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YBa)KaeMVI KOJIervt, CK'bIlV ITPVISITEIIN,

ITpenn noseve ot 2,500 r. Ha Kondyrmi ce nmpummcsat gymure: ,[IpokiisiTie e ma XuBeel B
VIHTepecH! BpeMeHa".

Bpemenara, B KouTo XuBeeM, Oe3CIIOpPHO ca MHTepPeCHM, HO CBIIO TaKa TPYyAHM, CMyIllaBallly,
orracum. [Tarmemmnsra or COVID-19 3akoHOMepHO Oe rocirerBaHa OT MKOHOMMYeCKa periecys. V1
TOYHO KOraTo M3IjleXxzallle, ye raMbT Omicron Iiie ,BakCHHMpPa' ¥ 3aIlIUTY 10 eCTeCTBeH HaulH
roJyieMyi Fpynu OT XOPa, BKJIIOYMTEeIHO HeraTVBHO HaCTPOeHWTe KbM ChIIeCTBYBallTe BaKCUHM,
130yxHa BOVIHA.

BoriHa, Ha TepuTOpMsiTa Ha ChBpeMeHHa EBporia, kosTo Oe yOeneHa, de Bede e oOeqyiHeHa 11 ye
MUPBT U IIPOCIIEPUTETHT IIle TPAsT IBJIr0. BoviHa MeX1y [1Ba FeHeTMYHO OJIVM3KM Hapoia, MeX-
Iy JiBe ChCEITHY TbPXKaBIAL.. SICHU ca IIPUYMHNTE, arpecopsT U kepTBaTa. PaspyIieHns 11 cMBpT,
HeBUHHM XepTBIL. A la guerre comme a la guerre. He Moxe 1ta 0bz1e mprieMsnBo 11a Opmat OomOap-
AVipaHV XVWINIITHY Crpay, yunniia, Tearpu. Ho e HermpocTmo J1a ce B3puBsBaT OOITHUIIN, PO-
IOWJIKV JTa yMVIpaT OT TPaBMMUTe CI, @ KproOaHKMTe ¢ Oe3lleHHITe ClIepMaTO30M/IV, SIVIIIeKIIeTKI
v eMOPMOHM Ha CTOTUIIM X0opa f1a ObaaT KpuTy B OoMOoyOexmina v a ObIaT eBaKypaHu I1o
BCSIKaKBVI HETPAIMIIVIOHHN CITOCOOV KBM ChCEIHVI IIbPIKaBIL.

OT ancTaHIMsATa 1 CIIOKOVICTBMETO Ha HallaTa beiirapus e siecHo ja HabsroaBaMe CJIy4BaliioTo
ce Karo 3pesniiie, MogooHo Ha yTOOIeH May, B KOMITO OTHOBO CMe pasfie/IeH! Ha JIBe arUTKI.
Camo ue 3a0paBsiMe [1a norsienHeM B ceOe ci1, B coOcTBeHarta cu Hepasoopwst. [lommtidaecka Kpu-
3a, MHCTUTYIIVOHA/IHA Kpu3a, (prHaHCOBa Kpy3a, eHepruiiHa Kpusa, 3paBHa Kpusa... IIope/iHa
kpmsa. Huio xy6aso He ce cryusa. Huiro jiomio He ce mpoMens. I'ofgmna 11 mojiorHa padboTim
0e3 pasmmcaHy IIpaBwIa (3apanay oTMeHeHaTa HapenOa 28 11 MeaMITVICHKYM CTaHOAPT ,acUCTHpa-
Ha pernrpoaykums”). Hosu mpaBuTesicTBa, HO CbC CTapy IIOPSIIKIL

W BBIIpeKM BCMUKO HalllaTa TVIIANS IIPOAb/DKaBa fa ce TPyAy Ha BUCOTaTa Ha CbBPeMEHHUTe
CBETOBHVI CTaHIAPTM II0 acUICTMpaHa pelpoayKIVis, Ja BbBeX/Ia HOBI MEeTOIVIKYI, J1a peasv3vipa
HayuHM pa3spaboTkmn. VI ma cb3amasa metiata Ha beirapris, oHe3n, KonTo He Ovixa OvIv poreHy,
aKO HacC HY HsIMAIIIe.

3a BCUUKYM KOJIETM V1 IIPUATeIN, IIpe]] Bac, MaKap ¥ ChC 3aKbCHEeHVe, € HOBUST Opov Ha CIIvicaHue
Em6puoriorus. bposit 3a 2021 romyuHa. B Hero, HazisiBaM ce, 111e MoXe Jia IIpoyeTeTe MHTepecHM
CTaTuV V1 HOBMHWY, a peJaKI[MIOHHaTa Kojlerus e perleHa go Kpas Ha 2022 1. ga nsajie oIie eauH
Oporn.

H-p I'eopeu Huxo.1086,
[1aBen pedaxmop
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Dear colleagues and friends,
More than 2000 years ago Confucius allegedly said: “Living in interesting times is a curse!”

The times that we live in are undoubtedly interesting, but also difficult, intimidating and
dangerous. The COVID-19 pandemic has been followed quite predictably by an economic
recession. And when it seemed that the Omicron variant would ‘vaccinate’” and protect in a
natural way huge groups of people, including those who were against all existing vaccines, a
war erupted.

A war in modern Europe, regarding itself united and expecting that peace and prosperity
would last for quite a long time. A war between two genetically close nations, two neighboring
countries... The reasons are clear, as well as who the aggressor and the victims are. Destruction
and death, innocent casualties. A la guerre comme a la guerre. However, bombardment of residential
buildings, schools and theatres cannot be justified. It is unforgivable to blow up hospitals, young
childbearing mothers to be dying from their wounds, and the cryo-banks with precious frozen
sperm, oocytes and embryos to have to be evacuated by all sorts of unconventional means to
neighboring countries.

From the distance and peace in Bulgaria it is quite easy to be merely spectators of the developing
drama, divided just like fans at a football match. But we tend to forget to look inside ourselves, at
our own chaos. Political crisis, energy crisis, health crisis... next crisis. Nothing good happens,
nothing bad changes. It has been more than 18 months without written rules (the relevant
legislation being suspended). New governments with old habits.

Nevertheless, our society of embryologists continues its activities at the levels of the modern-
day ART standards, introducing new methods, developing scientific projects and creating the
children of Bulgaria, those who wouldn’t have been born if we hadn’t been there.

For all colleagues and friends, although with some delay, we offer the new edition of Embryology
journal. The edition that should have been published in 2021. We hope you find it interesting

and we promise that a new edition would be drafted until the end of 2022.

Dr Gueorgui Nikolov, MD, PhD,
Editor in chief
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MEJIATOHVIH V1 SBHAYEHWETO MY KATO XPOHOBMOJIOTTYEH ®PAKTOP 3A
PEITPOOYKIWATA IIPV XOPATA

Konakumena P, Hukostaes I.
buoaoeuuecku gpaxyamem, CY ,,C8. Kaumenm Oxpudcku®, 6ya. Ipaean Llanko8 8, 1164 Cogpus;

CHRONOBIOLOGY ASPECTS OF THE ROLE OF MELATONIN IN HUMAN
REPRODUCTION

R. Konakchieva, G. Nikolaev
Faculty of Biology, Sofia University “St. Kliment Ohridski”, 8 “Dragan Tzankov” Blvd., Sofia 1164;

Pestome

Menamonunem (N-ayemua-5-memoxcumpunmamun), npooyKkm Ha enugpusHama x1e3a, uma csiyecmbena poas 6 peou-
ya OuoA02UYHIL Npoyecy U Yuacmba 6 KOHMpOAUPaAHEeMo HA Ce30HHAMA penpodykmubra axmubHocm npu bo3ariHuyume.
V cmanoBeno e, ue xopmonsm uma npsxo Gesdeiicmbue Bspxy oBapuasHama yHKYUA NPU KeHAMA, KAMO ce npednoiaea
HeeoBomo yuacmue 6 namogusuoA0UAMA HA PASAUMHU penpoOyKmubHIL npobaeMU Kamo eHOOMempio3a, CUHOpOMA
Ha noauxucmosnu aAnunuyu (PCOS) u npexodebpemennama auunuxoba nedocmamesunocm (POF). Meaamonunsm u/
UAY MemaboAumume My ca CUAHU AHMUOKCUOAHMU - OeticmBuemo My Kamo WupoKocneKmsper aHmuokcuoanm e He-
206a ocHoBHa peyenmop-He3abucuma pyrKyuA. 3a oceujecmbabare Ha cneyudUUHU KAEMsUHU PYHKYUU e HeoOX00UMO
cBops3Baneno Ha xopmoHa ¢ Bucoxo-agpunumemny memOopanHu peyenmopu. Benpeku ue peyenmopume 3a MeAAMOHUH
ca KAOHUpaHu npu peduya 6udobe u mAxHomo pasnpedeserue U XapaxKmepucmukyu UHmMeHsubHo ce npoyubam, bee ouge
He ca U3ACHeHU KAeBUHUTIE MUWEHU 30 XOPMOHA, KAKIMO U (hU3U0A02UHHOMO 3HAYEHUE HA peyenmop-akmubupanume
CUCHAAHU NBMULLA 6 KOHMeKcma Ha penpodykmubHama yHkyus npu wobexa.

Abstract

Melatonin (N-acetyl-5-methoxytryptamine), a product of the pineal gland, plays an essential role in a number of
biological processes and is involved in controlling seasonal reproductive activity in mammals. The hormone has been
shown to have a direct effect on a woman’s ovarian function and has been suggested as a factor in the pathophysiology
of various reproductive problems such as endometriosis, polycystic ovary syndrome (PCOS) and premature ovarian
failure (POF). Melatonin and/or its metabolites are potent antioxidants - its action as a broad-spectrum antioxidant
is its main receptor-independent function. To perform its specific cellular functions, the hormone must bind to high-
affinity membrane receptors. Although melatonin receptors have been cloned in a number of species and their distribution
and characteristics have been extensively studied, cellular targets for the hormone and the physiological significance of

receptor-activated signaling pathways in the context of human reproductive function have not been elucidated.

[leHOHOIITHA PUTMMUYHOCT Ha (PVM3MOIOTUMIHIUTE
dyHKIUI

Konrienmsra 3a xoMeocrasara KaTo IO/ Tbp’KaHe Ha
IIOCTOSIHHA BBTPEIHa Cpefa € OCHOBEH IIPVHIINII
BBB (PM3MOJIOrMYHATA HayKa M TOBa ITOCTOSTHCTBO Ce
Hoaabpka MHOTO AnHaMum4aHoO. OO peHOMeH e, ue
roBefieHYecKMTe (PYHKIMM, KaKTO IIPY XopaTa Taka
v TIpu Ipyrurte OO3avHWMIIN, Ce IIPOosIBABaT C M3pase-
Ha IIMKJIMYHOCT, C PEryJISPHU BapraLuy IIpe3 JIeHs
(VKBTI aKTMBHOCT/TIOKOVI), CEIMMUIIN (eCTPyC/MeH-
CTpyasieH IVIKbJI) WV Mecelw (xnbepHamyis, Murpa-
1yst). CrabvTHOCTTa Ha Te3M PUTMMU Y MHIVIBUINATE
CJIey1 OTCTpaHsBaHe Ha BBHIITHNTE CUTHAJIV 3a BpEMe
ce BB3IIpMeMa KaTo JI0Ka3aTeJICTBO 3a HAIIMYMETO Ha
CIIOHTaHHM, BBTPEIIHN, M3MepBalllll BPEMETO MeXa-
HU3MM, v ,,ovostorrmudm yacopumin”. Cunra ce, ue
rosiBaTa Ha Te3y PUTMI B €BOJIIOINSTA € CBbp3aHa C
HeOOXO/IVIMOCTTa OT CMHXPOHM3MPaHe 1 ajiarTupa-
He Ha OpraHmsMa KbM XapaKTepHaTa 3a Hero BbHIITHA
cperia, KOSTO MOXe Jia Ce ITPOMEHS C BPEMETO 3HauM-
TEJIHO, HO BBIIPEKM TOBa Ipefckasyemo. [Iposisiie-
HMETO Ha PUTMUTE MOXe Jja O'bJle Bb3IIpreMaHO KaTo

Circadian rhythm of physiological functions

The concept of homeostasis as a constant
internal environment is a basic principle in
physiological science and this constancy is
maintained very dynamically. A common
phenomenon is that behavioral functions, both
in humans and other mammals, are cyclical,
with regular variations during the day (activity/
rest cycle), weeks (estrus/menstrual cycle) or
months (hibernation, migration). The stability of
these rhythms in individuals after the removal
of external time signals is perceived as evidence
of the presence of spontaneous, internal, time-
measuring mechanisms, or ,biological clocks”.
It is believed that the emergence of these
rhythms in evolution is associated with the
need to synchronize and adapt the organism to
its characteristic external environment, which
can change significantly over time, but still
predictable. The manifestation of rhythms can
be perceived as an inner sense of time, which
gives the individual the opportunity to be in

Embpuosoceuss Tom 11 Knuxka 1



BBTPEIIHO YyBCTBO 3a BpeMe, KOETO [daBa Ha VIHIIV-
Bria Bb3MOXXKHOCT Jia € B CMIHXPOH C BbHIITHNTE YCJIO-
BIsl U1 110 TO3M Ha4YMH MY ITIO3BOJISIBa Jda OIITMMU3V-
Pa agarTanusATa Cu. C’beEBMeHHVITe aHaJIMTUYHN U1
MOHeKYHHpHO—6MOHOFMqHM TeXHMKNM ITIO3BOJIMXa da
6"[:;)1@ HAEMOHCTPUPAHO, Ye IIposBaTa Ha rojieMuTe I10-
BeleHYeCKM PUTMNM BCBITHOCT ITPpE/ICTaBJIsiBa CMHTE3
OT HadJIa'BaHETO Ha HallpaBJIsIBaHVI OT YaCOBHMKa
(pVISVIOJ'IOFVILIHVI CbCTOAHMS Ha BbTpelllHaTa Cpe/a.

