be included in the therapy.
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+ The algorithm we propose will help obstetricians and gynecologists to predict,

diagnose and correctly treat women with threatened PB accompanied by

hyperuricemia.

+ After the diagnosis of threatened PB is made, the doctor will be able to determine

the degree of risk of developing PB using anamnestic data. After that, it is

necessary to conduct general clinical research methods, paying attention to

hyperuricemia and the coagulation system.
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+ The next stage of the algorithm is laboratory and instrumental.

+ If hyperuricemia, activation of the coagulation system, fetoplacental
insufficiency and uterine hypertonicity caused by activation of prostaglandin
production due to cytokine activity are detected, it is proposed to supplement
traditional therapy by prescribing drugs with an antioxidant effect, Glucurono-
2-amino-2-deoxyglucoglucan sulfate and L-arginine aspartate.

+ After the course of therapy we propose, it is necessary to re-evaluate the state of
endotoxicosis using uric acid testing, coagulation system activity and ultrasound
diagnostics. If the uric acid level is within the normal range, the therapy can be
stopped and the prognosis assessed as favorable. If the indicators remain high, it
is necessary to continue therapy under the control of a coagulogram, assessing
the prognosis as unfavorable.

+ To assess fetal endotoxicosis after birth, it is necessary to determine the amount
of uric acid in the amniotic fluid and in the umbilical cord blood. If uric acid is
within normal limits, then the newborn should be treated according to tradition.
If uric acid is increased in the amniotic fluid and umbilical cord blood, then the
level of S-100 protein in the blood should be determined. If S-100 protein is
decreased, then this condition should be considered as fetal endotoxicosis and
traditional therapy should be supplemented with detoxification therapy.

The detection of endotoxicosis in premature babies will allow the
development and implementation of methods of treatment and preventive measures

in the future.

Chapter conclusions:

Timely hospitalization, identification of risk factors, assessment of the
condition of the pregnant woman, timely diagnosis and assessment of laboratory
parameters, correctly prescribed therapy, can undoubtedly affect the outcome of
pregnancy for both the mother and the fetus, reducing complications that can arise

not only during childbirth but also in the early and late neonatal period.
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The proposed therapy, which affects various components of the homeostasis
system and hyperuricemia, has reduced the incidence of premature birth by 11.9%

of cases.
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CONCLUSION.

Premature birth is not only a medical problem, but also a socially significant
one. The relevance of the problem of premature birth is not in doubt among scientists
around the world, primarily due to its significant contribution to perinatal morbidity
and mortality rates.

According to the World Health Organization (2018), the incidence of
premature births varies from country to country, ranging from 5 to 18%. The risk
factors for this complication are varied; genetic, socio-demographic, anamnestic,
and the influence of unfavorable environmental factors during pregnancy have been
described in the literature [24, 36, 157]. However, it should be noted that for each
individual country, its own specific risk factors are of the greatest importance. Thus,
for the countries of Southeast Asia and Sub-Saharan Africa, where about 60% of
premature births from the global total occur, common infectious diseases against the
background of malnutrition and underweight, and the young age of pregnant women
are significant. In high-income countries (Northern Europe, Australia, Great
Britain), where the rates of premature births are the lowest in the world, extragenital
diseases come first, which is associated with the increasing age of women
implementing the reproductive function. In addition, in economically developed
countries, the contribution of assisted reproductive technologies is significant. That
is, a high level of state income does not always lead to low rates of premature births,
a striking example of this i1s the United States of America, they are among the "top
ten" countries with the highest rate of premature births.

Thus, the search for the most significant risk factors is a necessary task for each
country individually [123, 142, 176]. It is also quite possible that these data will be
different for each region of the country [89, 126, 166].

According to the World Health Organization, PB increases perinatal mortality
by 4 times, neonatal morbidity by 3 times, and in 40-70% of cases is the cause of
death of newborns.

The results of studies conducted to date on a global scale have shown that

preterm labor remains the most important problem in obstetrics and gynecology.
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Scientists pay much attention to studying the pathogenesis of preterm labor, on the
basis of which it would be possible to carry out preventive measures more effectively
and successfully (Bolotskikh V.M., 2019)

The American College of Obstetricians and Gynecologists (ACOG, 2020)
points out the following risk factors leading to this complication of gestation:
previous pregnancy(s) that ended prematurely with premature rupture of
membranes; inflammatory diseases of the maternal genital tract and intra-amniotic
infection; isthmic-cervical insufficiency; instrumental medical intervention; bad
habits and diseases of the mother; abnormalities in the development of the uterus
and multiple pregnancies; certain diseases of the mother; injuries.

An important aspect in solving the problem of PB and their prevention is the
identification of non-specific regular reactions of the body that initiate termination
of pregnancy. The leading pathogenetic factor of various pathological processes in
the body is the increased generation of reactive oxygen species (ROS) as a result of
the imbalance of pro- and antioxidant systems and the development of oxidative
stress [11, 77, 80].

Endogenous intoxication syndrome (EIS) develops in all pathological
conditions associated with the blockade of the body's detoxification systems [2,5].
The most informative marker of EI is considered to be the content of substances of
average molecular weight (SMW), which include products of nucleotide catabolism,
proteins, oligosaccharides, derivatives of glucuronic acids, and oligopeptides (OP),
the molecular weight of which does not exceed 10 kD [6]. The accumulation of
SMW substances is not only a marker of endointoxication, but, in the future, they
aggravate the course of the pathological process due to high biological activity. It is
believed that SMW substances have a direct toxic effect on the fetus, causing
multiple organ disorders of various natures. An important pathophysiological
mechanism for the development of endotoxicosis is the activation of lipid
peroxidation processes LPO [1]. In the literature, we have not found data on the

relationship between lipid peroxidation processes in the placenta of women whose
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pregnancy ended in premature birth and the formation of endogenous intoxication
syndrome in it.

According to the literature, about 40% of cases of preterm labor are caused by
infectious factors [7,8,10]. The leading pathogenetic mechanism in such cases is the
development of a non-specific systemic inflammatory response (SIR) of the body to
infectious agents. In the case of SIR syndrome, local tissue damage in the pathogen
inoculation zone causes a set of systemic reactions. This process is associated with
dysfunction of innate and acquired immunity and is manifested by a violation of the
ratio of anti-inflammatory cytokines. Currently, the role of cytokines in the
development of preterm labor is being actively studied [11]. Thus, there is evidence
that an increase in the level of pro-inflammatory cytokines in the contents of the
cervical canal indicates a possible risk of preterm labor [12]. Data on the state of the
local immune status make it possible to clarify the molecular biological aspects of
the development of various variants of preterm labor.

Pathogenetic causes of PB development are also studied quite deeply, but
despite this, the problem of PB remains a social problem of the whole world. In this
regard, the issue of more accurate additional pathogenetic mechanisms of premature
birth development based on accessible and objective indicators remains relevant. All
of the above determines the necessity and relevance of this scientific study.

