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Abstract

The purpose of the study is to evaluate the effectiveness of the proposed method of
complex preparation of patients with RIF with the restoration of the profile of vaginal microbiota
and the functions of the main systems of sanogenesis with the help of adjuvants before the next
attempt to transfer vitrified / warmed embryos of good quality in segmented IVF-ET cycles.
Material and methods. 68 women of reproductive age with infertility and RIF, who were
repeatedly but unsuccessfully treated in IVF-ET cycles with transfer of good quality embryos, and
32 fertile control women were comprehensively examined. A method of preparing patients with RIF
for IVF-ET was developed, which included extended profiling of the vaginal microbiome,
combined use of oral and vaginal antibacterial drugs against the background of the use of enzyme
agents and antibiotic-resistant probiotics, as well as progestogens, melatonin, vitamin D, adjuvants
for the correction of oxidative, nitrosative stress and restoration of endothelial function. The
patients of the group with RNI were divided into 2 groups: 35 women who were prepared for the
next attempt of IVF-ET according to the proposed method, and 33 patients who received the

standard method of preparation. The microbiological, laboratory and clinical results of the training
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were evaluated. The results. Improvement of the composition of the vaginal microbiota, hormonal,
nitrosative and oxidative status, functional activity of the endothelium of patients with RIF
according to the proposed method of preparation for IVF-ET led to an increase in the frequency of
clinical pregnancy by 2.26 times (45.71% vs. 21.21 %; OR 3.1278 [95% CI 1.0759-9.0930],
p<0.04) and termination of induced pregnancy by delivery 3.30 times (40.00 % vs. 12.12 %; OR
4.8333 [95% CI 1.3916-16.7870], p<0.02). Conclusions. The proposed complex method of
preparing patients with RIF before IVF-ET is effective and can be recommended for use in clinical
practice.

Key words: infertility; recurrent implantation failure; preparation for embryo
transfer; vaginal microbiota; desynchronosis; insufficiency of vitamin D; oxidative and

nitrosative stress; endothelial dysfunction; complex preparation for IVF-ET; pregnancy.

Implantation failure, or failure, is a term commonly used to describe a situation where a
good-quality embryo has been transferred into the uterine cavity, but a pregnancy confirmed by
ultrasound imaging of the intrauterine gestational sac has not been established [1]. The ESHRE
Task Force on Recurrent Implantation Failure (RIF) in 2023 recommended that RIF be considered
as a secondary phenomenon of assisted reproductive technologies, as it can only be seen in patients
undergoing IVF. To resolve the ambiguity in the definition to date, it is recommended that the
following description of RIF be adopted: RIF describes a scenario in which the transfer of embryos
considered viable does not result in a positive pregnancy test in a particular patient frequently
enough to warrant consideration of further investigations and/or interventions [2].

Although the treatment of RIF is often empiric and interventions are attempted without any
attempt to identify the underlying cause, many different investigations have been proposed for RIF
[2]. The ESHRE working group on RIF in 2023 suggested that when RIF is suspected in a couple,
all diagnostic procedures should be divided into three groups: examinations that are recommended;
which may be considered; which are not recommended. The recommended studies included the
study of lifestyle factors, endometrial thickness, antiphospholipid antibodies, antiphospholipid
syndrome; to examinations that can be considered - karyotyping of both partners, 3D ultrasound /
hysteroscopy, tests to assess the function of the endometrium and its receptivity, testing for chronic
endometritis, assessment of thyroid function, progesterone levels in the late follicular, mid-luteal
phase; did not recommend testing for vitamin D, determining the profile of the microbiome,
peripheral NK cells, uterine T-lymphocytes, serum cytokine levels, HLA-C compatibility, mtDNA
content, sperm fragmentation and FISH analysis [2]. Based on these recommended examinations,

the main pathogenetic points of RIF that should be considered emerge.
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Although microbiome profiling is not recommended, whether microbial dysbiosis is one of
the determinants of implantation failure is still being studied, and in clinical practice, 47% of
clinicians consider it an important factor in RIF [3]. Almost 10% of the population of bacteria
present in the body lives in the female genital tract, and Lactobacillus species are part of the
physiological flora [4]. Microbiome testing in the context of fertility treatment has received much
attention and has been indicated as a promising factor potentially amenable to treatment in embryo
implantation. A recent meta-analysis of six cohort studies including a total of 1095 women and
several other studies reported an association between dysbiotic microbiota and poorer reproductive
outcomes [5, 6, 7].

The 2023 ESHRE Working Group does not recommend vitamin D testing [23]. But vitamin
D3, an important modulator of various physiological processes, has gained attention as an important
adjuvant for successful pregnancy, as many studies have shown a strong association between
vitamin D deficiency and implantation failure and fetal growth restriction. However, vitamin D is
widely used in different protocols, leading to irreproducible and contradictory results. In a recent
study by Yu-Gyeong Lee et al. (2024) [8] demonstrated that cyclic intrauterine administration of
vitamin D3 increases endometrial receptivity and angiogenesis, which may be explained by
increased recruitment of uterine resident natural killer cells. In particular, cyclic treatment with
vitamin D3 promoted stable attachment of the embryo to endometrial cells in vitro, suggesting its
benefits at the early stage of embryo implantation to support initial mother-fetal interactions.

