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Summary. Infertility is a global problem. According to the data of the World Health Organization, 17.5% of people, or one in six peo-
ple worldwide, suffer from infertility as of 2023. Experts believe that by 2050, a critical decline in the birth rate will lead to a reduction in the
number of children under 15 by 40% or more. In Russia, statistics reflect global trends. Therefore, the search for new, effective infertility treat-
ments is a pressing issue in modern medicine. The objective of this review was to analyze and evaluate current data on the use of a hyaluronic
acid-enriched medium during embryo transfer to increase implantation rates in infertility treatment cycles using assisted reproductive technolo-
gies. The sources of specialized literature used in this review were electronic libraries of scientific publications and medical databases such as
Google Scholar, PubMed, and elibrary.ru. The review included relevant publications found through a search using the following keywords:
"assisted reproductive technologies," "hyaluronic acid," "embryo," and "endometrium." The study found that the Russian Federation ranks first
among European countries and fourth globally in the number of assisted reproductive technology cycles performed (140,931 cycles in 2020 and
158,893 in 2021). However, according to the Russian Association of Human Reproduction and the European Society of Human Reproduction and
Embryology, the effectiveness of assisted reproductive technology programs is no more than 40%. Infertility treatment with assisted reproduc-
tive technology can be unsuccessful for a number of key factors, including the lack of effective embryo implantation in the endometrium. One of
the leading causes of implantation failure of a competent embryo is the failure to form an adhesive matrix between the embryo and the endome-
trium. The coordinated differentiation of endometrial cells and their interaction with the embryo play a crucial role in this process. It is hypothe-
sized that the use of hyaluronic acid-enriched culture media during embryo transfer may help address the problem of implantation failure in
assisted reproductive technology programs. A systematic review of the literature on the use of hyaluronic acid-enriched culture media during
embryo transfer to improve assisted reproductive technology outcomes was conducted. Possible mechanisms of action for this medium during
assisted reproductive technology embryo transfer are described.
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Pesiome. Becruionue spiiseTcs rpobiemont riodaipHoro Maciurtaba. Ilo aHHeiM BcemypHou opranvsaim sipasooxpadenns 3a 2023 roy, Gec-
wiofueM crpajaer 17,5 % smoziev, 9To KaXk/Iblil IIeCTOV uesioBeK B Mupe. ITo MHeHMIO ee skcrieptos K 2050 rofry KpmTudeckoe IajieHve PosKIaeMOCT
TIpUBEJIET K COKpAIIeHNIo KodecTsa ferert 10 15 srer Ha 40% n Gostee. B Poccmn craTncTiiKa oTpaXkaeT OOIieMpoBbIe TEHIEHINN. B cBsI31 ¢ ueM 1momck
HOBBIX 3(P(EKTUBHBIX CIIOCOOOB JIeueHNs! OeCIIONVS SBJISETCS aKTyaJIbHOVI 3ajlaueri COBpeMeHHOV MeuInHbL. Lleib 0630pa cocTosia B aHaJIM3e 1 OLIEHKe
TeKy VX JIAHHBIX OTHOCUTEIIFHO MCIIOJIb30BAHNS CPeJibl, 00OrallleHHOV TYaJIy POHOBOU KICIOTOV, IIPU IlepeHoce SMOPIOHOB ISl YBeJIMYeHNs [T0Ka3aTe-
JIeVl MMIUIaHTalVM B IUKIAX JiedeHusl OecruIofius MeTO[aMy BCIIOMOTATeIbHBIX PEITPOIyKTUMBHBIX TEXHOJIOTMiT. VICTOUHMKaMI CIelnan3npoBaHHO
JINTEPaTypPHl, VICIIOJIL30BAaHHBIMI B JIAHHOM 0030pe, CTain 2JIeKTPOHHbIe OMO/IMOTeKy HayUHBIX ITyOJIMKai M MEIVUIMHCKME Gas3bl JaHHBIX, TaKie Kak
Google Scholar, PubMed u Elibrary.ru. O630p Bxoda my06smKarnyy, COOTBETCTBYIOIIVE TeMaTKe, HavijleHHble II0CPeICTBOM IIOVCKa, TI0 CIIey oM
KIIXOUEeBBIM CJIOBaM - «BCIIOMOTaTeJIbHbIe peﬂpoﬂ,yKTVlBHble TEeXHOJIOT U », <<FVlaJIypOHOBaﬂ Kncjiora», <<3M6pVIOH>>, <<3H}]|OMeTpVII;I». B pe3ym>TaTe mcciieao-
BaHUs BBIsBIIEHO, uTo Poccuvickas ®eyiepanyisi 3aHmMMaeT 1 MeCTO Cpefjyi eBpOIIeVICKMX CTpaH M 4 MeCTO B MMpe IO KOJIWYeCTBY IPOBEJIeHHBIX IIVKIIOB
BCIIOMOTATeJTbHBIX PeTpOAyKTUBHEIX TexHoornv (140931 1kt 3a 2020 rop, 158893 3a 2021 roz). OpHaxo, 1o JaHHBIMY Poccuiickov acconyariim perpo-
IyKummu desioBeka v EBporrerickoro obimiecTa perrpoyKImm desioBeka v aMopuosiornm, 3 deKTMBHOCTb IIPOrpaMM BCIIOMOTATeIIbHBIX PeITPOyKTVBHBIX
TeXHOJIOTUVI cocTasiisieT He Gostee 40%. JledeHme Gecruiofuisi MeTOJaMV BCIIOMOTaTeJIbHBIX PEIPOLYKTVBHBIX TEXHOJIOTMI MOXeT OBITh HeyJauHBIM I10
PsiJly OCHOBHBIX (PaKTOPOB, B TOM UMCIIe B CBSI3U C OTCYTCTBUEM 3(p(DEKTUBHOVI MMIUIaHTaIMM SMOproHa B sHHoMeTpuit. OfHa M3 Be[yIUX IIPUYNH He-
yllauy VIMIDIaHTaIUV KOMIIETEHTHOTO SMOpUOHa — OTCcyTCTBMe POPMMPOBAHS a/IF€3MBHOTO MaTpUKCa MeX/ly SMOPMOHOM U sHIoMeTpueM. Perrarornyio
POJIb B 9TOM IIpolLiecce UIPaloT CKOOP/MHMPOBaHHbBIe BO BpeMeHN JinddepeHIMpoBKa KJIeTOK SHIOMETPYS 1 B3aMOJIeVICTBIe ¢ SMOproHoM. BeiprHyTa
TUIIOTe3a, UTO IPUIMEHeHe Cpefl, 00OraleHHBIX IMalyPOHOBOVI KMCIIOTOV, IIPY IlepeHoce SMOPMOHOB MOXEeT IIOMOYb PeInTh IIpodjieMy Heyiauu MM-
IUIaHTaIMM B IIpOrpaMMax BCIIOMOTATeJIbHBIX PeIpOIyKTUBHBIX TeXHOJIOTMI. IIpoBesieH crcTeMaTi9ecKUyl aHaJIn3 JINTePaTyPHBIX JTAHHBIX O IIpVIMeHe-
HUW KyJIBTYPaJIbHOVI Cpefipl, 000TallieHHOVI TaTy pOHOBOVI KICJIOTOVE, TPV IlepeHoce SMOPMOHOB I YTy UIlleHVsE MCXOJIOB ITPOTrpaMM BCIIOMOTaTe IbHBIX
Pel’lpoﬂ,yKTVlBHbIX TexHostoruvi. OrmicaHbl BOSMOXKHBIE MeXaHU3MbI ee H,el?lCTBVlH HPVI nepeﬁoce 3M6pVIOHOB B nporpaMMax BCIIOMOTaTeJIbHBIX penpo;l,yK—
TUBHBIX TEXHOJIOTUIA.

