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CURRENT ASPECTS OF THE PROBLEM OF PLACENTAL DYSFUNCTION AND 
MISCARRIAGE OF INFECTIOUS AND INFLAMMATORY GENESIS 
An Andrey Vladimirovich 
Associate professor 

Bekbauliyeva Gulistan Niyetbayevna 
Associate professor  

Kamolova Marjona Asilbekovna 
Master’s student 

Tashkent Medical Academy, Uzbekistan 

Abstract. Placental dysfunction and miscarriage of infectious and inflammatory origin remain urgent problems in 
modern obstetrics, significantly contributing to perinatal morbidity and mortality. This article reviews the 
etiopathogenetic mechanisms of placental insufficiency, emphasizing the role of viral and bacterial infections, 
immune responses, and systemic inflammatory reactions. Special attention is given to ozone therapy as a 
promising complementary approach in treating such conditions. The biological effects of ozone—antibacterial, 
anti-inflammatory, antioxidant, and immunomodulatory—are discussed as potential tools to improve maternal 
and fetal outcomes in high-risk pregnancies. 

Key words: placental dysfunction, miscarriage, inflammation, infection, ozone therapy, perinatal complications, 
obstetrics. 

INFEKSION VA YALLIGʻLANISH GENEZLI PLATSENTA DISFUNKSIYASI 
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Annotatsiya. Platsentaning disfunksiyasi zamonaviy akusherlikning dolzarb muammolari boʻlib qolmoqda, bu 
perinatal kasallik va oʻlimga sezilarli hissa qoʻshadi. Ushbu maqolada platsenta yetishmovchiligining 
etiopatogenetik mexanizmlari koʻrib chiqiladi, virusli va bakterial infeksiyalar, immunitet reaksiyalari va tizimli 
yalligʻlanish reaksiyalarining rolini taʼkidlaydi. Bunday sharoitlarni davolashda istiqbolli qoʻshimcha yondashuv 
sifatida ozon terapiyasiga alohida eʼtibor beriladi. Ozonning biologik taʼsiri — antibakterial, yalligʻlanishga qarshi, 
antioksidant va immunomodulator — yuqori xavfli homiladorlikda ona va homila natijalarini yaxshilash uchun 
potensial vositalar sifatida muhokama qilinadi. 

Kalit so‘zlar: platsenta disfunksiyasi, abort, yalligʻlanish, infeksiya, ozon terapiyasi, perinatal asoratlar, 
akusherlik. 
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One of the most significant problems of modern obstetric practice remains miscarriage 

(MP) [36,46]. This term refers to spontaneous termination of pregnancy at any stage – from the 

moment of conception to 37 weeks, which corresponds to the period from the first day of the 

last menstrual period to the 259th day. [55] 

According to WHO, premature birth is considered to be a birth that occurs between 22 

and 37 completed weeks of gestation, counted from the first day of the last menstrual period, 

with a fetal weight of 500 g or more. [46,55] 

Miscarriage occurs in 10-25% of all pregnancies, with 5-10% ending in premature birth. 

More than half of stillbirths occur in premature babies, who also account for 70-80% of early 

neonatal mortality and 60-70% of infant mortality. The probability of death of a premature 

baby is 30-35 times higher than that of a full-term baby, and the perinatal mortality rate in 

miscarriage exceeds the same indicator for term births by 30-40 times. [55] In recent years, the 

proportion of premature births in Uzbekistan has ranged from 9 to 15%, with about 70% of 

early neonatal mortality cases due to prematurity. [34] 

These data confirm that the problem of miscarriage remains relevant for modern 

medicine. 

When treating miscarriage, specialists are faced with a limited number of attempts, 

which places great responsibility on the doctor when conducting diagnostics and choosing the 

optimal treatment tactics. It is important to consider that each lost pregnancy not only becomes 

a serious psychological trauma for a woman, but also negatively affects her reproductive health. 

This is due to both the consequences of the termination of pregnancy itself and the need for 

invasive interventions. Thus, each unsuccessful pregnancy intensifies the pathological 

processes that contribute to miscarriage, which further complicates its treatment. Termination 

of pregnancy after 16 weeks is usually caused by pathological processes such as infections, 

isthmic-cervical insufficiency and thrombophilic disorders. These factors provoke the 

development of placental insufficiency and severe pregnancy complications, including 

placental abruption, intrauterine growth retardation, gestosis and other complications [36]. 

It has been proven that one of the main causes of early premature birth is local 

inflammation of the chorion and decidua in the cervix. In most cases, it is associated with the 

persistence of opportunistic mycoplasma-viral microflora in the endometrium. [44] 

The results of a number of studies have shown that the cause of pregnancy termination 

can be both severe systemic inflammatory diseases and asymptomatic urogenital infections. 

[27]. Risk factors for the development of infectious diseases in pregnant women and the fetus 

can be divided into three main groups (31,32). The first group includes women with chronic 

foci of extragenital infection, among which are: long-term nonspecific diseases of the 

respiratory system, chronic inflammatory processes in the gastrointestinal tract, chronic 

tonsillitis, chronic pyelonephritis. The second group includes pregnant women with chronic 

inflammatory diseases of the reproductive system, which include: colpitis, lower genital tract 

infections, endometritis, salpingo-oophoritis. The third group includes patients who 

experienced an exacerbation of chronic infectious diseases during pregnancy, as well as those 

who suffered acute inflammatory processes during the gestational period (57). 

In recent decades, the need to find and justify new or additional methods of therapy has 

become especially urgent due to the increase in morbidity, the emergence of microorganism 

https://doi.org/10.47390/3030-3133V3I2Y2025N01
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resistance to existing drugs, and the development of new forms of diseases. Modern medicine 

faces challenges related to the limited effectiveness of traditional treatment methods, side 

effects, and their insufficient universality for different groups of patients. 

The importance of finding and implementing new methods of therapy is also reinforced 

by the need to adapt medicine to changes in population health and the rapid progress of 

scientific technologies. 

The purpose of this literature review is to analyze existing approaches to the treatment 

of placental dysfunction and miscarriage caused by infectious and inflammatory factors, as well 

as to determine the place of ozone therapy among alternative and traditional treatment 

methods. The review examines the effectiveness of various therapeutic strategies aimed at 

correcting infectious and inflammatory processes and improving placental functioning, with a 

special emphasis on the possibility of using ozone therapy. Based on the systematization of 

available data on the effectiveness and safety of various therapeutic strategies, it is proposed to 

substantiate the prospects of further studies aimed at clarifying the mechanism of action and 

expanding the indications for the use of ozone therapy in obstetric practice. 

Etiopathogenetic mechanisms of formation of placental dysfunction in women with 

infectious and inflammatory diseases of the reproductive system. 

Placental dysfunction is a complication of pregnancy that is accompanied by intrauterine 

fetal distress, growth retardation and developmental delay, and is also one of the significant 

factors of perinatal morbidity and mortality [5, 64]. This syndrome is characterized by 

morphofunctional changes in the placenta and is a consequence of a complex adaptive response 

of the fetoplacental complex to various pathological processes in the mother's body. Its 

development is based on a violation of compensatory-adaptive mechanisms at the molecular, 

cellular and tissue levels [19, 62]. As a result, the main functions of the placenta are impaired - 

transport, trophic, endocrine, metabolic and detoxification, which negatively affects the 

condition of the fetus and newborn. Placental dysfunction accompanies almost all complicated 

forms of pregnancy. In patients suffering from viral and bacterial infections, its frequency 

reaches 50.0% - 60.0%. The morphological basis of this condition is pronounced changes in the 

vascular network of the placenta, including narrowing and tortuosity of the spiral arterioles, 

their heterogeneity in caliber, a decrease in the density of the arterial bed, as well as a decrease 

in the lumen of the capillaries with foci of stasis, aggregation and adhesion of cellular elements 

of the blood [2, 7]. 

According to T. S. Kachalina and co-authors [26], massive fibrin deposits in the 

intervillous space, pronounced edema and fibrosis of the chorionic villi are detected in the 

placental tissue, which is caused by primary vascular disorders. At the same time, J. Aplin [3] 

proved the possibility of secondary changes in the placental vessels, which arise due to thinning 

of the walls of large vessels, which leads to a decrease in the volume and area of terminal villi 

during placentation. 