In the literature, there is little information on the role of desynchronosis, nitrosative and
oxidative status, functional activity of the endothelium in the formation of RIF and their correction
for the restoration of reproductive function. We hypothesized that correction of indicators of the
vaginal microbiome and the main systems of sanogenesis can improve reproductive outcomes in
women with RIF.

The purpose of the study is to evaluate the effectiveness of the proposed method of
complex preparation of patients with RIF with the restoration of the profile of vaginal microbiota
and the functions of the main systems of sanogenesis with the help of adjuvants before the next
attempt to transfer vitrified / warmed embryos of good quality in segmented IVF-ET cycles.

Material and methods

The work was carried out during 2021-2024 on the basis of Odesa National Medical
University (ONMedU), University Clinic "Center of Reconstructive and Restorative Medicine™ of
ONMedU, LLC "Clinic of Reproductive Medicine "Nadia Odesa"". The study was approved by the
Commission on Bioethics (protocol No. 2/21 dated November 8, 2021). Informed consent to

participate in the study was obtained from all patients.
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68 women of reproductive age with infertility and RIF group B, who were repeatedly but
unsuccessfully treated in IVF-ET cycles with good quality embryo transfer, and 32 fertile women of
control group C were comprehensively examined. Group B patients were divided into 2 groups: the
BO group - 35 women who were prepared for the next IVF-ET attempt according to the proposed
method, and 33 BP group patients who received the standard preparation method. Another cycle of
controlled ovarian stimulation (COS) was carried out according to the protocol with gonadotropin-
releasing hormone antagonists. The obtained embryos were genetically tested, vitrified and
transferred only euploid vitrified embryos of good quality after warming in a segmented cycle. The
effectiveness of using the developed methodology for preparing infertile patients with RIF for IVF-
ET programs was evaluated.

The state of the biocenosis of the vagina was assessed by the content of lactobacilli (LB),
the presence of conditionally pathogenic microorganisms (CPM), with their quantitative
determination on the DT-96 amplifier using the Femoflor-16 test systems (Russia) by the method of
quantitative polymerase chain reaction in real-time mode (PCR-RT). During the analysis, the total
bacterial mass (TBM), number of lactobacilli (LB), presence, absolute (Lg10CPM), relative number
(Lg10CPM-Lg10LB) and number in diagnostically significant concentrations of facultative and
obligate anaerobes, Ureaplasmas, Candida fungi, and Mycoplasmas were determined. The degree
of insemination of the vaginal secretion of LB and CPM was represented in genome equivalents
(GE). A diagnostically significant absolute concentration was considered the concentration of
facultative and obligate anaerobes, Ureaplasmas, Mycoplasmas > 4 GE, Candida fungi > 3 GE, the
concentration of facultative and obligate anaerobes > -3 GE was considered a diagnostically
significant relative concentration. Assessment of the state of vaginal microbiocenosis was carried
out according to the gradations of the developing company: normocenosis, aerobic-anaerobic
imbalance, aerobic imbalance, anaerobic imbalance.

Levels of luteinizing hormone, follicle-stimulating hormone, prolactin, estradiol,
progesterone (P4) were determined in peripheral blood serum using standard kits from Roche
Diagnostics (Switzerland) on the Cobas 6000 analyzer (e 601 module), blood free testosterone, anti-
Miillerian hormone, thyroid-stimulating hormone in serum peripheral blood using standard Kits for
enzyme immunoassay Nova Tec (Germany), Beckman Coulter (USA), DVEOO, R&D Systems
(USA) on an ELISA analyzer. Blood for the determination of the listed hormones was taken on days
2-3, 14, and 21-22 of the menstrual cycle (MC), centrifuged at 3,000 revolutions. Blood serum was
stored at -20°C until the study.

Determination of the level of melatonin (MT) in blood serum taken at 7-8 o'clock in the
morning was carried out by radioimmunoassay using the Gammamaster analyzer and test systems,
Pharmacia LKB Biotechnology AB (Sweden), LDN (Labor Diagnostika Nord GmbH & Co0.KG)
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(Germany). Determination of 6-sulfatoxymelatonin (aMT6s) in urine, the main metabolite of MT in
urine, was performed by radioimmunoassay using the IBL test system: melatonin sulfat 6-
sulfatomelatonin, ELISA, Hamburg (Germany). Results were adjusted for kinetically measured
urinary creatinine using the Yaffe test [276], so results were expressed as ng/mg urinary creatinine
(ng/mg Cr).

The content of free L-arginine in blood serum was studied by the classical method of
Sakaguchi [9], in which a stable colored complex of orange-red arginine with a-naphthol is formed
in the presence of an oxidant. The amount of L-arginine was calculated using the calibration graph,
compiled in accordance with the conditions of the experiment and which is a curve of dependence
of the optical density on the amount of arginine.

The content of nitric oxide (NOx) (R&D Systems, USA), endothelin-1 (endothelin-1, Et-1)
(BIOMEDICA Cruppe, USA), vascular endothelial growth factor - A (vascular endothelial growth
factor) in blood plasma was studied by immunoenzymatic method factor-A, VEGF-A)
(BIOSOURCE, USA). Determination of the activity of the Willebrand factor (von Willebrand
factor, VWF) was carried out by the clotting method.

Levels of 25-(OH)D in blood serum were studied by enzyme immunoassay using
EUROIMMUN (Germany) test systems and analyzers, serum retinol and é-tocopherol content by
high-performance liquid chromatography using HPLC-System 1200 analyzers and test systems,
Agilent with UV detector; Recipe complete Kit (Germany).

