ORIGINAL RESEARCHES / OPUTVIHAJIbHBIE ICCJIEJOBAHNA 59 I

UDC code: 618.177-089.888.11-07:618.112.2
DO https://doi.org/10.17816/JOWD69559-68
BLOOD SERUM AND FOLLICULAR FLUID RELAXIN:
A PILOT STUDY OF THE HORMONE EFFECTS ON OVARIAN FUNCTION
AND FERTILIZATION EFFICIENCY

© O.N. Bespaloval, V.A. Zagaynova!, O.V. Kosyakova!, A.M. Gzgzyan® 2, L.Yu. Kogan?, Yu.P. Milyutina?,
N.N. Tkachenko?, V.L. Borodina?, E.A. Lesik?, I.D. Mekina?, E.A. Komarova'!

! The Research Institute of Obstetrics, Gynecology, and Reproductology named after D.O. Ott,” Saint Petersburg, Russia;
% Saint Petersburg State University, Saint Petersburg, Russia

For citation: Bespalova ON, Zagaynova VA, Kosyakova OV, Gzgzyan AM, Kogan IYu, Milyutina YuP, Tkachenko NN, Borodina VL,
Lesik EA, Mekina ID, Komarova EA. Blood serum and follicular fluid relaxin: A pilot study of the hormone effects on ovarian
function and fertilization efficiency. Journal of Obstetrics and Women’s Diseases. 2020;69(5):59-68. https://doi.org/10.17816/
JOWD69559-68

Received: August 10, 2020 Revised: September 15, 2020 Accepted: October 12, 2020

= Hypothesis/aims of study. To date, one of the most important avenues of research in the field of reproductive medicine
is the searching for new biochemical markers of oocyte quality and the prediction of the effectiveness of in vitro fertiliza-
tion (IVF) protocols. The aim of this study was to assess the effect of relaxin levels in blood serum and follicular fluid
on the efficiency of ovulation stimulation, fertilization, and characteristics of the embryos.

Study design, materials and methods. This prospective randomized cohort study included 11 patients undergoing
infertility treatment in a superovulation stimulation protocol using gonadotropin-releasing hormone antagonists. Age,
body mass index, hormonal status, ovarian response, endometrial thickness and structure, the number and quality of
oocytes and embryos, as well as fertilization efficiency were assessed. The level of relaxin in blood serum and follicular
fluid samples was determined on the day of transvaginal follicle puncture using enzyme immunoassay.

Results. A correlation between follicular fluid relaxin levels and body mass index, age, the number of oocytes, and their
fertilization efficiency (p < 0.05) was established. Changes in follicular fluid relaxin level were revealed depending on the
gonadotropin preparations (p < 0.05) and triggers of final maturation of oocytes (p < 0.05). The tendency of the effect
of gonadotropin doses on circulating relaxin levels, and of the hormone itself on endometrial thickness and the quality
of oocytes was determined.

Conclusion. Determination of the relaxin concentration can be considered as a promising method for predicting the
result of ovarian stimulation and the efficiency of fertilization in IVF protocols.

= Keywords: relaxin; in vitro fertilization; follicular fluid; oocyte; fertilization efficiency; endometrium.

PENTAKCUH CbIBOPOTKWU KPOBU U ®ONNIUKYNAPHON MUAKOCTU:
MAWNOTHOE MCCNEQOBAHUE BIUAHNA TOPMOHA HA ®YHKUHUIO ANYHUKOB
N SOPEKTUBHOCTb ONTIOAOTBOPEHUA

© 0.H. becnanosa?, B.A. 3araiiHosa’, 0.B. Kocakosa®, A.M. M3raan® 2, U.10. Koran® 2, 10.M. Muniotunal,
H.H. TkaueHko?, B.J1. Bopoauna?, E.A. Necuk?, U.A. Mekuna?, E.A. Komaposa®

! QepepanbHOE roCyIapCcTBEHHOE OIOIKETHOE HayYHOE yuIpexeHre «HayqHo-1MCcCnenoBaTenbcKuil MHCTUTY T
aKyIIepCcTBa, rMHeKonorvy u penpopykronorvy uM. [1.0. Orra», Cankr-IleTep6ypr;