There are two main types of placental dysfunction (PD): primary (early) and secondary 

(late). Primary placental insufficiency develops before 16 weeks of gestation, during 

implantation, early embryogenesis and placenta formation. Its occurrence is associated with 

the influence of genetic, endocrine, infectious and other unfavorable factors. The ability of the 

mother's body to adapt to pregnancy also plays an important role. Quite often, primary PD is 

accompanied by congenital malformations of the fetus. Secondary (late) placental insufficiency 
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develops after the 16th week of gestation, when the placenta has already formed, and is caused 

by exogenous blood supply disorders, as well as dystrophic and inflammatory processes that 

occur as a result of diseases suffered during pregnancy. The degree of influence of various 

pathological conditions and diseases of the pregnant woman on the condition of the placenta 

and fetus is determined not only by the gestational age and duration of exposure, but also by 

the capabilities of the compensatory-adaptive mechanisms of the fetoplacental complex (FPC) 

[49, 64]. If the compensatory functions of the placenta are preserved, its insufficiency can be 

treated, which allows for the normal development of the fetus to be maintained and the 

pregnancy to be carried to term with the subsequent birth of a healthy child. However, if the 

adaptive mechanisms are exhausted, the risk of intrauterine growth retardation of the fetus 

and serious complications increases [1, 33]. 

The development of placental dysfunction (PD) is caused by the impact of many risk 

factors, among which the key role is played by late gestosis, the threat of termination of 

pregnancy, postmaturity, iso-serological incompatibility, as well as somatic diseases of the 

mother, such as pathologies of the cardiovascular system and kidneys. TORCH group infections 

are also of significant importance [26, 8]. 

In addition, predisposing factors for the development of PD are unfavorable socio-

economic conditions, low level of education, young age (under 17 years), especially with 

insufficient body weight before pregnancy and its insufficient increase in the gestational period. 

Inadequate physical activity, first birth and multiple pregnancy also increase the risk of 

developing this pathology. 

In recent years, the role of TORCH infections in the mechanisms of placental insufficiency 

development has been actively discussed in scientific research [11]. In particular, the influence 

of herpes viruses and cytomegalovirus on the formation of PD is confirmed by the high degree 

of relationship between these infections and placental dysfunction, reaching 92.2%. 

Placental dysfunction is one of the leading factors influencing the level of perinatal 

morbidity and mortality. Despite numerous scientific studies devoted to fetoplacental 

insufficiency, manifested as intrauterine growth retardation syndrome, all damaging perinatal 

factors that determine the pathological development of children in the early neonatal period 

and during the first year of life have not yet been identified [16, 17]. 

The presence of a significant number of concomitant genital and somatic diseases in the 

mother creates an unfavorable pregravid background, which contributes to an additional load 

on the key life support systems. In the early stages of pregnancy, due to the high adaptive 

capacity of the "mother-placenta-fetus" system, these changes can remain in a compensated 

state or be accompanied by moderate disturbances in the hormonal regulation of the 

fetoplacental complex. 

Infectious and inflammatory diseases are diagnosed in 28.0%–47.0% of newborns, and 

in the structure of perinatal losses they make up from 11.0% to 45.0%. Intrauterine infections 

have a significant negative impact on the perinatal outcome of pregnancy, which necessitates a 

comprehensive study of this problem in modern scientific research [18]. 

An analysis of the characteristics of the course of pregnancy and childbirth in women, in 

a group of which pregnant women with infectious diseases and chronic placental insufficiency 

complicated by an unfavorable outcome of childbirth were identified, revealed a significant 

proportion of premature newborns (33.8%) and children with signs of hypotrophy (35.2%). In 
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addition, among this category of patients, a high level of intrauterine infection of the fetus was 

recorded, reaching 40.8%, which indicates a significant influence of the infectious factor on the 

perinatal prognosis. [25]. 

Many scientists emphasize the significant role of urogenital infections suffered in the 

first trimester in the development of miscarriage [56,58]. Thus, studies by A.V. Grishchenko and 

co-authors [22] showed that inflammatory diseases of the reproductive system in the 

anamnesis occur in 40.2%–51.0% of women who have encountered this pathology. 

Persistent viral infections and their combined forms [51], which are detected in 74.0% 

of patients [43], acquire special etiological significance in miscarriage. In the early stages of 

gestation, infectious agents have the most pronounced negative impact on the development of 

the embryo. 

Even opportunistic vaginal microflora, which may be asymptomatic in the mother, can 

provoke intrauterine infection of the fetus and the development of an infectious process. 

Cytomegalovirus infection (CMV) is recognized as one of the most common intrauterine 

infections. According to statistics, about 1.0% of newborns are infected with CMV, but only 

10.0% of them have clinical manifestations at birth confirming intrauterine infection. 

Natural origin, physical and chemical properties and medical and biological effects of 

medical ozone. 

Ozone was first reported by the Dutch physicist Mac van Marum in 1785, during 

experiments with a powerful installation for electrification, he observed how, when passing an 

electric spark through the air, a gaseous substance with a peculiar smell and strong oxidizing 

properties appeared. In 1801, Krunschenk discovered a similar smell during the electrolysis of 

water, and in 1840, Professor K. F. Schonbein of the University of Basel associated these changes 

in the properties of oxygen with the formation of a special gas, which he named ozone (from 

the Greek word "smell"). A hundred years later, Hansler created the first medical ozone 

generator, which expanded the boundaries of its use, thanks to the ability to accurately dose 

the ozone-oxygen mixture. [66] 

It is known that ozone is formed in all processes accompanied by the appearance of 

atomic oxygen. In laboratory conditions and industry, ozone is obtained in ozonizers by the 

action of an electric discharge on oxygen. The main types of industrial ozonizers have a flat or 

tubular discharge chamber, glass or ceramics are used as a dielectric, and the electrodes are 

made of aluminum or copper. The power of the ozonizer is proportional to the frequency of the 

current. 

The main physical characteristics of ozone have been studied in detail and described by 

S.D. Razumovsky and G.E. Zaykov [47]. Ozone (03) is an allotropic modification of oxygen; its 

molecule consists of three oxygen atoms and can exist in all three aggregate states. [48]. Medical 

ozone is an ozone-oxygen mixture (OOM) obtained from medical oxygen by its decomposition 

in an electric discharge and consisting of 5% O3 and 95% O2. Ozone-oxygen mixtures are 

produced using special devices - medical ozonizers. In order to minimize the toxic effect of 

ozone on the body and increase its therapeutic effectiveness when using OOM, it is necessary 

to know the exact concentration of ozone, the total dose and the time of exposure [63]. Despite 

the fact that ozone has been actively used for medical purposes for several decades, the 

mechanisms of its action were established not so long ago and their study continues. 
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The use of ozone in medicine is based on two fundamental approaches determined by 

its properties: 1) direct action of ozone, detected during external application in the form of 

disinfection activity (bactericidal, fungicidal, viricidal properties used to clean wounds, 

enhance the body's antimicrobial defense and activate local immunity); 2) systemic effect due 

to low concentrations of ROS induced by ozone (regulation of vasodilation and 

vasoconstriction, activation of energy metabolism, modulation of oxidation-reduction 

homeostasis, immunomodulation). Based on the mechanisms of ozone action, methods of using 

OOM have been developed: 1) external, providing a direct effect of ozone; 2) parenteral, leading 

to a systemic effect of ozone. External methods of OOM administration include ozone irrigation 

in a plastic chamber, balneotherapy, various options for using ozonized distilled water and olive 

oil, intra-articular and para-articular ozone injections, regional lymphotropic administration of 

OOM. Parenteral methods of administration include major autohemotherapy with OOM 

(MAHT), minor autohemotherapy with OOM (MAHT), intravenous and lymphotropic drip 

administration of ozone-saturated saline, intravenous and intra-arterial administration, 

intramuscular and subcutaneous injections, rectal insufflation of OOM[63]. 