The state of the free radical oxidation (FRO) and antioxidant defense (AOD) systems was
studied by spectrophotometric and photoelectrocolorimetric methods using a Genesys 10 UV
spectrophotometer manufactured by ThermoSpectronic (USA) and a photoelectric photometer KFK
3-01 (Russia).

They studied the content of such oxidants as: diene conjugates (DK) of unsaturated fatty
acids in plasma, malondialdehyde (MDA) in blood erythrocytes, peroxygen hemolysis of
erythrocytes (PHE). The content of unsaturated fatty acids in blood plasma was studied by the
method of Z. Placer (1966) modified by V.B. Gavrilov et al. (1983) [10] at the absorption peak
value of conjugated diene structures of lipid hydroperoxides at a wavelength of 233 nm. The level
of MDA in blood erythrocytes was determined by the method of J.A. Knight (1988) [11]. When
heated in an acidic environment, a part of BPO products belonging to the class of endoperoxides
decomposes with the formation of MDA. The interaction of MDA with thiobarbituric acid leads to
the formation of a colored complex (pink color). The extinction of MDA in blood erythrocytes was
recorded at wavelengths of 532 nm and 590 nm. Peroxygen hemolysis of erythrocytes (PGE) was

determined calorimetrically at a wavelength of 540 nm by extinction of extraerythrocyte
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hemoglobin when comparing spontaneous lysis of erythrocyte membranes caused by water and
peroxidation of lipids by air oxygen (F. C. Tiager, 1968) [12].

When determining the level of endogenous intoxication, the concentration of medium-mass
molecules (MSM) was studied by the method of N.I. Gabrielyan et al. (1983) in the modification of
A.N. Kovalevsky et al. (1989) [13] by precipitation of large protein molecules with a 15%
trichloroacetic acid solution and subsequent measurement of the optical density of the supernatant.
MSM detection in the supernatant was performed at wavelengths of 238 nm to study the fraction
containing aminopeptides, 254 nm — peptides, 260 nm — nucleotides, 280 nm — aromatic
chromophores.

To assess the state of the AOZ, the total antioxidant activity (TAOA) of the blood plasma,
the activity of superoxide dismutase (SOD) and catalase (CAT) were determined. TAOA of plasma
was estimated by the method of G.I. Klebanov et al. (1988) [14], which is based on the ability of the
analyzed blood plasma to inhibit the accumulation of active products of thiobarbituric acid in a
suspension of yolk lipoproteins, taken as a model system of free radical oxidation. Extinction was
recorded at a wavelength of 532 nm. The activity of SOD was evaluated by the Fridovich method in
the modification of O.P. Makarevych et al. (1983) [15], which is based on the enzyme's ability to
inhibit the autooxidation reaction of adrenaline into adrenochrome at pH 10.2. Extinction was
recorded at a wavelength of 540 nm. The principle of spectrophotometric measurement of serum
catalase (Ca) activity is based on the ability of hydrogen peroxide to form a stable yellow colored
complex upon interaction with a molybdenum ammonium solution [16]. The extinction of the
solution was measured at a wavelength of 410 nm.

Patients in the BO group underwent the following preparation for another attempt to transfer
vitrified/warmed embryos:

[ extended diagnosis of the condition of the vaginal microbiota using quantitative PCR-RF
and urogenital bacterial culture with determination of sensitivity to antibiotics, carrying out
appropriate combined oral and local antibacterial therapy against the background of rectal use of the
drug, which contains two active substances - streptokinase 15,000 IU and streptodornase 1,250 MO
on 1 suppository 3 times a day during the first 3 days; 1 suppository 2 times a day for the next 3
days; 1 suppository 1 time a day for the next 3 days; probiotic therapy using antibiotic-resistant
forms;

[ after 3 months of antibacterial therapy:

« with a normal and elevated level of estrogens - in the second phase of progestogen for 10
days from the 14th to the 25th day of the cycle; with a reduced level of estrogens - cyclic hormone
therapy with the use of a drug, 1 tablet of which contains micronized estradiol hemihydrate, which

is equivalent to 2 mg of estradiol, and 10 mg of micronized dydrogesterone;
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» for the correction of dyschronosis, MT preparations of 3 mg once a day before bedtime for
1.5 months;

* to restore the nitrosative status - syrup, 1 ml of which contains L-arginine aspartate 200 mg
per 5 ml 4-6 times a day;

* to restore the antioxidant status - a drug, 1 capsule of which contains SOD 200 mg/ 6,000
IU, resveratrol 250 mg, zinc 20 mg, 1 capsule 1 time per day;

 for angioprotective purposes and to restore the structural and functional integrity of
endothelial cells and normalize the density of the negative charge of the basal membranes of blood
vessels, the rheological properties of blood - sulodexide 250 LU (lipoprotein lipase units) per 1
capsule once a day, in the presence of phlebopathy - twice a day;

» vitamin-mineral complexes.

The BP group used the following three-month training scheme:

(1 in the presence of an increased number of leukocytes in the results of microscopy of
urogenital secretions - vaginal antiseptics;

(1 with a normal and elevated level of estrogens - in the second phase of progestogen for 10
days from the 14th to the 25th day of the cycle; with a reduced level of estrogens - cyclic hormone
therapy with the use of a drug, 1 tablet of which contains micronized estradiol hemihydrate, which
is equivalent to 2 mg of estradiol; micronized dydrogesterone 10 mg;

[ vitamin and mineral complexes.