KimroueBnie cioBa: 8cnomozamenviivie penpoOyKmubuvie mexHoA02ul, umMnianmayus, smopuon veaobexa, euasypornobas
Kucaoma, sH0oMempuil
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Introduction. Global data indicates
that the number of children born through as-
sisted reproductive technologies (ART) has
reached ten million [1]. Despite this achieve-
ment, the prevalence of infertility continues
to rise globally. On average, approximately
10% of married couples experience infertility
across different nations, and this percentage
escalated to 17,5% by 2023 [2-3]. Contempo-
rary advances in embryological laboratory
techniques primarily focus on augmenting
pregnancy frequencies and successful live
birth deliveries. Current efforts in reproduc-
tive medicine center upon discovering novel
methodologies to enhance ART efficacy. For
conception to occur, a healthy embryo must
encounter a receptive endometrium capable
of supporting its integration. Among critical
determinants governing contemporary ART
achievements, embryo implantation within
the endometrial lining stands out prominent-
ly [4].

The objective of this review is to crit-
ically appraise existing information regarding
the employment of HA-enriched medium
during embryo transfer to boost implantation
probabilities in assisted reproductive tech-
nologies fertility treatments.

Materials and Methods. Emerging
technological advancements aimed at ad-
dressing infertility issues in couples include
the utilization of culture media supplement-
ed with hyaluronic acid (HA) during embryo
transfer into the uterine cavity. Multiple in-
vestigations scrutinize diverse elements af-
fecting implantation, encompassing the envi-
ronmental milieu encircling the embryo. To
bolster ART outcomes, certain measures in-
volve incorporating adhesive substances like
HA into the transfer medium. Specialized
foreign literature spanning from 1987 to 2022
was sourced from digital repositories and
prominent medical databases, including
Google Scholar, Science Direct, PubMed, and
elibrary.ru. Studies directly pertinent to the
subject matter were extracted using targeted
keywords such as "assisted reproductive
technologies," "hyaluronic acid," "embryo,"
and "endometrium."

Results and Discussion. Randomized
controlled trials (RCTs) extensively investi-
gate hyaluronic acid (HA), also referred to as
hyaluronan or hyaluronate [5]. Hyaluronate

represents a non-sulfated glycosaminoglycan
polymer inherently present in various tissues
and bodily fluids of mammals, notably with-
in the reproductive systems. Ovarian steroi-
dal hormones modulate its biosynthetic
pathways via HAS enzymes (HAS1-3) and its
degradation mechanisms through hyaluroni-
dases (HYALs). Functionally, hyaluronan's
versatility arises from its dual role serving
structurally as a high-molecular-weight com-
pound in tissues or acting dynamically as a
signaling molecule in fragmented forms. In-
teraction with specific cell membrane recep-
tors governs its activity [6].