When high concentrations of gaseous ozone and ozonized solutions are used externally, 

its powerful oxidizing potential against the bioorganic substrate of microorganisms is 

manifested. It is believed that the immediate cause of bacterial death under the influence of 

ozone is local damage to the plasma membrane, leading to the loss of viability of the bacterial 

cell and (or) its ability to reproduce; in yeast, the main reason is the disruption of intracellular 

homeostasis. It is important that ozone molecules interact not only with the components of the 

surface membrane, but, by changing its permeability, lead to the destruction of intracellular 

organelles. It is also impossible to exclude the mechanism consisting in the action of free oxygen 

radicals formed during the decomposition of ozone in an aqueous environment, i.e. the one that 

living organisms use to eliminate foreign antigens. The presence of a highly reactive hydroxyl 

radical is destructive for most microorganisms [20, 39]. Thus, in vitro experiments have shown 

that gaseous ozone kills virtually all types of gram-positive and gram-negative bacteria, viruses, 

fungi and protozoa [9]. According to a number of authors, ozone in concentrations from 1 to 5 

mg/l leads to the death of 99.9% of E. coli, Streptococcus faecalis, Mycobacterium 

tuberculosum, Cryptosporidium parvum, Varavium and others within 4-20 minutes [54]. Ozone 

therapy for anaerobic infections is considered pathogenetically justified, a significant number 

of works are devoted to the use of ozone for the purpose of sanitizing the abdominal cavity in 

the complex treatment of peritonitis. Thus, O.E. Kolesova [41] notes not only a pronounced 

clinical, but also a noticeable biochemical effect of abdominal cavity sanitation and intravenous 

administration of ozonated saline (correction of LPO, AOSZ, increased activity of glucose-6-

diphosphoglycerate (G-6-DPG). Significant effects on the phagocytic activity of neutrophils, 

activation of humoral immunity and a pronounced detoxifying effect of ozone therapy in this 

group of patients were revealed by B.P. Kudryavtsev [30], S.V. Semenov et al. [50], V.S. Zui et al. 

[23]. All authors emphasize, along with the clinical, and economic aspects of the use of ozone in 

purulent surgery - a decrease in bed-day, consumption of expensive antibacterial drugs, 

antiseptics. According to the unanimous opinion of the authors, the high efficiency of systemic 

ozone therapy methods, even in the case of a decompensated process, is explained by the 

normalization of the acid-base balance and lipid peroxidation, elimination of hypoxemia, 

improvement of tissue oxygenation, and reduction of hyperglycemia that occurs during 
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treatment. Along with the antibacterial effect, the viricidal effect of ozone has been widely used, 

which is realized through the oxidation of the surface receptors of the virion, as well as the 

disruption of the synthesis of viral proteins due to a change in the activity of the reverse 

transcriptase enzyme [4, 12]. It has also been established that encapsulated viruses are more 

sensitive to the action of ozone than non-encapsulated ones, which is explained by the large 

amount of lipids in their capsule (for example, in the herpes virus there are up to 22%), which 

easily interact with ozone [9]. This circumstance underlies the pronounced therapeutic effects 

of ozone therapy in recurrent herpes. The most important discovery was the detection of the 

antiviral effect of ozone on a lymphocyte culture infected with HIV-1 [6]. Researchers explain 

the mechanism of HIV virus inactivation by the following points: 1) partial destruction of the 

viral membrane and the loss of its properties; 2) inactivation of the reverse transcriptase 

enzyme, as a result of which the process of transcription and translation of proteins is inhibited 

and, accordingly, the formation of new viral cells; 3) disruption of the ability of viruses to bind 

to receptors of target cells.  

Ozone therapy provides increased oxygen delivery to tissues with insufficient blood 

supply, which has been confirmed by analysis of the gas composition of the blood: the partial 

pressure of oxygen in venous blood after a course of ozone therapy decreases from 40 to 20 

mm Hg [13]. This means that more oxygen is released in tissues suffering from insufficient 

blood supply - an effect that cannot be achieved with medication. In the mechanisms of 

antihypoxic action, a certain role is played by vasodilation, which concerns primarily 

capillaries, arterioles and postcapillary venules. The vasodilating effect of ozone is associated 

with the release by endothelial cells of the so-called "endothelial vascular relaxation factors", 

which include nitric oxide. S.P. Peretyagin [42] confirm the positive effect of parenteral ozone 

on blood circulation and, especially, microcirculation, leading to an increase in the release of 

oxygen to the tissues. According to their data, after the cessation of treatment, the increased 

time point of oxyhemoglobin reduction decreases very slowly, over several weeks and even 

months. Thus, the increased oxygen content in the blood can have a therapeutic effect even 

when ozone treatment has already been completed. 

Improvement of blood rheological properties under the influence of ozone is largely 

associated with changes in the hemostasis system. It is believed that at the stage of primary 

(vascular-platelet) hemostasis, a decrease in the aggregation capacity of platelets may be 

associated with the effect of ozone on the metabolism of arachidonic acid contained in their cell 

membrane, which, on the one hand, is a source of formation of a powerful activator of platelet 

aggregation - thromboxane, and on the other - an important inhibitor of thromboxane - 

prostacyclin in the vascular wall [14]. Ozone is able to activate the platelet enzyme 

phospholipase A2, which, by breaking down phospholipids of cell membranes, leads to the 

release of fatty acids, mainly arachidonic. This acid is a substrate for a number of enzymes, one 

of which is cyclooxygenase, which converts arachidonic acid into endoperoxide. The further 

transformation of endoperoxide depends on its localization: in an intact vascular wall it is 

converted into prostacyclin and prevents the spread of platelet aggregates, and at the site of 

damage - into thromboxane, which ensures the immediate release of a number of highly active 

agents that initiate the blood clotting process . 

In therapeutic concentrations, ozone is capable of selectively reacting at the site of the 

double bond in arachidonic acid, triggering its metabolism along the path of prostacyclin 
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formation, thereby preventing the formation of platelet aggregates [21]. L. V. Shatalina [60] 

puts forward a hypothesis about free-radical regulation of platelet aggregation activity, and also 

cites data that diene conjugates can directly activate platelets, leading to their increased 

aggregation. Thus, ozone administered parenterally, by reducing the level of DC, can contribute 

to the normalization of the aggregation activity of blood platelets. 

A number of studies [52, 53] have established that after a course of ozone therapy, the 

indices of the first phase of plasma hemostasis - activated recalcification time (ART) and 

activated partial platelet time (APTT) - increase reliably (within normal values), which 

indicates a moderate decrease in prothrombinase formation. The above-mentioned shifts, 

occurring under the influence of ozone therapy, may indicate a decrease in the functional 

activity of XII, XI, IX and VIII plasma blood coagulation factors. Normalization of the elevated 

level of fibrinogen, which plays an important role in the aggregation of erythrocytes and 

platelets, is also noted [24]. E.O. Obukhova et al. [37] describe an increase in fibrinolytic activity, 

normalization of soluble fibrin-monomer complexes, a decrease in intravascular blood 

coagulation, and a decrease in total peripheral vascular resistance when using ozone. Some 

authors presumably associate the vasodilating effect of ozone therapy with the activation of NO 

synthase and the action of nitric oxide [45]. Thus, by reducing the concentration of fibrinogen, 

ozone reduces the aggregation of formed elements of the blood and improves its rheological 

properties, which is essential for the normalization of microhemocirculation. Ozone therapy 

also affects lipid metabolism: it has been established that ozone oxidizes lipoic acid, which 

reacts with the activated form of acetaldehyde, resulting [28, 45] in a decrease in the level of 

lipids in the blood plasma (especially cholesterol and atherogenic fractions of lipoproteins), as 

well as carbohydrates and a number of under-oxidized products. In many pathological 

conditions, and especially in the presence of inflammatory processes, the analgesic effect of 

ozone is clearly expressed, caused, in all likelihood, by the gradual supply of oxygen to the area 

of inflammation and the oxidation of mediators formed at the site of tissue damage and involved 

in the transmission of the nociceptive signal to the central nervous system. In the relief of 

chronic pain syndromes, a major role is also given to the restoration of the balance between the 

processes of lipid peroxidation and the antioxidant defense system. 