2 QepepanbHOE TOCYAAPCTBEHHOE GIOfPKETHOE 06PA30BaTe/IbHOE YIPEXK/EHNUE BBICLIET0 06pasoBaHms
«CaHKT-ITeTep6yprckuit rocygapcTBeHHbI yHUBepcuTeT», CankT-Iletepbypr

Ona untnposaHus: becnanosa O.H., 3araiiHosa B.A., Kocakosa O.B., [3raaH A.M., Koran W.10., MuntotuHa 0.1, TkayeHko H.H.,
BopoguHa B.N., Nlecuk E.A., MeknHa WU.[., Komaposa E.A. PenakcuH CbIBOPOTKM KPOBM U GOATUKYAAPHON HKUAKOCTU: MUAOTHOE
UCCNeaoBaHne BAMAHWA FOPMOHA Ha QYHKLMIO AMYHUKOB M 3GGEKTUBHOCTL ONOA0TBOPEHUA // MypHan aKylepcTBa M KEHCKMX
6onesHel. — 2020. — T. 69. — Ne 5. — C. 59-68. https://doi.org/10.17816/J0WD69559-68

Moctynuna: 10.08.2020 OpobpeHa: 15.09.2020 MpuHaTa: 12.10.2020
Journal of Obstetrics and Women'’s Diseases 2020 Volume 69 Issue 5 ISSN 1684-0461 (Print)
KypHan aKylepcTsa U )eHCKkux bonesHein Tom Bbinyck ISSN 1683-9366 (Online)



ORIGINAL RESEARCHES / OPUTVIHAJIBHBIE MCCJIEJOBAHIA

e

= Axmyanvrocmv. OEHUM UX BOXHENIINX HAIPABIeHWIT NCCTIEHOBAHNUIT B 00/IaCTY PEIIPORYKTUBHOIM MEIVILIVHbI SIB/LS-
€TCS TIOVCK OMOXMMIYECKUX TOKa3aTesiell KauecTBa OOLUTOB M IPOrHO3MpOBaHMEe 3G EKTUBHOCTI MPOTOKOIOB 9KC-
TPaKOPIIOPATBHOTO OIIOJOTBOPEHMSI.

ITenv — oreHNTBH BIMSIHIE YPOBHEI PETAKCYHA B CHBIBOPOTKE KPOBIU 1 (DOUIMKYIIAPHOI KUAKOCTH Ha 3¢ PeKTUBHOCTD
CTUMY/IALMY OBY/LILNY, OIUIOFOTBOPEHNS, XapPaKTePUCTUKY ITOTyIeHHBIX 9MOPIOHOB.

Mamepuanvt u memoovt uccinedoéanus. B TpocreKTVBHOe KOTOPTHOE PpaHJOMU3NMPOBAHHOE NCC/IEJOBaHNe
Bomumu 11 TANMeHTOK, NMPOXOAUBIINX JledeHIe OeCIUIOfYs B IIPOTOKOJIE CTUMY/IILUY CYIEpPOBY/SIIMY C IpYMeHe-
HIUEM aHTAarOHMCTOB TOHA[OTPOIMH-PUIN3UHT-TOpMOHA. OIeHMBAIN BO3PACT, MHIEKC MACChl Ted, TOPMOHAJIBHBII
CTaTyC, OBAPMA/IBHBIIL OTBET, TOMIVHY ¥ CTPYKTYPY SHAOMETPMsI, KOIMIECTBO M KAaueCTBO OOLMTOB, 3MOPUOHOB,
3¢ $EKTUBHOCTD OIIOROTBOPEHNsI. YPOBEHb pPelTakCHMHA B 00pasljax CBIBOPOTKM KPOBU U (DOUIMKYISAPHON XKUAKO-
CTU OIpefe/sinu B [ieHb IIPOBENEHNs TPAHCBATMHAIBHONM IYHKUUM (O/UIMKYIOB METOAOM MMMYHO(EPMEHTHOIO
aHa/m3a.