Hyaluronate belongs to the family of
glycosaminoglycans, macromolecules consti-
tuting the extracellular matrix in animal tis-
sues. Other members include heparan sulfate,
dermatan sulfate, keratan sulfate, and chon-
droitin sulfate. As the simplest glycosamino-
glycan, HA exhibits distinctive characteristics
it remains unsulfured, manifests as a linear
polysaccharide composed of repeated units
of d-glucuronic acid and N-acetylglucos-
amine, and synthesizes outside the Golgi ap-
paratus on the plasma membrane [6].

Experimental studies employing ani-
mal models illustrate hyaluronan's pivotal
role in reproduction. Specifically, it amplifies
cumulus cell counts during ovulation and
stimulates cervical maturation prior to partu-
rition [7-8]. Progesterone administration in
ovariectomized mice elevated uterine HA
concentrations [9-10]. Additionally, ovarian
steroids regulate HA synthase expression
patterns, exerting distinct impacts on the
generation of varying-sized HA molecules
throughout the ovarian-menstrual cycle and
gestational phases [11]. Moreover, growth
factors (like epidermal growth factor and
transforming growth factor-p) and cytokines
(interleukin 1-3 and interferon-gamma)
alongside local mediators (prostaglandins)
modulate HA expression profiles [11]. Cell
surface receptors CD-44 and RHAMM medi-
ate HA's actions via MAP kinase and Akt
signaling cascades [12].

The bioactivity of HA fragments re-
sulting from hyaluronate depolymerization
underscores their significance. Binding to
CD44 and RHAMM enhances cell prolifera-
tion through MAPK-mediated phosphoryla-
tion and mitotic stimulation [13]. Observa-
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tions from experiments with bovine embryos
exposed to HYAL2 revealed heightened
MAPK1/MAPKS3 levels, augmented blasto-
cyst formation, and enhanced blastocyst qual-
ity, evident by increased cell numbers and
trophoblastic expansion. Blockade of CD44
negated these benefits, highlighting the in-
dispensable nature of small HA molecules in
preimplantation embryogenesis [7].

As outlined by Girish et al, HA's
physiological viscosity facilitates embryo re-
tention and fosters cellular adhesion to matri-
ces, thereby facilitating nutrient diffusion and
intrauterine adaptation [14]. Hyaluronate
participates actively in cellular homeostasis
and tissue reconstruction processes [15].
Human endometrial transformation across
the menstrual cycle involves profound altera-
tions. Investigations by Salamonsen et al. uti-
lized histochemistry to track hyaluronate ac-
cumulation patterns in the human endome-
trium, revealing peaks during the prolifera-
tive (days 5-10) and secretory (days 19-23)
phases. During the proliferative phase, hya-
luronate supports unrestrained cellular divi-
sion, whereas its peak in the secretory phase
correlates with implantation readiness [11].
Following menstruation, minimal residual
hyaluronate persists in the stroma. Notably,
vascular hyaluronate deposits remain con-
sistent throughout the cycle, emphasizing its
integral contribution to endometrial dynam-
ics.

Studies by Carson et al. monitored
mouse uterine glycoconjugate synthesis dur-
ing peri-implantation periods using radio-
labeled glucosamine [16]. Results indicated a
dramatic five-to-six-fold surge in hyaluronate
synthesis coinciding with typical embryo im-
plantation timelines. Non-pregnant females
exhibited negligible hyaluronate synthesis
increments. Contrary to hyaluronate, other
glycoconjugates displayed stable synthetic
outputs during early gestation. Small oligo-
saccharides (<5000 Da) predominated, ac-
counting for 85% of newly synthesized prod-
ucts, followed by larger glycoconjugates
(~10,000 Da). Exclusively non-epithelial uter-
ine cells accounted for the majority of hyalu-
ronate output. Steroid hormone-induced de-
cidual stimuli provoked marked elevations in
hyaluronate synthesis, pinpointing stromal
cells as key contributors. Culturing embryos

on hyaluronate-coated surfaces facilitated
robust embryonic adherence and extension
[17].

Cumulus granulosa cells secrete hya-
luronate, detectable in follicular, oviductal,
and endometrial fluids. Both mice and hu-
mans exhibit peak hyaluronate concentra-
tions and maximal CD44 receptor responsiv-
ity concurrently with implantation events
[18]. CD44 expression characterizes both pre-
implantation embryos [19] and endometrial
stromal tissues [20].

Through CD44 receptors, HA executes
autocrine and paracrine regulatory activities.
Implicated in cell proliferation, differentia-
tion, migration, gene expression modulation,
decidualization, and implantation enhance-
ment, HA’s influence extends beyond em-
bryo competence improvements. Findings
from bovine studies demonstrate HA’s capac-
ity to elevate trophectodermal cell numbers
and overall blastocyst populations, thus forti-
fying embryonic developmental capabilities
[21].