The problem of the term of premature birth should be discussed separately.
There is no doubt that the shorter the gestation period, the worse the prognosis for
the newborn. That is why early premature births are singled out as a special group.
Identifying risk factors that contribute to termination of pregnancy at 22-27.6 weeks
1s important for their prediction, and therefore, reducing mortality and disability in
children.

In our study, we attempted to identify not only the predictors of preterm birth,
but also the circumstances on which its outcome depends.

Now let's move on to the results of our study.

The work was carried out between 2020 and 2023.

The study was conducted at the branch of the center of the Republican Specialized
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Scientific and Practical Center for Pregnancy and Maternity Protection in
Samarkand.

The analysis, processing and calculation of data were carried out in the
department of pathology of pregnant women in the branch of the center of the
Republican Specialized Scientific and Practical Center for Pregnancy and Maternity
Protection.

The aim of our study was to improve the treatment results for threatened
premature birth by developing new methods for predicting and optimizing treatment
and preventive measures.

To achieve the set objectives, we conducted a one-stage study.

A prospective study was conducted. It involved 352 women who were divided
into 3 groups. I (n=155) is the main group of pregnant women with threatened PB,
I (n=157) is the control group of pregnant women with threatened PB, Group III
(n=40) is women with normal physiological course of pregnancy and childbirth,
delivered on time. In the main 2 groups, all women had hyperuricemia.

Laboratory examination included determination of endogenous intoxication,
antioxidant protection, proinflammatory cytokines, reactive proteins, determination
of ceruloplasmin, determination of S-100 protein content, nitric oxide, endothelial
dysfunction, uric acid study, morphological study of the placenta, statistical analysis.

Prospective study:

To determine one of the causes of the pathogenesis links of PB, we studied
352 pregnant women with threatening PB at the gestational age of 22-34 weeks.
Patients were included in the study as they sought help and were hospitalized in the
department of pathology of pregnant women.

The following data were analyzed: initial clinical characteristics, features of
the pregnancy course, clinical and laboratory examination methods. In accordance
with the developed criteria for inclusion in the study.

The age of women varied from 19 to 38 years. The youngest age at the onset
of premature birth was 18 years, and the latest was 38 years, averaging 274+2.9 in all

groups.
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The average height was 164.5+6.8 cm in group I, 165.4£5.9 cm in group II,
and 167.24+7.6 cm in the control group.

Body weight — in group I 71.2+11.5 kg, in group II 68.8+10.2 kg and in the
control group was 63.4+5.8 kg. Body mass index — in group 1 26.8+£3.98 kg/m2, in
group II 25.14+6.2 kg/m2 and in the control group was 22.6+2.98 kg/m2.

When analyzing the place of residence, urban residents predominated. Social
status of the surveyed: students - 18.2%, workers - 40.3%, housewives - 41.5%.

We collected the anamnesis using the developed “Prognostic Matrix for
Identifying Risk Factors” (computer program: 03/13/2022 (Agency for Intellectual
Property under the Ministry of Justice of the Republic of Uzbekistan No. DGU 2022
1122)) (Fig. 4.3).

It is known that the reproductive and somatic health of women depends on the
normal functioning of the menstrual cycle. A comparative analysis of the nature of
the menstrual function did not reveal statistically significant differences in the period
of formation, duration of menstruation, and duration of the menstrual cycle between
the groups studied.

However, it should be noted that for women who gave birth on time, moderate
menstrual bleeding was statistically more common, while for groups 1 and 2, heavy
menstrual bleeding was statistically more common.

When studying the features of the gynecological anamnesis, it turned out that
all nosologies are distributed with approximately equal frequency in all groups
without statistically significant differences between the studied groups: salpingo-
oophoritis occurred in 12.9% in the first and 28% in the second group, endometritis
in 25.8% and 48.4% in the second group. Ectopy of the cervix in 9.7% in the first
and 15.2% in the second group.

When studying parity according to inclusion criteria, all women were mostly

multigravidas.

The frequency of premature births on average in the first group was 25.9%,
and in the second group 26.8% of cases.

The frequency of induced labor was 20% in the first group, 49% in the second
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and 12.5% in the third group, spontaneous labor was 70% in the first, 51% in the
second and 7.5%, respectively.

In the first group, primiparous women accounted for 12.9%, multigravidas
women accounted for 87%, multiparous women accounted for 88.3% in the first

group and 100% in the second group.

A study of the gynecological anamnesis showed that miscarriage accounted
for 21.9% and 27.3% of observations, respectively. Premature birth in the anamnesis

was present in 37.4% of the first and 43.9% of the second group.

The number of abortions in the first group was observed up to 43.2%, in the
second 50.4% of cases, of which non-developing pregnancy - 20.6% and 41.2%,

spontaneous miscarriage 22.5% and 58.7% of cases.

Hypertensive conditions - 51 (32.9%) and 69 (43.9%), intrauterine

manipulations 10% and 17.8%, respectively.

Thus, it is noted that the factors of high risk of threat of termination of
pregnancy and premature birth are the first pregnancy, first birth, history of
miscarriage, various types of termination of pregnancy (spontaneous, medical),
inflammatory diseases. They can negatively affect the course of pregnancy.

When analyzing concomitant diseases, it was found that iron deficiency
anemia (IDA), myopia, and varicose veins of the lower extremities were
significantly more often diagnosed in women in the study groups.

From the ultrasound data, the following parameters were analyzed in the study
during abdominal echography: uterine tone, amount of amniotic fluid, placenta
condition, cervical length (CL) in mm, and fetal condition.

To detect changes in the cervix using ultrasound, it is necessary to take into
account its norm.

From the ultrasound data, parameters such as uterine tone, amount of amniotic
fluid, condition of the placenta, hemodynamics and condition of the fetus were
analyzed during abdominal echography.

For the analysis, 352 pregnant women were divided into 2 groups. The first
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main group included 312 pregnant women with threatened PB and the second control
group included 40 pregnant women with a physiological course of pregnancy.

In the main group, uterine tone was observed in 99%, FGRS was observed in
27.8%, increased placental thickness — 26.2%, widening of the intervillous space —
in 84.9% and early aging of the placenta — in 58.0% of cases, which is directly
informative for diagnosis, preventive measures and treatment tactics.

Circulatory disorders in the "mother-placenta-fetus" system in the groups
were high. In the main group, stage I B occurred in up to 42.9% of cases, stage [ A
- in 23.3% of cases, stage II - in 18.5% of cases.

Circulatory disorders in the mother-placenta-fetus system, determined by
Doppler ultrasound, ultimately lead to FGRS.