Pesynvmamuvt uccnedosanus. YcTaHOBIEHa KOPPe/LALMA MeXY YPOBHEM peTaKCuHa B (DOJUIMKYILAPHON SKUJKOCTH
U MHEKCOM MAacChl TeJIa, BO3PACcTOM, KOJIMYeCTBOM OOLVITOB, 3()(PeKTUBHOCTDIO UX OIIORoTBOpeHu (p < 0,05). OT™me-
YeHO M3MEHEHIe YPOBHs pelakciHa B (POUIMKY/ISPHON XXUAKOCTU B 3aBUCHMOCTI OT IIPUMEHsIEMBIX [IPEMapaToB ro-
HapoTpommHOB (p < 0,05), a TakxKe TPUITePOB (HMHATBHOTO CO3peBaHMsA oouuToB (p < 0,05). BelaB/IeHa TeHIeHIIUA BIIM-
SIHVSL {03 TOHA/[OTPOIIMHOB HAa YPOBHU LMPKY/TUPYIOIIErO PelaKCHHA M CAMOTO TOPMOHA — Ha TOMIUHY 9HAOMETPYs
7 Ka4eCTBO OOLUTOB.

Bwv1600v1. OmipefieneHnie KOHIIEHTPAIMM PeTaKCMHA MOXXHO PacCMATpPUBATh B KadeCTBe MEPCIEKTUBHON METONUKN
[IPOTHO3MPOBAHNsSI Pe3y/IbTaTa CTUMY/LILNYU SANIHUKOB, 3P PEKTMBHOCTHU OIUIOfOTBOPEHNMS B IIPOTOKOIAX IKCTPAKOP-
IIOPa/IbHOTO OIUIOJOTBOPEHMSI.

= KnroueBble cIoBa: peIakCyH; 9KCTPaKOPIIOpaIbHOE OIIOROTBOPEHE; POIUINKY/IIPHAS XKUFKOCTD; 00LUT; 3¢ heKTuB-

HOCTb OIUIOOTBOPEHNA; SHIOMETPUIA.

Background

According to modern scientific concepts, one
of the leading criteria for the success of assisted
reproductive technology (ART) programs is the
quality of germ cells, the so-called oocyte fac-
tor, which determines the potential of fertiliza-
tion, in vitro embryo development, implantation,
and early pregnancy [1, 2]. Oocyte growth and
maturation are directly related to the microen-
vironment of the developing follicle and depend
on the composition of the follicular fluid (FF),
including blood plasma components that have
passed through the follicular barrier and pro-
ducts of the secretory activity of granulosa and
thecal cells of the follicle [3]. At the same time,
FF aspiration during transvaginal follicle punc-
ture (TFP) is a routine and integral part of the
procedure, which makes it an accessible medium
to search for biochemical predictors of oocyte
quality and predict the effectiveness of in vitro
fertilization (IVF) protocols [4]. To date, more
than 37 such markers have been described, in-
cluding reactive oxygen species, gonadotropic and
sex steroid hormones, and several others, as well
as cytokines, growth factors, amino acids, prosta-
glandins, inhibins, vitamins, and vitamin-depen-
dent proteins [5, 6].

One of the potentially promising markers is
the relaxin hormone, a pleiotropic polypeptide of
the insulin superfamily with a molecular weight of
about 5-6 kDa, which has a multifactorial effect
on the functions of various systems and organs.
One of the most studied forms of the hormone,
which is involved in the functioning of the re-
productive system, is relaxin-2 [7]. In women,
relaxin is secreted by the ovarian corpus luteum
and granulosa and theca cells of the follicle. It is
also produced in the endometrium and placenta
during pregnancy [8]. Relaxin is involved in the
maturation of oocytes and affects the development
rate and quality of embryos [9]. Thus, relaxin re-
ceptors (relaxin/insulin-like family peptide recep-
tor [RXFP] 1) are expressed in granulosa cells
of primary and secondary human follicles [10].
In vitro expression of RXFP1 and RXFP2 recep-
tors and the hormone itself were determined in
oocytes, cumulus cells, and preimplantation em-
bryos (at all developmental stages, including blas-
tocysts). The addition of relaxin to the culture
medium increases the content of mature oocytes
and promotes the development of pig and primate
embryos, improving their in vitro quality [11-13].