Investigations by Marei et al. con-
firmed HYAL2 messenger RNA detection
exclusively in oviducts during the early luteal
phase and later in embryos at morula and
blastocyst stages (post-fertilization days 6
and 7). Introducing HYAL2 into embryo cul-
tures on fertilization day 2 raised
MAPK1/MAPK3 phosphorylation levels,
promoted blastocyst progression, and multi-
plied embryonic cellularity. Anti-CD44 anti-
bodies or MAPK inhibitors abrogated these
advantages, implying HYAL2 dependence on
intact CD44-MAPK signaling for optimal em-
bryonic development [6]. Collectively, these
insights justify exploring innovative culture
media compositions mimicking native condi-
tions to support morula and blastocyst-stage
embryos prior to uterine introduction [22].

Additional reports affirm HA’s pro-
tective contributions toward thawed frozen
embryos, subsequently linked to elevated
implantation potentials [23-25]. Therefore,
naturally occurring HA plays a crucial role in
implantation, and its incorporation into
transfer media augments implantation rates
across species-specific experimental settings.
Initial demonstrations of HA’s utility in cul-
ture media occurred in animal-based re-
search, yielding promising outcomes. Subse-

https://doi.org/ 10.20340/ mv-mn.2025;33(3):929



Mopdgponoeuueckue eedomocmu — Morphological Newsletter: 2025 Tom (Volume) 33 Buinyck (Issue) 3

quent clinical trials ensued, though produc-
ing inconsistent results [26].

Among pioneering studies evaluating
HA-enriched culture media, the Danish co-
hort investigation commenced in 2006 [27].
Involving 815 participants receiving ART in-
terventions, subjects were stratified based on
embryo transfer medium type. Groups con-
sisted of those utilizing EmbryoGlue® (test
group, n=417) and those adhering to conven-
tional, non-HA-enriched mediums (control
group, n=398). Results highlighted notable
increases in pregnancy rates among individ-
uals with histories of failed ART attempts
and recurrent miscarriages. Authors addi-
tionally cautioned against excessive reliance
on multiple embryo transfers given HA’s as-
sociation with twinning risks.

A 2008 randomized trial conducted by
Urman et al. reported heightened implanta-
tion and clinical pregnancy rates attributable
to HA-containing media. Nevertheless, bene-
fits appeared accentuated in older patients
aged >35 years, those harboring suboptimal
embryos, or possessing previous IVF failures.
Analyzing 1,282 sequential fresh embryo
transfer cycles (825 on day 3 and 457 on day
5), participants were randomly assigned to
receive either HA-inclusive or standard
transfer mediums [28]. Nakagawa et al’s
2012 study validated this technique solely in
cohorts prone to implantation deficiencies
[28]. Participants (n=314) younger than 40
years experienced multiple past embryo
transfer failures [29]. Cochrane Review anal-
yses (2014) substantiated HA-enriched me-
dia’s (0.5 mg/ml) favorable influence on im-
plantation metrics and clinical pregnancy
outcomes in human ART scenarios [30].

Yet, in contrast, Fancsovits et al. 2015
study failed to document any appreciable
HA-related gains in implantation rates [31].
Enrolling 581 IVF cycles, equivalent clinical
pregnancy rates (42.4% vs. 39.2%), implanta-
tion rates (23.3% vs. 23.2%), and live birth
rates (31.0% vs. 29.2%) characterized the
study and control arms. Birth weights dif-
fered significantly favoring the HA group
(3,018+598 g vs. 2,724+698 g, p=0.001) [32-33].
Heymann et al.'s meta-analysis (2020) estab-
lished HA-medium enrichment as tripling
clinical pregnancy chances in women with
adverse IVF predictions yet offering merely

marginal (16%) improvements in better-
prognosis patients [34]. Adeniyi et al.'s 2021
review explored varied hyaluronic acid con-
centrations in ART-associated transfer media.
Comparing outcomes across 1,018 low-level
and 1,175 high-level HA recipients, HA in-
clusion consistently enhanced implantation
and live birth rates irrespective of embryo
culture durations [35].

Russian investigators at the Kulakov
National Medical Research Centre for Obstet-
rics, Gynecology, and Perinatology (2021)
documented comparable clinical pregnancy
and delivery rates irrespective of HA usage
[36]. Nonetheless, trends suggested HA-
positive influences on pregnancy courses de-
rived from euploid embryo transfers, particu-
larly advantageous for older women. Study
enrolment comprised 309 married couples.
Distinctively, preimplantation genetic testing
for aneuploidy (PGT-A) enabled selection of
chromosomally sound embryos. Average
participant ages stood at 34 (women) and 38
(men). Selective singleton embryo transfers
defined study protocols. Clinical pregnancy
rates differed marginally between control
(43.7%) and comparative (32.0%) groups.