IypkamHaTa opraHmsaius e ¢yHIaMeHTaJIHa Xa-
PaKTepuCTVKa Ha CeKpelysiTa Ha MHOTO XopMoHM. Tst
ce TIposiBSIBa VIV Ype3 IIPOrpecyBHA IIPOMsHA B dec-
TOTaTa Ha eNW30IMYHOTO MM OCBOOOXIaBaHe, VI
Ype3 OCTPU IIPOMEHM B aKTUBUPAHETO Ha eHJIOKPVH-
HaTa ThKaH OT HepBHara crcTeMa. MaHudecTpaH-
Te pas3yinums B IpOPWINTe Ha IYpKaiHa aKTVBHOCT
IIPVY HOPMaJIHM YCJIOBWS, VI B YCJIOBUSATA Ha €KCIlepy-
MEeHTaJIHV MaHWUITyJIall}, JaBaT OCHOBaHME Jia ce
IIpe/ITioiara ChIIeCTBYBaHETO Ha pa3JIMYHM YacoB-
HVKOBY MeXaHW3MM, OT KOMTO Hari-100pe IIpoydeH e
TO3V CUTYMPaH B cyIlpaxmasMmaTnaanTe sapa (SCN)
Ha XUIIoTajlamyca. Te3y 4aCOBHMKOBY CTPYKTY PV Ca B
CBCTOSIHVIE JTa TeHepUpaT CaMOCTOSITEITHO IIVpKaJIeH
CUTHaJI, KOVITO Ce JIOCTaBsl JI0 ThKaHWUTe 110 Pa3IndHI
HEeBPOEHJIOKPVHHY ITBTUIIA. BhIIpekn de aHaTOMMY-
HaTa 0a3a Ha YacOBHWKa € pa3KpWwTa, BCe Ollle He ca
VI3BECTHV HEBPOXVIMWYHWTE MEXaHM3MM, y4acTBaIIV
B MOIIIHWS OpraHmsmpait edeKT Ha CBeT/IVIHaTa ¥ Ha
ApyTUTe IIpejIioyiaraeMn CUHXpoHm3aTtopu. Edek-
TMBHATa aJlallTalys KbM IIPOMEHNTE B I[VIK'bJIa CBET-
JI0/TBMHO W3VCKBa IOIIBP)KaHETO Ha IIPeIn3eH Bpe-
MeBW HOPSIBK Ha HEBOPEHIOKPYHHATa aKTUBHOCT
riopezieHVie. ToBa ce rocTwra 4pes B3avMOJIEVICTBIIETO
Ha IIPOLIeC C Pa3jIndeH IUpKazeH Ipodwl, KaKTo
HEeBpOOMOJIOTMYHY, TaKa M eHJOKpMHHW. Taka Ha-
IIpUIMep, 3a HSKOV XOPMOHM (IJIIOKOKOPTVKOCTEPOVI-
V1) € JOKa3aHo (PU3MOJIOrMYHOTO 3HaYeHVie Ha IVp-
Ka[HMS PUTHM Ha aKTMBHOCT, KOETO Ce OIIpesiesisi OT
crieriudvueH HabOp HPUIIEIHY THKaHWM VY MeXaHV-
3Mmu Ha perictBue. CbBPeMEHHOTO BVDKIaHE B XPO-
HOOMOJIOTVYHATa HayKa €, 9e IMPKaJHUAT POl
Ha CeKpeIys e OT KPUTUYHO 3HaueHwe 3a BpeMeBara
opraHmsaIys Ha yHKIVUNUTE B OpraHu3Ma, KaKTo B
ciTydasi ¢ enMU3HMS XOPMOH MeJIaTOHVH TOBa Ce OT-
Hacsl JI0 IVpKajiHaTa 1 ¢OToIeproIiYHaTa OpraHy-
3al[yis Ha €HIOKPVHHY, TIOBEJIEHYeCK 11 MeTabOJINT-
Hy nporec. o To3y Ha4yMH, HAKOW €HIOKPVHHN
CeKpelLV, IT0-KOHKPETHO Ha IIIOKOKOPTUKOVIITE 1
MeJIaTOHVHA MOTaT Jia VIMAT [IeVICTBMETO Ha BBTpell-
HVI CMHXpoHM3aTopu (Zeitgebers), orroBopHmM 3a mozI-
Ibp)KaHe Ha BpeMeBaTa IOJIpelleHOCT Ha (u3MoIo-
TVYHWTE IIPOLIECHL.

Mes1aTOHMHBT - (PMU3MOIOTMUEH CUTHAJI 3a THhM-
HaTa ¢pa3a Ha JeHOHOIIVETO

[Tpu Bcrukm Oo3artHUITY, IVIPKAIHUAT €HIOKPYHEH
PUTBM C Hall-BUCOKa CTaOVITHOCT M M3Pa3UTEITHOCT €
TO3V Ha XOpPMOHa MeJIaTOHVMH OT enmdur3HaTa XJjlesa.
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sync with external conditions and thus allowing
him to optimize his adaptation. Modern
analytical and molecular-biological techniques
have made it possible to demonstrate that the
manifestation of large behavioral rhythms is in
fact a synthesis of the superimposition of clock-
directed physiological states of the internal
environment.

Circadian pattern of secretion is a fundamental
characteristic of many hormones. Itis manifested
either by a progressive change in the frequency
of their regular release, or by sharp changes
in the activation of endocrine tissues by the
nervous system. The differences in the profiles of
circadian activity under normal conditions, and
in the conditions of experimental manipulations,
give ground to assume the existence of different
clock mechanisms, of which the one situated
in the suprachiasmatic nuclei (SCN) of the
hypothalamus is best studied. These clock
structures are able to generate a circadian
signal on their own, which is delivered to the
tissues via various neuroendocrine pathways.
Although the anatomical basis of the clock has
been revealed, the neurochemical mechanisms
involved in the powerful organizing effect of
light and other putative synchronizers are not
yet known. Effective adaptation to changes in
the light/dark cycle requires the maintenance
of a precise timeline of neuroendocrine activity
and behavior. This is achieved through the
interaction of processes with different circadian
profiles, both neurobiological and endocrine. For
example, for some hormones (glucocorticoids)
the physiological significance of the circadian
rhythm of activity has been proven and is
determined by a specific set of target tissues
and mechanisms of action. The current view
in chronobiology science is that the circadian
profile of secretion is critical for the temporal
organization of functions in the body, as in
the case of the pineal hormone melatonin, this
applies to the circadian and photoperiodic
organization of endocrine, behavioral and
metabolic processes. Thus, some endocrine
secretions, in particular glucocorticoids and
melatonin, may have the effect of internal
synchronizers (Zeitgebers), responsible for
maintaining the temporal order of physiological
processes.

Melatonin - a physiological signal for the dark
phase of the diurnal cycle

In all mammals, the circadian endocrine rhythm
with the highest stability and expressiveness
is that of the hormone melatonin of the pineal
gland. Serum hormone levels are very low
during the day and increase several times during



CepyMHITe HVBa Ha XOPMOHa Ca MHOT'O HVCKMW IIpe3
TleHs ¥ HapacTBaT HeKOJIKOKPaTHO I1pe3 HomrTa. [Ipo-
MeHUTe B aKTMBHOCTTa Ha CTBIIAJIO-OIpelelIsaIs
ensuM N-anerwi TpaHcdepasa (NAT), xouro Ha-
CTBIIBAT IIPY 3aJIe3 M M3IPeB ca MHOI'O Pe3Ky, KOeTO
oIperiesisi ¥ CUTHAJI C IIPaBOBI'bIHA XapaKTePUCTYKa.
[TpoTVBOIIOIOKHO Ha HETro HaIpuMep, M3pa3eHara
HMpKaJHa AHaMMKa B OCBOOOXK/IaBaHeTO Ha ajpeHo-
koprukoTporHus xopMoH (ACTH) m xopTukocrepon-
IMTe ce TeHepypa Ype3 MOIyJIalysl Ha e300 IHaTa
CeKperysi, KOeTo MMa 3a pe3yJITaT IO-CUHYCOV/IaIHa
II0 BUJI KpWBa, OIMCBAaIlla XOpMOHAaJIHaTa CeKpeLys, B
CpaBHeHIe C Tasy 3a MeylaToHWHa. Llypkynmparmure
HVBa Ha KOPTMKOCTEPOWINTe ca Hali-BUCOKM IIpen
cpOyXXIlaHe 1 ce IIOHVDKABAaT IIPOrPEeCVBHO C Habm-
KapaHe Ha pazaTa Ha IIOKOV, B CMHXPOH C IIOHVIKe-
HMEeTO B HMBOTO Ha ITyJicallMiTe Ha KOPTUKOTPOIMH-
ocsoboxasarg (CRH) v agpeHOKOPTMKOTPOITHMS
xopmoH (ACTH). Ilpm HOIIHO-aKTMBHWUTE Tpu3adw,
IMKBT HACThIIBA B Ha4aJIOTO Ha aKTMBHaTa dasa 11 Ha-
MaJIsBa IIpe3 HoIllTa. BeIrpekw ToBa, 11 IIpy fiBaTa Biia
(1HeBHO-/HOITHO-aKTMBHY) NVKBT Ha MeJIaTOHWHA €
V3KJIIOUNTEIIHO IIpe3 ThMHATa 4YacT OT JIeHOHOIIVe-
To. Karo ciezcTBre or ToBa, IMpKaJHMSAT PUTHM Ha
MeJIaTOHMH TPV Xopara e B aHTudasa ¢ To31 Ha Kop-
tnkocreponante (Tomova et al, 2008), mokaro mpnm
HOIITHO-aKTVBHITe Tpy3aun (IUThX) ABaTa IMKa ca yc-
nioperay (Konakchieva et al., 1998; 2000). Tesu obcTos-
TeJICTBa O3HaudaBaT, Ye ChOTHOIIEHNeTO Ha (hasuTe e
Ba)keH KPUTEPUI 3a aJalTVBHUTE pasIMavs MeXIy
BUJIOBETE, KaTO Hal-BePOATHO 3a pas/IMIHNITe PUTMNI
CBIIIECTBYBAT pas/IVUHV KOHTPOJIHV MeXaHM3MIAL

CorllecTByBaT yOenmMTeNIHNM J0Ka3aTesICTBa, 4e IIpu
YoBeKa XPOHWYHOTO M3JIaraHe Ha M3KYCTBEHA CBET-
JIMHA 110 BpeMe Ha ThMHara dpaza OT JEHOHOIIMETO
vMa HeOIaronpusaTHO (PU3MOJIOIMYHO Bb3IIEVICTBIE,
BCJIEJICTBYIE IIPOMSIHA Ha JEHOHOITHVS IIpodwI Ha
€HJIOTeHHaTa MeJIaTOHMHOBA CeKpelus U BOOW 0
HapyIIeHns B MeTaboJIMTHATA VI ITOBeIeHYecKa Lyp-
KaJTHa aKTMBHOCT. T'bi1 KaTo ce KOHTPOJIVpa IIPSIKO OT
CBeTJIMHATA II0IIaJIallla B peTMHAaTa, OCHOBHATA POJIsS
Ha ceKpelysgTa Ha MeJIATOHVH IIpy 0O3aifHULINTE €
Zla OTYMTA IIPOMSIHATa B OCBETJIEHMETO IIpe3 pasjInd-
HWTEe Ce30HMV U [1a JOCTaBs TO3V CUT'HAaJI Ha KJIeTHYHO
HUBO. [leCMHXpOHM3aMATa Ha HVUPKAIHNTE PUTMN
HaCTBIIBAIlIA IIPVI XPOHMYEH HeOJIaronpusTeH CBET-
JIMHEH PEeXVM WU IIPOMEHEH MeJIaTOHMHOB PUTBM
BEPOSATHO € Ba’kKHa IIPVYMHA 3a YCTAaHOBEHW CMYIIle-
HVS Ha HaZI0ObOpevyHaTa oC 11 aflaliTalysTa KbM CTpec
(Konakchieva et al., 1997, 1998) mpomeHM B MMyHHaTa
peaxtusHOCT (Taushanova et al., 2007, Konakchieva
et al., 2008) xwunepuHCYIVHEMNS W WHCYJIVHOBA
pesucrenTHOCT (Awtanski et al, 2006; Seto-Young,
Avtanski, Parikh, et al., 2011), cBbp3aHU C perponyK-
TVBHW HapyIIIeHVs U IIPY JIBaTa I1oJIa.