The correlation between the folliculogenesis
processes and relaxin concentration increase in
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FF was established [14]. The correlation between
the blood serum relaxin concentration and oocyte
count obtained is of interest [15]. In view of the
above, some authors have considered relaxin as
a predictor of successful embryo transfer. For
example, relaxin levels >800 pg/mL produced by
luteinizing granulosa cell culture were associated
with implantation and prolongation of pregnancy
after an IVF cycle, whereas levels <200 pg/mL
were associated with protocol failure [16].

Studies examining relaxin at preimplantation
stages and in ART protocols are sporadic and am-
biguous. Thus, the determination of relaxin con-
centrations may be a relevant avenue in predicting
the ovarian response to stimulation and fertiliza-
tion process in IVF protocols and reflecting their
effectiveness.

Aim. This study aimed to assess the effect of
relaxin levels in blood serum and FF on the ova-
rian response, the count and quality of oocytes,
the efficiency of fertilization, and the number and
quality of embryos obtained by superovulation
stimulation in IVF protocols.

Study design, materials, and methods

The prospective cohort randomized study in-
cluded married couples with infertility (n=9)
and patients participating in the delayed mother-
hood program (n = 1) and in the oocyte donation
program (n = 1), who applied to the Department
of Assisted Reproductive Technologies of the
D.O. Ott Research Institute of Obstetrics and
Gynecology. A total of 11 patients were examined
according to the inclusion criteria, namely, pa-
tients who were aged 20 to 43 years and who
provided voluntary informed consent to par-
ticipate in the study. (The consent form was ap-
proved by the Ethics Committee of the D.O. Ott
Research Institute of Obstetrics and Gynecology.)
The exclusion criteria were IVF contraindications,
large uterine myoma, body mass index (BMI)
>35 kg/m? endometrial hyperplastic processes,
infectious and systemic autoimmune diseases,
type 1 or 2 diabetes mellitus, and any localized
malignant neoplasms.

Stimulation of ovulation

All patients underwent standard examina-
tion before entering the IVF protocol. Ovarian
stimulation was performed from day 3 of the

menstrual cycle using a fixed protocol and re-
combinant gonadotropins (rFSH Gonal-E Merck
Serono, Italy, and rFSH + rLH Pergoveris, Merck
Serono, Switzerland) or human menopausal go-
nadotropins (hMGT-Meriofert, IBSA Institut
Biochimique, S.A., Switzerland) and a gonado-
tropin-releasing hormone (GnRH) antagonist
(ganirelix 0.25 mg, Vetter Pharma, Organon,
Germany). The starting dose was adjusted de-
pending on the ovarian reserve, age, BMI,
and previous stimulation protocol outcomes.
If necessary, the dose was adjusted according
to the ovarian response. Recombinant human
chorionic gonadotropin Ovitrelle at a dose of
250 pg (Merck Serono, Italy) or GnRH agonist
Diphereline at a dose of 0.2 mg (Ipsen Pharma
Biotech, France) was used as ovulation triggers
(n =7 and 4, respectively).

All patients underwent ultrasound monitoring
of ovarian stimulation (number of growing fol-
licles and diameter) and endometrium assessment
(structure and thickness). Doses of gonadotropin
preparations were prescribed individually. The cri-
terion for the final oocyte maturation trigger was
the presence of 3 or more follicles with a diameter
of >17 mm. The TFP was performed under gene-
ral anesthesia with ultrasound guidance 36 h after
the trigger injection.

During TFP, the number of punctured fol-
licles and the number and maturity of the re-
sulting oocyte-cumulus complexes (OCCs)
were recorded. The follicles were not washed.
The quality of oocytes was assessed using a fer-
tilization method of intracytoplasmic sperm in-
jection (ICSI) and was determined as the ratio
of oocytes at the metaphase stage of the second
meiotic division (MII) to the number of OCCs.
In the standard IVF technique, the fertilization
efficiency was determined as the ratio of zygotes
with two pronuclei on day one of the develop-
ment to the number of OCCs obtained. In ICSI
fertilization, the efficiency was estimated as the
ratio of two nuclear zygotes on day one of the
development to the number of oocytes at the MII
stage on the day of puncture. Embryos were cul-
tured until day five on Vitrolife media (Sweden).
Embryos were assessed after five days according
to Gardner (1999). Blastocysts >3BB were consid-
ered good-quality embryos. Embryos were trans-
ferred to three patients on day five of culturing.
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The luteal phase of the cycle was supported by
progesterone preparations from the day of follicle
puncture.