Large-scale meta-analytical updates in
June 2022 corroborated the salutary influence
of HA-enriched media on implantation out-
comes [37]. Of 357 reviewed studies, only 15
qualified for final analysis involving 4,686
female participants. Randomization validity
hinged on predefined statistical algorithms.
Outcomes focused on live births, pregnancy
occurrences, and miscarriage incidences.
Transfers encompassed embryos at develop-
mental stages ranging from days 2-6, embrac-
ing both freshly harvested and cryopreserved
specimens. Analysis parameters homoge-
nized differing HA concentrations (function-
al: 0.5 mg/mL; low: 0.125 mg/mL; absent: 0.0
mg/mL) across brands. Functional HA con-
centrations yielded superior results. Live
birth rates climbed from 32% to 39% in autol-
ogous oocyte cycles. Correspondingly, clini-
cal pregnancy and multiple pregnancy rates
ascended by 5% and 8%, respectively. Donor
oocyte cycles remained unaffected by HA
additions. Emergent data reinforced HA'’s
pivotal role in rectifying impaired implanta-
tion propensities, especially prevalent in
suboptimal IVF candidates [33, 38].
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Collectively, available evidence af-
tirms HA’s utility in improving ART success,
especially for autologous oocyte users. En-
hanced embryo-endometrial adhesion, opti-
mized cellular signaling, migratory efficien-
cy, gene expression modulation, and decidu-
alization processes collectively contribute to
HA'’s therapeutic potency. Concurrent reduc-
tions in miscarriage risks provide additional
incentives for HA adoption. Economic con-
siderations underscore HA’s affordability,
balancing modest incremental ART costs
against substantial societal returns from
achieving live term births [39-41].

Conclusion. The findings from exten-
sive randomized trials and meta-analyses
suggest that hyaluronic acid (HA) can en-
hance the efficacy of assisted reproduction
technologies (ART) programs utilizing one's
own eggs. Incorporating it into the transfer
medium may augment the probability of suc-
cessful live births, boost clinical pregnancy
rates through improved embryo adherence to
the endometrium, modulating cellular signal-
ing pathways, promoting cell migration, al-
tering gene expression patterns, and facilitat-
ing decidualization processes. Additionally,
data have emerged suggesting that supple-
menting the transfer medium with HA might
lower the risk of miscarriages. Moreover,
when employing autologous oocytes and
transferring only one embryo per cycle, op-

References
JIuteparypa
1.
2023;120(1):449-456. https://doi.org/10.1016/j.fertnstert.2023.04.022
2

timal outcomes including higher clinical
pregnancy and live-birth rates are noted
among older women with complicated re-
productive histories. Using a hyaluronate-
enriched medium diminishes the necessity
for multi-embryo transfers, thereby reducing
the risks linked to multiple gestations and
related complications. Given the increasing
reliance on ART procedures worldwide, there
is an urgent requirement to explore methods
for improving their effectiveness. Notably,
enriching the transfer medium with straight-
forward substances like HA offers both en-
hanced pregnancy and live-birth rates while
remaining cost-effective. Although incorpo-
rating these specialized media marginally
raises the expense of ART treatments, the
long-term  benefits-namely, delivering
healthy term babies-ultimately justify the ad-
ditional expenditure based on actuarial eval-
uations. Consequently, ongoing research un-
derscores the importance of refining tech-
niques aimed at optimizing embryo implan-
tation within the uterus. Standardizing pro-
tocols for utilizing HA-enriched media be-
comes essential. Equally critical is continuing
efforts to define specific indications and tar-
geted patient populations who would most
benefit from this intervention within ART
settings designed to address infertility chal-
lenges.

Pinborg A, Wennerholm UB, Bergh C. Long-term outcomes for children conceived by assisted reproductive technology. Fertil Steril.

. Njagi P, Groot W, Arsenijevic | et al. Financial costs of assisted reproductive technology for patients in low- and middle-income countries: a sys-

tematic review. Human Reproduction Open, 2023;2:hoad007. https.//doi.org/10.1093/hropen/hoad007

[S]

Hum Reprod 2014;29:2099-2113

. Kupka MS, Ferraretti AP, de Mouzon ] et al. Assisted reproductive technology in Europe: results generated from European registers by ESHRE.

4. Bajpai K, Acharya N, Prasad R et al. Endometrial Receptivity During the Preimplantation Period: A Narrative Review. Cureus.

2023;15(4):e37753. httpsy//doi.org/10.7759/cureus.37753

9

(<

2017;153(2):43-58. https.//doi.org/10.1530/REP-16-0240

7. Mahendroo M. Cervical hyaluronan biology in pregnancy,

https.//doi.org/10.1016/j.matbio.2018.03.002

. Heymann D, Vidal L, Or Y et al. Hyaluronic acid in embryo transfer media for assisted reproductive technologies. Cochrane Database Syst Rev.
2020;9(9):CD007421. https.//doi.org/10.1002/14651858.CD007421.pub4
. Fouladi-Nashta AA, Raheem KA, Marei WF et al. Regulation and roles of the hyaluronan system in mammalian reproduction. Reproduction.

parturition and preterm birth. Matrix Biol. 2019;78-79:24-31.