With regard to fetoplacental hemodynamic disorders, comparison of the
groups also demonstrated the existence of statistically significant differences
between patients at 22-27 weeks 6 days and 28-30 weeks 6 days (p=0.037%*), as well
as between 22-27 weeks 6 days and 37-41 weeks 6 (p=0.019%).

Placental development occurs in stages. With insufficient uteroplacental
blood circulation, in response to moderate hypoxia, excessive proliferation of
vessels is observed in the placenta, i.e. compensatory angiomatosis is formed, which
helps compensate for placental insufficiency. With severe hypoxia, the development
of the villous tree is disrupted in the placenta, and fetoplacental insufficiency
develops following uteroplacental insufficiency [98, 142]. Beginning in the second
trimester, Doppler ultrasound can detect fetoplacental hemodynamic disorders.
Critical fetoplacental hemodynamic disorders are considered as indications for labor
induction. In our study, the highest incidence of these disorders was noted in the
group of early premature births. This is natural, since the highest incidence of
uteroplacental hemodynamic disorders was found in this group, and the described
Doppler ultrasound features are successive stages of placental insufficiency
development.

The most severe form of fetoplacental insufficiency, indicating the depletion

of the compensatory capabilities of the placenta, is fetal growth retardation [33, 92,
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173]. This condition may serve as an indication for induction of labor to prevent
intrauterine fetal death. According to our data, statistically significant differences in
patients with premature birth.

In studying the role of the placenta in the implementation of premature birth,
the results of pathomorphological studies of placentas in the studied cohort were
considered. Among the morphological changes, pathological immaturity of the villi
and circulatory disorders were identified. Villous tree maturation disorder occurs as
a result of hypoxia and is characterized by a decrease in the diffusion surface of the
villi, i.e. the structure of the placenta does not meet the needs of the fetoplacental
complex. In our study, pathological immaturity was represented by dissociated
villous maturation disorder, obliterative angiopathy, and chorangiomatosis.
Dissociated villous maturation disorder was observed in all groups of premature
births with the highest frequency of occurrence in the groups of very early and early
births. Obliterative angiopathy was recorded in more than 50% of cases of premature
births up to 34 weeks. As for chorangiomatosis, it was noted only in very early births.
All the described conditions are morphological reflections of placental insufficiency
[15, 49, 66].

Signs of circulatory disorders in the placenta were found in more than half of
all cases of premature births, in early births they accounted for 95%, the differences
from term births were statistically significant P (<0.05%*). It can be assumed that the
depletion of the placenta's ability to meet the needs of the fetus leads to premature
delivery.

Our study noted a high frequency of histologically confirmed
chorioamnionitis in the group with PB. Probably, leukocyte infiltration is associated
not with the influence of infection, but with the release of proinflammatory cytokines
(IL-6), stress hormones necessary for the normal course of the placental and early
postpartum period - separation of the placenta, protection of the placental site from

the introduction of microorganisms [13, 59, 164].
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When assessing the frequency of deciduitis in the study groups, it turned out
that it was statistically significantly more often detected in the group of early PB
(81.7%) compared to the groups of late births.

When studying the signs of hematogenous infection, it is necessary to dwell
on the inflammation of the placental villi. According to our study, villusitis occurred
only in premature births. The highest frequency was found in the PB group (above
50.0%).

Hematogenous damage to the umbilical vessels deserves special attention,
since it is often accompanied by fetal infection. The vein is damaged first due to its
thinner wall. According to our data, umbilical cord phlebitis was most often detected
in very early births (26.8%), was absent in term births, and was detected in the
remaining groups of premature births only occasionally, but statistically significant
differences were found only between the groups of early and late premature births.
The umbilical artery is damaged secondarily in hematogenous infection, so in our
study the incidence of arteritis was lower than that of phlebitis. According to our
data, arteritis was detected mainly in the group of premature births.

Thus, our results are consistent with literature data [47, 86, 129] on the
significance of the infectious factor in the development of premature birth.

In general, the analysis of the results of pathomorphological studies of
placentas allowed us to conclude that the duration of pregnancy is determined by the
compensatory and adaptive capabilities of the placenta. Premature delivery is
facilitated by morphological manifestations of placental insufficiency formed in the
Ist and 2nd trimesters of pregnancy under the influence of unfavorable
environmental factors.

Thus, dissociated disruption of villous maturation, circulatory disorders in the
placenta, the presence and severity of compensatory-adaptive reactions, obliterative
angiopathy, chorangiomatosis, phlebitis and arteritis can contribute to very early and
early premature births.

We have shown that against the background of the development of PB,

significant disturbances in the homeostasis system are recorded, which coincides
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with the literature data [73, 97, 125, 146]. It has been revealed that pregnant women
experience the development of intoxication, decompensation of detoxification
systems, activation of lipolytic enzymes, lipid peroxidation, systematization of the
inflammatory response, leading to metabolic disturbances of internal organs, such
as hemostasis, etc.

A number of indicators were considered as a biochemical marker, with uric
acid being an ‘“‘acute phase” protein, meaning that its synthesis rapidly increases
under the influence of metabolic processes during pregnancy.

Premature birth is the result of the combined action of unfavorable endogenous
factors.

It has been found that the state of endotoxicosis aggravates the course of
pregnancy, especially in case of gestosis. Until now, there is no single point of view
regarding the significance of endotoxicosis in pregnancy pathology.

Taking these facts into account, it became appropriate to identify new
pathogenetic processes of this condition.

When studying the data of the biochemical study, it was revealed that the
effective and total albumin concentration (EAC, TCA) were reduced relative to the
control group. In the control group, ECA was 26.8 IU/ml, in the main first group it
was reduced to 18.1 IU/ml, and in the second group 22.4 [U/ml. In the control group,
TCA was 38.5, and in the main first group it was reduced by 27.2 IU/ml, in the
second group it was reduced to 30.5 IU/ml.

TheABR indicator was also reduced by 0.71; 0.87 g/l in women of the first
group compared to the control group (p<0.05).

The plasma toxicity index among women in the main group exceeded that in
the control group by 21.1% (p<0.05).

Thus, the development of premature birth is accompanied by the formation of
endogenous intoxication in pregnant women. With a high risk of preterm labor and
the threat of interruption, the intensity of toxemia was recorded to the greatest extent
relative to other women who gave birth prematurely and on time.

Studying the state of the pro- and antioxidant systems, it was found that,
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according to literature, the development of endogenous intoxication is accompanied
by the activation of lipid peroxidation processes [5, 89].

Taking these facts into account, it seemed appropriate to find out whether local
activation of lipid peroxidation processes in the “mother-placenta-fetus” system
occurs in women at risk of preterm pregnancy against the background of systemic
activation of free radical oxidation processes.

To partially resolve this issue, a comparative assessment of the lipid peroxidation
process (DC, MDA) indicators in the venous blood of pregnant women was
conducted. It was noted that the content of diene conjugates (DC) in the blood
plasma of women with threatening premature birth was increased. Thus, in the main
two groups, the concentration of DC was the highest - higher than in the control
group (p <0.05).