Collection of blood serum samples
and aspiration of FF

Blood samples were obtained from female pa-
tients in the study group immediately before the
follicular TFP procedure and before the anesthetic
agents were administered. The samples were then
centrifuged for 20 min at 1500 g. FF was aspirated
by puncturing each follicle (with obligatory assess-
ment of OCCs and without further capacity sepa-
ration). FF samples were centrifuged at 1500 g
for 20 min. The resulting material was stored for
1-2 months at —80°C according to the guidelines.

Determination of relaxin levels in blood serum
and FF

The relaxin level in the material under study
was determined using a commercial kit for quan-
titative determination of relaxin-2 by sandwich
enzyme immunoassay according to the manufac-
turer’s instructions (SED868Hu enzyme-linked
immunosorbent assay kit for relaxin 2, USA).
The range of the determined concentrations was
3.1-500 pg/mL. According to the guidelines, there
were no differences in the methods used to deter-
mine FF and blood serum relaxin.

Statistical analysis

Statistica 10 software package (StatSoft, Inc.,
USA) was used for data processing. The normali-
ty of distribution was checked using the Shapiro-
Wilk test. The nonparametric Mann-Whitney
criterion and Kruskal-Wallis test were used to
compare the parameters being studied. Data are
presented as median (25" to 75" percentile).
A multivariate factor analysis was performed to
comprehensively describe the objects: it allows
to describe the real correlation between study at-
tributes and assess the reliability and accuracy of
conclusions based on the obtained data. The fac-
tor loadings (a) were calculated and interpreted
as correlations between the corresponding study
indicators and individual factors (hypothetical,
not directly measurable, latent attributes, and to
some extent related to the measured indicators).
The factors were identified by principal compo-
nent analysis. The data obtained for the analysis

were normalized. Factor analysis was also per-
formed to assess correlations. When assessing
the correlation between the study indicators, the
Spearmans rank correlation coefficient r, was
used. The correlation strength was assessed ac-
cording to the following values: 0-0.3, very weak;
0.3-0.5, weak; 0.5-0.7, average; 0.7-0.9, high;
0.9-1, very high. P values <0.05 were considered
statistically significant.

Results

Blood plasma and FF relaxin concentrations
were assessed in infertile patients (n = 11) treated
in the IVF protocol with ovulation stimulation.
In connection with the cryopreservation of ob-
tained oocytes (n=1), cancelation of embryo
transfer due to ovarian hyperstimulation syn-
drome (n = 1), and segmentation of cycle (n =5),
we failed to perform a correct statistical data pro-
cessing to assess the correlation between treat-
ment efficiency and relaxin levels in FF and blood
serum. Pregnancy was confirmed by pelvic ultra-
sound examination in two patients.

The study revealed a significant correla-
tion between FF relaxin and age (r=-0.65),
BMI (r =-0.67), number of punctured follicles
(r=0.66) and oocytes obtained (r=0.62), and
high correlation strength with the efficiency of
fertilization (r = -0.85). Significant correlations
between the study indicators and blood relaxin
were absent. The observed correlation between
blood relaxin and some of the study parameters,
including particular endometrial thickness, oocyte
quality, and total gonadotropin dose in the proto-
col, was a tendency (Fig. 1).

A significant difference in FF relaxin le-
vels was demonstrated in patients who used
rFSH/rFSH + rLH compared with those taking
hMGT (Z =2.279; p <0.05). No significant dif-
ference was found for relaxin levels in blood
serum depending on the gonadotropin prepara-
tions used. The decrease in blood relaxin levels
with the use of menotropins was only a tendency
(Fig. 2, a).