8. Daniel Castracane V, Craig Jordan V. The Effect of Estrogen and Progesterone on Uterine Prostaglandin Biosynthesis in the Ovariectomized Rat,
Biology of Reproduction. 1975;13(5):587-596. https.//doi.org/10.1095/biolreprod13.5.587

9. Maioral GCCC, Gomes RCT et al. Concentration of glycosaminoglycan in ovariectomized mice uterus after treatment with ovarian steroids. Gyne-
cological Endocrinology. 2016;32(8):617-621. https.//doi.org/10.3109/09513590.2016.1147027

10. Salamonsen LA, Shuster S, Stern R. Distribution of hyaluronan in human endometrium across the menstrual cycle: implications for implanta-

tion and menstruation. Cell Tissue Res 2001;306:335-340

11. Oguchi T, Ishiguro N. Differential Stimulation of Three Forms of Hyaluronan Synthase by TGF-p, IL-1f, and TNF-a. Connective Tissue Re-

search. 2004;45(4-5):197-205. https://doi.org/10.1080/03008200490523031

12. Misra S, Hascall VC, Markwald RR et al. Interactions between Hyaluronan and Its Receptors (CD44, RHAMM) Regulate the Activities of In-
flammation and Cancer. Front Immunol. 2015;6:201. https.//doi.org/10.3389/fimmu.2015.00201

https://doi.org/ 10.20340/ mv-mn.2025;33(3):929



Mopdgponoeuueckue eedomocmu — Morphological Newsletter: 2025 Tom (Volume) 33 Buinyck (Issue) 3

13.

Stern R, Asari AA, Sugahara KN. Hyaluronan fragments: an information-rich

system. Eur | Cell Biol. 2006,85:699-715

14.

15.

16.

17.

18.

19.

20.

Girish KS, Kemparaju K. The magic glue hyaluronan and its eraser hyaluronidase: a biological overview. Life Sci. 2007;80(21):1921-1943.
https://doi.org/10.1016/].1f5.2007.02.037

Carson DD, Dutt A, Tang JP. Glycoconjugate synthesis during early pregnancy: hyaluronate synthesis and function. Dev Biol. 1987;120:228-
235

Schoenfelder M, Einspanier R. Expression of hyaluronan synthases and corresponding hyaluronan receptors is differentially regulated during
oocyte maturation in cattle. Biol Reprod. 2003,;69(1):269-277. https.//doi.org/10.1095/biolreprod.102.011577

Campbell S, Swann HR, Aplin JD et al. CD44 is expressed throughout pre-implantation human embryo development. Hum Reprod.
1995;10(2):425-430. https;//doi.org/10.1093/oxfordjournals.humrep.a135955

Sancakli Usta C, Turan G, Bulbul CB et al. Differential expression of Oct-4, CD44, and E-cadherin in eutopic and ectopic endometrium in ovari-
an  endometriomas and  their  correlations  with  clinicopathological — wvariables. Reprod — Biol = Endocrinol.  2020;18:116.
https.//doi.org/10.1186/512958-020-00673-1

Kimura N, Konno Y, Miyoshi K et al. Expression of hyaluronan synthases and CD44 messenger RNAs in porcine cumulus-oocyte complexes
during in vitro maturation. Biol Reprod. 2002,66:707-717

Marei WFA, Salavati M, Fouladi-Nashta AA. Critical role of hyaluronidase-2 during preimplantation embryo development. Mol Hum Reprod
2013;19:590-599

21. Lane M, Maybach M, Hooper K et al. Cryo-survival and development of bovine blastocysts are enhanced by culture with recombinant albumin
and hyaluronan. Mol Reprod Dev. 2003;64:70-78

22. Stojkovic M, Kolle S, Peinl S et al. Effects of high concentrations of hyaluronan in culture medium on development and survival rates of fresh and
frozen-thawed bovine embryos produced in vitro. Reproduction 2002;124:141-153

23. Fu W, Yu M, Zhang X]. Effect of hyaluronic acid-enriched transfer medium on frozen-thawed embryo transfer outcomes. ]. Obstet. Gynaecol.
Res. 2018;44(4):747-755. https.//doi.org/10.1111/jog.13581

24. Pervushina AA, Khizroeva JKh, Bitsadze VO. Regarding repeated implantation failures coupled to assisted reproductive technologies. Obstetrics,
Gynecology and Reproduction. 2024;18(3):401-413. https://doi.org/10.17749/2313-7347/0b.gyn.rep.2024.508

25. Valojerdi MR, Karimian L, Yazdi PE et al. Efficacy of a human embryo transfer medium: a prospective, randomized clinical trial study. ]. Assist.
Reprod. Genet. 2006;23(5):207-212. https;//doi.org/10.1007/s10815-006-9031-7

26. Urman B, Yakin K, Ata B et al. Effect of hyaluronan-enriched transfer medium on implantation and pregnancy rates after day 3 and day 5 em-
bryo transfers: a prospective randomized study. Fertility and Sterility 2008;90(3):604-612

27. Nakagawa K, Takahashi C, Nishi Y et al. Hyaluronan-enriched transfer medium improves outcome in patients with multiple embryo transfer
failures. ]. Assist. Reprod. Genet. 2012,29(7):679-685

28.

Bontekoe S, Johnson N, Blake D. Cochrane Gynaecology and Fertility Group. Adherence compounds in embryo transfer media for assisted repro-
ductive technologies. Cochrane Database Syst Rev 2014;2:CD007421

29.Fancsovits P, Murber A, Tothne Gilan Z et al. Effect of hyaluronan containing transfer media on pregnancy and implantation rates in human

30.