It was found that the content of malondialdehyde (MDA) in the blood plasma
during threatened PB was highest in the first group 7.73 (umol/l), in the second
group 7.59 (umol/1), in the control group 5.8 (umol/l), (p<0.05).

In recent years, an important role in the pathogenesis of PR development has
been given to systemic inflammatory response syndrome (SIRS) and oxidative
stress. The development of oxidative stress is caused by an imbalance between the
generation and elimination of reactive oxygen species (ROS). Our research results
showed that the content of lipid peroxidation products in the blood plasma of
pregnant women in the control group was 41.54+3.67 umol/I. It was noted that with
disease progression, the content of TBA-active products significantly increases,
78.14+£6.89 umol/l in pregnant women of group II versus 41.54£3.67 umol/l in
healthy pregnant women (p<0.05).

An increase in the level of toxic lipid peroxidation products in the blood of
pregnant women with threatened PB is certainly one of the pathogenetic factors of
free-radical modification of lipid and protein components of the blood, degradation
of biological membranes of blood cells, endothelial dysfunction, and disturbances in
the coagulation potential of the blood, which naturally accompany miscarriage of

various etiologies.
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Simultaneously with the activation of oxidative processes, there is an increase
in the activity of blood catalase in pregnant women of group I to 13.57+1.56 kat/l,
in group II to values of -11.32+1.27 kat/l, against 7.98+0.81 kat/l in the control
group, which indicates an increase in the antioxidant activity of the blood (p<0.05).
An increase in the activity of blood catalase in patients of group II indicates the
depletion of the antioxidant defense system, which is indirectly confirmed by the
activity of SOD and the content of TBA-active products in this group, compared
with the control. A decrease in SOD activity in group I by 45%, in group II by 64%
is noted compared with healthy pregnant women. There are also suggestions that it
is the consequences of decompensation of antioxidant defense that contribute to the
accumulation of lipid peroxidation products (p<0.05).

These changes can be explained by the fact that in healthy pregnant women,
activation of LPO processes leads to activation of the antioxidant defense system,
but these processes are in balance with each other and are not accompanied by
clinically significant damage. It is known that even normal pregnancy initiates some
degree of oxidative stress. In the case of premature birth, an imbalance is observed
between prooxidant and antioxidant forces towards the predominance of
prooxidants, leading to damage to cells, tissues, and primarily the endothelium
(Ailamazyan, Mostovaya, 2008).

As is known, catalase begins to work at high concentrations of H20O2, which is
not observed during normal pregnancy. Since these disorders lead to an imbalance
between oxidative and reductive processes in the peripheral blood and tissues,
accumulation of lipid peroxidation products, products of covalent modification of
proteins, a decrease in the efficiency of energy-converting mitochondrial
membranes and an increase in the number of damages to nuclear and mitochondrial

DNA.
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Thus, one of the pathogenetic factors of PR is the activation of free-radical
destabilization processes of biological membranes, accompanied by an excessive
increase in the content of peroxide compounds in the blood, as well as malonic
dialdehyde, diene conjugates and catalase with a pronounced universal
cytopathogenic effect and a decrease in the amount of SOD.

Assessment of the state of the cytokine system.

In the last decade, active scientific research has been conducted to study the
role of cytokines in the development of premature birth (PB). Being biologically
active factors, cytokines primarily regulate the development of local protective
reactions in tissues with the participation of various types of blood cells,
endothelium, connective tissue and epithelium.

We examined 35 women in the II and III trimesters of the gestation period
with physiologically progressing pregnancy - the control group. It was found that in
women of the control group, the level of cytokine IL-1f in the blood serum was
2.15+0.18 pg / ml, IL-2 - 11.14+0.91 pg / ml, IL-4 - 3.58+0.19 pg / ml, IL-6
2.38+0.19 pg / ml, IL-8 - 5.42+0.51 pg / ml, IL-10, - 22.48+1.96 pg / ml, and the
level of TNF-a was within 1.76+0.14 pg / ml.

In pregnant women at risk of premature birth, the IL-8 level was increased by
1.5 times in Group I patients and by 2 times in Group II patients relative to the
control group (p<0.05). A high level of spontaneous IL-8 production may indicate
significant activation of mononuclear phagocytes, producers of proinflammatory
cytokines, which play an important role in the development of immunopathological
processes. The obtained data on the increase in IL-1p and IL-8 reflect the activity of
the inflammatory process. An increase in the concentration of proinflammatory
cytokines indicates that in this contingent of pregnant women, the inflammatory
reaction has systemic manifestations. At the same time, IL-1 stimulates the release
of band neutrophils from the bone marrow, increases the formation and release of
collagenase, causes the expression of endothelial-leukocyte adhesion molecules
(ELAM) on the surface of endothelial cells and leukocytes, promotes the marginal

position of leukocytes and stimulates the process of their emigration.
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As our research results have shown, pregnant women at risk of premature birth
have an increase in the IL-6 serum content by 1.5 times in the first and 2 times in the
second compared to healthy pregnant women. Due to the violation of the placental
barrier, a large amount of antigenic material of fetal origin enters the mother's
circulation. This leads to the induction of an inflammatory response from the
maternal immune system with the production of a large amount of IL-6 and TNF-a,
which causes a high level of trophoblast apoptosis. In addition, IL-6 stimulates the
production of reactive proteins, which leads to remodeling of the cervix and the
development of labor.

According to our data, in pregnant women with risk of preterm delivery,
serum TNF-a level increases by 1.5 times in the first and 1.7 times in the second
compared to control data (p<0.05). As is known, TNF-a is formed by tissue
macrophages, monocytes and lymphocytes in the area of acute inflammation,
enhances the main functions of leukocytes, stimulates the release of histamine by
basophils and mast cells, causes activation of fibroblasts, smooth myocytes and
vascular endothelium in the inflammation focus, induces the synthesis of acute phase
proteins. Hypersecretion of TNF-a leads to a significant increase in the number of
apoptotic trophoblast cells, which can be one of the factors contributing to
miscarriage. It has been established that during normal pregnancy, the cytokine
status shifts towards immunosuppressive cytokines (IL-4, 1L-10, TGF-B), which
inhibit cellular immune responses and stimulate the production of blocking
antibodies.