All drugs were registered and allowed in Ukraine.

Vaginal microbiota, hormonal, nitrosative and oxidative status, functional activity of the
endothelium of patients with RIF, clinical results of restoration of reproductive function were
evaluated.

Sample data were assessed on quantitative, nominal and ranked scales. The obtained results
were processed on an IBM PC using the Microsoft Excel 2019 software package. Quantitative
variables were described using the mean (M), standard error of the mean (xtSEM). The Student's t-
test was used to compare the mean values of independent samples and linked samples, y*-test, odds
ratio (OR), 95% confidence interval (95% CI) - to compare non-parametric indicators. SD and 95%
Cl were presented as SD [95% CI]. A value of p<0.05 was considered statistically significant.

Results and their discussion

The studied groups with RIF were homogeneous in terms of age, distribution of age
categories, social composition, anthropometric data, nature of menstrual, ovulatory and
reproductive function, sexual relations, duration and types of infertility, number of IVF attempts and
embryo transfers, transferred urogenital infections, gynecological and somatic diseases, which

allows you to compare the results of the following treatment and diagnostic measures.
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The age of the examined women of group B ranged from 25 to 37 years, and on average it
was (31.29+0.57) years in the BO group, (31.48+0.58) years in the BP group, and (32.38+0.59)
years in the C group (p>0.05).

The average duration of infertility in the BO group was (9.26+0.53) years and in the BP
group - (10.09+0.52) years (p>0.05).

The average number of previous cycles of controlled ovarian stimulation in the BO group
was equal to (1.91+0.11) and embryo transfers (5.43£0.10), in the BP group — (2.09+0.13) and
(5.36%0.19) respectively.

In the studied groups, the thickness of the endometrium on the day of the ovulation trigger
was less than the similar indicator in the control: in the BO group - (8.75+0.26) mm (p<0.01) and in
the BP group - (8.73+0.27) mm (p<0.01) vs. (10.82+0.32) mm in group C on the 14th day of MC.

A comprehensive examination of group B patients in the dynamics of treatment was carried
out.

Analysis of the state of the vaginal microbiota using complex quantitative PCR-RT after the
treatment showed a decrease in the absolute content of TBM in women in the BO group compared
to patients in the BP group - (5.75+0.11) GE vs. (6.48+0.16) GE (p<0.01), an increase in the
absolute number of LB - (5.73+£0.27) GE vs. (5.23£0.21) GE (p<0.04) and a decrease in the
Lg1oTBM-Lg1oLB - (0.01£0.20) GE vs. (0.27+0.33) GE (p<0.01). According to the number of
women with LB, no significant difference between the BO and BP groups was found - 94.29% vs.
96.97% (p>0.05).

Under the influence of the treatment, a probable decrease in the number of women with the
presence of Staphylococcus spp. in the BO group compared to the BP group - 17.14% vs. 54.55%
(OR 0.1724 [0.0566-0.5256], p<0.01). A probable decrease in the absolute number of facultative
anaerobes in the vaginal microbiota of women in the BO group was also established 3 months after
the start of treatment compared to individuals in the BP group: Enterobacterium spp. — 3.44 times
((0.63+0.21) GE vs. (2.17£0.41) GE, p<0.01); Streptococcus spp. — 8.22 times ((0.18+0.12) GE vs.
(1.48+0.38) GE, p<0.01); Staphylococcus spp. — 4.78 times ((0.37+£0.14) GE vs. (1.77+0.31) GE,
p<0.01).

After the treatment, the relative number of Enterobacterium spp. in the vaginal microbiota
of women of the BO group, it was statistically 1.66 times less than that of the patients of the BP
group ((-5.10£0.30) GE vs. (-3.07+0.44) GE, p<0, 01) and Staphylococcus spp. — 1.55 times ((-
5.37+0.28) GE vs. (-3.46+0.38) GE, p<0.01). The relative content of Streptococcus spp. in the
vaginal microbiota of women of the BO and BP groups after the treatment, there was probably no
difference - (-4.56+0.43) GE vs. (-4.262£0.49) GE (p>0.05).

264



As a result of the treatment, facultative anaerobes were not detected in diagnostically
significant quantities in the vaginal microbiota of patients in the BO group, while the following
remained in women in the BP group: Enterobacterium spp. in 27.27% of cases (p<0.01),
Streptococcus spp. — in 27.27% (p>0.05), Staphylococcus spp. —in 15.15% (p<0.02).