Metabolic effects of ozone therapy also occur in the kidneys - it has been established that 

in nephrocytes ozone intensifies the processes of utilization of glucose, glucose-6-phosphate, 

lactate, pyruvate with high activity of gluconeogenesis, accumulation of ATP, increase in 

stability of cell membranes have also been noted [35]. This aspect is of great clinical 

significance.  

The authors emphasize not only the effectiveness of the sanitizing effect of intra-

abdominal irrigation with ozonized solutions in inflammatory pathology, but also the 

advisability of the prophylactic use of ozone. Due to the combined use of local and systemic 

exposure to ozone, the risk of developing postoperative purulent-inflammatory complications 

during laparoscopic operations for common forms of genital endometriosis [40] and uterine 

fibroids [59] is significantly reduced. 

Intravaginal and intrauterine methods of introducing ozonized solutions have been 

described. Thus, intrauterine introduction of ozonized antiseptic solutions, according to L.I. 

Tsygankova et al. [59], led to a more rapid relief of postpartum endometritis than in the control, 

normalization of laboratory parameters (ESR, leukocytes, NBT test, levels of lipid peroxidation 
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products and AOS3, G-6-PDH) in combination with significantly lower consumption of 

medications, especially antibiotics. The use of ozonized physiological solution in the treatment 

of patients with inflammatory diseases of the internal genital organs in women is the subject of 

the work of N.M. Shakhova [61].  

Сonclusion. Thus, by now many mechanisms of the therapeutic effect of medical ozone 

have been revealed, its bactericidal, viricidal, fungicidal action, antihypoxic, vasodilating, 

immunomodulatory, sedative, detoxifying, analgesic effects, the ability to normalize antiradical 

protection and lipid peroxidation, the structure and functions of cell membranes, etc. have been 

established. Modern ozone synthesizers and auxiliary means have become widespread, 

allowing for the implementation of various ozone therapy methods. 
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Abstract. In this study, the concentration of β₂-microglobulin in blood serum was studied in patients with stage 
I–III chronic kidney disease (CKD). 68 patients and 20 practically healthy individuals, comparable in gender and 
age, were examined. The level of β₂-microglobulin was determined by the enzyme immunoassay. The results 
demonstrated a significant increase in the concentration of β₂-microglobulin already in the early stages of CKD, 
followed by an increase as the glomerular filtration rate decreases. An increase in β₂-microglobulin may reflect 
both tubular dysfunction and increasing uremic toxicosis. These data emphasize the prognostic significance of β₂-
microglobulin as one of the early markers of CKD progression. 
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Аннотация. В настоящем исследовании изучена концентрация β₂-микроглобулина в сыворотке крови у 
пациентов с хронической болезнью почек (ХБП) I–III стадии. Обследовано 68 больных и 20 практически 
здоровых лиц, сопоставимых по полу и возрасту. Уровень β₂-микроглобулина определялся 
иммуноферментным методом. Полученные результаты продемонстрировали достоверное увеличение 
концентрации β₂-микроглобулина уже на ранних стадиях ХБП с последующим нарастанием по мере 
снижения скорости клубочковой фильтрации. Повышение β₂-микроглобулина может отражать как 
канальцевую дисфункцию, так и нарастающий уремический токсикоз. Эти данные подчеркивают 
прогностическую значимость β₂-микроглобулина как одного из ранних маркёров прогрессирования ХБП. 

Ключевые слова: β₂-микроглобулин, хроническая болезнь почек, ранние маркёры, уремические 
токсины, прогрессирование ХБП. 
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Хроническая болезнь почек (ХБП) представляет собой прогрессирующее 

патологическое состояние, сопровождающееся стойким снижением функции почек и 

морфологическими изменениями нефронов [8,17]. В ранние стадии заболевания, когда 

клинические проявления минимальны, особое значение приобретает выявление 
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чувствительных и специфичных биомаркёров, позволяющих своевременно 

диагностировать нарушение почечной функции и спрогнозировать её дальнейшее 

прогрессирование [20,26]. 

Одним из таких маркёров является β₂-микроглобулин — низкомолекулярный 

белок, входящий в состав молекул главного комплекса гистосовместимости класса I [4]. 

В нормальных условиях β₂-микроглобулин свободно фильтруется в клубочках и почти 

полностью реабсорбируется и катаболизируется в проксимальных канальцах [5]. При 

повреждении канальцевого аппарата или снижении скорости клубочковой фильтрации 

его уровень в крови возрастает. Кроме того, накопление β₂-микроглобулина отражает 

развитие уремического токсикоза и системного воспаления, что усиливает его 

прогностическую ценность в оценке тяжести и прогрессии ХБП [6,7,27]. 

В условиях прогрессирования хронической болезни почек наблюдаются не 

только структурные и функциональные нарушения клубочкового аппарата, но и 

прогрессирующее поражение канальцев и интерстиция, которое нередко предшествует 

снижению скорости клубочковой фильтрации [1-3]. В связи с этим возрастает интерес к 

маркёрам, отражающим степень повреждения канальцевого эпителия. Среди них β₂-

микроглобулин занимает особое место благодаря своей высокой чувствительности к 

канальцевой дисфункции, особенно на ранних стадиях ХБП, когда традиционные 

биохимические показатели могут оставаться в пределах нормы [9,13]. 

Кроме диагностической ценности, β₂-микроглобулин рассматривается как 

потенциальный прогностический биомаркер, поскольку его стойкое повышение 

коррелирует с ухудшением почечной функции, повышенным риском сердечно-

сосудистых осложнений и общей смертности [12,23]. Это подчёркивает необходимость 

включения β₂-микроглобулина в панель лабораторных маркёров при комплексной 

оценке состояния пациентов с ХБП, особенно в тех случаях, когда требуется 

динамическое наблюдение и стратификация риска прогрессирования заболевания 

[22,25]. 

Несмотря на наличие данных о β₂-микроглобулине при терминальной почечной 

недостаточности, его роль на доклинических и ранних стадиях ХБП остаётся менее 

изученной. В этой связи представляет интерес изучение уровня β₂-микроглобулина у 

пациентов с ХБП I–III стадии для оценки его значимости как раннего маркёра 

нарушений почечной функции и возможного предиктора дальнейшего ухудшения 

состояния. 

Цель: определить уровень β₂-микроглобулина у пациентов с ХБП I–III стадии для 

оценки его значимости как раннего маркёра нарушений почечной функции и 

возможного предиктора дальнейшего ухудшения состояния. 

Материалы и методы 

В исследование были включены 68 пациентов с хронической болезнью почек 

(ХБП) I–III стадии, находившиеся под наблюдением в нефрологическом отделении, и 20 

практически здоровых лиц, сопоставимых по полу и возрасту, составивших 

контрольную группу. Критериями включения служили наличие подтверждённого 

диагноза ХБП согласно рекомендациям KDIGO (2012) [15], стабильное течение 

заболевания и отсутствие острых воспалительных состояний на момент обследования. 

Из исследования исключались пациенты с острыми инфекциями, онкологическими 
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заболеваниями, декомпенсированным сахарным диабетом и выраженной сердечно-

сосудистой патологией. 

Стадии ХБП определялись на основании расчёта скорости клубочковой 

фильтрации (СКФ) с использованием формулы CKD-EPI [15]. Группы распределялись 

следующим образом: 

– ХБП I стадии (СКФ ≥90 мл/мин/1,73 м² + признаки поражения почек), 

– ХБП II стадии (СКФ 60–89 мл/мин/1,73 м²), 

– ХБП III стадии (СКФ 30–59 мл/мин/1,73 м²). 

Уровень β₂-микроглобулина в сыворотке крови определяли методом 

твердофазного иммуноферментного анализа (ELISA) с использованием стандартных 

коммерческих наборов (например, Human β₂-Microglobulin ELISA Kit, Bioassay Technology 

Laboratory, Китай), согласно инструкции производителя [9]. Забор крови производился 

натощак, центрифугирование проводилось при 3000 об/мин в течение 10 минут, 

образцы хранились при –80°C до проведения анализа. 

Все пациенты прошли комплексное клинико-лабораторное обследование, 

включающее стандартные биохимические и общеклинические показатели. 