A difference was found between the indica-
tors of FF relaxin levels depending on triggers
used for final oocyte maturation. There was no
significant difference for relaxin levels in blood
serum depending on the indicated preparations
(Z = -2.051, p < 0.05; Fig. 2, b).
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Puc. 1. Koppemsanus MeXIy YPOBHEM pelakcuHa B (GOIUIMKY/ISIPHOI SKUKOCTHU U CBIBOPOTKE KPOBU U UCC/IELYEMBIMU
noxasarersivu (¥ p < 0,05)

Analysis with load assessment revealed two  (a =0.99), number of punctured follicles punc-
factors. The first factor was associated with  tured (a=0.99) and oocytes obtained (a=1),
FF relaxin (a=0.96), age (a=-0.87), AMH and fertilization efficiency (a =-0.99). The se-
level (a=0.99), BMI (a=-0.87), TFP day cond factor has the highest association with blood
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mone level; 8, ¥ dose of gonadotropins; 11, endometrial
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serum relaxin (a = 0.9), total gonadotropin dose
(a =0.84), oocyte quality (a =0.99), endometrial
thickness (a = 0.99), and number (a = 0.99) and
quality (a =0.99) of embryos on day 5 of their
development. This factor is inversely related to
the luteinizing (a = —0.89) and follicle stimulating
(a = —0.88) hormones (Fig. 3).

No correlation was found between relaxin le-
vels in FF and blood serum and the duration of
infertility, number of pregnancies and labor, and
history of ovarian surgery. No correlation was
also found between the FF values and blood re-
laxin concentrations and the number and quality
of the embryos obtained in the patients of this

group.

Puc. 3. [IByxmepHBbII rpaduk (PaKTOPHBIX HArPy30K KC-
CleyeMBbIX IIOKa3aTesell: TOKa3aTely, CBA3aHHbIe C (PaKTo-
poM 1: 2 — ypoBeHbD pellakciHa B (POJUIVKY/LAPHON KIIKO-
CTHU, 3 — BO3PACT, 4 — YPOBEHb AHTMMIOJIZIEpPOBA TOPMOHA
B CBIBOPOTKE KPOBM, 7 — MHJEKC MacChl Tenla, 9 — IeHb IIpo-
BefieHNA MyHKUMYU, 10 — KOMM4eCTBO IMYHKTMPOBAHHbIX
¢bonnmukynos, 12 — KOMUIECTBO 00LMTOB, 14 — 3ddek-
TUBHOCTb OIUIOIOTBOPEHMs; IIOKA3aTeNly, CBA3AHHBIE
¢ pakTOpOM 2: 1 — ypOBeHb pelaKCUHA B CBIBOPOTKE KPO-
BU, 5 — ypOBEHb TIOTEMHU3UPYIOLIETO TOPMOHA B CBIBO-
POTKe KpOBM, 6 — YPOBEeHb (POJUIMKYIOCTIMYIUPYIOLErO
TOPMOHA B CBIBOPOTKE KPOBM, 8§ — CyMMapHas 032 TOHa-
TOTPOIVHOB, 11 — TONIVHA 3HROMETpYsA, 13 — Ka4ecTBO
OOLIUTOB, 15 — KOMM4YeCTBO 6/IACTOLNCT Ha 5-€ CYTKH, 16 —
KO/IMYECTBO SMOPIMOHOB XOPOLIEro KadecTBa Ha 5-¢ CyTKH
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Discussion

According to the literature, the pool of circu-
lating relaxin is determined by the level and dura-
tion of corpus luteum function during the luteal
phase of the cycle and in pregnancy, whereas FF
relaxin levels reflect the secretory activity of
granulosa and theca cells [8, 17]. In this study, re-
laxin levels in the bodily fluids were assessed only
on the day of follicular TFP, which probably ex-
plains the lack of correlation between relaxin le-
vels in FF and blood.

In vitro studies revealed an increase in FF re-
laxin concentration with the growth of the fol-
licle [18, 19]. An association was found between
relaxin levels in blood serum and follicle and
oocyte counts obtained in IVF protocols [20].
In our study, we found a correlation between the
concentration of FF relaxin and the number of
punctured follicles and oocytes obtained, which
partly agrees with the results of previous studies.
This may be explained by the production of re-
laxin both by steroid-producing follicle cells with
their naturally increased number during ovarian
stimulation in IVF cycles and by OCCs and the
oocytes themselves. Relaxin may be involved in
the signaling interaction between the oocyte and
surrounding somatic cells, in the processes of
folliculogenesis, and oocyte growth and matura-
tion [17]. However, in some studies, no correla-
tion was found between FF relaxin levels and the
oocyte count obtained [21].