31.

32.

33.

34.

35.

3e.

37.

38.

39.

40.

41.

IVF-ET cycles. A prospective randomized study. Hum Reprod 2011,;26:124

Fancsovits P, Lehner A, Murber A et al. Effect of hyaluronan-enriched embryo transfer medium on IVF outcome: a prospective randomized clini-
cal trial. Arch. Gynecol. Obstet. 2015; 291(5):1173-1179. https.//doi.org/10.1007/500404-014-3541-9

Heymann D, Vidal L, Or Y et al. Hyaluronic acid in embryo transfer media for assisted reproductive technologies. Cochrane Database Syst Rev
2020;9:CD007421

Adeniyi T, Horne G, Ruane PT et al. Clinical efficacy of hyaluronate-containing embryo transfer medium in IVF/ICSI treatment cycles: a cohort
study. Hum. Reprod. Open. 2021;(1):hoab004

Drapkina YuS, Kulakova EV, Nepsha OS. Optimizatsiya embriologicheskogo etapa v programmakh lecheniya besplodiya metodami VRT s prime-
neniem kul'tural'nykh sred s gialuronovoy kislotoy u supruzheskikh par s PGT-A. Akusherstvo i ginekologiya. 2021;11:166-174.
https.//doi.org/10.18565/aig.2021.11.166-174

Heymann D, Vidal L, Shoham Z et al. The effect of hyaluronic acid in embryo transfer media in donor oocyte cycles and autologous oocyte cycles:
a systematic review and meta-analysis. Hum Reprod. 2022,;37(7):1451-1469. https.//doi.org/10.1093/humrep/deac097

Afify AM, Craig S, Paulino AF. Temporal variation in the distribution of hyaluronic acid, CD44s, and CD44v6 in the human endometrium
across the menstrual cycle. Appl Immunohistochem Mol Morphol 2006;14:328-333

Yagudina RI, Kulikov AYU, Tishchenko DG. Farmakoekonomicheskiy analiz otdalennykh posledstviy bolee shirokogo ispol'zovaniya ekstra-
korporal'nogo oplodotvoreniya v lechenii besplodiya na regional'nom i federal'nom urovnyah s pozitsii obshchestva v tselom v Rossiyskoy Feder-
acii. Farmakoekonomika: teoriya i praktika, 2017;5(1):34-39

Chegedekova ShB, Khismetova ZA, Ken 1. Ekonomicheskaya effektivnost' ot vnedreniya vspomogatel 'nykh reproduktivnykh tekhnologiy v sotsi-
al'nom kontekste. Nauka i Zdravookhranenie. 2019;2(21):108-115

Korsak VS, Smirnova AA, Shurygina OV. Registr VRT Obshcherossiyskoy obshchestvennoy organizatsii «Rossiyskaya Assotsiatsiya Reproduk-
tsii Cheloveka». Otchet za 2022 god. Problemy reproduktsii. 2024;30(6):8-24

Simon A, Safran A, Revel A et al. Hyaluronic acid can successfully replace albumin as the sole macromolecule in a human embryo transfer medi-
um. Fertil Steril 2003;79:1434-1438

Berneau SC, Ruane PT, Brison DR et al. Investigating the role of CD44 and hyaluronate in embryo-epithelial interaction using an in vitro model.
Mol. Hum. Reprod. 2019;25(5):265-273

Behzad F, Seif MW, Campbell S et al. Expression of two isoforms of CD44 in human endometrium. Biol Reprod 1994;51:739-747

The authors declare that they have no any conflicts of interest
in the planning, implementation, financing and use of the
results of this study

INFORMATION ABOUT AUTHORS

Sergey N. Yukhimets, Candidate of Medical Sciences, Do-
cent, Associate Professor of the Saint Joseph University in
Tanzania Anatomy Department,

Dar es Salaam, Tanzania;

e-mail: sergei.iukhimets@sjchs.sjuit.ac.tz

ABTOpr 3asBIISIIOT 00 OTCYTCTBUM KaKvx-7bo KOHq)J'IV[KTOB
VHTEPEeCOB IIpN IUIaHVIPOBaHWMM, BBIIIOJIHEHIN, (pT/I_HaHCVIPOBa—
HVV VI ICTIOJTB30BaHMM PE3YyJIbTaTOB HACTOAIIETO VICCIIETOBaHVEA

MHO®OPMALVISI Ob ABTOPAX

FOxnument Ceprenn HukosraeBud, KaHOMOAT MeIMIITHCKIX
HayK, AOIIeHT, HOIeHT KadpeIphl aHaTOMWUM YHVBepCUTeTa
Caaroro Mocuda B Tanszanmmy,

Hap-3c-Camam, Tanzanms;

e-mail: sergei.iukhimets@sjchs.sjuit.ac.tz

https://doi.org/ 10.20340/ mv-mn.2025;33(3):929



Mopdgponoeuueckue eedomocmu — Morphological Newsletter: 2025 Tom (Volume) 33 Buinyck (Issue) 3