Статистическая обработка данных осуществлялась с использованием программы IBM 

SPSS Statistics 26.0. Проверка распределения признаков проводилась с использованием 

критерия Шапиро–Уилка. Для сравнения количественных показателей между группами 

применялся t-критерий Стьюдента (при нормальном распределении) или критерий 

Манна–Уитни. Достоверность различий принималась при p<0,05. 

Результаты 

В ходе исследования были оценены уровни β2-микроглобулина у пациентов с 

различными стадиями хронической болезни почек (ХБП). Были сформированы 

следующие группы: контрольная группа (здоровые участники), пациенты с ХБП 1 

стадии, ХБП 2 стадии и ХБП 3 стадии. В контрольной группе (n=20) средний уровень β2-

микроглобулина составил 1,35 ± 0,28 мг/л. Этот показатель был в пределах нормы, что 

свидетельствует о нормальной функции почек у здоровых испытуемых. У пациентов с 

ХБП 1 стадии (n=20) средний уровень β2-микроглобулина составил 1,87 ± 0,33 мг/л. Этот 

показатель был значительно выше, чем в контрольной группе, что подтверждает 

наличие раннего повреждения почек, несмотря на нормальные значения скорости 

клубочковой фильтрации (СКФ). При ХБП 2 стадии (n=25) уровень β2-микроглобулина 

был еще более повышен и составил 2,41 ± 0,45 мг/л. Данный результат указывает на 

дальнейшее ухудшение почечной функции, поскольку β2-микроглобулин является 

маркером повреждения почек и его уровень увеличивается с прогрессированием 

заболевания. Пациенты с ХБП 3 стадии (n=23) продемонстрировали наибольшее 

повышение уровня β2-микроглобулина — 3,16 ± 0,52 мг/л. Это соответствует более 

выраженному нарушению функции почек и подтверждает тесную связь между 

повышением уровня β2-микроглобулина и прогрессированием хронической болезни 

почек (табл.1). 

Анализ данных показал, что уровень β2-микроглобулина имеет обратную 

корреляцию с показателями СКФ (p<0,001, r=-0,35). По мере снижения СКФ (с 95 

мл/мин/1,73 м² на 1 стадии до 45 мл/мин/1,73 м² на 3 стадии) уровень β2-



MEDICINEPROBLEMS.UZ-Tibbiyot fanlarining dolzarb masalalari № 2 (3)-2025 

 

22 

микроглобулина увеличивался, что подтверждает его роль как маркера повреждения 

почек и прогрессирования заболевания (рис.1). 

Таблица 1 

Уровень β₂-микроглобулина в сыворотке крови и СКФ у обследованных групп 

Группа (n-
количество 
больных) 

Средняя СКФ 
(мл/мин/1,73 м²) 

β₂-
микроглобулин, 
мг/л (M±SD) 

p (по сравнению с 
контролем для β₂-
микроглобулин) 

Контрольная 
группа (n=20) 

108,3±6,2 1,35 ± 0,28 - 

ХБП I стадии (n=20) 95,2±4,7 1,87 ± 0,33 < 0,05 
ХБП II стадии 
(n=25) 

75,1±11,5 2,41 ± 0,45** < 0,01 

ХБП III стадии 
(n=23) 

48,3±10,9* 3,16 ± 0,52**^ < 0,001 

Примечание: *-p < 0,01  **-p < 0,001 по сравнению с ХБП II стадии, ^-p < 0,01 по 
сравнению с ХБП I стадии. 

 
Рис. 1. ROC-кривые с 95% доверительным интервалом для  

β₂-микроглобулин относительно СКФ. 

Обсуждение. Результаты нашего исследования подтверждают, что уровень β2-

микроглобулина может быть использован в качестве маркера для диагностики и 

мониторинга хронической болезни почек (ХБП), поскольку его концентрация 

коррелирует с ухудшением функции почек, а также прогрессированием заболевания. 

Уровень β2-микроглобулина в крови повышается с прогрессированием стадии ХБП, что 

делает его потенциальным прогностическим инструментом для оценки состояния 

пациента. 

β2-микроглобулин (β2-МГ) — это малый молекулярный вес белка, который 

присутствует на поверхности клеток, а также выделяется почками. В нормальных 

условиях β2-микроглобулин фильтруется в почках и почти полностью реабсорбируется. 

Однако при почечном повреждении этот процесс нарушается, что приводит к 

повышению его уровня в крови [12]. Повышение уровня β2-микроглобулина 
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наблюдается на всех стадиях ХБП, но наиболее выражено на поздних стадиях, когда 

почечная фильтрация значительно снижена. 

Наши результаты показали, что уровень β2-микроглобулина значительно 

увеличивается с прогрессированием ХБП. Это согласуется с работами других авторов, 

которые установили, что уровень β2-микроглобулина возрастает при всех стадиях ХБП 

и особенно значительно повышается на стадии 3 и выше [18,21]. В нашем исследовании 

уровень β2-микроглобулина был наибольшим у пациентов с ХБП 3 стадии, что 

соответствует данным других исследований, подтверждающих его роль как индикатора 

почечного повреждения и прогрессирования заболевания. 

Наша работа совпадает с результатами нескольких крупных исследований, 

которые исследовали роль β2-микроглобулина в ХБП. Например, в исследовании, 

проведенном в 2018 году, было показано, что уровень β2-микроглобулина 

статистически значимо повышается на 2 и 3 стадиях ХБП, и он может служить 

индикатором прогрессирования заболевания [16]. Также, в более раннем исследовании, 

проведенном в 2015 году, β2-микроглобулин был предложен как эффективный маркер 

для мониторинга почечного повреждения у пациентов с диабетической нефропатией 

[23]. 

В другом исследовании 2020 года, где изучались различные биомаркеры при ХБП, 

β2-микроглобулин показал высокую чувствительность и специфичность при 

диагностике ХБП, особенно в случаях с нормальной или умеренно сниженной СКФ, когда 

другие маркеры, такие как креатинин, могут не отражать реальное состояние почечной 

функции [20]. 

Наше исследование также показало значительную корреляцию между уровнем 

β2-микроглобулина и показателями СКФ, что согласуется с работами других авторов (7). 

В частности, исследование, проведенное в 2019 году, также показало, что β2-

микроглобулин может быть полезен в сочетании с другими маркерами (например, 

цистатином С) для улучшения диагностики ХБП, особенно на ранних стадиях 

заболевания [17]. 

Корреляция между уровнем β2-микроглобулина и СКФ подчеркивает важность 

этого маркера для ранней диагностики почечного повреждения, когда другие маркеры 

могут не давать четкого представления о нарушении функции почек. Например, 

креатинин, хотя и является одним из наиболее часто используемых маркеров почечной 

функции, может быть менее чувствительным на ранних стадиях ХБП, когда его уровни 

находятся в пределах нормы [26]. Кроме того, β2-микроглобулин может служить не 

только диагностическим, но и прогностическим маркером ХБП. Ряд исследований 

показал, что высокий уровень β2-микроглобулина может предсказать ухудшение 

функции почек в будущем. В исследовании, проведенном в 2017 году, пациенты с 

высокими уровнями β2-микроглобулина имели более высокие шансы на развитие 

почечной недостаточности [11]. Эти данные подчеркивают важность  

β2-микроглобулина для оценки прогноза заболевания. 

Включение β2-микроглобулина в стандартное обследование пациентов с ХБП 

может значительно повысить точность диагностики и прогноза. Особенно важно 

учитывать этот маркер на ранних стадиях ХБП, когда другие клинические показатели, 
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такие как СКФ и уровень креатинина, могут не отражать всех изменений в почечной 

функции. 