HpOMeHVITe, HaCTbIIBalllli B XpOHO6V[OJ'IOI‘V[LIHT/IT€
XapaKTePUCTNKNM Ha pUTbMa Ha CEKpely:d Ha Mejla-

the night. The changes in the activity of the step-
determining enzyme N-acetyl transferase (NAT),
which occur at sunsetand sunrise, are very sharp,
which determines a signal with a rectangular
characteristic. In contrast, for example, the
pronounced circadian dynamics in the release
of adrenocorticotropic hormone (ACTH) and
corticosteroids is generated by modulation
of episodic secretion, resulting in a more
sinusoidal curve of hormonal secretion than that
of melatonin. Circulating corticosteroid levels
are highest before waking and progressively
decrease as the resting phase approaches, in
line with the decrease in corticotropin-releasing
(CRH) and adrenocorticotropic hormone (ACTH)
pulsations. In nocturnal rodents, the peak
occurs at the beginning of the active phase and
decreases at night. However, in both types (day-/
night-active) the peak of melatonin is exclusively
during the dark part of the day. As a consequence,
the circadian rhythm of melatonin in humans
is in antiphase with that of corticosteroids
(Tomova et al, 2008), while in nocturnal rodents
(rats) the two peaks are parallel (Konakchieva
et al. 1998; 2000). These circumstances mean
that the phase ratio is an important criterion
for adaptive differences between species, with
different control mechanisms likely to exist for
different rhythms.

There is convincing evidence that in humans,
chronic exposure to artificial light during the
dark phase of the day has adverse physiological
effects due to changes in the circadian profile
of endogenous melatonin secretion, leading
to disturbances in metabolic and behavioral
circadian activity. Because it is controlled
directly by light entering the retina, the main
role of melatonin secretion in mammals is to
detect changes in lighting during different
seasons and to deliver this signal at the
cellular level. Desynchronization of circadian
rhythms occurring in chronic unfavorable
light regime and altered melatonin rhythm is
probably an important reason for established
disorders of the adrenal axis and adaptation to
stress (Konakchieva et al., 1997, 1998), changes
in the immune reactivity (Taushanova et al.
Konakchieva et al., 2008), hyperinsulinemia and
insulin resistance (Avtanski et al., 2006, Seto-
Young, Avtanski, Parikh, et al., 2011), associated
with reproductive disorders in both sexes.

Changes in the chronobiological patterns of the
rhythm of melatonin secretion around puberty
and those observed in a number of endocrine
disorders indicate that the hormone is closely
related to the physiological functioning of body
systems and its endogenous secretion can even
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TOHVHA OKOJIO ITyOepTeTa 11 Te3y, HabIogaBaHy Ipu
penniia eHAOKPUHHY CMYIIeHWs CBUeTeJICTBaT, Je
XOPMOHBT € TSCHO CBBP3aH C (PU3VMOIOTMYHOTO PyHK-
IIVIOHVpaHe Ha OPraHM3MOBWTE CUCTEMM 11 HeropaTa
eHJIOTeHHa CeKpellrs MoXe JIopy Aa Oblle IuTHpaHa
KaTo MapKep 3a Ovosiorn4aHo 3npase. ETmoriornsra Ha
rojisiMa 4acT OT PelpOAyKTMBHWUTE CMYIIeHWs Ipu
JKeHaTa e HesiCHa, HO BCe TI0-TOJISIMO 3HaueHVe B Hesl ce
OT/IaBa Ha XpPOHVYHV Bb3IIaJINTETHY, OMOXVIMUYIHI 1
€H/IOKPVHHI Pa3CTPOVICTBa, KOMTO IOpajiy B3ayIMHa
crucTeMHa OOBBP3aHOCT BOIAT JI0 jeperyiaupaHe Ha
depTIHaTa cTeponaoreHHa yHKIMs. Peauia Me-
TabOIMTHY ¥ HPpO-MH@IaMaTOPHM CMYIIEHS, MeX-
Iy KOWTO CMHIPOMET Ha IOIVKVUCTOSHUTE SVYHWIIN
(CIT), metabormraMgT cuampom (MC), HayYMeTo
Ha PpemnponyKTMBHI aBTOAaHTHTesa (MMYHOJIOTMY-
HO 0e3IIyIone) 1 1Ip., ca 9ecTOo CpelaHy IIPV JKeH! B
PerpoyKTUBHA Bb3pacT M Ca OCHOBHA IIPUYMHA 3a
cybdepTmymrer M crepuimTeT. Tesu 3abonsiBaHMA
VIMaT 3Ha4VMW COLIMaIHO-TICVXOJIOTMYEeCKM acIleKTH,
TBVI KaTO IIpeoo/IsiBaHeTO M He BUHATY € YCIIeITHO
VI [TO IIPVHIINII € CBBP3aHO ChC 3HAYUTEIHY pa3Xomnu
7 HeoOXOIVIMOCT OT acHCTMpaHa PernpomyKiys. 3a
o0IIMs HEeBPOVMYHOJIOTMYEeH AyncOaiaHC Ipy IIaliy-
enTute cbe CITS] HanpuMep ropopyt akThT, Ue Ipu
TSIX ce HaOJIIOfIaBa IIO-BMCOK PVCK OT eH7IOMeTpwuall-
HV KapIIMHOMMY, 3aXapeH [nabeT v XUIepInIIaeMus.
BebImHOCT, MoOfeIMTe Ha eNuaIeMMOJIOTMs W IIpeo-
Onamasane Ha CITS ca 3HauMTEIIHO 1TOKOOHM Ha Te3n
IIpY MeTabOJINTEH CUHIIPOM W [1abeT Twil 2, KOeTo
M3BEX/Ia Ha IIpefleH IUIaH B IIpeIpasIiojIoKeHOCTTa
KBM Te3! 3a00IsiBaHMs (PAaKTOPY, CBbP3aHN C OKOJIHA-
Ta Cpefia, IPOITbIDKUTEIIeH AVICKOMOPT 1 CTpec.

buonornmuam cBovictBa M dpu3MoIornIHu GpyHK-
147071

Menarornabr e Maska Moitekysia (Mw  232.27),
YUITO TIPEeKypcop € aMMHOKMCeIMHATa TPUIITO-
dan. Tpunrodansr ce mpeobpasyBa B CepOTOHMH
(5-XMIpOKCH-TpUIITAMUH)  TPAaHCPOPMUPAVIKM — Ce
ITBPBO B ChEAVHEHVETO 5-XUIPOKCUTPUIITOMAH IT0-
CPEeICTBOM €H3MMa TPUIITO(aH-XVAPOKCIUIIasa 1 e-
kapOokcwasa. HvuBara Ha cepoTroHMHA B envidpmzara
ca M3KJIIOYMTEITHO BYCOKY ITpe3 cBeTsIaTa ¢a3a Ha fe-
HOHOIIIVETO I YYBCTBUTEIIHO HaMaJIsIBaT B HAYaJI0TO
Ha ThbMHaTa ¢as3a, KOraTo ce aKTMBUPAT M Pa3IINIHN
ITBTUINA WM3IIOJI3BAI CEPOTOHMHA KaTo cyOcTpar.
BaxeH 3a oTOeJIsI3BaHe e ITBTS, 110 KOVITO Ce CHHTE3N-
pa MesaroHMHa (pur. 1).

V3nosn3Bariky aleTwiI-KoeH3sUM A KaTo KodakTop,
eH3VMBT apwiajIKiIaMuH-N-alleTuiITpaHcdepasa
(@aNAT) xaraymsupa obpasysarero Ha N-arernice-
POTOHVH - HEMIOCPeICTBEH IIPeKypcop Ha MeJIaTOHU-
Ha. IIpn noseueTo BumoBe akTMBHOCTTAa Ha aaNAT
HapacTBa 3HAYMTEeJIHO IIpe3 HOIIITa TPV OTChCTBUETO
Ha CBeT/IMHA VI ce MHXMOMpa Ha cBeTs1o. N-atieTnice-
POTOHMHBT OBP30 ce Impeodpasysa B MeJIaTOHH II0]T
JeVICTBMETO Ha eH3MMa XWUAPOKCUMMHI0I-O-MeTnI-
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be cited as a marker of biological health. The
etiology of many reproductive disorders in
women is unclear, but increasing importance
is given to chronic inflammatory, biochemical
and endocrine disorders, which due to systemic
interrelationship lead to deregulation of fertile
steroidogenic function. A number of metabolic
and pro-inflammatory disorders, including
polycystic ovary syndrome (PCOS), metabolic
syndrome (MS), reproductive autoantibodies
(immunological infertility), etc., are common in
women of reproductive age and are a major cause
of subfertility and infertility. These diseases
have significant socio-psychological aspects, as
their overcoming is not always successful and is
generally associated with significant costs and
the need for assisted reproduction. The general
neuroimmunological imbalance in patients with
PCOS, for example, is indicated by the fact that
theyhaveahigherrisk of endometrial carcinomas,
diabetes mellitus and hyperlipidemia. In fact,
the patterns of epidemiology and prevalence
of PCOS are significantly similar to those of
metabolic syndrome and type 2 diabetes, which
highlights environmental factors, prolonged
discomfort, and stress in susceptibility to these
diseases.

Biological
functions
Melatonin is a small molecule (Mw 232.27)
whose precursor is the amino acid tryptophan.
Tryptophan is converted to serotonin
(5-hydroxy-tryptamine) by first transforming
it into 5-hydroxytryptophan by the enzymes
tryptophan hydroxylase and decarboxylase.
Serotonin levels in the pineal gland are
extremely high during the light phase of the day
and decrease significantly at the beginning of
the dark phase, when various pathways using
serotonin as a substrate are activated. The way
in which melatonin is synthesized is worth
mentioning (Fig. 1). Using acetyl-coenzyme A asa
cofactor, the arylalkylamine-N-acetyltransferase
(@aNAT) enzyme catalyzes the formation of N-
acetylserotonin, a direct precursor of melatonin.
In most species, aaNAT activity increases
significantly at night in the absence of light
and is inhibited by light. N-acetylserotonin is
rapidly converted to melatonin by the enzyme
hydroxyindole-O-methyltransferase (HIOMT),
aka acetyl-serotonin O-methyl transferase
(ASMT), as a result of which melatonin levels
rise sharply after the onset of the thin phase. It
is thought that due to its small molecule, both
lipophilic and hydrophilic in nature, melatonin
can cross membranes by simple diffusion
(Arendt, 1995). Melatonin is transported in the
blood in albumin-bound form and is rapidly

properties and physiological
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Fig.1. Melatonin biosynthesis

TpaHcdepasza (HIOMT), nssecren olie KaTo areTuI-
ceporonmH O-MmeTws1 TpaHcdepasa (ASMT), Boten-
CTBMe Ha KOeTO HIMBaTa Ha MeJlaTOHMHa CTPBMHO ce
IIOKa4BaT CJIe HayasIoTo Ha ThbMHara dasza. Cumra ce,
Je TIOpajy MaJIKaTa CM MOJIeKyJla, KaKTO C JIMIIOWII-
Ha, TaKa ¥ C XMApoduIHa IpUpora, MeIaTOHUHBT
MoOXKe [1a IIpeMyHaBa IIpe3 MeMOpaHTe Ype3 IIpocTa
oudysus (Arendt, 1995). MesaToHMHBT ce TpaHCIIOP-
THpa B KpPbBTa B CBbp3aHa ¢ ajl0yMuH dopMa 1 ce OT-
CTpaHsiBa OBp30, IJIaBHO Upe3 YepHOOPOOHMS MeTa-
Oonmm3bM (IpeobpasyBa ce B 6-XMIPOKCIMEIATOHVIH,
KOVITO Ce CBBbp3Ba KaTo CysidpaT M1V ITIIOKY pOHAT).

MenaToHMHBT ce OTKpWBa B IIOBEYETO TeJIeCHV Teu-
HOCTM KaTO KOHIIeHTpaIlUNUTe My ca IIO-BVICOKM IIpe3
HOLIITa OTKOJIKOTO IIpe3 HeHs. Toa e pesyiraT OT
HOIITHAaTa CMHTe3a Ha XOpMOHa IOJI JIeVICTBMETO Ha
cTuMysaTopau curHamm. [Ipm rpbpOHauHMTE Te3M
CUTHAaJIV ce TeHepupaT Ype3 CYMIIaTMKYCOBV HepBHM
BJIaKHa, KOMTO JOCTaBAT MH(OpMAaIINs OT CyIpaxu-
a3MaTMYHOTO SIFIPO ITIaBHO Upe3 OCBOOOXKIaBaHETO
Ha HeBpoTpaHcMuUTepa HopagpeHannH (Korf, 1994).

3a oTKpuBaresl Ha MeJlaTOHMHa ce cunTa AapoH Jlep-
Hep, KOMTO M30JIMpa XOPMOHa OT TOBEXAV ernmdusn
(Lerner et al., 1958). TpuBnamHOTO My HavIMeHOBaHIe
IIPOM3XO0XK/Ia OT CIIOCOOHOCTTA Ha BeIlecTBOTO 1a IIpe-
OM3BMKBA arperanusi M IIpepaslipelie/IHVe Ha MeJla-
HVHOBITe IPaHyJIV B MeJlaHOOPY Ha Xaba. Brerrpexn
Je He e yCTaHOBeHa ocobeHa OMosIorivyHa aKTMBHOCT
OTHOCHO IIPOIIeCuTe, IIPOTHUYAIIN B KoXKaTa Ha 0o3ar-
HWITY, IIbPBOHAYAJIHO Ce OOpBIlla TOJISIMO BHVIMaHVe
BBPXY poJIfATa Ha MeJIaTOHMHA 3a IPUIBVDKBAaHETO Ha
UTMEHTWTe, 0COOEHO TI0 OTHOIIIeHe JHEeBHWUTE Bapy-
alyy B IUTMeHTaIVATa IIPU POV 1 3 MHOBOIHM.