Ol'ga O. Popova, Aspirantin of the Samara State Medical
University Histology and Embryology Department, Samara,
Russia;

e-mail: popovaoo@outlook.com

Oksana V. Shurygina, Doctor of Medical Sciences, Docent,
Professor of the Samara State Medical University Histology
and Embryology and Reproductive Medicine, Clinical Em-
bryology and Genetics Departments,

Samara, Russia;

e-mail: oks-shurygina@yandex.ru

Olesya V. Kulakova, Candidate of Medical Sciences, Docent,
Associate Professor of the Samara State Medical University
Histology and Embryology Department, Samara, Russia;
e-mail: olesvk@mail.ru

Sergey A. Shurygin, Candidate of Medical Sciences, Assis-
tant of the REAVIZ Private Medical University Morphology
and Pathology Department, Samara, Russia;

e-mail: sa-shur@yandex.ru

Dmitriy Yu. Rusakov, Candidate of Medical Sciences, Asso-
ciate Professor of the Samara State Medical University Urolo-
gy Department, Samara, Russia;

e-mail: maison55@rambler.ru

Svetlana S. Bovtunova, Candidate of Medical Sciences,
Docent, Associate Professor of the Samara State Medical
University Histology and Embryology Department, Samara,
Russia;

e-mail: s.s.bovtunova@samsmu.ru

Dina V. Korchagina, Candidate of Medical Sciences, Associ-
ate Professor of the Samara State Medical University Russian
Federation Honored Scientist Professor Lebedev Pharmacol-
ogy Department,

Samara, Russia;

e-mail: d.v.korchagina@samsmu.ru

Dmitriy Yu. Kutikhin, Clinical Resident of the Samara State
Medical University Neurology Department,

Samara, Russia;

e-mail: lol.gor.2017@mail.ru

ITonosa Osera OnerosHa, actipaHTKa KadpeIpsl ITICTONIO-
v v aM6proorvv CaMapcKoTO TOCyZIapCTBEHHOTO MeJIvi-
myHCcKoro yHusepcurera, Camapa, Poccns;

e-mail: popovaoo@outlook.com

IIypeirmaa Oxcana BuKTOpoBHA, JTOKTOP MeIUIIVHCKMX
HayK, JIOLIeHT, IIpodeccop Kaderapsl IMCTOIOIUN 1 3MOpIo-
JIorvivi ¥ Kacpepbl perpofyKTUBHON MEeIUIIVHEI, KIMHIJe-
cKovt 3MOpumororum 1 reHeTnKy CaMapcKoro rocygapcTBeH-
HOT0 MeIMLMHCKOro yHuBepcureta, Camapa, Poccust;

e-mail: oks-shurygina@yandex.ru

Kynaxosa Osecss BukropoBHa, KaHIWIAT MeIUIIVHCKIX
HayK, IOLIEHT, AOIeHT KadeIpbl IVICTOTIOIMI VI SMOPVIOIIOr I
CamapcKoro rocygapcTBeHHOTO MeAVIIMHCKOTO YHVBEpPCUTe-
ta, Camapa, Poccrrst; e-mail: olesvk@mail.ru

IIypeirma Ceprent AjleKcaHApPOBWMY, KaHIWIAT MeUIIVIH-
CKMX HayK, acCUCTeHT Kadepbl aHaTOMUM M MOPEOIIOrmm
Mepuuymnckoro ynusepcurera PEABI3, Camapa, Poccns;
e-mail: sa-shur@yandex.ru

Pycakos [Omurpunt IOpweBnd, KaHawaaT MeOUIIVHCKIX
HayK, AOLeHT Kadenpsl yposnoruyu CamMapckoro rocypap-
CTBEHHOTO MeAMIIMHCKOro yHuBepcuteTa, Camapa, Poccus;
e-mail: maison55@rambler.ru

Bbosrynosa Cseriana CepreeBHa, KaHAVIAT MeIVIIVHCKIIX
HayK, IIOLIEHT, AOIIeHT KadeIpbl IVICTOJIOIMI V1 SMOPVOIIOrim
CaMapcKOro rocyJapcTBeHHOTO MEAVIMHCKOTO YHVUBEPCHUTe-
ta, Camapa, Poccnst;

e-mail: s.s.bovtunova@samsmu.ru

Kopuarmuaa [IyHa BuKTOpOBHA, KaHOMAAT MEOVILIVHCKIX
HayK, TOIeHT Kadeapr! (papMaKoIOTMV MIMEHM 3aciTyKeHHO-
ro nesitesist Hayku Poccuiickon @eneparm npodeccopa A.A.
JleGemesa CamapcKOTO ToOCyAapCTBEHHOTO MEIVIIVHCKOTO
yHusepcurera, Camapa, Poccnst;

e-mail: d.v.korchagina@samsmu.ru

Kyruxuna Ivurpun HOpbeBud, KIMHUYECKUV OPAVHATOP
Kxadenper Hespororvv CaMapckoro rocy/IapcTBeHHOTO Me-
nuyHcKoro yHuBepcurera, Camapa, Pocenst;

e-mail: lol.gor.2017@mail.ru

https://doi.org/ 10.20340/ mv-mn.2025;33(3):929