It has been established that during normal pregnancy, the cytokine status shifts
towards immunosuppressive cytokines (IL-4, IL-10, TGF-B), inhibiting cellular
immune responses and stimulating the production of blocking antibodies. In our
study, the level of anti-inflammatory cytokines IL-4 and IL-10, respectively, was
significantly lower by 1.5 and 2.4 times in the first group and 0.6 and 3 times in the
second group. In this situation, the most informative were the IL-10 indicators, low

values of which can serve as a marker of the risk of developing preterm labor.
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Therefore, pregnant women at risk of premature birth experience significant
disturbances in the cytokine system, which may be accompanied by the penetration
of proinflammatory cytokines into the systemic circulation, which in our opinion
contributes to the pathogenesis of premature birth. In addition, an increase in TNF-
a and cytokines can serve as markers of inflammation of the uterine vascular
endothelium, and also indicate high permeability of the membranes of the fetal
membranes, which in our opinion is one of the causes of the mechanisms of
premature birth and rupture of amniotic fluid.

Thus, the results of our study allow us to state that the study of cytokine
balance is significant for assessing the direction of the immune response, as well as
the outcome of pregnancy for the mother and fetus.

The state of the reactive proteins of the body.

The development of threatening premature birth with changes in the immune
system was accompanied by an increase in the content of state reactive proteins
(SRP) in the first group to 5.87+£0.19 mg/l (11.7), in the second group to 5.15+0.16
(11.5) mg/l, compared to the control group in women with threatened PB (p<0.05).

When studying nitric oxide, it was noted that in women with threatened PB in
the main group, the value of nitric oxide exceeded the control group. In the first
86.1+3.4 ppb; in the second 89.5+£3.1 ppb compared to the control group.

Increased nitric oxide accompanied by cytokine activity can be considered one
of the predictors of PB.

It is known that in addition to its copper-binding function, ceruloplasmin has
significant antioxidant activity and is involved in the neutralization of peroxides.

As the results of our study showed, in the first group the level of ceruloplasmin
was reduced to 12.6+0.4 mg/dl, which is | 1.6 times less, and in the second group it
was reduced to 10.44+0.31 mg/dl, which is | 1.9 times less compared to the control
group (Fig. 5.6), which indicates a decrease in the antioxidant system and may be
the cause of PB.

It is currently known that S-100 is a calcium-binding protein and is involved

in the processes of cell division, differentiation and death. A comparative analysis
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of the S-100 protein level in the serum of pregnant women showed a tendency for it
to decrease in groups I and II compared to patients in the control group. The average
content of S-100 protein in the blood serum of women in the control group was
40.94+5.08 ng/ml, while in the first group it was reduced to — 8.80+0.41 ng/ml, in
the second group 7.904+0.21 ng/ml (>0.05).

Serum S-100 levels equal to or less than 32.55 ng/ml are also a new prognostic
criterion for PTB and increase the risk of their occurrence after a threatened
miscarriage at 22—-34 weeks by 4.6 times.

The nature of the violations of the hemostasis system parameters.

Numerous studies have shown that elevated levels of oxidized lipoproteins
during oxidative stress lead to endothelial damage.

As can be seen from the obtained research results, pregnant women with the
risk of premature birth have an increase in the sum of active forms of platelets
relative to the control values by 24% (p<0.05). The increase in the sum of active
forms of platelets in pregnant women of the main group was combined with an
increase in the number of platelets involved in aggregates by 1.6 times. It is possible
that the damaging effect of the detected disorders in the risk of termination of
pregnancy on the damage of the vascular wall and the development of a
thrombophilic state. Meanwhile, the determination of vascular wall damage factors
in the blood is an indirect method for assessing the severity of endothelial
dysfunction. Such factors include: von Willebrand factor, fibronectin,
thrombomodulin.

When studying the content of the most significant factors of endothelial
damage (von Willebrand factor and fibrinogen), a reliable increase in the latter was
noted when compared with the control group, respectively, von Willebrand factor
by 1.3 times, and fibrinogen by 1.4 times. The identified changes in the dynamics of
adhesive proteins play an important role in increasing the adhesive-aggregation
properties of platelets.

Thus, in pregnant women at risk of premature birth, we observe, against the

background of dysfunction of endothelial cells, an increase in the anticoagulant
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activity factor. This condition apparently leads to depletion of the level of natural
anticoagulant, antithrombin III, in the blood and is one of the reasons for the
development of thrombophilic state and thrombotic complications in premature
birth.

It is extremely important to study the content of anticoagulant potential
indicators in the blood of pregnant women at risk of preterm birth.

The study of the hemostasis system demonstrated that premature birth is
characterized by changes in the coagulation and fibrinolytic activity of the blood in
the form of hypercoagulation and hypofibrinolysis.

In women in the first main group, a shortening of the APTT and PT time by
33.3 and 31.2% (p<0.05) was noted relative to the control group; in the second
group, the APTT and PT were lower than the control group by 20.1 and 25.4%
(p<0.05).

When studying the process of fibrinolysis in PB, it was revealed that the amount
of fibrinogen was exceeded in groups 1 and 2 by 51.8, 39.4 and 26.9% (p<0.05)
when compared with the control group.

Our findings of a significant association between maternal serum uric acid
levels, supported by studies demonstrating free transfer of uric acid across the
placenta in pathologies [6], suggest that elevated uric acid levels may be the real
etiology of these adverse outcomes.

These changes are associated with the intensification of intravascular blood
coagulation processes, including in the uteroplacental blood flow.

Evaluation of the content of purine metabolism product.

Increased serum uric acid concentrations occur as a physiological response to
increased oxidative stress during pregnancy, providing a counter-regulatory boost to
antioxidant defenses. Uric acid is the end product of purine catabolism, which acts
as an antioxidant and reduces DNA damage at physiological concentrations.
However, high uric acid concentrations may promote inflammation and endothelial
dysfunction. High levels of maternal uric acid can diffuse to the placenta, enter the

fetal circulation, cause placental inflammation and dysfunction, and ultimately
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impair fetal development. Furthermore, uric acid can initiate inflammatory cascades
by increasing the production of monocyte chemoattractant protein-1, IL-18, IL-6,
and tumor necrosis factor TNF-a. Elevated uric acid concentrations can alter
endothelial function, health, and repair. Several studies show that uric acid impairs
nitric oxide (NO) production in vascular endothelial cells, a key pathogenic event
preceding the development of cardiovascular disease. Also, in late pregnancy, uric
acid crystals activate the nodular receptor protein-3 (NLRP3) inflammatory pathway
via the IL-1-dependent pathway, causing inflammation at the placental interface and
affecting fetal development.

As we stated earlier, uric acid i1s a well-known marker of tissue damage,
oxidative stress. Based on the above, high values of serum uric acid are observed in
pregnant women at risk for preterm birth. If so, uric acid should be increased before
the syndrome becomes clinically evident. Hyperuricemia is one of the earliest and
generally consistent observations noted in preterm birth risk. Although elevated
circulating uric acid concentrations are not always observed in every woman at risk
for preterm birth, they appear to identify a subset of women with preterm birth who
are at greater risk of maternal and fetal morbidity. This study was designed to
compare serum uric acid values in pregnant women at risk for preterm birth and
normal pregnant women and its relationship with several vital maternal and fetal
outcomes.