[TvionepHUTEe WM3CIIenBaHMS B peluiia JrabopaTopum
(Reiter, 1980; 1988; Turek, 1985; Tamarkin, Baird &

eliminated, mainly by hepatic metabolism
(converted to 6-hydroxymelatonin, which binds
as sulphate or glucuronate).

Melatonin is found in most body fluids and its
concentrations are higher at night than during
the day. This is a result of nocturnal hormone
synthesis under the action of stimulatory
signals. In vertebrates, these signals are
generated by sympathetic nerve fibers, which
deliver information from the suprachiasmatic
nucleus mainly through the release of the
neurotransmitter norepinephrine (Korf, 1994).

Aaron Lerner has been considered as the
discoverer of melatonin, who isolated the
hormone from bovine pineal glands (Lerner
et al., 1958). Its trivial name comes from the
ability of the substance to cause aggregation
and redistribution of melanin granules in
frog melanophores. Although no significant
biological activity has been identified in
mammalian skin processes, much attention has
initially been paid to the role of melatonin in the
movement of pigments, especially with regard
to diurnal variations in pigmentation in fish and
amphibians.

Pioneering research in several laboratories
(Reiter, 1980; 1988; Turek, 1985; Tamarkin,
Baird & Almeida, 1985) has gradually clarified
that melatonin is fundamentally linked to
reproductive cyclicity, although this significant
finding has been limited for many years by
simplified interpretation that the hormone
is ,antigonadotrophic.” As demonstrated in
numerous experimentsinasheep model ((Arendt
Aetal., 1983; Brittman EL et al., 1983), the hormone
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Almeida, 1985) u mpyru IOCTENEHHO WM3SCHSBAT, 4e
MeJIaTOHMHBT € (PYHIaMeHTaIHO CBBp3aH C Perpo-
OyKTVMBHATA LVKJIVMYHOCT, BBIIPEKV Ye TOBa 3HAYVIMO
OTKpuUTHe OvBa OrpaHMYABAHO BTV TOAVHN OT OI-
poCTeHaTa WMHTepIIpeTalis, 4e XOPMOHBT € ,aHTHU-
roHagoTporreH”. Kakto e IeMOHCTpUpaHO IIpU MHO-
JKECTBO eKCIIepUMEHTN Ha Mozesl oBie (Arendt A et
al., 1983; Brittman EL et al., 1983), xopMOHBT MOXe fa
Obre cumraH u 3a ,IporoHagorporer”. [To To3n Ha-
YIIH, M3CJIe0BaTeINTe Ce IIPUHY KIaBaT ga PasIipsT
M3CIIeqBaHVIATa BBPXY (PYHKIMMTE Ha MeJIaTOHVHA,
MIMally OTHOIIIEHVe KbM KOHTPOJIa Ha BpeMeBaTa op-
raHy3aLys Ha PU3NOIOrMUHUTe (PYHKIVIV, TUPVIKI-
paHa OT T.Hap. ,0voriorn4eH 4acoBHMUK”. YcTaHOBSBa
Ce, ye CBIIIECTBYBAa CTPOr PUTHM B CMHTe3aTa Ha Me-
JIATOHMH, KOETO IIPeICTaBjIsBa Ba’KHO PAHHO IOKa-
3aTeJICTBO 3a YHMKAJIHATa POJISL Ha MOJIEKyJlaTa BbB
dyHKIMOHMpaHeTO Ha Onostornunnte putMu. OKOH-
YyaTesIHO € J0Ka3aHo, ue CyIpaxmasMaTUJIHUTE sapa
Ha XWUIOTaJlaMyca ca ,IJIaBHUS OCHWIIATOp”, OTIOBO-
PeH 3a TeHepupaHeTo Ha 24-4acoB PUTHM Ha peamniia
OviortormyH PyHKINY, BKJIIOYUTEIHO U OMOoCHHTe3a
Ha MmertatoHnH (Benarroch E, 2008).

IIneviorponHo gevicTBue

MeraToHMHBT MOXe Ja ce Bb3IIpreMa KaTo CUrHaJl-
Ha MOJIEKYJIa, CeKpeTMpaHa C IUpPKaIeH PUTHM, C
JIOKa3aHO YHVKAJIHO 3Ha4YeHVie 3a KOHTPOJIa Ha LIMp-
KaJTHaTa ¥ Ce30HHa (PU3MOJIOrs, BKIIIOYUTEIIHO pe-
nponykrusHOTO TioBeneHme (Vanecek, 1998). Oynk-
LIMOHa/IHAaTa aKTMBHOCT Ha XOPMOHa VMa IIMPOK
CIIEKTBP Ha JIEVICTBYIE, KaTO HAKOM OT (PyHKIIUITE MY
BCe ollle ce IIpoyysar. [lo-BakHM OTKpuTHS 3a OMo-
JIOTMYHOTO 3HA4YeHVe Ha MeJIaTOHMHA IIpy Oo3arHm-
LIVITEe Ce OTHACHT /10 KOHTPOJI BBPXY (PYHKIIMMUTE Ha
peTnHaTa, KOHTPOJI BBPXY PelpOLyKTUBHUTE LIVIKIIV
TPV CE30HHO pa3MHOXKaBAIIIV Ce XVIBOTHV VI BIIVISTHVIE
BBPXY (pasuTe Ha 24-9acoBuTe ITIOBEHEHYECKM PUTMU
(HamIprMep IMKBJIa CHH-OOIBPCTBaHE), ydacTue B
KOHTpOJIa Ha TepMoperyamusaTa n cbHsa. Canra ce,
de Te3u (PYHKIMM Cce OIIOCPECTBAT OT CHeVPUYIHMI
MEeJIATOHVIHOBY PELENITOPY, YMSATO TOKYMeHTHpaHa
JIOKQJIVI3alVisl B peTUHATA, IIPeIHS [I5U1 Ha XUIopm-
3aTa M CyIIpaxma3MaTUYHITeE Spa Ha XUIIoTalaMyca
IIOZIKPEITsl pecleKTMBHO Te3u TBbpreHms (Reppert
et al., 1988, 1994, 1996; Konakchieva et al., 2000;
Konakchieva, 2009). 3a meaToHMHA ca yCTaHOBEHU
ChC CUTYPHOCT /iBa BUCOKO-apmHMTETHY G-IIpOTENH
CBBP3aHM PELENITOPY, aKTUBMPAHN OT JINTAH/Ia, KOV-
To ce obosHawaBat MT1 1 MT2; kogmparmTe rvi reHn
ce obosHauaBar cpborBeTHO MTRNI1A 1 MTRNI1B.
[TocpencTBOM TSAXHOTO aKTWMBUMpaHE B PasJIMYHU
TapreTHM THKaHW Ce PeryInpa IUPKaIHUS PUTHM,
MO3BYHV, CHIOBY, PEIPONYKTUBHY, €HIOKPUHHU 1
vmyHHM dyHKunm (Dubocovich et al., 2003).

XpoHOOMOIOTMYHO 3HaUeHMe 3a YOBeIlIKaTa pe-
OpOXyKIIMA

IBbIIrocpouHmTe MeXaHM3MM, KOUTO II03BOJISIBAT Ha
JKVBUTE OPraHM3MMU [la CHMHXPOHM3MpAT PerpomyK-
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can also be considered ,progonadotrophic”.
Thus, researchers were forced to expand
research on the functions of melatonin, relevant
to the control of the temporal organization
of physiological functions, conducted by the
so-called ,biological clock” It has been found
that there is a strict rhythm in the synthesis of
melatonin, which is important early evidence of
the unique role of the molecule in the functioning
of biological rhythms. The suprachiasmatic
nuclei of the hypothalamus have finally been
shown to be the ,main oscillator” responsible
for generating the 24-hour rhythm of a number
of biological functions, including melatonin
biosynthesis (Benarroch E, 2008).

Pleiotropic action of melatonin on body
physiology

Melatonin can be perceived as a signaling
molecule secreted in a circadian rhythm, with
proven unique value for the control of circadian
and seasonal physiology, including reproductive
behavior (Vanecek, 1998). The functional activity
of the hormone has a wide range of action, and
some of its functions are still being studied. More
important findings on the biological significance
of melatonin in mammals include control of
retinal function, control of reproductive cycles
in seasonally breeding animals, and influence
on phases of 24-hour behavioral rhythms (e.g.,
sleep-wake cycle), participation in control of
thermoregulation and sleep. These functions are
thought to be mediated by specific melatonin
receptors, whose documented localization in the
retina, anterior pituitary, and suprachiasmatic
nuclei of the hypothalamus supports these
claims, respectively (Reppert et al. 1988; 1994;
1996; Konakchieva et al. 2000, Konakchieva
2009). For melatonin, two high-affinity ligand-
activated receptors have been identified with
certainty, which are designated as MT1 and
MT2, and the coding genes - as MTRN1A and
MTRNI1B, respectively. By activating them in
various target tissues, circadian rhythm, brain,
vascular, reproductive, endocrine and immune
functions are regulated (Dubocovich et al., 2003).
Chronobiological for human
reproduction

Long-term mechanisms that allow organisms
to synchronize their reproductive activity with
changes in the environment are widespread in
nature. They optimize the ability of survival of
the species, as well as their reproductive success.
In seasonally breeding mammals, melatonin
regulates the processes of dynamic adaptation
in physiology that occur in response to changes
in the duration of light exposure. Cyclical
gonadal function, dietary intake, changes in
body weight, and hibernation are characteristic

significance



TUBHATa CM aKTMBHOCT C IIpOMeHNTe B OKOJIHaTa
cperia ca IIMPOKO pasIIpocTpaHeHN B Ipupopara. Te
OITUMM3MPAT Bb3MOXKHOCTTa 3a OllejIgBaHe Ha ChOT-
BeTHWSI BUJ, a CBIO VI HEroBus PelpogyKTUBeH yc-
niex. I[Tpu ce30HHO pasMHOXaBaIuTe ce OO3alTHMIIN
MeJIaTOHMHET peryJivpa IIpolecuTe Ha AVMHaMUYIHa
ajanTauusl BeB (PU3MOIIOrMATa, KOMTO HaCTBIBAT B
OTTOBOp Ha IPOMeHUTe B HPOIb/DKMTEIHOCTTa Ha
CBeTJIIMHHAaTa eKcro3uys. LMKmaHocTTa Ha ToHa/I-
Hara PYyHKIMSA, XpaHUTEIHWsS IIpueM, IIpOMeHNnTe
B TeJIECHOTO TerJIo 11 XxmbepHaIusATa ca XapaKTepHN
TOIMIITHM IIpOoMeHM 3a MHoro 6oszavHMIM (Lincoln ef
al., 2003).

3Ha4MMOCTTa Ha KOHCEPBAaTMBHUTE PEeryJIaTOpHN
MexXaHWM3MV, M3IOoI3Baly emnndusHaTa Xjlesa U B
YaCcTHOCT MeJIaTOHVHA, II0 OTHOIIIeHVe Ha PerpoLyK-
LMsiTa IIpY xoparta, ca HemsscHeHn. ChoOIeHMATa 3a
IOVMPEeKTHO Bb3/IeVICTBIe Ha MeJIaTOHMHA BBPXY OBa-
puaHaTa cTeponioreHesa, BCOKITe HYBa Ha XOPMO-
Ha B YoBelIKa (pOJIMKyJIlapHa TeYHOCT ¥ HaJIM4dueTo
Ha BMCOKO-apVHMTETHY MeJIaTOHVHOBY pPererTopy
B AMYHIMKA CBUETEJICTBAT 3a ydYacTye Ha MeJlaTo-
HMHa KaTo MOJyJIaTOp Ha OBapuaiHaTa (PyHKIIVS
(Georgiev et al., 2019). Cunra ce 3a JoOKa3aHO, Ye pe-
HPOAYKTUBHNTE epeKTI Ha XOPMOHa ca MeIUpaH
upes BB3/IeVICTBIIE BPXY OCBOOOXX/IaBaHeTO Ha TOHa-
IOTPOIMHY Ha HMBO XMIIOTaJIaMyC VI BEPOSITHO Upe3
cAMP n Ca++-3aBrcMIU BBTPEKJIETBUHY MEXaHU3MU
Ha HuBO xunodmsa (Vanecek, 1995;). CrimecTByBat 1
7I0Ka3aTeJICTBa 3a IPSIKO ydacTue BhpXY PyHKIMMUTe
Ha SITYHMKA. BCOKYM HVBa MeJIaTOHWH, IIOJIJIOKEH N
Ha Ce30HHW Bapualiy ce OTKpMBaT B YOBEIIIKa IIpe-
oByJIaTopHa (PoJIMKYysIHa TedyHOCT Brzezinski, 1997).
ITpu 4yoBeka, perenTopy 3a MeJIaTOHWH ca ONVICAHN
BBPXY I'PaHYJI03a-TyTEMHHN KJIETKV M BEPOSTHO Ca
CBBP3aHM C IUPeKTeH e(eKT BbPXy CTepouioreHe-
3ara Niles et al.,, 1999, Georgiev et al., 2019). Beue e
Tobpe ycTaHOBEH (PaKT, Ue MeJIaTOHMHBT MOIYJIMpa
ceKpelrgTa Ha XUIIOMWU3HNTE FOHAJIOTPOIVHY, JIy-
tenausupar (LH) n donmkynoctumynmpar (FSH)
XOPMOH, Upe3 MHUIIMMpPaHe Ha IIPOMeHV B YyBCTBU-
TeJIHOCTTa Ha IIeHTpPa/IHV PeryJIaTopHN 3BeHa (ITyJl-
cous reHeparop 3a GnRH B xumnorasramyca). Upes
pelienTop-MenUMpaHyl MIpoIec JBaTa T'OHaIOTPO-
IVHA UTPasiT eHTpaJIHa POJIsi B KOHTPOJIA Ha OBapw-
aytHaTa (PYHKIINS, HO OTHOIIIEHMETO Ha MeJIaTOHMHA
KBM IIPOMEHNTE B UyBCTBUTEIHOCTTA Ha STYHMKA 1
CTepoVIHaTa CeKpeIysi ce CUMUTAT 3a HeM3sCHEHIA

VHTepripeTrpaHeTo Ha YHMBEPCAJIHO 3HAYeHVE Ha
MeJIaTOHVHA B PEIIPOIyKTUBHATA CUCTEMA Ce 3aTPY/I-
HSIBa JIOI'BIHVTEIIHO OT HAOIIOIeHMsITa 3a BIIVISTHVIE
BBPXY CTepomjioreHesara IIpe3 pasIMuHV eTalu OT
dormkyrHata Marypauys. Croper HSKOM ChOOIIe-
HVS MeJIaTOHMHBT ITOBUINIABA IIPOIYKIIMSTAa Ha IIPO-
rectepoH 1 aHapocTeHaVoH (Adriaens et al., 2006),
0e3 ma m3MeHs HuBara Ha ecrtpagmoit (Tanavde &
Maitra, 2003), cbOTBeTHO MHXMOVPaA eKCIIpecHsiTa Ha
CYP 11A 1 CYP 17, vo He n Ttasu Ha CYP 19.
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annual changes in many mammals (Lincoln et
al., 2003).