Заключение 

Результаты нашего исследования подтверждают, что уровень  

β2-микроглобулина является важным маркером, который может быть использован для 

диагностики и мониторинга ХБП. Мы установили значительное повышение уровня  

β2-микроглобулина с прогрессированием заболевания, что согласуется с результатами 

других исследований. Включение β2-микроглобулина в клиническую практику может 

помочь улучшить диагностику, мониторинг и прогнозирование хронической болезни 

почек. 
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IMPORTANCE OF VAGINAL MICROBIOME IN REPRODUCTION 
Bektemirova Begoyim Baxtiyorjon qizi 
FMIPH 1st year PhD student 

Abstract: Vaginal microbiome’s role in reproductive function of women is one of the most important topics 
nowadays. Thanks to sequencing based technology it is possible to identify variety of microorganisms which was 
impossible with help of cultural methods. Now both reproductive technology and vaginal microbiome become the 
most discussed topic in science. This review analysis impact of vaginal microbiome on reproductive outcomes. 
Usually, non Lactobacillus dominated microbiome is associated with dysbiosis and bacterial vaginosis. These 
changes in microbiome may result in implantation failure, recurrent pregnancy loss, missed abortion. Thus, 
analyzing vaginal microbiome and correcting it with antibiotics and probiotics may improve reproductive 
outcomes. 

Key words: pregnancy, ART, implantation failure, recurrent pregnancy loss, missed abortion. 

REPRODUKTIV FAOLIYATDA QIN MIKROBIOMINING AHAMIYATI 
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Annotatsiya. Soʻnggi yillarda inson mikrobiomiga tobora koʻproq eʼtibor berilmoqda. Sekvensiyaga asoslangan 
texnologiyaning yaratilishi avval muhitlarga ekish orqali aniqlash qiyin boʻlgan koʻp sonli bakteriyalarni aniqlash 
imkonini berdi. Mikrobom diagnostikasi fanning asosiy yoʻnalishi sifatida paydo boʻldi, shu bilan birga reproduktiv 
tibbiyot ham rivojlandi. Ayniqsa, implantatsiya yetishmovchiligi sabablarni tadqiq qilish va davolash imkoniyatlari 
bilan bogʻliq tadqiqotlar koʻpaydi. Shunday qilib, vaginal mikrobiom bepushtlikka taʼsir qiluvchi omil sifatida 
muhokama qilinadi va davolash imkoniyatlari uchun istiqbolli yoʻl hisoblanadi. Ushbu sharh qin mikrobiomining 
reproduktiv natijalarga taʼsirini koʻrsatuvchi zamonaviy tadqiqotlar natijalarini tahlil qiladi. Laktobakteriyalar 
ustun boʻlmagan mikrobiom disbioz bilan hatto bacterial vaginoz bilan bogʻliq ekanligi koʻrsatilgan, Ushbu 
nomutanosiblik implantatsion yetishmovchilik, odatlangan homila tushishi, rivojlanmagan homiladorlikka olib 
kelishi mumkin. Shu sababli, mikrobiomni tekshirish hamda antibiotiklar va/yoki probiotiklar bilan birgalikda 
davolash reproduktiv natijalarini yaxshilash usuli boʻlishi mumkin. 

Kalit so‘zlar: yordamchi reproduktiv texnologiyalar; qin mikrobiomi; implantatsiya yetishmovchiligi; disbioz; 
homiladorlik, rivojlanmagan homiladorlik. 

DOI: https://doi.org/10.47390/3030-3133V3I3Y2025N03  

Kirish 

Yordamchi reproduktiv texnologiyalar bepushtlik muammosiga duch kelgan juftliklar 

uchun keng tarqalgan va istiqbolli davolash usuli hisoblanadi. Texnologiyaning muvaffaqiyatiga 

bir qancha texnik sharoitlar bilan birga haqiqiy reproduktiv salohiyat (oosit, spermatozoidalar 

va embrionning implantatsiyasi va rivojlanishini taʼminlovchi onalik muhitining sifati) taʼsir 

qiladi. Shunday qilib, uchta noyob fiziologik muhit ishtirok etadi. Biroq, muvaffaqiyat uchun 

masʼul boʻlgan hal qiluvchi omillar endometriy, uning mikrobiomi va immunologik aspektlar 

hisoblanadi. Biz inson mikrobiomi haqida koʻproq maʼlumotga ega boʻlganimiz sayin, u 

insonning deyarli har bir fiziologik faoliyatiga taʼsir qilishi maʼlum boʻldi[1].  
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Bakteriyalar, arxeyalar, zamburugʻlar, faglar va viruslar kabi milliardlab mikroblar inson 

tanasi kolonizatsiya qiladi[2]. Kolonizatsiya qiluvchi patogen boʻlmagan bakteriyalarga oid 

birinchi tadqiqotlar 1885-yilda nashr etilgan bolalar ichagidagi ichak tayoqchasi E.coli haqida 

edi[3]. Bu tadqiqotdan keyin XX asr davomida boshqa kommensal bakteriyalar, inson 

tanasining turli qismlarida, masalan, burun va ogʻiz boʻshliqlari, teri va siydik-jinsiy yoʻllarda 

yashovchi bakteriyalar tadqiq qilingan[3]. Lekin ularning ahamiyati yoʻq deb hisoblangan. 

Umuman olganda, olimlar mikroblarni inson salomatligiga tahdid sifatida qabul qilgan. 1988-

yilda Whipps va boshqalar. mikrobiom atamasiga “aniq fizik-kimyoviy xususiyatlarga ega 

boʻlgan, yetarli darajada aniq belgilangan yashash muhitini egallagan mikroblar jamoasi” deb 

taʼrif bergan. Keyinchalik bu taʼrif mikroblar faoliyati va dinamikasini hisobga olib yanada 

boyitildi[4]. Hozirda mikrobiot va mikrobiom atamalarini farqlash muhimdir: mikrobiot mʼlum 

bir muhitdagi mikroorganizmlar jamoasini anglatadi, mikrobiom esa mikroorganizmlar 

jamoasini ularning atrof-muhit sharoitlarini hisobga olgan holda maʼlum bir muhitdagi roli va 

ularning oʻzaro taʼsirini hisobga olgan holda tavsiflaydi. 

Inson mikrobiotining 80%i ovqat hazm qilish yoʻlida joylashgan boʻlsa, umumiy 

mikrobiotning 9%i urogenital traktni kolonizatsiya qiladi [5,6]. Siydik chiqarish yoʻllari ilgari 

steril deb hisoblangan, ammo bugungi kunda biz aniq bakterial jamoalar siydik yoʻllarida 

sogʻlom siydik muhiti uchun javobgar ekanligini bilamiz. Bu mikrobiomdagi oʻzgarishlar siydik 

tuta olmaslik, urologik oʻsmalar, siydik pufagi neyrogen disfunksiyasi bilan bogʻliqdir [7]. Qin 

mikrobiomida Lactobacilli yetakchilik qiladi va bu koʻpincha urogenital aʼzolarning normal 

holati bilan birga keladi. Lactobacilli laktat kislota ishlab chiqaradi va bu qin pH ni kislotali 

saqlashga, boshqa mikroorganizmlarning oʻsishini cheklashga sababchi asosiy omildir. Yaqin 

vaqtlargacha bachadon boʻshligʻi steril deb hisoblangan. Ammo u qin mikrobiotiga nisbatan 

100-1000 marta kamroq miqdorda, ammo undan koʻra xilma-xil mikroorganizmlar 

mikrobiotini saqlaydi. Bachadon boʻshligʻi mikrobiotida Lactobacilllining qin mikrobiomidan 

koʻra boshqacharoq turlari dominantlik qiladi[3,8,9]. Bachadon boʻshligʻidagi 

mikroorganizmlar uni infeksiyadan himoya qiladi va muddatdan oldingi tugʻruq, implantatsiya 

yetishmovchiligi kabi holatlar bilan bogʻliq[10]. 

Qin mikrobiomi keng qiziqishlarga sabab boʻlmoqda. Chunki uning reproduktiv 

natijalar, ayollar salomatligidagi oʻrnini oʻrganish muhimdir[11]. Ushbu sharhning maqsadi qin 

mikrobiomi va reproduktiv natijalar, implantatsion yetishmovchilik, odatlangan homila 

tushishi, rivojlanmagan homiladorlik orasidagi bogʻliqlik, disbiozni davolashga qaratilgan 

tadqiqotlarni tahlil qilishdir. 