To study this issue, we decided to investigate the level of uric acid in various
substrates in pregnant women at risk of premature birth at 22-34 weeks of gestation
in the entire study group.

The present examination was conducted with a total of 352 pregnant women;
of these, Group I (n=155), Group II (n=157), Group III (control, n=40) — 40 pregnant
women with a physiological course of pregnancy and delivery, delivered on time
were examined. Selection criteria: arterial hypertension, no history of urinary tract
infection. Absence of any other medical complications (cardiovascular diseases,
renal diseases, collagen vascular diseases) associated with preeclampsia.

To study this issue, we decided to investigate the level of uric acid in various
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substrates in pregnant women at risk for premature birth at 22-34 weeks of gestation
in all study groups.

We have created a computer program “Uric acid as a trigger mechanism for
premature birth” (computer program: (Intellectual Property Agency under the
Ministry of Justice of the Republic of Uzbekistan No. DGU 2023 2915 06.05.2023)).

Elevated uric acid levels may occur as a protective response to limit the
harmful effects of free radicals and oxidative stress.

Determination of uric acid in the blood serum of pregnant women at 22-34
weeks of gestation with threatened PB (before treatment) showed that the uric acid
content upon admission to the hospital in the first group was increased by 1.3 times
compared to the control group, in the second group by 1.3 times compared to the
control group (P <0.05%).

After the proposed therapy, there was a significant improvement in these
indicators.

In the first group, the average improvement in the endotoxicosis index was
115.24 umol/l, in the second group it remained unchanged, which is of no small
importance for the prognosis and prevention of this pathology.

The next objective of the study was to examine the level of uric acid in the
amniotic fluid.

The question we were faced with was: What changes does the biochemical
profile of amniotic fluid undergo when uric acid in the mother's blood increases, and
is there a connection between them?

To address this issue, the biochemical profile of the amniotic fluid
composition was examined in women with endotoxicosis who had PROM upon
admission, during labor, and among the control group in whom labor occurred on
time.

As can be seen from the presented research results, the content of uric acid in

amniotic fluid has its own dynamics and concentration.
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As the results of the biochemical profile showed, the content of uric acid in
the amniotic fluid in women of the 1st group was increased by a small amount
compared to the second group (1.2 times).

According to the tasks set, we were faced with a survey on how uric acid
affects the fetus? Does uric acid pass through the feto-placental barrier?

To address this issue, we examined the level of uric acid in amniotic fluid and
in cord blood serum in all groups, in the early postpartum period in pregnant women
with premature and full-term births.

We observed significant changes in the content of uric acid in the cord blood
in pregnant women of the study groups insignificantly in the first and 1.3 times more
in the second group compared to the control group. Apparently, the identified
changes in the level of uric acid in various substrates, in our opinion, are due to
metabolic disorders in the body of the examined pregnant women and there is a
significant relationship between the levels of uric acid in the mother, in the serum of
umbilical cord blood and amniotic fluid, which most likely leads to deep
endotoxicosis and causes premature birth.

Thus, analyzing the results of the studies, we can conclude that with UPR, in the
blood plasma of women, there is a pronounced intensification of endogenous
intoxication processes in the form of lipid peroxidation, hemostasis system
disorders, cytokine intensification, immune system and reactive proteins. It should
be noted that the maximum changes in the homeostasis system and hyperuricemia
in various substrates were found in pregnant women with a high risk of PB and with
threatened PB, the cause of which is deep endotoxicosis.

When studying the data of a prospective study, it was established that the first
pregnancy, repeated births, miscarriage, history of non-developing pregnancy,
medical abortion, inflammatory diseases of the reproductive system, etc. are risks of
premature birth. When hospitalizing patients with a risk of threat and premature
birth, significant changes in the homeostasis system, disturbance of uteroplacental

and fetoplacental hemodynamics were noted.

157



However, to identify the real risk factors for PB, the activities of the most
important components of the homeostasis system were determined, such as the
presence of endotoxicosis, activation of lipid peroxidation, antioxidant protection,
cytokine intensification, the state of the body's reactive proteins, the content of
purine metabolism products, and the stability of the hemostasis system.

The results of the prospective study showed that the above changes were
registered not only in pregnant women, but also in fetuses.

In the early stages of premature labor, pregnant women experience
endogenous intoxication (decrease in TCA, ECA, RSA, and increase in IT),
pronounced intensification of lipid peroxidation processes (increase in DC, MDA),
and decrease in antioxidant protection (decrease in SOD, Kat). These processes
contribute to the progression of pregnancy and lead to intensification of the cytokine
system (increase in 1L-1,2,4,6,8,10, TNF-a, systematization of the inflammatory
process (increase in RPS, nitric oxide, S-100, decrease in ceruloplasmin), activation
of purine metabolism (increase in uric acid). At the same time, disturbances in the
activity of the coagulation system (decrease in APTT), fibrinolysis (increase in
fibrinogen) are recorded.

Moreover, changes in the homeostasis system were associated with the
duration of PB.

It is safe to say that UA is the final and final parameter of the pathogenetic
mechanism of PR, which can be used as a predictor of prognosis and prevention of
complications in this pathology. This is confirmed by the value of correlation
analysis.

Currently, many schemes of complex treatment of threatened PB have been
proposed. But to date, there are no proposed complex treatment schemes for
threatened PB with progressive intoxication and hyperuricemia.

In this regard, we propose a new method for correcting intoxication,
homeostasis disorders and hyperuricemia in threatened PB, the spectrum of which,
as noted above, is extremely wide, taking into account its ability to correct disorders

in various organs and systems.
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After a complete clinical and laboratory examination, pregnant women with UPR of
the second group were prescribed traditional pregnancy-preserving therapy.
Pregnant women of the first group (the main one) were recommended to use the
proposed course of treatment in addition to traditional therapy + drugs with an
antioxidant effect and containing rosmarinic acid, which reduces uric acid within
12 hours after taking 1 tablet 3 times a day (in our study, we used Canephron H50)
+ Glucurono-2-amino-2-deoxyglucoglucan sulfate, 1 tablet 2 times a day (in our
study, we used Sulodoxide 250 LE (lipoprotein lipase units)) (according to the
coagulogram indicators) and (suppresses the proliferation of smooth muscles of the
vascular wall, promotes the restoration of the structure and function of vascular
endothelial cells, normalizes the rheological properties of the blood), and L-
Arginine L-Aspartate 5-10 ml x 3 times a day (has antihypoxic, membrane-
stabilizing, cytoprotective, antioxidant, detoxifying effect, has an acid-forming
effect and helps correct acid-base balance) if there is FI.