The importance of the conservative regulatory
mechanisms using the pineal gland, and in
particular melatonin, in terms of reproduction
in humans is unclear. Reports of direct effect
of melatonin on ovarian steroidogenesis, high
hormone levels in human follicular fluid and the
presence of high-affinity melatonin receptors in
the ovary indicate the involvement of melatonin
as a modulator of ovarian function (Georgiev et
al.,2019). The reproductive effects of the hormone
are thought to be mediated by its effects on
gonadotropin release at the hypothalamic level
and possibly by cAMP and Ca++ - dependent
intracellular mechanisms at the pituitary level
(Vanecek, 1995). There is also evidence of direct
involvement in ovarian function. High levels
of melatonin subjected to seasonal variations
are found in human preovulatory follicular
fluid (Brzezinski, 1997). In humans, melatonin
receptors have been described on granulosa-
lutein cells and are likely to be associated
with direct effect on steroidogenesis (Niles
et al., 1999, Georgiev et al., 2019). It is already
well established that melatonin modulates the
secretion of pituitary gonadotropins, luteinizing
(LH) and follicle-stimulating hormone (FSH), by
initiating changes in the sensitivity of central
regulatory units (the pulse generator for GnRH
in the hypothalamus). Through receptor-
mediated processes, both gonadotropins play
a central role in the control of ovarian function,
but the relationship of melatonin to changes
in ovarian sensitivity and steroid secretion is
considered unclear.

The interpretation of the universal significance
of melatonin in the reproductive system is
further complicated by observations of the effect
on steroidogenesis during different stages of
follicular maturation. According to some reports,
it increases the production of progesterone and
androstenedione (Adriaens et al., 2006) without
altering estradiol levels (Tanavde & Maitra,
2003), respectively inhibits the expression of
CYP11A and CYP17, but not that of CYP19.

Obviously, the role of melatonin in follicular
steroidogenesis is complex and different
depending on cell type (theca or granulosa
cells), pre-hormonal background, duration of
treatment, experimental model (cell culture or
follicle culture), and animal species and dose
administered (Nakamura et al., 2003; Wu et
al., 2001). In the early stages of steroidogenesis,
melatonin is thought to have an inhibitory
effect based on inhibition of cAMP, which is
a key secondary mediator in this process. The
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OueBniiHO, posisiTa Ha MeJIaTOHMHA BBB (POJIMKY-
JIapHaTa CTeponyioreHe3a e KOMIIJIEKCHA ¥ pa3jInyHa
B 3aBUCVIMOCT OT KJIETBUHMS TUII (TeKa VIV TpaHy-
JIO3HV KJIETKM), IIpeIBAPUTEIIHS XOPMOHaJIEH (POH,
HPOIBIDKUTEITHOCTTa Ha TpeTUpaHe, eKCIIepUMeH-
TaJHWSA Mopesl (KJIeThYHa KyJITypa WJIM KYJITVBU-
paHe Ha PONVIKYIIV), KAKTO M XVUBOTWHCKMS BUJL
nputoxeHa go3a (Nakamura et al., 2003; Wu et al.,
2001). ITpenriosnara ce, ue B Haua/IHUTE eTAIIV Ha CTe-
powIoreHe3aTa MeJIaTOHMHET MIMa ITOTVCKAI, epeKT,
OCHOBaH Ha MHXMOVpaHe Ha cAMP, KOWTO e KITI04oB
BTOPIYEH IIOCPeIHVK B TO3M Imporiec. [Ipenmornoxke-
HMeTO ce Dasvpa Ha pe3yJITaTy, JeMOHCTPUPALII, Ye
IIpU KpaTKOTpariHa MHKyOarms (1o 48 gaca) Menaro-
HVHBT OKa3Ba HeraTuBeH e(eKT BbPXY IPOIyKIINs-
Ta Ha IIPOrecTEPOH, JIOKATO IIPW JIBIITOCPOYHO Tpe-
TupaHe edekTsT My e nonoxurereH (Nakamura et
al., 2003; Soares et al., 2003; H Tamura et al., 1998)[.
Cunra ce, e I'bPBOHAYAIHO IIOTMCKAIIMAT e(eKT
BbpXy CAMP e nmoMmHaHTeH, a BIIOCJIELICTBUE JpPY-
T'Te BB3[IEVICTBIS, KOMTO XOPMOHA OKa3Ba (KaTo MH-
aykums Ha excrrpecusita Ha MPHK 3a LH penenirop
v noxepxaroro My revicreue B GCs) craBaT moMum-
HVIpaIIIN.

MHTepecHa HacoKa e mM3cilefIBaHe poOJIgTa Ha MeJla-
TOHMH IIO OTHOIIEHWE eKCIIpecusATa Ha JIOKaJIHW
pacTtexxH” PaKTOpu B AMYHMKA VI CBBP3aHNUTE C TIX
CUTHAJIHM IIbTUINA. Taka HalipyMep, MHCYJIVHOIIO-
nobuure pacrexamn dakropu (IGFs) m uieHose ot
CEMEVICTBOTO Ha TpaHChOpMMpals pacTeXxeH dax-
top Oeta (TGF-f), karo MHEXMOVHY, aKTUBWHM 11 KOCT-
HY MopdorerHn porenty (BMPs), cbinio ygacTsar B
porieca Ha dosmkysioreHesa. VHcymHOIIONOOHMTE
pactexxH” (paKTOPU Ce CHMHTEe3UpaT OT I'PaHYJIO3HU-
Te KJIETKM 1 TeKa Kitetkute (Poretsky ef al., 2011). Te
Cca MUTOTeHHW M aHTMAIIOITUYHV ITEIITHIN, KOUTO
CTUIMYJIMpAT OudepeHIIManyaTa 1 MMaT MHCYJIVHO-
TOFI00HM MeTabONIMTHYM e(PeKTN, KOUTO Ce ITPOsIBIBAT
upe3 CBbp3BaHe ChC CHEIV(VIHN BUCOKO-apVHUTET-
Hy MeMOpanaM perieritopn. 1GF-1 1 IGF-II ctimysm-
par JTHK cmHTe3aTa 11 ceKperygaTa Ha eCTpaguoil 1
IIPOrecTePOH OT T'PAaHYJIO3HW VI I'PaHYJIO30-TyTEeVH-
Hu kitetkn (Poretsky et al., 2011). MenaToHUHBT CTU-
Mysmpa cuHTe3ara Ha IGF-1 B xyirrusupann hGCs
(Schaeffer & Sirotkin, 1997). Picinato v cerpymHmUIIN
IEeMOHCTpUpAT, Ye MelaToHMHBT mHaynupa IGF-
I pemenntopa m axkTWBMpa BBTPEKIIETBUHUTE CU-
raasay mermma Ha PISK/AKT, ygacrsar rtaBHO B
kireTpuHMs Metaborm3bM, 1 MEK/ERKSs, kouTto ca
CBBp3aHM C KJIeThYHaATa IIporideparnyis, pacTex u
mudepennmanys (Picinato et al., 2008).

IepudepHnTe HUBa Ha MeJIATOHMH IIPV XOpaTa M3-
passiBaT 3HAYMTENIHV MHOVMBULYAIHM (IIyKTyarmm
Y 3aBUCAT OT BB3PACTTa, PEIPONYKTMBHWS CTATYC
¥ HaJIMYMeTO Ha IICXO-COMATWMYHM HapyIIeHVs
(Tomova et al., 2008). VI3MeHeHMs B aMIUIMTyIaTa
Ha eHJIOTeHHI [VIpKa/ieH IpoduT Ha CeKperst Ha
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hypothesis is based on results demonstrating
that in short-term incubation (up to 48 hours)
melatonin has a negative effect on progesterone
production, while in long-term treatment its
effect is positive (Nakamura ef al., 2003; Soares
et al.,, 2003; Tamura et al., 1998) [1. Initially, the
inhibitory effect on cAMP is thought to be
dominant, and subsequently other effects of
the hormone (such as induction of LH receptor
mRNA expression and its maintenance action in
GCs) become dominant.

An interesting direction is the study of the role of
melatoninintheexpressionoflocal growthfactors
in the ovary and related signaling pathways.
For example, insulin-like growth factors (IGFs)
and members of the transforming growth factor
beta (TGF-b) family, such as inhibins, activins,
and bone morphogenic proteins (BMPs), are
also involved in folliculogenesis. Insulin-like
growth factors are synthesized by granulosa
cells and theca cells (Poretsky et al., 2011). They
are mitogenic and antiapoptotic peptides that
stimulate differentiation and have insulin-like
metabolic effects that are manifested by binding
to specific high-affinity membrane receptors.
IGF-I and IGF-II stimulate DNA synthesis and
secretion of estradiol and progesterone by
granulosa and granulosa-lutein cells (Poretsky
et al., 2011). Melatonin stimulates the synthesis
of IGF-Iin cultured hGCs and it has been shown
that melatonin induces the IGF-I receptor and
activates the intracellular signaling pathways
of PI3K/AKT, involved mainly in cellular
metabolism, and MEK/ERKs, which are
associated with cell proliferation, growth and
differentiation (Picinato et al., 2008).

Peripheral melatonin levels in humans express
significant individual fluctuations and depend
on age, reproductive status and the presence of
psycho-somatic disorders (Tomova et al. 2008).
Changes in the amplitude of the endogenous
circadian profile of hormone secretion have
been observed in association with a number
of diseases such as schizophrenia, depression,
hypothalamic amenorrhea, anorexia nervosa,
andanumberof tumors (Brzezinski, 1997, Tomova
et al. 2008). Melatonin is a chronobiological agent
and, at least in photoperiodic species, the signal
by which it controls reproduction is related to
its nocturnal secretion. In humans, the changed
stereotype of daily light exposure due to modern
lifestyle, causes desynchronization of circadian
rhythms in some individuals and is probably
an important cause of hyperinsulinemia,
hypertriglyceridemia and increased incidence
of cardiovascular disease, especially in shift
workers (Stoinev & Minkova, 1994; Lund et al.,
2001, Knutsson et al., 2003; Karlsson et al., 2005).
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XOpMOHa ca HabIomaBaHM B acolyalivs C penuiia
3aborisiBaHMsI KaTo IIM30(DPEHNs], Oelpecis], XUIIo-
TaJlaM/YHa aMeHOpesl, aHOPEKCVISI HepBO3a, KaKToO U
penuiia rymopu Brzezinski, 1997; Tomova et al., 2008).
MestaToHMHBT € XPOHOOMOJIOr U€eH areHT 1 IIOHe ITPY
doTorIeproaMUHNTE BUIOBE CUTHAIIBT, Ype3 KOWMTO
KOHTPOJIMPA PErpoAyKIMTa, € CBbp3aH C Herosara
HOIIHA ceKpelnst. ITpu YoBeka, IIPOMEHEHMST cTepe-
OTWII B eXeJIHeBHAaTa CBET/IMHHA eKCIIO3MIIVS BCJIe-
CTBME CBBPEMEHHVISI HAuMH Ha JXVMBOT, IIPEIV3BUK-
Ba JECVHXPOHM3ALMS Ha LVMpPKaJHNUTe PUTMU 1PN
HSIKOVI VIHZVIBU/IVI VI BEPOSITHO € BaKHa IIPMYMHA 3a
YCTaHOBEHUTE XWUIIEPUHCYIMHEMS, XUIEPTPUIII-
LiepuaeMusl M IOBUIIEHA YecTOTa Ha ChPIeYHO-Ch-
moBu 3aborisBaHMS, OCOOEHO IIpM CMEHHUM PaboT-
aunm (CromaeB & Mwunkosa, 1994; Lund ef al., 2001;
Knutsson, 2003; Karlsson et al., 2005). AKTMBHOCTTa
mpe3 TeMHara (pasa Ha JEHOHOIIMETO (HarpuimMep
IIpy CMeHHY paOOTHMIIN, MOIepeH HauMH Ha XXBOT)
BOJIVI IO HApYIIIeH VIHCYJIVIHOB OTTOBOP CIIPSIMO TJIIO-
KO3aTa ¥ Hav-BEPOSITHO € BaXeH PUCKOB (PakTop 3a
pasBUTVe Ha 3aTIBCTSBAHEe, CUHIPOM Ha HOIIHOTO
XpaHeHe, XxuIlepToHMs, ayabeT 1 pak (Zacharieva ef
al., 2004; Cornélissen et al., 2008). B beyrapus, opn-
IVHAJIHO KJIMHWYHO IIPOyYBaHe II0Kas3Ba 3a IIbPBU
ITBT CBBP3aHOCT MEXIy MeJIaTOHMHOBITE U VIHCYJIV-
HOBI HVBA IIPY ITALVEHTN ¢ MeTabOINTeH CUHIPOM
(Robeva et al., 2008).