Tadqiqot usullari 

Qin mikrobiomini oʻrganish muhitlarga ekish yoki sekvensiyaga asoslangan 

texnologiyalar yordamida amalga oshirilishi mumkin. Avvalgi tadqiqotlarda odam organizmi 

mikrobiomini oʻrganish muhitlarga ekish orqali oʻrganilgan. Bunda oʻsayotgan koloniyalarning 

oʻsish xususiyatlari, biokimyoviy, morfologik xususiyatlari asosida mikroorganizmlar 

farqlangan [12]. Ammo bu usul koʻp vaqt talab qiladi hamda hamma mikroorganizmni aniqlash 

imkonini bermaydi[13]. Shu sababli bu usuldan tadqiqotlarda foydalanish yetarli natijalar 

bermaydi. Ammo kunlik tibbiyotda kultura olish usuli keng qoʻllaniladi. Sababi undan keng 

koʻlamli foydalanish mumkin. Shunga qaramay, bu usul mikroorganizmlarning oʻzaro aloqasini 

koʻrsatmaydi [14]. 
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Muhitlarda oʻsmaydigan bakteriyalarni molekulyar usul bilan aniqlash mumkin[15,16]. 

16S ribosomali RNK (rRNK) bilan bogʻliq genlarning ketma-ketligi mikrobiomni oʻrganishda 

yangicha yondashuv hisoblanadi[17]. Xususan, 16S rRNK prokariotik ribosomaning 30S kichik 

boʻlinmasining tarkibiy qismidir va bu komponentni kodlovchi genlar genomik evolyutsiyaning 

sekin tezligi tufayli filogeniyalarni qayta tiklash uchun ishlatiladi [17]. Xususan, molekulyar 

barmoq izlari boʻlib xizmat qiladigan gen ichidagi giperoʻzgaruvchan hududlar avlod va tur 

darajasini aniqlash uchun foydalaniladi [18,19]. Bu ketma-ketlikka asoslangan texnologiya 

DNKni toʻgʻridan-toʻgʻri ekstraksiya va klonlash orqali fiziologiyasi haqida qoʻshimcha 

maʼlumot olish uchun mikroorganizmlarni aniqlash imkonini beradi [1]. Metagenomika maʼlum 

bir muhitdagi barcha mikroblarning butun genomini ifodalaydi, bir hujayrali genomika esa 

alohida hujayralar genomlariga ishora qiladi. Ushbu tadqiqotlarning muvaffaqiyati birinchi 

navbatda berilgan namunalardan ajratilgan metagenomik DNK miqdori va sifatiga bogʻliqdir. 

Shuning uchun, berilgan namunadan yaxshi sifatli metagenomik DNKni ajratib olish qiyin vazifa 

hisoblanadi [20].  

Reproduktiv yoshdagi sogʻlom ayol qin mikrobiomi xususiyatlari 

Vaginal mikrobiom va uning reproduktiv tizimga taʼsirini batafsil koʻrib chiqishdan oldin 

uning fiziologik holatini tushunish muhimdir. Vaginal mikrobiom ayol organizmini turli 

zamburugʻlar, bacterial va virusli patogenlardan himoya qiladi va pastki reproduktiv tizimda 

tashqi muhitga qarshi birinchi toʻsiqni hosil qiladi. Tabiiy yoʻl bilan tugʻish holatlarida vaginal 

mikrobiom yangi tugʻilgan chaqaloqqa kolonizatsiyalanadi, shuning uchun chaqaloqning 

immunitet tizimiga taʼsir qiladi va himoya qiladi. Yangi tugʻilgan chaqaloqning immunitet 

hujayralarida kolonizatsiya tabiati va darajasi boʻyicha, turli mikrob populyatsiyalari turli xil 

induksiyalarni keltirib chiqaradi. Bundan tashqari, mikroorganizmlarga taʼsir qilish hayotning 

boshida immunitet tizimini shakllantirish uchun muhim ahamiyatga ega [21]. Vaginal 

mikrobiom chaqaloqning neyro rivojlanishida ham muhim rol oʻynaydi. Mikrobiot giston 

deasetilazlarni (HDAC) tormozlashi, mikrogliyaga taʼsir qilishi, neyrotransmitterlarni ishlab 

chiqarishi, qon-miya toʻsigʻi orqali oʻtishi va qisqa zanjirli yog‘ kislotalari (SCFA) bilan oʻzaro 

taʼsir qilishi aniqlangan. Bu omillar miya rivojlanishida muhim rol oʻynaydi [22,23]. 

Lactobacillus turlari har qanday yoshdagi qinda oz miqdorda mavjud boʻlib, bu tuxumdon 

gormonlarining taʼsiri bilan amalga oshadi. Laktobakteriyalar turlari 1 gramm qin suyuqligida 

107-108 koloniya hosil qiluvchi birlik miqdorida uchraydi. Estrogen taʼsirida qin hujayralari 

koʻpayadi, ularda glikogenni sezilarli darajada ushlab turadi va progesteron bu hujayralarning 

sitolizini ragʻbatlantiradi. Shunday qilib, glikogen laktobakteriyalar tomonidan glyukoza va 

maltozaga parchalanadi. Bu bir nechta metabolik mahsulotlarni, shu jumladan laktatni ishlab 

chiqaradi va fiziologik kislotali pH ni hosil qiladi [24]. Sut kislotasi ishlab chiqarish normal 

vaginal mikrobiomaning oʻziga xos belgisidir, chunki natijada vaginal pH (~ 4,0) patogen 

bakteriyalarning oʻsishi uchun noqulay muhit yaratadi [25]. In vivo vaginal laktatning oʻrtacha 

konsentratsiyasi 0,79±0,22% ni tashkil qiladi, fiziologik pH ni 3,8±0,2 [26] keltirib chiqaradi. 

Shunday qilib, sut kislotasi giston deasetilazlarni bloklaydi, gen transkripsiyasini va DNK 

reparatsiyasini kuchaytiradi. Epiteliy hujayralarida otofagiyani keltirib chiqaradi va 

gomeostazni ragʻbatlantiradi [27]. Bakterial vaginozda ishtirok etgan bakteriyalarni sut 

kislotasi yoʻq qila oladi [28]. 

Laktobakteriyalar uzun yoki qisqa Gram-musbat tayoqchalar boʻlishi mumkin, baʼzan 

sharsimon (kokkoid) boʻlishi ham mumkin. Ular sitokinlarni keltirib chiqaradi va vaginal 
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epiteliy (masalan, Langerhans hujayralari yoki dendritik hujayralar) immun hujayralari bilan 

oʻzaro bogʻlanadi, laktat hosil qiladi. Shuningdek, H2O2, biosurfaktanlar va koaggregatsiya 

molekulalari fakultativ patogen bakteriyalardan himoya qiladi[27]. 

Vaginal mikrobiom turli etnik guruhlarda va tadqiqotlarda tahlil qilindi va 

mikrobiotning xilma-xil tarkibi aniqlandi [29,30]. Bu klinik kontekstda muhim ahamiyatga ega 

koʻrinadi, chunki mikrobial tarkibdagi farqlar tegishli vaginal muhit infeksiyaga javob berishi 

yoki boshqa nomutanosibliklar bilan oʻzaro taʼsir qilishiga turlicha taʼsir qilishi mumkin. Etnik 

kelib chiqishidan tashqari, mikrobiomga fiziologik hodisalar ham taʼsir qiladi, masalan: hayz 

davri va homiladorlik, shuningdek tashqi omillar, masalan, jinsiy faollik, gigiyena odatlari va 

tibbiy muolajalar [31].  

Verhelst va boshqalar Gram boʻyash va 16S rRNK ketma-ketligi kombinatsiyasidan 

foydalangan holda 197 homilador ayolning vaginal mikrobiomasini tahlil qildi va tegishli 

dominant Lactobacillus turlarida farqlarni aniqladi [32]. Laktobakteriyalarning quyidagi toʻrtta 

asosiy turi aniqlangan: Lactobacillus crispatus (L. crispatus), Lactobacillus iners (L. iners), 

Lactobacillus jensenii (L. jensenii) va Lactobacillus gasseri (L. gasseri) [16]. Hozirda biz 

Lactobacillusning 261 turi boriligini bilamiz, ularning baʼzilariga 2020 yilda yangi nomlar 

berildi [33]. 