A diet (plenty of fluids), iodine preparations 200 mg, iron preparations,
ascorbic acid 0.1 g 3 times a day for 20 days, progesterone 200 mg 2 times a day
until 36 weeks of pregnancy, nifedipine 10 mg orally every 30 minutes (maximum
single dose 40 mg) were prescribed. Then - 10 mg every 8 hours orally for no more
than 48 hours from the start of therapy under the control of blood pressure,
indomethacin 100 mg 1 supp. x 1 time per day for 10 days.

The analysis of the results of the therapy was assessed on the 1st, 4th, and 10th
days of hospitalization using laboratory research methods.

On average, 76% of women in both groups noted clinical improvement.

However, it was revealed that against the background of the use of a
traditional therapeutic course in the second group (Ist, 4th, 10th day of
hospitalization), homeostasis parameters remained abnormal.

On the contrary, the use of complex therapy in pregnant women of the first
group with threatened PB in addition to traditional therapy allowed in the early

stages to: reduce the severity of endogenous intoxication, the activity of lipid
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peroxidation, improve the state of immune activity, restore blood hemostasis, the
fibrinotic system and hyperuricemia.

The complex of therapeutic measures for threatened PB in the main group
allowed to significantly reduce the intensity of endotoxicosis indicators in the blood
plasma after the start of therapy, as evidenced by the indicators given in Table 6.2.
IT on the 4th day after the start of therapy improved by 13.2%, on the 10th day by
20%. TCA on the 4th day was improved by 23.2% and on the 10th day by 26.7%
(p<0.05).

On the 4th day of dynamic observation, a decrease in the amount of diene
conjugates by 11.03% was noted, and by the 10th day by 38.5% from the initial
value (p<0.05).

The use of complex therapy quickly restored the activity of the system's
antioxidants. The concentration of SOD was increased on the 4th and 10th knocks
by 27.17 and 47.4% (p<0.05). By the last day, SOD corresponded to the control
group.

It is important to note that complex therapy of pregnant women with PB
allowed to restore the activity of the immune system. A significant improvement in
IL1 was observed by 18.21% on the 4th day and 27.31% on the 10th day (p<0.05).

The use of complex therapy in pregnant women with threatened PB made it
possible to reliably reduce the intensity of lipid peroxidation processes in blood
plasma despite the duration of the pathology.

When studying the indicators of metabolic processes, it was revealed that
complex therapy reduced their disturbances by the 10th day of the study.

Uric acid was reduced by 24.6% on day 4 and 37.3% on day 10.

RPS and nitric oxide improved by 30.4% and 27.1% on day 4 and by 54.5%
and 45.1% on day 10 (p<0.05), respectively.

Evaluation of hemostasis parameters in PB against the background of complex
therapy revealed that in the first four days of observation, increased coagulation

activity and suppression of the fibrinolytic component of the hemostasis system were
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recorded. The fibrinogen content on the 4th day decreased by 12.0% and on the 10th
day by 38.3%.

The use of complex therapy in PB led to the restoration of the state of
intrauterine hypoxia of the fetus. At the same time, the result of S-100 protein against
the background of complex treatment increased on the 4th day by 43% and on the
10th day by 72.2% compared to the comparison group that received traditional
therapy (p<0.05).

At the same time, in the group with a complex type of therapy, the number of
complications such as fetal hypoxia at birth, postpartum complications, etc. were
less common than in the second group.

It should be noted that the inclusion of complex therapy in the early stages of
threatened PB allows suppressing intoxication and the activity of lipid peroxidation,
restoring antioxidant protection, immunity, and stabilizing metabolic processes.

Analysis of the outcome of births among the study groups: all births in the
study groups, regardless of the type of delivery, proceeded without any special
features.

After conducting complex and traditional therapy, we conducted a
comparative analysis, identified and compared the incidence of preterm labor among
the 2 groups.

According to the results of the analysis of timely and PB, it was revealed
that among the studied groups, PB were more often observed in the second group
in women who received traditional therapy in 33.1% of cases, while in the main
group PR were observed in 21.2% of cases, which proves the effectiveness of
complex therapy and shows a decrease in the number of PB by 11.9%.

In group I, urgent deliveries accounted for 78.7% (122) of cases, and in
group 11 66.9% (105).

Based on the results of the analyses of timely and PB, it was revealed that
among all the studied groups, births ended more often through the natural birth
canal in 89.7% in the first group and 84% in the second.

In the PR groups complicated by PRROM, a higher incidence of episiotomy
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was noted, but no statistically significant differences were found compared to SR.
Complications of the third stage of labor were more common in the PR group.

Caesarean section was performed only in emergency conditions of the
mother and fetus in 10.3% and 16% of cases.

Indications for cesarean section were: inconclusive condition of the fetus,
placental insufficiency, chorioamnionitis, etc. All operations proceeded without
any particular complications. After the operation, everyone received traditional
preventive therapy.

Perinatal outcomes of preterm birth.

Analysis of the duration of labor through the natural birth canal showed that,
in the study, there were rapid births of up to 2 hours.

The newborns were examined after birth and resuscitated if necessary.

Of the 352 newborns born, 85 were premature. Of these, 21.2% of premature
newborns were from the first group and 33.1% from the second group.

Immediately after birth, the condition of premature infants was assessed
using the Silverman scale. The analysis of the assessment of the condition of
premature infants at birth in groups 1 and 2 was 54+2.1 and 5+1.5 points at the 1st
minute and 6£1.8, / 6+2.9 points at the 5th minute, respectively, while among
newborns born on time, the assessment according to the Apgar scale was: at the
first minute 7.84+0.20 points, and at the fifth minute - 8.8+0.9 points.

When assessing the degree of asphyxia, it was found that asphyxia was more

common in the second group.
In satisfactory condition were born 57.6% of premature newborns in group I, and
32.6% in group I, in a state of asphyxia of mild severity - 33.3% in group I and
44.2% in group II, respectively, in asphyxia of moderate severity 9% in the first
group and 23% of cases in the second group. Newborns born with varying degrees
of hypotrophy corresponded to the expected echographic degree of FGRS.

When studying the weight and height indicators of newborns, it was found
that the body weight of premature newborns varied from 500 g to 2500 g and was
1861+£737 g in group 1 and 1811+693 g in group 2. In group 3, all newborns had an
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average weight of 33674351 g. The average length of newborns was 41.0+5.0 cm in
the first group, 40.0+6.0 cm in the second group, and 52+2.3 cm in the group of
women with a physiological pregnancy.

Transfer to the second stage of nursing was required for 6 newborns from
mothers with hyperuricemia, while 100% of newborns from mothers with normal
uric acid levels were discharged home in satisfactory condition.

In the study, neonatal mortality was observed in 2.7% (2) of the total
number of PBs in the second group, the cause of which was generalized
intrauterine infections, neonatal sepsis and acute hypoxia.

Blood was taken from all newborns immediately after birth (from the
maternal part of the umbilical cord) to determine the amount of UA and S-100
protein. The results of the study showed a reliable increase in UA and S-100
protein in the umbilical cord blood and in the amniotic fluid in PN more often than
in the second group.