Morphofunctional maturity of the oocyte is
the basis for successful fertilization and is impor-
tant for developing the embryo in the early stages.
Some in vitro studies demonstrate the expression
of relaxin receptors and the hormone itself by
oocytes, OCCs, as evidenced by the favorable ef-
fect of relaxin in addition to the cell culture me-
dium. In this study, only a tendency for the effect
of relaxin levels in blood serum on oocyte quality
was observed. However, various individual fac-
tors, including genetic ones, were not taken into
account. We also found a negative correlation
between FF relaxin concentrations and oocyte
fertilization efficiency, which should be further
studied in a larger sample.

We obtained a significant inverse correlation
between FF relaxin, age, and BMI of the patients.
No data were found in the available literature on
the correlation between blood relaxin or FF levels

and age. We demonstrated a decrease in FF re-
laxin levels with increasing age of patients, which
is presumably associated with physiological pro-
cesses of decreased relaxin production by follicle
cells with age-related changes in the ovaries (de-
creased ovarian reserve, increased follicle atresia
rate, and reduced oocyte quality) [22].

Current literature suggests negative effects of
increased BMI on female fertility, particularly on
oocyte quality, embryo development, and abnor-
mal metabolites in FE. One of the mechanisms
for the realization of the adverse effect of this fac-
tor may be the lack of production of the relaxin
hormone and the disruption of its signaling path-
ways [23, 24].

No studies describing changes of relaxin le-
vels in blood and FF depending on the prepara-
tions used in the IVF protocol were found. Thus,
we found during the study that FF relaxin se-
cretion was higher with the use of recombinant
gonadotropin (Gonal-E, Pergoveris) compared
with the urinary (Meriofert) preparations, which
should also be studied in more detail. At the same
time, the effect of the total dose of gonadotro-
pins on the hormone indicators in FF was not
revealed, but a tendency toward a negative corre-
lation with the blood relaxin level was observed.
The difference in FF relaxin concentrations was
determined depending on the triggers used for
the final maturation of oocytes; the hormone
level was higher when using the GnRH agonist
Diphereline. Probably, the results obtained are ex-
plained by the duration of exposure to the prepa-
rations used.

Relaxin changes the processes of phase trans-
formation, endometrial decidualization, implan-
tation, and trophoblast invasion, which must be
taken into account when considering the effect of
blood serum relaxin on indicators of endometrial
thickness.

The LGR-7 relaxin receptor is expressed in
the stromal and glandular cells of the human
endometrium; RXFP1 was found in the uterine
myometrium. The hormone itself is secreted
by endometrial cell structures during both the
proliferative and secretory phases of the men-
strual cycle, as well as during the implantation
window [25]. Relaxin stimulates the expression of
endometrial secretory proteins (glycodelin, an in-
sulin-like growth factor binding protein-1), which
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confirms its participation in implantation [9, 26].
Relaxin enhances the production of vascular en-
dothelial growth factor in stromal and glandular
endometrial cells, especially during the secretory
phase of the cycle. In vitro studies have shown
that treatment with relaxin preparations plays an
important role in stimulating endometrial angio-
genesis, increases the proliferation of endothelial
cells in the uterine blood vessels and the number
of endometrial arterioles, which leads to endo-
metrial thickening, increases the probability of
implantation, and affects the invasion of tropho-
blasts [27, 28].

Conclusion

Based on the pilot study, the level of relaxin in
FF and blood serum may be a potential marker
for predicting ovarian response to stimulation, the
count and quality of oocytes, and the efficiency of
their fertilization. Further studies are needed to
assess the role of relaxin in the processes of oocyte
maturation, fertilization, embryo development,
and implantation. The data obtained will allow us
to determine the effects of relaxin production and
its signaling pathways on the efficiency of ART
programs.
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