After the treatment in women of the BO group compared to patients of the BP group,
Gardnerella vaginalis / Prevotella bivia / Porphyromonas spp. was found 4.24 times less often
(11.43% vs. 48.48%, OR 0.1371 [0.0395-0.4762], p<0.01), Eubacterium spp. — 3.18 times (11.43%
vs. 36.36%, OR 0.2258 [0.0641-0.7960], p<0.03), Sneathia spp. / Leptotrihia spp. / Fusobacterium
spp. — 6.37 times (5.71% vs. 36.36%, OR 0.1061 [0.0215-0.5221], p<0.01), Megasphaera spp. /
Veillonella spp. / Dialister spp. — 2.97 times (14.29% versus 42.42%, OR 0.2262 [0.0701-0.7300],
p<0.02), Lachnobacterium spp. / Clostridium spp. — 4.78 times (5.71% vs. 27.27%, OR 0.1616
[0.0320-0.8166], p<0.03), Mobiluncus spp. / Corynebacterium spp. — 3.42 times (11.43% vs.
39.13%, OR 0.1985 [0.0567-0.6955], p<0.02), Peptostreptococcus spp. — 11.65 times (2.86% vs.
33.33%, OR 0.0588 [0.0071-0.4882], p<0.01), Atopobium vaginae — 6.85 times (5.71 % vs.
39.13%, OR 0.0932 [0.0190-0.4568], p<0.01).

The absolute content of Gardnerella vaginalis / Prevotella bivia / Porphyromonas spp. in
the BP group after the end of treatment was 5.30 times less than that in the BP group ((0.37+0.18)
GE vs. (1.96+0.39) GE, p<0.01), Eubacterium spp. — 4.44 times ((0.34£0.17) GE vs. (1.51+0.38)
GE, p<0.01), Sneathia spp. / Leptotrihia spp. / Fusobacterium spp. — 20.43 times ((0.07+0.05) GE
vs. (1.43+0.36) GE, p<0.01), Megasphaera spp. / Veillonella spp. / Dialister spp. — 2.51 times
((0.43+0.19) GE vs. (1.08+£0.36) GE, p<0.01), Lachnobacterium spp. / Clostridium spp. — 6.94
times ((0.18+0.13) GE vs. (1.25+0.38) GE, p<0.01), Mobiluncus spp. / Corynebacterium spp. — 4.42
times ((0.31+0.15) GE vs. (1.37+0.32) GE, p<0.01), Peptostreptococcus spp. — 14.56 times
((0.09+0.09) GE vs. (1.31+0.05) GE, p<0.01), Atopobium vaginae — 18.83 times ((0.06+£0.04) GE
vs. (1.13+0.31) GE, p<0.01).

The relative content of Gardnerella vaginalis / Prevotella bivia / Porphyromonas spp. in the
BP group after the end of treatment was 1.64 times smaller than the similar one in the BP group ((-
5.3620.36) GE vs. (-3.27+0.39) GE, p<0.01), Eubacterium spp. — 1.37 times ((-4.16+0.49) GE vs. (-
3.04+0.39) GE, p<0.01), Sneathia spp. / Leptotrihia spp. / Fusobacterium spp. — 1.49 times ((-
5.66+0.27) GE vs. (-3.81+0.40) GE, p<0.01), Megasphaera spp. / Veillonella spp. / Dialister spp. —
1.75 times ((-5.19+0.35) GE vs. (-2.96+0.44) GE, p<0.01), Lachnobacterium spp. / Clostridium
spp. — 1.39 times ((-5.55+0.29) GE vs. (-3.98+0.44) GE, p<0.01), Mobiluncus spp. /
Corynebacterium spp. — 1.47 times ((-5.19£0.32) GE vs. (-3.53+0.36) GE, p<0.01),
Peptostreptococcus spp. — 2.02 times ((-5.13£0.38) GE vs. (-2.54+0.46) GE, p<0.01), Atopobium
vaginae — 1.47 times ((-5 .67£0.29) GE vs. (-3.87£0.40) GE, p<0.01).
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After the end of the proposed treatment, obligate anaerobes in diagnostically significant
quantities were not determined in the BO group. Content in diagnostically significant quantities in
the BP group Gardnerella vaginalis / Prevotella bivia / Porphyromonas spp. was detected in
21.21% of cases (p<0.01), Eubacterium spp. — in 24.24% (p<0.01), Sneathia spp. / Leptotrihia spp.
/ Fusobacterium spp. — in 12.12% (p<0.03), Megasphaera spp. / Veillonella spp. / Dialister spp. —
in 21.21% (p<0.01), Lachnobacterium spp. / Clostridium spp. — in 15.15% (p<0.02), Mobiluncus
spp. / Corynebacterium spp. — in 12.12% (p<0.03), Peptostreptococcus spp. — in 27.27% (p<0.01),
Atopobium vaginae — in 15.15% (p<0.02).

After the end of the treatment, a statistically significant difference was recorded between the
BO and BP groups in the number of women with the presence of Ureaplasma spp. (2.86% vs.
21.21%, OR 0.1092 [0.0126-0.9441], p<0.05), as well as by their absolute concentration
((0.03+0.03) GE vs. (0.73+0.27) HE, p<0.02); according to the presence of fungi Candida spp.
(0.00% vs. 33.33%, p<0.01) and by their absolute concentration ((0.00+£0.00) GE vs. (1.24+0.28)
GE, p<0.01).

After the treatment in the BO group, Mycoplasma hominis, Ureaplasma spp. and Candida
spp. were not determined in diagnostically significant concentrations, and in the BP group
Mycoplasma hominis was not detected in diagnostically significant concentrations, Ureaplasma
spp. was registered in 12.12% of patients (p<0.01), Candida spp. - in 27.27% of people (p<0.01).

After treatment, normocenosis was observed in 100% of women in the BP group, while in
the BP group normocenosis was registered in 6.06% (pn.<0.01) of women, aerobic imbalance in
21.21% (pno<0.01), anaerobic imbalance — in 30.30% (pno<0.01), aerobic-anaerobic imbalance — in
42.42% (pno<0.01) (Fig. 1).