Ome HobGenosusar saypear Charles Huggins
(Huggins Ch, 1952) n3pa3ssBa KOHIIETIIIMTA, Ye HAKOU
PeIpONYKTVMBHIM TyMOpPM, KaTO paka Ha MJledHara
JKJIe3a U IIpocTarara, ca IOCIIE[ICTBYIE OT IIaTOJIOT VY-
HO IIPOSIBEHO HapyIIIeHWe B eHIOKPMHHMS OTpUIla-
TeJIeH KOHTPOJI Ha oOparHa Bpb3ka. KoHTpoiHwMsT
MeXaHM3bM, (PYHKIIVOHMPAIIL IIPV PEpPOILyKTVBHO
aKTVIBHV VHAVIBUV, ChIIbPXKa CTUMYJIAINS OT XWUIIO-
v3HMTE TOHAIOTPOIIVIHY Ha TOHAIUTE V1 IIPUIIEITHI
OpraHM 3a II0JIOBUTE CTEPOVIN (HAIIp. MJIeYHa JKJle3a
U IIpocTara), KaTo oOpaTHaTa Bpb3Ka ce CbCTOW B MH-
xnbupaHe Ha XUIIodN3HATa CEKPEVS OT CTEPOVIV-
Te. OcHOBa Ha KOHIIEIIIMITA € CXBAIllaHeTO, Ye BCSIKO
HapyIIleHne B MeTaboJIM3Ma Ha ITOJIOBUTE CTEPOV/IN B
HpuIleJIHaTa ThKaH, VJIN JIUIIcaTa Ha OaJlaHC B IIPO-
V3BOIICTBOTO Ha IIOJIOBM CTEPOVIN, Ce OTpassBa Ha
KOHTpOJIa BBpXy XurodmsaTta (WIM OCTa XMIIOTasla-
Myc-xuIIodu3sa), ¥ MMa 3a pe3ysITar HeaJleKBaTeH MH-
XMOUTOpPEeH KOHTPOJI BPXY TOHagoTpormHuTe. ToBa
MOXKe JIa VIMa 3a ITOCJIEZICTBUE CBPBXCTUMYJIAIVS Ha
roHaJuTe (KaKTO M Ha HaOBOpedYHMTE XKIIe3N) 1 He-
KOHTPOJIMPAaH PacTeX B CTEPOUII-3aBUCUMU  IIPU-
LIeJIHV OpraHmM.

B CbBpEMEHEH BIJ, Ta3M TeOopusl Ce IIPpeoCMIICIIA B
CBeTJ/IMHaTa Ha HOBaTa VIH(pOpMaL[VI?I, 0631>p313au_[a
HKOV PENPOAYKTVBHNM KapIMTHOMM C HacJIe[ICTBEHa
O6p€MeHeHOCT, Ha4VH Ha JXMBOT 1 XpaHe€He, CTpecC,
BKJTIOUVTEJTHO eIINTeHeTMYH CpaKTOpVL B”preKI/I
TOBa, HE3aBNMCMMO OT JJOKa3aTeJICTBaTa 3a YHacjle-
AsBaHe Ha KOHTPOJIHUTE MEXaHV3MNM Ype3 IeHoOMa,

12

Activity during the dark phase of the day (e.g.
shiftworkers, modern lifestyle) leads to impaired
insulin response to glucose and is probably
an important risk factor for obesity, nocturnal
eating syndrome, hypertension, diabetes and
cancer (Zacharieva et. al.,, 2004; Cornélissen et
al., 2008). In Bulgaria, an original clinical study
showed for the first time an association between
melatonin and insulin levels in patients with
metabolic syndrome (Robeva et al., 2008).

As long ago as the middle of the last century, the
Nobel laureate Charles Huggins (Huggins 1952)
expressed the concept that some reproductive
tumors, such as breast and prostate cancer, are
a consequence of a pathological disorder of
endocrine-negative feedback control. The control
mechanism, functioning in reproductively
active individuals, involves stimulation by the
pituitary gonadotropins of the gonads and the
target organs for sex steroids (e.g. mammary
gland and prostate), the feedback being the
inhibition of pituitary secretion by steroids.
The concept is based on the notion that any
disturbance in the metabolism of sex steroids
in the target tissue, or a lack of balance in the
production of sex steroids, affects the control of
the pituitary gland (or hypothalamic-pituitary
axis), and results in inadequate inhibitory
control on gonadotropins. This can lead to
overstimulation of the gonads (as well as the
adrenal glands) and uncontrolled growth of
steroid-dependent target organs.

In its modern form, this theory is being
reconsidered in the light of new information
linking some reproductive cancers to hereditary
burden, lifestyle and diet, stress, and epigenetic
factors. However, despite the evidence for
inheritance of control mechanisms through
the genome, the importance of estrogen and
gonadotropic hormones in the etiology of
subfertile conditions in men and women, as
well as reproductive precancerous diseases and
tumors is undeniable. For example, the inability
of the hypothalamic-pituitary systemto suppress
LH secretion, a normal event in each menstrual
cycle and during pregnancy, can cause increased
stimulation of androgens in the ovarian stroma,
which are subsequently aromatized to estrogens
in the mammary gland and the adipose tissue
by tissue-specific aromatase. Estrogens, in turn,
are associated with increased levels of glandular
epithelial proliferation.

During menopause, when ovarian steroid
inhibitory control is reduced or absent,
reproductive tissue is affected by chronic
stimulation by growth gonadotropic factors
and especially LH, which cannot be balanced
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3Ha4eHMeTO Ha eCTPOreHnTe ¥ TOHAJIOTPOIIHITE XOp-
MOHI B €TMOJIOTMsATa Ha CyOdepTiHM ChCTOSHMS
IIpM MbXa ¥ JKeHara, KaKTO M Ha pelIpofyKTMBHIUTe
IIpeKaHIIepOo3HM 3a00JIsiBaHMS ¥ TyMOPM € HeoCIIo-
puMo. Harmprmep, HeBE3MOXXKHOCTTa Ha  XMIIOTaIaMo-
xumodusHaTa cucTeMa Ja IIOATVCHe ceKpelysTa Ha
LH, HOpMasIHO ChOMTIE BBB BCeKM MEHCTpyaJleH I-
KBJI V1 TI0 BpeMe Ha OpeMeHHOCT, MOXKe J1a ITpeJIV3BIKa
yBeJIdeHa CTUMYJlalllisl Ha aH[pOreHU B cTpoMaTa
Ha SITYHIKa, KOVTO BIIOCJIeZICTBYIE fla OBIaT apoMaTy-
3MpaHM JI0 eCTPOreHN B MJIeUHaTa >kjle3a ¥ MacTHaTa
ThKaH OT ThKaHHO eKCIIpecupaHa apomMarasa. EcTpo-
reHWTe OT CBOsI CTPaHa ca CBbp3aHV C ITOBUILIEHO HUBO
Ha ITpodepaliyis Ha ernTesla Ha XKJle3aTa.

I'lo Bpeme Ha MeHoOIIay3a, KOraTo e HaMaJsleH VIV JIVTIC-
Ba MHXMOWTOPHMS CTepoVzieH KOHTPOJI OT AVYHNIIN-
Te, PeIPOIYKTMBHITe ThKaHM Ca II0f], Bb3[IeVICTBIETO
Ha XpOHWYHA CTMMYJIalls OT pacTeXHWTe TOHaJ0T-
poraM dpakropu 1 LH B gacTHOCT, KoeTo He MOXe Ja
Ob1e DaslaHCPaHO OT MPOW3BOICTBOTO Ha IIporecTe-
POH OT OBy/IMpalm corpora lutea, KoviTo HOpMaIHO
MoATHCKa xurodusHata cekpernys Ha LH. Pucksr
JOITBIHUTEJIHO HapacTBa OT CTUMYyJIMpallu Kile-
THUYHMA PacTeX U Ipordepariyis MHOXKXeCTBO eHI0-
KPVHHM ¥ IIapaKpyHHU pacTexXxHu perysaropu (EGF,
VHCYJIVIH Y VIHCYJIMHOIIOAOOHM pacTeXXHU paKTopw,
MHTepsIeBKNH 1-asida 11 6eTa, apomartasa 1 T.H.).

[TpuioXkeHMeTO Ha MeJIATOHMH IIPU XOpara ce OcC-
HOBaBa Ha IIpe3yMIIMATa 3a HETOBUS CYIIpecupalrll
edeKT BBPXy TOHAZOTPOIVHUTE (B YacCTHOCT IOKa-
3aH I10 OTHOIIeHMe cekpenyara Ha LH v nponakria
PV Ce30HHO-IIMKIIVpPAIINTE BUIOBE, B 3aBUCHUMOCT
OT IIPOBIDKMATEITHOCTTA Ha CBETIIaTa YacT OT J€HOHO-
mmeto) (Lincoln & Short, 1980; Arendt, 1988). Ormitu-
Te 3a KJIMHMUYHO IIPWIOKEHNME Ha XOPMOHA He OITpaB-
JaBaT OuaKBaHMTa B MHOTO HACOKV, HO OIIpeieIIeHO
HEeroBMAT epeKT I10 OTHOIIIEHVEe ITOTEHIVIPAaHeTo Ha
VHXUOWUTOPHMS KOHTPOJI BBPXY TOHAIOTPOIIVMHITE
3acily’kaBa BHMMaHMe. B CBBKYIITHOCT, pe3yJTaTure
OT IPOCTPaHHM KJIVHWYHW IIPOYYBAaHMUS JIaBaT OC-
HOBaHVIE JIa Ce CUMTa, Ye MOBMIIIeHaTa MeJIaTOHVIHO-
Ba CEKpeLIVs IIpeICTaBiIsgBa MHXUOMTOPEH CUTHAI 3a
pasMHOXaBaHeTO IIPV XOpara, T.e. TeHeTYHO Xopara
ca BUJI, pasMHOXKaBall] ce [PV IbJIBT JIeH. B rmopgkperra
Ha Te3¥ HaOJIIOIeHMs, XMUIIOrOHA/IOTPOITHUSAT XWIIO-
TOHAJM3bM, XMUIOTAJIAMUYHATa aMeHopesl, KaKTO U
3abaBeHMAT IyOepTeT ce CBBP3BaT C BUCOKO-aMILIV-
Ty[IHa CeKpeLVs Ha XOPMOHA M M3MEHEHO ChbOTHOIIIe-
HVe Ha JHeBHV/HouHM cTovtHocTU (Kumanov ef al.,
2005). B apkTmuHMTEe OOJIACTVI, CE30HHMSAT aHOBYJIa-
TOPEH CHMHPOM CBIIIO Ce IIPOsIBSIBa BBB BPb3Ka C I10-
BUIILIEHV JTHEBHV MeJIaTOHVHOBY HBa (Arendt, 1997).

CorlecTByBaT JaHHM 3a ITOBMIIIEHV HMBA Ha MeJlaTo-
HVH ITpe3 JIyTeaIHaTa ¢a3a Ha MEHCTPyaJIHVS LIVIK'BII
B cpaBHeHMe ¢ pormkysapHaTa (Brun ef al., 1987). Me-
JIATOHVMHGBT CTUMYJIVIpa ceKpelysTa Ha IIporecTepoH
B UOBEIIIKV I'PaHYyJI03a-IyTeMHHM KiIeTKn (Brzezinski
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by progesterone production from the ovulating
corpora lutea normally, that suppresses pituitary
secretion of LH. The risk is further increased by
stimulating cell growth and proliferation many
endocrine and paracrine growth regulators
(EGF, insulin and insulin-like growth factors,
interleukin 1-alpha and beta, aromatase, etc.).

The use of melatonin in humans is based on
the presumption of its suppressive effect on
gonadotropins (particularly proven for the
secretion of LH and prolactin in seasonally
cycling species, depending on the length of
daylight) (Lincoln & Short, 1980; Arendt, 1988).
Attempts at clinical administration of the
hormone do not live up to expectations in many
ways, but its effect in potentiating gonadotropin
inhibitory control is certainly noteworthy. Taken
together, the results of extensive clinical trials
suggest that increased melatonin secretion
is an inhibitory signal for reproduction in
humans, i.e., humans are a species that is
genetically determined to reproduce during
long daylight conditions. In support of these
observations, hypogonadotropic hypogonadism,
hypothalamic amenorrhea, and delayed puberty
have been associated with high-amplitude
hormone secretion and altered day/night ratios
(Kumanov et al., 2005). In the Arctic, seasonal
anovulatory syndrome is also associated with
elevated daily melatonin levels (Arendt, 1997).