Thus, hyperuricemia and decreased S-100 protein are prognostically
valuable predictors of the development of preterm labor, fetoplacental
insufficiency, FGRS and fetal hypoxia.

Development of an algorithm: based on the data obtained during the study, an

algorithm was developed for the diagnosis, prognosis and management of pregnancy
and childbirth in women at risk of premature birth.
When a pregnant woman with a risk of premature birth is admitted, it is necessary
to conduct a set of clinical, laboratory and instrumental research methods. However,
taking into account clinical data remains insufficient for diagnosis, prognosis and
determination of pregnancy and childbirth management tactics in women at risk of
premature birth.

At the same time, the results of the studies have shown that the determination
of pathogenetic parameters such as TCA, ECA, RSA, IT, DC, MDA, SOD, Kat, IL,
CD141, D-dimer can be reliably used in the diagnosis and prediction of the risk of
premature birth. However, these parameters have a number of features: technical

complexity, high cost, duration of implementation.
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We propose to use uric acid as a predictor of diagnosis and prognosis of
pregnancy and childbirth in women at risk of premature birth, since it is one of the
main links in the pathogenesis of preterm labor.

Regardless of the pregnancy prognosis, additional drugs with antioxidant
effect and containing rosmarinic acid, Glucurono-2-amino-2-deoxyglucoglucan
sulfate and L-Arginine L-Aspartate, which affect various components of the
homeostasis system and antioxidant system, must be included in the therapy.

Timely hospitalization, identification of risk factors, assessment of the pregnant
woman's condition, timely diagnosis and assessment of laboratory parameters, and
correctly prescribed therapy can undoubtedly affect the outcome of pregnancy for
both the mother and the fetus, reducing complications that may arise not only during
childbirth but also in the early and late neonatal period.

The proposed therapy, which affects various components of the homeostasis
system and hyperuricemia, has reduced the incidence of premature birth by 11.9%

of cases.
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CONCLUSIONS

In our studies, the risk of premature birth was observed significantly more often
in pregnant women with a gestation period of 28-34 weeks than in the group
with a gestation period of 22-27 weeks and amounted to 82.5% and 17.6% of
cases, respectively. When analyzing the outcome of labor, it was found that the
number of premature births was 9.4% in 22-27 weeks and 90.5% in 28-34 weeks
of gestation.

A pronounced imbalance in the levels of endogenous intoxication in pregnant
women with threatened PB in the form of a reliable decrease in ECA, TCA, RSA,
SOD (P <0.01) and a reliable increase in Catalase, I'T, DC, MDA, KTB (P <0.01)
contribute to the activation of lipid peroxidation processes, depression of
antioxidant protection, an imbalance in the activity of the immune system, the
formation of reactive proteins in the body and increased metabolism of purine
bases.

In women with threatened and premature labor, a new pathogenetic relationship
was established between hyperuricemia and a significant increase in
proinflammatory cytokines IL-1, IL-2, IL-6, IL-8, TNF-oa (P <0.01) and a
decrease in IL-4, IL-10 (P <0.01) in the study groups, the balance of which is
significant for assessing the direction of the immune response, as well as the

outcome of pregnancy for the mother and fetus.

. New prognostic predictors of PB are a decrease in the activity of S-100 protein

by an average of 4.6 times (P <0.01) and ceruloplasmin by 1.6 times (P <0.01),
which, by suppressing endogenous intoxication, lead to decompensation of
antioxidant protection, promoting the accumulation of lipid peroxidation
products, which in turn leads to fetoplacental insufficiency and fetal hypoxia.
Pathogenetic predictors of the development of PB are endothelial dysfunction in
the form of a reliable increase in the level of nitric oxide and a disorder of the
hemostasis system: an increase in von Willebrand factor, fibrinogen,
thrombomodulin, D-dimer and a reliable decrease in antithrombin III.

Uric acid is the final metabolite of the pathogenetic mechanism of preterm labor,
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the determination of which is better used as a predictor of diagnosis, prognosis
and treatment in women at high risk of preterm labor. Uric acid is significantly
increased in blood plasma, amniotic fluid by 34% and umbilical cord blood by
27%.

In women with threatened premature birth, a vasoconstrictive effect of uric acid
in the placenta has been established, which is confirmed by Doppler and
pathomorphological changes in the placenta in the form of decreased placental
perfusion, ischemia, impaired maturation of placental villi, angiopathy,
thrombosis of the intervillous spaces, signs of deciduitis, chorioamnionitis and
apoptosis of the placenta and, accordingly, placental insufficiency, which
threatens the course of pregnancy and provokes premature birth.

Based on the identified significance of hyperuricemia in threatened PB, a
pathogenetic and therapeutic-diagnostic algorithm for pregnancy management
was developed depending on the gestational age.

Based on a comprehensive study of the pathogenesis links of threatened preterm
labor caused by hyperuricemia, regardless of the pregnancy prognosis, it is
necessary to include in traditional therapy drugs with an antioxidant effect,
restoring endothelial function and purine metabolism, which have a beneficial
effect on the outcome of labor for both the mother and the fetus in preterm labor.
The comprehensive treatment method in the main group made it possible to
reduce the incidence of premature birth by 8.5% of cases at 22-27 weeks of
gestation and 8.6% of cases at 28-34 weeks of gestation, which is a

prognostically significant indicator for preventive measures.
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PRACTICAL RECOMMENDATIONS

. When pregnant women are admitted to the clinic, it is important to form the
degree of risk of developing premature birth using the proposed prognostic
matrix. When diagnosing, it is necessary to take into account the role of
metabolic disorders in threatening premature birth, which can play a major
role in the development of PB.

. For early prognosis, diagnosis and treatment of threatened premature birth, it is
necessary to determine the parameters of endotoxicosis, activation of lipid
peroxidation, antioxidant protection, cytokine activity, reactive proteins,
endothelial dysfunction and purine metabolism products.

. Determination of the amount of uric acid can be used as a predictor for
prognosis, diagnosis, and treatment of threatened premature birth.

. Regardless of the prognosis of pregnancy with hyperuricemia, additional drugs
with an antioxidant effect must be included in traditional therapy.

. In case of endothelial dysfunction, it is necessary to use the drug Glucurono-2-
amino-2-deoxyglucoglucan sulfate, which suppresses the proliferation of
smooth muscles of the vascular wall, promotes the restoration of the structure
and function of vascular endothelial cells, and normalizes the rheological
properties of the blood.

. If a violation of uteroplacental and fetoplacental hemodynamics is detected in
threatened PB, a drug containing L-Arginine L-Aspartate, which affects various
components of the homeostasis system, must be added to traditional therapy.

. Accept the proposed algorithm in predicting, diagnosing, treating and

preventing threatened PB and PB.
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