120%
100% S

80%
60,00%

60% o
6 51,52% 39,39%
42,42%
o,
40% 30.30% 34,29%
21,21%
20%
o 03‘,03% 6,06% i 6,06%
Z,SG/B-L 2,86/0‘ 0,00% 0,00% 0,00%
0% =3 - =3
before after before after before after before after
Normocenosis Aerobic imbalance Anaerobic imbalance Aerobic-anaerobic

imbalance

B BOgroup HBP Group

Figure 1 — The condition of the vaginal microbiota in the dynamics of treatment in patients

of the studied groups with RIF.
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The levels of pituitary hormones in the dynamics of treatment between the groups did not
differ statistically.

The analysis of the levels of serum sex steroids in the examined patients in the dynamics of
treatment revealed probable differences on the 21st day of MC serum content of P4, which in the
BO group exceeded the similar one in the BP group by 1.41 times ((32.62+£1.08) nmol/l vs.
(23.14+1.32) nmol/l, p<0.01).

As a result of the proposed treatment, the level of MT in blood serum after treatment in the
BO group exceeded the similar one in the BP group by 1.27 times - (12.59+0.39) pg/ml vs.
(9.93+£0.46) pg/ml (p<0.01) and aMT6s in daily urine by 1.64 times — (5.56+0.22) ng/mg Cr vs.
(3.39+0.18) ng/mg Cr (p<0,01).

After the end of the treatment, the level of 25(OH)D in the BO group exceeded that in the
BP group by 1.26 times ((44.01£1.12) ng/ml vs. (34.91+1.63) ng/ml, p< 0.01).

Analysis of FRO indicators showed that after 3 months from the beginning of treatment, the
DC level in the BO group was lower than in the BP group by 1.13 times ((2.34+0.06) U/ml vs.
(2.64+0.06) U/ml, p<0.01), MDA — by 1.17 times ((8.31+£0.21) umol/g of protein vs. (9.68+0.36)
umol/g of protein, p<0.01), PHE — by 1, 35 times ((4.66+0.07) % vs. (6.27+0.34) %, p<0.01).

No statistically significant difference was found in the level of CAT after treatment between
the BO and BP groups. Such an AOD indicator as the SOD level in the BO group exceeded the
similar one in the BP group by 1.22 times ((0.122+0.004) U/mg of protein vs. (0.092+0.005) U/mg
of protein, p<0.01); retinol - 1.09 times ((0.581£0.015) mg/l vs. (0.535+0.014) mg/l, p<0.03);
tocopherol-& — 1.06 times ((13.01+0.25) mg/l vs. (12.30£0.21) mg/l, p<0.03); TAOA - by 1.10
times ((49.40+0.55) % vs. (44.73+0.74) %, p<0.01).

The study of indicators of endogenous intoxication showed that after the treatment, the level
of MSM 238 nm in the BO group was 1.08 times lower than that in the BP group ((0.708+0.015)
U/ml vs. (0.764£0.015) U/ml, p<0 ,01); MSM 254 nm — 1.12 times ((0.220£0.006) Units/ml vs.
(0.246+0.008) Units/ml, p<0.01); MSM 260 nm — 1.15 times ((0.199+0.006) Units/ml vs.
(0.228+0.006) Units/ml, p<0.01); MSM 280 nm — 1.21 times ((0.221+0.006) Units/ml vs.
(0.267+0.008) Units/ml, p<0.01).

As a result of the proposed therapy, the level of free L-arginine in the BO group exceeded
that in the BP group by 1.09 times ((32.44+0.79) mg/l vs. (29.51+0.78) mg/l, p<0.01); NOx — by
1.07 times ((25.884+0.91) umol/l vs. (19.30+0.45) umol/l, p<0.01); the level of ET-1 was lower by
1.20 times ((0.345+0.012) fmol/ml vs. (0.413+0.017) fmol/l, p<0.01) and VEGF-A — 1.04 times
((165.40 £3.77) pg/ml vs. (177.03+3.08) pg/ml, p<0.04). Differences between VWF levels between
BO and BP groups after the treatment did not statistically significantly differ.
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Improvement of the composition of the vaginal microbiota, hormonal, nitrosative and
oxidative status, functional activity of the endothelium of patients with RIF according to the
proposed method of preparation for IVF-ET led to an increase in the frequency of clinical
pregnancy by 2.26 times (45.71% vs. 21.21 %; OR 3.1278 [1.0759-9.0930], p<0.04) and
termination of induced pregnancy by delivery 3.30 times (40.00 % vs. 12.12 %; OR 4.8333
[1.3916-16.7870], p<0.02). The number of women in the BO group with miscarriages was 1.59
times less than that in the BP group, but improbably - 5.71% vs. 9.09%; OR 0.6061 [0.0947-
3.8787], p>0.05) (Fig. 2).
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Figure 2 — Clinical results of the application of the developed technique of preparation

before embryo transfer during the next transfer of good quality embryos in women with RIF.