There is evidence of elevated melatonin levels
during the luteal phase of the menstrual
cycle compared to the follicular (Brun et al,
1987). Melatonin stimulates the secretion of
progesterone in human granulosa-lutein cells
(Brzezinski et al., 1992)] and its involvement in
luteal phase regulation is thought to be one of its
major functions in ovary. In addition, melatonin
significantly increases the expression of mRNA
for LH (but not for FSH) receptor in human
granulosa-lutein cells, while at the same time
suppressing the expression of the GnRH and
GnRH receptor (Woo et al., 2001). It increases
the hCG-stimulated secretion of progesterone
in these cells, probably through increased LH
receptor expression.

It is possible that melatonin is an important
antioxidant and acceptor of reactive oxidative
radicals (ROS) in the female reproductive
system. ROS inhibit progesterone production
and induce CL regression (Sugino et al., 2000).
In the ovary, melatonin probably protects the
corpus luteum from free radicals and therefore
plays an important role in maintaining its
function. In clinical trials, the hormone has been
found to improve the quality of oocytes in IVM
and increase the success of IVE. Its influence
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et al., 1992) u ce mpeprionara, 4e y4acTeTO My B pery-
JalygTa Ha JIyTeaslHaTa ¢pasa e elHa OT OCHOBHITE
My dyHKIMM B AdHMKa. OCBeH ToBa MeJIaTOHVUHBT
HoBUIIIaBa 3HauMTeIHO eKkcripecusiTa Ha nPHK 3a LH
(O He m 3a FSH) pernenitopa B "oBelmIKm rpaHyJIo3a-
JIyTeMHHU KJIeTKM, JIOKaTo B CBHIIIOTO BpeMe ITOTHCKa
excrrpecuara Ha GnRH n GnRH penerrropa (Woo ef
al., 2001). Tont nosumasa hCG-crumMysmmpaHara cekpe-
LIVl Ha IIPOreCcTepoH B Te3U KJIeTKM BepPOSATHO VMeH-
HO upe3 IOBMIIIeHaTa ekcipecus Ha LH pererrropa.

BB3MOXHO e MeJIaTOHMHBT /la MMa 3HaueHVe B perpo-
IyKTMBHATa CUCTeMa Ha JXeHaTa B KadecTBOTO CU Ha
AQHTVMOKCUIAHT U aKLeNTOp Ha PeaKTUBHY OKUCIINTE]I-
1 pagykam (ROS). ROS moTmckaT npomykmmsita Ha
mporecTepoH 1 MHAyUMpar perpecyst Ha CL (Sugino et
al., 2000). B svtuHMKa MeJIaTOHMHET BEPOSTHO IIpeias3-
Ba XXBJITOTO TSUIO OT CBOOOIHWTE pajiViKaIvl M 3aToBa
VIMa BaKHa poJIsi B OAIbpKaHe Ha PyHKIMATa My. B
KJIMHUYHY IPOyYBaHMS € YCTAaHOBEHO e, e XOpMOHa
roy1o0psiBa KavecTBOTO Ha oormTiTe 11pu IVM 1 110-
BuIasa ycrexa Ha IVE. Bp3npuema ce IooXmTesHO
U BIIMSHMETO MY B TIOIIbpKaHe Ha eHIOMeTpryMa,
KaKTo 1 B 1Iporieca Ha mMrintanTanys (Dair ef al., 2008).
Hart-BeposiTHO BUCOKM HOIITHM HUBa Ha XOPMOHa IIpe3
JyTeayiHaTa (pasa W IIpe3 paHHATa OpPeMEHHOCT CTV-
MyJIMpaT CMHTe3aTa Ha IIpOreCTepOH OT JIyTeMHHUTE
KJIETKM U TIO TO3V HauMH MeJIaTOHMHGBT JIONPMHACS 3a
VCIIENTHOTO Pa3BUTHe Ha OpeMeHHOCTTa.

3aK/IroueHmne

Bplipekn orpomHms 00eM mMHOpMaIM 10 OTHOIIe-
Hte OviosormyHnTe ePeKTU 1 AEVICTBIE Ha MeJIaTOHU-
Ha, MHOTO IIpoOJIeMI OCTaBaT HeM3sCHeHW. BaxHuTe
BBIIPOCH, KOUTO Ce HYXXIAsT OT pellleHne, KacasiT KIIo-
YOBU AeTaIv KaTo crelnduryHaTa KIeThuHa JIOKaIV-
3alMs Ha PYHKIIVOHAJIHY PelelITOPY 3a MeJIaTOHVH 1
MexaHW3MUTe 3a aKTMBUPAHETO MM, MOCJIeIBaIV Ipy-
LIeJIHV eJIeMeHTV Ha TeHHa eKCIIPecus U TSXHOTO 3Ha-
yeHVe BbB (PM3MOJIOTMUeH KOHTEKCT V1 IO-CIIel1aIHoO 3a
penponyKTUBHATa CUCTeMa ITpy doBeKa. VIskimrounTes-
HO Ba)XKHO e JIa ce IpaBy pasjinKa MeXAy u3MoIIornd-
HUTe ePeKTI Ha MeJIATOHVHA KaTo eCTeCTBEH XPOHOOM-
OJIOTMYeH CUTHaJI U papMaKOJIOTMYHUTe TOCIeIUIIN
OT NPUJIOKEHWeTO Ha MeJIaTOHMH KaTo JieKapCcTBeHa
nobaska. ChIIIOTO ce OTHACS U 3a MHTEpPIIpeTaInsaTa Ha
edekTUTe Ha MeJIaTOHMH - OT 3HaueHMe e MHIVBUIY-
ajleH TOMIXOf, KOMTO OTYMUTa PUTMUYHOCTTA Ha CeKpe-
LMsITa Ha eHJOTeHHN XOPMOH KaKTO ¥ HaJIMUMeTo Ha
pelienTOpHa Bb3IPUEMYMBOCT U BB3MOXKHOCT 3a OTIO-
BOp Ha ThKaHTa. Bb3pacTTa 11 cTelleHTa Ha M0JIOBa 3psi-
j10cT, pasaTa Ha pasBUTHE V/VUIV TIOJIOB IIVIKBJI, KAKTO
Y TeHeTUYHN Bapualluy, MOTraT Ja IOBJIMSISAT Ha TOBa
KaK pernpoayKTVBHATa ThKaH Ille pearvpa Ha MeJlaTo-
HVH HOpUIoXeH oTBBH. OueBUIHO e, Ye MeJIaTOHUHBT
VI/VUIVI HETOBY aHAJIO3W ITIOCTaBAT IIpeM3BMKATeIICTBA
IpeJ] TlepcoHasIM3MpaHaTa pPelpoIyKTUBHaA MeIUIIHA
U Ile HaMepsAT CBOETO MSICTO B HeVHMS apceHall.
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in endometrial maintenance as well as in the
implantation process is also perceived positively
(Dair et al., 2008). Most likely, high nocturnal
hormone levels during the luteal phase and
early pregnancy stimulate the synthesis of
progesterone by lutein cells and thus melatonin
contributes to the successful development of
pregnancy.

Conclusion

Despite the vast amount of information
regarding the biological effects and actions
of melatonin, many problems remain unclear.
Important issues that need to be addressed
concern key details such as the specific cellular
localization of functional melatonin receptors
and their activation mechanisms, subsequent
targeting elements of gene expression and
their importance in a physiological context,
especially for the human reproductive system.
It is extremely important to distinguish
between the physiological effects of melatonin
as a natural chronobiological signal and the
pharmacological consequences of the use of
melatonin as a drug supplement. The same
applies to the interpretation of the effects of
melatonin - an individual approach is important,
which considers the rhythmic secretion of
endogenous hormone as well as the presence of
receptor susceptibility and the ability to respond
to tissue. Age and degree of puberty, stage of
development and/or menstrual cycle, as well as
genetic variations, may affect how reproductive
tissue will respond to externally melatonin. It
is obvious that melatonin and/or its analogues
pose challenges to personalized reproductive
medicine and will find their place in its arsenal.
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MORPHOLOGICAL AND GENETIC ASSESSMENT OF HUMAN BLASTOCYSTS
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BvBenenme

VMHadepTnnmTeTsT € cepmo3eH comyasieH U VKOHO-
MMYecK IpodsieM, a B MHAMBWIya/leH IUIaH HaHa-
Csl TEXKM TICUXOJIOTMYECKV I eMOIIMOHAIHN IIeTV
Ha 3acerHaTuTe. B passBuruTe cTpaHmM okoio 15-16%
OT IBOVIKITE B PeIIpOAYKTMBHA BB3pacT cTpagaT OT
Oesruionme

EnHu oT KpUTUYHMTE CTBIIKM CJIel] IH BUTPO OILIOXK-
IaHe ca CeJIEKTMPAHEeTO U TpaHCepbT Ha FeHEeTIUHO
371 paB eMOPVIOH ¢ JOOPO KavecTBO ¥ BUCOK ITOTeHIIVaIT
Ha passutire (Kim et al., 2019). B ronsimMa gacT oT KiIm-
HVKWUTE 110 aCUCTVpPaHa PeIIPOmyKIINs, CeJIeKIIMsITa
Ha eMOPMOHM Ce IIpaBy Bb3 OCHOBA Ha TEXHUTe MOp-
pOTIOrMYHY XapaKTePUCTUKIL B Pas/INYHUTE eTalu
Ha pas3BUTME - 3Ur0Ta, 2-3-THEBHI eMOPVIOHM U B CTa-
mvm Onacroumcet (Fragouli et al., 2014). Kynrtusnpate-
TO Ha eMOPVOHNTE IO CTa/MVi OJIaCTOIVICT Ce M3IIOI3-
Ba KaTO Ha4dMH 3a IoL00p Ha Hal-KM3HECIIOCOOHMTe
eMOpVOHM OT KOXOpTaTa C TOCjIe/iBaIio HaMaslsBaHe
Opost Ha peanm3MpaHNTe TpaHcdepN 1 YecToTaTa Ha
MHOroruiogHa 6pemerHocT (Irani ef al., 2018).

TpanmimoHHO, OIleHKaTa Ha PasBUTHMETO Ha eMOpu-
OHVITE CTaBa Upe3 eXKeTHeBHO M3Bak[laHe OT MHKyOa-
TOpUTE ¥ MUKPOCKOIIVIPaHe, KOETO IVl ITOCTaBSIIIe B
CyOOonTMMaTHIUTE YCIIOBMS Ha OKOJIHATa Cpefa B Jia-
OoparopmsiTa (CHVDKaBaHe Ha TeMIlepaTypaTa, IIpo-
MsHa Ha pH n ocMmonmanmreTa Ha cpemara, M3jaraHe
Ha JIeTJIBM opraHmn4Hu Bellectsa - VOCs, oceTsiBa-
He ChC CVUTHA OsTa CBeTIIMHA U Ip.), KbM KOUTO Te ca
0COOEHO UyBCTBUTEITHIA.

[TosiBaTa Ha eTHOCTBITKOBYI XPaHWTEITH Cpenu (single
step media), TOAXOAAIIN 3a KyJITVBUpaHe OT 3UTOTE€H
10 OJIacTOIMCTEH CTamwli, KaKTO M Ha CIelyaIHu
MHKyOaTopy, cHabmeHM c T.Hap. time-lapse system
(TLS), xosiTo m03BONISIBa 24-4acoBo HaOJIIOIEeHMEe Ha
Mopdo-KIHeTMKaTa Ha eMOprioHa (0e3 m3BaKkgaHeTo
My OT MHKyOaTOpa), ToBefoxa 0 BB3MOXKHOCTTA 3a
HeVHBa3MBHA OIleHKa KadecTBOTO Ha pa3BUBAIIlTe
ce TIpenVMMIUIaHTaIVIOHHY eMOPVIOHM ¥ TSXHaTa I10-
moOpa cemexmyst. braromaperme Ha TLS, emOpriorto-
I'BT IIOJIyYaBa MHOT'O II0Bede MHAOPMAIVS OTHOCHO
KJIIOYOBM MOMEHTVI OT eMOPMOHAIHOTO pPasBUTE,
KOWTO BEpPOSITHO Ca CBBP3aHM CBC CIIOCOOHOCTTA 3a
oOpasyBaHe Ha OacTOIMCTa C BMCOK MIMIDIAHTAIIVIO-
HeH norteHnman (Storr et al., 2015).
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Introduction

Infertility is a serious social and economic
problem, and in an individual perspective
can cause severe psychological and emotional
damage to affected people. In developed
countries, about 15-16% of couples in
reproductive age suffer from infertility.

One of the critical steps after in vitro
fertilization is the selection and transfer
genetically healthy embryos with good quality
and high developmental potential (Kim et al,,
2019). In the vast majority of IVF laboratories
around the world, embryo selection is based
on their morphological evaluation at distinct
developmental stages - at the zygote, at the
day 2-3 (cleavage) and at the blastocyst stage
(Fragouli et al.,, 2014). Embryo cultivation to
the blastocyst stage used to select the most
potentially viable embryos from the cohort thus
decreasing the number of embryos transferred
and the multiple pregnancies rates (Irani ef al.,
2018).

Traditionally, the development of embryos
is assessed by daily microscopy, removing
them from the incubators and exposing them
to sub-optimal conditions in the laboratory
(temperature fluctuations, changes in pH
and osmolality, exposure to volatile organic
compounds (VOCs) and strong white light, etc.)
to which they are especially sensitive.