Vaginal mikrobiom tarkibiga va dominant Lactobacillus turlariga qarab guruhlarga 

boʻlinishi mumkin. Ravel va boshqalar Community state type (CST) deb ataluvchi I, II, III, IV va 

V sifatida belgilangan, hamda mos ravishda 105, 25, 135, 108, va 21 ta mikrob taksoni [25,29] 

saqlovchi beshta guruh ajratishdi. I sinf Lactobacillus crispatus ustunligi bilan ajralib turardi va 

tahlil qilingan aholining 26,2 foizida topilgan, II daraja (6,3%), III (34,1%) va V (5,3%) esa mos 

ravishda Lactobacillus gasseri, Lactobacillus iners va Lactobacillus jensenii dominantligi bilan 

aniqlangan [29]. Ushbu 4 sinflar asosan Osiyo va Yevropa oq tanli ayollaridan ajratib olingan. 

IV sinf esa asosan qora tanli va ispan ayollarda uchraydi hamda laktobakeriyalar dominantligi 

yoʻqligi bilan ifodalanadi. Bu sinfda anaeroblar — Gardnerella, Pretovella, Corynebacterium, 

Atopobium, Megasphaera, Sneathia koʻp uchraydi. Tadqiqotlarda IV sinf va muddatdan oldingi 

tugʻruqlar oʻrtasida oʻzaro bogʻliqlik aniqlangan[33,34]. 

Qin mikrobiomi va rivojlanmagan homiladorlik 

Vaginal mikrobiomdagi oʻzgarishlar va implantatsiya yetishmovchiligi oʻrtasidagi 

bogʻliqlik vaginal mikrobiom va rivojlanmagan homiladorlik oʻrtasidagi bogʻliqlikdan koʻra 

kengroq koʻrib chiqilgan Mavzuga bagʻishlangan kam sonli tadqiqotlar kichik koʻlamda 

oʻtkazilgan. Odatlangan homila tushishi 12 haftalik homiladorlik davridan oldingi ketma-ket 3 

marta va undan koʻp homila tushishi bilan taʼriflanadi va 1-2% holda kuzatiladi [35,36]. 

Amerika Reproduktiv Tibbiyot Jamiyatiga koʻra odatlangan homila tushishi ayollarda ikki yoki 

undan ortiq homiladorlikning klinik (ultratovush yoki gistopatologiya) dalillari bilan 

homiladorlik yoʻqolganidan keyin tashxis qoʻyilishi mumkin [37]. Fan va boshqalar 

rivojlanmagan homiladorlik bor 31 bemorning 16S rRNK ketma-ketligi yordamida vaginal 

mikrobiomini tahlil qildi va ularni oddiy homila tushishini boshdan kechirgan 27 ayol bilan 

solishtirgan [38]. Mualliflar rivojlanmagan homiladorlik guruhidagi bemorlarda tez-tez vaginal 

infeksiyalarga duchor boʻlishlarini kuzatdilar, masalan bakterial vaginoz, kandidoz yoki 

mikoplazma infeksiyasi. Bularning barchasi vaginal floraning xilma-xilligini koʻpaytirishi 

mumkin. Maxsus proteobakteriya sifatida Pseudomonas rivojlanmagan homiladorlik 

holatlarida nomutanosib ravishda tez-tez topildi. Pseudomonas gram manfiy tayoqcha boʻlib 
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opportunistic pathogen hisoblanadi va u qin florasining tarkibiy qismi hisoblanmaydi. 

Pseudomonas tananing har qanday qismida va har qanday toʻqimalarda paydo boʻlishi mumkin, 

kuyish yoki yaralarda, oʻrta quloqda, shox pardada, nafas olish yoʻllarida va siydik chiqarish 

kanalida tez-tez uchraydi. Ushbu bakteriya endokardit, gastroenterit, empiema va hatto 

sepsisga ham sabab boʻlishi mumkin [38]. Mualliflar shunday xulosaga kelishdiki, vaginal 

floradagi nomutanosiblik qin orqali bachadonga oʻtishi mumkin, bu yerda ular mahalliy 

immunitet reaksiyasini qoʻzgʻatishi va xemokinlarni faollashtirishi mumkin. Bu ishni buzishi 

mumkin. Bu oʻz navbatida mahalliy immun tizimining mikrosirkulyatsiyasini buzilishiga va 

odatlangan homila tushishiga olib keladi [38]. 

Diagnostik tekshiruv 

Qin mikrobiomi muvozanatining skriningi rivojlanmagan homiladorlik, odatlangan 

homila tushishi bilan kasallangan bemorlarda tashxis va davolashni sezilarli darajada 

yaxshilovchi yangi usul boʻlib xizmat qilishi mumkin[38]. Qin mikrobiomining tahlili 

mikroblarning toʻliq spektrini va mos keladigan kichik guruhlarni aniqlash imkonini beradi. 

Avvalgi yondashuvdan farqli oʻlaroq, bu patogen mikroblarni yoʻq qilish uchun antibiotik 

terapiyasida maqsadli boʻlish imkoniyatini va probiotiklarni qabul qilish fiziologik mikrob 

spektrini tiklash imkoniyatini yaratadi. 

Davolashga zamonaviy yondashuv 

Topilgan bakteriyalar spektriga va ularning kichik guruhlariga qarab, maqsadli va 

individual antibiotik davolash tavsiya qilish mumkin, agar kerak boʻlsa qoʻshimcha tegishli 

probiotiklar ham beriladi. Shunday qilib, takroriy bakterial vaginoz xavfi kamayadi va 

“idiopatik bepushtlik” bilan kasallangan juftliklar individual terapiya olishlari mumkin boʻladi. 

Antibiotiklardan metronidazol, klindamitsin kabi bakterial vaginoz uchun vositalar qisqa 

muddatli yaxshilanishlarni taʼminlaydi [39,40]. Bundan tashqari, laktobakteriyalarning 

koʻpayishini va pHni pasaytirish uchun estrogen, sut kislotasi yoki borik kislotasini qoʻllash 

mumkin [39-41]. Baʼzi mualliflar antibiotiklar bilan davolashdan keyin vaginal mikrobiomni 

modulyatsiya qilish uchun yoki asosiy davolash sifatida probiotiklardan foydalanishni tavsiya 

qiladilar [42].  

Xulosalar 

Yuqorida keltirilgan maʼlumotlar jinsiy aʼzolar (ayniqsa vaginal va endometrial) 

mikrobiom va ARTlarning muvaffaqiyati, reproduktiv natijalar oʻrtasidagi bogʻliqlikni 

koʻrsatadi. Disbiyoz, bakterial vaginoz yoki baʼzi Lactobacilli turlarining yoʻqligi 

implantatsiyaning muvaffaqiyatsizligiga olib kelishi mumkin. Kompleks Lactobacillus 

shtammlarining oʻzaro taʼsiri sogʻlom organizmlarning qin mikroflorasi muvozanatida muhim 

rol oʻynaydi. Lactobacillus crispatus esa tanani bakteriyalardan himoya qiladi, vaginoz va 

tugʻilishga ijobiy taʼsir koʻrsatadi. 

Bundan tashqari, endometriy mikrobiotida laktobakteriyalar ustunlik qiladigan 

floraning yoʻqligi koʻrinadi. Shunday qilib, qin mikrobiomining skriningi va disbalans yangi 

tadqiqot manbasiga aylanishi va samarali davolash usullarini taqdim etishi mumkin. Individual 

terapiya, shu jumladan antibiotiklar va/yoki probiotiklar yoki sut kislotalari preparatini 

qoʻllash vaginal va endometrial mikrobiom disbiozini yaxshilash va ARTda homiladorlikning 

yuqori koʻrsatkichlariga, rivojlanmagan homiladorlikda yangi reabilitatsiya usullari 
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rivojlanishiga olib keladi. Shunga qaramay, klinik bayonnomalar yaratish va davolash tadqiqot 

usullarini mukammallashtirish uchun qoʻshimcha tadqiqotlar talab qilinadi. 
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