The effectiveness of adding P4 drugs during preconception training has been proven in
many studies and confirmed in the recommendations of the ESHRE working group [2]. P4 regulates
the expression of P4-induced blocking factor 1 (PIBF1), which is secreted from lymphocytes of
healthy pregnant women under the influence of P4. PIBF has immunomodulatory functions in vivo
and in vitro, which are important for the establishment of immunotolerance between mother and
fetus and thus for implantation and normal course of pregnancy [17]. M. Zhou et al. (2020) [18]
found that downregulation of PIBF1 / interleukin 6 (IL 6) / phosphorylated signal transducer and
activator of transcription-3 (p-STAT3) expression during the mid-secretory phase inhibited the
proliferation and decidualization of human endometrial stromal cells, which could also be one of
the reasons for implantation failure. During MC, the expression of PIBF1 in the endometrium
corresponds to P4 levels, and M. Zhou et al. (2020) [18] in vitro experiment showed that PIBF1
expression increased in a dose-dependent manner after P4 treatment in human endometrium.

The balance between cytokines produced by Thl and Th2 cells is a key factor in a successful
pregnancy. Changes in the immune system occur during implantation and in the early stages of
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pregnancy, affecting both fetal implantation and pregnancy progression [19]. Elevation of Thl
cytokines, such as tumor necrosis factor-o (TNF-a) and interferon-y, has been shown to adversely
affect pregnancy, and an increase in the ratio of Th1/Th2 cytokines may interfere with implantation
[20, 21]. Therefore, inhibition of TNF-a with inhibitors may be an effective therapeutic strategy for
the control and treatment of RIF. In vitro studies show that P4 can inhibit TNF-a-induced apoptosis
[22]. Additional animal studies show that P4 reduces the expression of TNF-a [23]. The given data
confirm the expediency of including P4 drugs in the preconception preparation of patients with RIF.

In the conducted study, we conducted extended profiling of the vaginal microbiota and
showed the advantages of using a combination of oral and vaginal antibacterial agents compared to
only local treatment in restoring the vaginal microbiota. In the case of an unfavorable profile of the
vaginal microbiota, women usually do not suffer from a clinically pronounced infection. However,
the results of the study by R. Koedooder et al. (2019) [6] show that women with an unfavorable test
result have a limited chance of success if fresh embryo transfer occurs within 2 months of the test,
which was confirmed by our study (women in the BP group). According to W. Su et al. (2024) [24],
there is a relationship between dysbiosis in the microbiome of the reproductive tract and the number
of cases of failed embryo implantation. Maintaining ecological stability in the vaginal and uterine
microbiomes is critical to ensuring a woman's reproductive health [24].

Embryo implantation is a complex process that begins with the attachment of the
trophectoderm of the blastocyst to the epithelium of the uterine lumen, which is accompanied by
more stable adhesion and penetration into the uterine stroma [25, 26]. This process is coordinated
by the formation of the decidual membrane with a branched vascular network, which supports the
proper growth of the implanted embryo [27, 28]. Several studies have shown that there is a strong
correlation between vitamin D status and successful pregnancy retention [29-31]. Gestational levels
of vitamin D, which increase early in pregnancy and continue to rise until delivery and are critical
for fetal growth [30, 32], act as important modulators of the immune system and hormone secretion
through interaction with the vitamin D receptor (VDR) [33]. The vitamin D3-VDR complex
activates various transcription factors that regulate hypoxia-inducible factor 1a signaling to promote
re-endothelialization and angiogenesis, which is critical during embryo implantation and pregnancy
[34, 35]. Female VDR knockout mice fail to reproduce, exhibiting severe defects in uterine
development and decidualization, leading to impaired embryo implantation [36]. In the work of Yu-
Gyeong Lee et al. (2024) [8] showed that cyclic intrauterine administration of vitamin D3 increased
endometrial receptivity and angiogenesis, induced the recruitment of uterine resident NK cells, and
promoted a stable interaction between mother and fetus during the early phase of implantation. The
authors concluded that women suffering from RIF may benefit from the use of vitamin D3 as a risk-

free adjuvant during IVF-ET, as our study also showed.
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Recently, a large population-based study in Denmark found that two or more night shifts per
week increased the risk of miscarriage by more than 30% [37]. In addition, changes in circadian
rhythm in night shift workers are associated with hormonal disturbances, such as decreased MT
excretion and increased cortisol secretion, which may contribute to reproductive failure [38, 39].
MT plays a vital role in normal pregnancy through various mechanisms. As a powerful antioxidant,
the hormone protects cytotrophoblasts from oxidative stress and apoptosis [40]. In addition, it
increases the secretion of P4 and has an immunomodulatory effect, which can contribute to the
survival of the trophoblast [41, 42]. In addition, maternal pineal indoleamine provides
photoperiodic signals that are crucial for the regulation of embryonic circadian rhythms [43]. MT
treatment of patients undergoing IVF-ET was associated with increased biochemical and clinical
pregnancy rates, although MT use did not affect miscarriage or live birth rates [44].

In addition to preconception preparation, P4 drugs are recommended for the treatment of
concomitant pathology and conditions against which insufficiency of the secretory transformation
of the endometrium or dysfunction of the corpus luteum may develop. Such conditions include
insufficient blood supply to the endometrium due to the low density of the functional vessels of the
uterus, which can be determined during dopplerometry. In this case, insufficient synthesis of NO in
the body is of key importance [45]. Its role in the reproductive cycle consists in the dilation of
peripheral vessels, which contributes to better vascularization of the endometrium. In addition, NO
affects the stimulation of gene transcription and cell division, as well as the regulation of the
synthesis of sex hormones. The synthesis of NO takes place with the direct participation of an
irreplaceable amino acid - L-arginine. L-arginine belongs to the class of conditionally essential
amino acids, and its deficiency leads to disorders of endometrial transformation during pregnancy.
Therefore, there is a special need to maintain the level of L-arginine both at the stage of
preconception preparation and during pregnancy [45]. L-arginine prevents the formation of ET - a
substance that has a powerful vasoconstrictor effect and is a stimulator of the division of smooth
muscle cells of the vessel walls. In addition, the increase in NOS enzyme activity against the
background of oral intake of L-arginine solution ensures a constant baseline level of NO, which in
turn contributes to an increase in the density of the functional vessels of the endometrium,
enhancing its blood supply. As it was shown during the implementation of the program of pre-
gravid preparation in women with luteal phase insufficiency, due to the inclusion of a solution for
oral use in the traditional regimen of P4 drugs, the oral solution of L-arginine allowed to achieve a
more pronounced therapeutic effect in 87.8% of cases, in contrast to 66 .8% during monotherapy
with P4 drugs. According to V. O. Potapov and D. Yu. Stepanova (2012), the use of L-arginine for

oral use in combination with P4 drugs not only increases the number of pregnancies and births by
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3.3 times, but also allows to reduce the frequency of miscarriages in 3.4 times compared to
monotherapy with P4 drugs [45].

Sulodexide is the most promising remedy for the correction of endothelial dysfunction [46,
47]. Sulodexide contains approximately 80% heparan sulfate (also known as fast-moving heparin)
and 20% dermatan sulfate [46, 48].

The action of sulodexide is based on the three most important mechanisms: antithrombotic,
anti-inflammatory and protective against the endothelium [46]. The antithrombotic effect of
sulodexide is aimed at reducing thrombin generation due to the antiprotease activity of both
antithrombin and heparin cofactor Il [49]. Sulodexide accelerates spontaneous fibrinolysis of the
formed clot by increasing tissue plasminogen activator and decreasing plasminogen activator
inhibitor [50], and it is also capable of reducing platelet aggregation [51]. Sulodexide inhibits the
activation of leukocytes and their adhesion to endothelial cells, reduces the release of cytokines,
TNF-o and platelet aggregation factor from polymorphonuclear leukocytes [52, 53]. Heparin and
heparin derivatives are believed to bind acute phase proteins and complement components,
cytokines, and growth factors. Heparins also inhibit adhesion to endothelial cells by binding L- and
P-selectin [52, 54]. In addition, sulodexide enhances the effects of the release of soluble endoglin
from monocytes, which is considered an important anti-inflammatory effect [55], reduces the
secretion of inflammatory mediators, including interleukins 18, 7, 8, 12, 17 and granulocyte colony-
stimulating factor, suppresses the action of macrophages [56, 57] . It is believed that the heparin
component inhibits the production of superoxide in neutrophils [58]. Reactive species of oxides are
also reduced due to increased SOD activity [59]. The heparin component inhibits heparinase, which
cleaves heparin sulfate chains of proteoglycans and can damage the glycocalyx. Degradation of the
glycocalyx provides easier adhesion of inflammatory cells, accumulation of lipids in the intima, and
release of cytokines and chemokines associated with heparan sulfate proteoglycans. In addition,
heparinase activates macrophages using Toll-like receptors [58]. Sulodexide also has numerous
antiproteolytic effects through the modulation of serine enzymes and matrix metalloproteinases
[60].

The main role of sulodexide is to protect and restore the endothelium [46]. Sulodexide
supports and restores the functionality of the endothelial glycocalyx due to the increased number of
precursors of endothelial glycosaminoglycans [46, 60].

Another adjuvant that was added to the preconception preparation scheme was a drug, 1
capsule of which contains SOD (100% lyophilized powder of the microalga Tetraselmus chuii),
resveratrol (Polygonum Cuspidatum 95-98%), zinc [41]. It is a natural marine vegan ingredient
derived from the microalgae Tetraselmis chuii, which contains high levels of antioxidant enzymes

such as SOD (SOD activity exceeds 180 U/g) [62], Ca and glutathione peroxidase, recently
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demonstrated in vitro increased activity of these key antioxidant enzymes [ 41]. Taking this drug
reduces oxidative stress and inflammation. Its beneficial effects include (i) promotion of
endogenous antioxidant defense mechanisms in the liver, (ii) modulation of oxidative stress and
inflammatory markers in plasma, and (iii) positive modulation of genes involved in antioxidant,
anti-inflammatory and immune pathways in the liver, mesenteric white adipose tissue, thymus and
spleen [61-63].

Considering the current trend towards preventive approaches in reproductive medicine,
pregnancy planning and issues of preconception preparation should include the assessment of the
presence of conditions accompanied by microbiota changes, desynchronosis, oxidative and
nitrosative stress, endothelial dysfunction, and the application of effective correction of these
abnormalities. Timely diagnosis of such conditions during RIF and the appointment of appropriate
therapeutic adjuvants at the preconceptional stage looks like a promising direction in terms of
reducing RIF cases, which requires further research.

Conclusions

The application of the proposed complex method of preparing patients with RIF before 1VF-
ET leads to an increase in the onset of clinical pregnancy and the end of induced pregnancy with

childbirth, so it can be recommended for use in clinical practice.
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