The introduction of single-step media, suitable
for cultivation from the zygote to the blastocyst
stage and of special incubators, equipped with
the so-called time-lapse system (TLS), which
allows 24-hour monitoring of the morpho-
kinetics of embryos without removing them
from the incubator, has led to the possibility
for non-invasive embryo assessment and better
selection. Thanks to TLS, the embryologist
receives more information about key moments
of embryo development, which are probably
related to its ability to form a blastocyst with
high implantation potential (Storr et al., 2015).

It should be taken into consideration that
advanced maternal age is one of the serious
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TpsibBa 1ma ce mMa mpenBuz, 4e aBaHCMpaslaTa pe-
IIPOIYKTVBHA BB3PacT IIPU JKE€HaTa, € eIVH OT Cepy-
o3HUTEe IIpo0sIeMM B acUCTMpaHaTa PerpOIyKIIs,
0CO0EHO IIpe3 IOCIIeTHOTO JleceTuieTrie B buirapus.
PearmsupaneTo Ha ycrenrHa OpeMeHHOCT ps3KO Ha-
MajigBa KBM Kpasl Ha 4eTBbpTara JeKaza Iopajn
HaMaJIEHW SIMTYHMKOB Pe3epB 1 BIIOIABAIIOTO Ce Ka-
YeCTBO Ha AVIIEKIIETKITE, KOETO OT CBOS CTPaHa BOIV
IO BVICOK ITPOLIEHT eMOPVOHM ¢ XPOMO3OMHY aHOMa-
sy, Bapupariy ot 60% 1ipu skeru 11071, 35 TOMMHM 110
Hay 80% rrpwm xenn Haz 41 roguan (Kong et al., 2017).
B To3m cMumchi1, M300pBT Ha IIOHE €OVH eyIIouIeH
eMOpIOH ¢ oTIMYHa MOPQOJIOrNs, € OT KJIIOYOBO 3Ha-
YeHVe 3a TIOCTUTaHeTO Ha pa3BuBallia ce OpeMeHHOCT
Y pakJIaHeTO Ha 3/IpaB JIOHOCEH IIJIOf,

OT IIBpBOTO, 3aBBPIINIIO C paXk[JaHe, VMH BUTPO OI-
noxziaHe (rpe3 1978 r)) o Harm 1HY, TI0BEYe OT 8 M-
JIMOHA JIella ca POIEeHM CJIell aCUCTMpPaHV PepoIyK-
tsHM TexHonornm (ART) (Crawford & Ledger, 2019).
B cBeroen marrab, xHaz, 200, 000 perma ce paxaar ro-
ayrrso cien [VF xato OposT Ha MUKIIMTE IIOCTOSTHHO
Hapactsa (Zhao et al., 2020).

Hart-masko 40-60 % oT goBeIIKMTe eMOPVOHM ca aHe-
YIUIOWIHY, KaTo Te3y IIPpolleHTN HapacTsaT 10 80 %
npu xeHn Hap 40 rogyan. ToBa e Hali-yecTo cpelia-
HaTa TeHeTVYHa aHOMaJIVs IIPY XopaTa U e ejHa OT
OCHOBHVITe IIPUYVHY 3a HeYyCITelTHa VMIUIaHTaIVs U
3aryba Ha OpemenHocT (Nagaoka et al., 2012), kakTo 1
3a HMCKAaTa yCIIeBaeMOCT Cjlell H BUTPO OIIOKIaHe
u eMbpuoTrpancdep - ot 30% 11pm xeHm < 35 TOIVHA
mo tiox, 6% 1ipu sxenn > 40 roguaM (Dahdouh et al.,
2015). B morreitaerme okorto 10-15 % OoT KIIMHUYIHUTE
OpeMeHHOCTH ca ITOC/IeIBaHW OT CIIOHTaHeH abopT,
50 % oT KOMTO ce TbIKAT Ha XPOMO30OMHV aHOMAaJIVV
(Fesahat et al., 2020).

Hay-pasHnTe OonmMTH 3a IpeHaTa/IHa JAMarHOCTMKA
ca TpaBeHm oltle T1pe3 1967 r., korato lapna®p 1 Eny-
apzc aHaIM3MpaT X-XpoMaTVHa IIpY 3aelIky Oy1acTo-
LIVICTY, C IIeJ1 OIIperiesisiHe Iojla Ha eMOpumonuTe. Ha-
KOJIKO TOOMHU TI0-KbCHO, Tipe3 1985 r. CperoBHaTa
3paBHa OpraHM3aIys Ipelara paspadoTBaHe Ha
PGT (preimplantation genetic testing) ¢ n3ciensane
Ha SIVIEKIIeTKN /WM HpeIyMIUIaHTAlVIOHHV eM-
OprioHM KaTo eTWYHa ¥ IpeBaHTMBHA TeXHOJIOTMS.
ITepBoTO ycnemuo npmioxkenne Ha PGT ce ocpmect-
BsBa efiBa 1ipe3 1990 1. ot Astan XeHavicars, u Kojle-
', KOMTO OIIpeziesIAT I10jIa Ha eMOPVIOHM, IIPV KOWUTO
VIMa PVCK OT yHacjlefsiBaHe Ha X-CBbp3aHO 3a00s1siBa-
He; TI0JI3BaT IoMMepasHa BeprokHa peakums (PCR)
upe3 aMIUIMPUKAIMSA Ha Y-XpPOMO3OMHU crierdmny-
HW TI0CIIeJIOBaTEIHOCTM C 1IeJI Jla pasrpaHnYaT MbXK-
KV VI )KeHCKIA

PGT-A wnmu 1mpeguMMIUIaHTAIIVOHEH TeHeTU4YeH

ckpurHMHT (PGS) e TexHMKa, ¢ HIOMOIIITa Ha KOSTO
€ BB3MOXKEH IISUIOCTEH XPOMO3OMEH aHaJIV3 Ha BCUY-
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problems in assisted reproduction, especially
in the last decade in Bulgaria. Achieving a
successful pregnancy declines progressively
with female age (especially after 38 years)
because of diminished ovarian reserve and poor
egg quality, which leads to a higher incidence
of chromosomally abnormal embryos, ranging
from 60% in women younger than 35 years to
80% in women 41 years and older (Kong et al.,
2017). In this sense, the selection of at least one
embryo with excellent morphology is crucial
for achieving a pregnancy and giving birth to a
healthy full-term baby.

Since the birth of first IVF baby in 1978, more than
8 million children have been born after assisted
reproductive technologies (ART) (Crawford &
Ledger, 2019). Worldwide, more than 200, 000
children are born each year after IVF, and the

number of cycles is steadily increasing (Zhao et
al., 2020).

At least 40-60% of human embryos are aneuploid
with rates rising up to 80% and more in women
at the age of 40+ This is the most common
genetic abnormality in humans and is one of
the main reasons for implantation failure and
pregnancy loss (Nagaoka et al., 2012), as well
as for the low success rates after IVF-ET - 30%
in women < 35 years and less then 6% in those
above 40 (Dahdouh et al., 2015). In addition, it
has been estimated that more than 10-15 % of
clinical pregnancies end in miscarriage, 50 % of
which are due to chromosomal abnormalities
(Fesahat et al., 2020).

The earliest research on prenatal diagnosis was
conducted in 1967, when Gardner and Edwards
analyzed the X-chromatin in rabbit blastocysts
to determine the sex of the embryos. A few years
later, in 1985, the World Health Organization
(WHO) proposed the development of PGT
(preimplantation genetic testing) of oocytes
and preimplantation embryos as an ethical and
preventive technology. The first successful use
of PGT was done in 1990 by Alan Handyside and
colleagues who determined the sex of embryos
in which there was a risk of inheriting an X-
linked disease by polymerase chain reaction
through amplification of Y-chromosome specific
sequences in order to differentiate male from
female.

PGT-A (formerly known as PGS - preimplantation
genetic screening for aneuploidy) makes
it possible to analyze all 24 chromosomes
(22 autosomes and both sex chromosomes)
and select viable euploid embryos to increase
pregnancy rates, especially in women of
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Kpurepun
Criteria

Bpoii nanuenTu
Number of patients

Hanpennana Be3pact

11 (61.1 %)

Genetic disease

Advanced age

CrioHTaHHU a60pTH )
Miscarriages 4(22.2 %)
Jloka3aHN TeHeTUYHNU 3a00IIBaHU ST

Tabn. 1: Pasnpedenenue Ha nayuenmume no Kpumepuu, Haiaeawu nposedxcoanemo na PGS.
Table 1: Distribution of cases according to inclusion criteria

K11 24 xpoMo3oMM (22 aBTO30MM ¥ IIBETe IIOJIOBU XPO-
Mo3oMm - X M Y) U celleKIsiTa Ha XM3HECTIOCOOHM
eyIUIONIHY eMOPVOH, KOUTO [Ia YBeI4ar IIpoLeH-
Ta pean3MpaHy OpeMeHHOCTH, Havl-Beue [P XKXeHU
B HallpeIHa/la PeIpOnyKTVBHa Bb3PacT, C IOBTAps-
IOV Ce CIIOHTaHHW abopT, reHeTUYHV HapyLIeHs
VI TIOBTAPSIIIVL Ce HeyCIIeITHY MH BUTPO IIPOLeNypu
(Gutiérrez-Mateo et al., 2011). Bce mo-gecToTo TIpmIa-
raHe Ha TO3W TUII M3C/IeIBaHe, BEPOSITHO Ile HaMa-
JIV BpeMeTO 3a IIOCTUIaHe Ha yCIlelllHa OpeMeHHOCT,
KOeTO e OT M3KJIIOYMTeIHA BaXXHOCT 3a JABOVIKM B Ha-
npenHasa Bb3pacT (Romanelli et al., 2019).

CexsenmpaneTo ot HOBO TTokosieHue (Next generation
sequencing - NGS) ce oTHacg KbM rpynara Ha MeTO-
AWTe 3a MACMBHO I1apajlejIHO CeKBeHMpaHe, KOWUTO
TI03BOJISIBAT €HOBpEeMEeHHO 0OpaOoTBaHe Ha M3KIIIO-
uprertHo ronsM opont JJHK dparmenTn (Sciorio et
al., 2020). NGS moxe fa ce mpwiara Ipv ceKBeHMpa-
HeTO KaKTO Ha IejIusl TeHOM, TaKa 1 Ha OTJe/IHM eK-
30HM, TEHOMHU y4acTbIV 1 MuToxoHapranHn JTHK
cexsenuym (Yohe & Thyagarajan, 2017). IlonacTos-
IIleM HOBOT€HEepaIMOHHOTO CeKBeHMpaHe HaMupa
IIMPOKO MPUJIOKeHWe B IIpeMIUIaHTalVIOHHMST

advanced age, recurrent miscarriages, genetic
disorders and recurrent unsuccessful in vitro
fertilization procedures (Gutiérrez-Mateo et al.,
2011). The increasing use of this type of genetic
testing is likely to reduce the time to achieve
a successful pregnancy, which is crucial for
elderly couples (Romanelli et al., 2019).

Next generation sequencing (NGS) belongs to the
group of massively parallel sequencing methods
that allow parallel processing of an extremely
large number of DNA fragments (Sciorio et
al., 2020). NGS can be used to sequence whole
genome, individual exons, genomic regions
and mitochondrial DNA sequences (Yohe &
Thyagarajan, 2017). Currently, NGS is widely
used in preimplantation genetic screening
due to high sensitivity of the method, high
productivity and the small amount of genetic
material required (about 1 nM).

Most NGS platforms are based on the
“sequencing by synthesis” principle, which
allows multiple individual DNA templates to

Figure 1: Time - lapse incubator CCM, iBIS, Astec, Japan.
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TeHeTVYeH CKPVHVIHT IIOpajIy BCOKaTa JyBCTBUTE]I-
HOCT Ha MeTOJIa, BUCOKa ITIPOVI3BOIUTEITHOCT VI MaJIKO
KOJIMYeCTBO T'eHeTWYeH Marepuall, KoeTo e HeobOXo-
nvmo (oxosio 1 nM).

INo-roysimaTa 4YacT OT IUIATPOPMWTE 3a HOBOTEHe-
palliOHHO CeKBeHMpaHe ce OCHOBaBaT Ha IIPUH-
oua ,ceKBeHMpaHe 4pe3 cuHTe3” (sequencing by
synthesis), koeTo 103BoOJIsIBa IIpOYMTaHe Ha MHOXe-
ctBo otaenHu JJHK Marpuiiy enHoBpeMeHHO U B Cb-
IIIOTO BpeMe II03BOJIsIBa II0JIydaBaHETO Ha OIPOMHO
xormryectso JJHK cexsentmm ¢ pasmepu 1o 500 6azo-
Bu Boviku (Yan et al., 2014).

Upes To3m MeTOp, Morar la ObIaT mMaeHTUUIpaHn
v HebaJlaHCUpPaHM TPAaHCIOKAINY, CETMEHTHU aHe-
YIUIOVAWW, JAOPY HUCKM CTelleHM Ha MO3auIM3bM
(20 %) m1 de novo Br3HVKHAIM MyTarmm (Friedenthal ef al., 2018).

B HacTosII0TO M3CilefjBaHe ce CpaBHSBAT pe3yJITaTy-
Te OT CTaH[apTHaTa MOP(OJIOrYHa OIleHKa Ha eM-
OpMOHM, TOCTUTHAIIN JI0 CTaauVi OJIaCTOLNCT, C Te3N,
HOJIyYeHU CJlef], IIpeIVMIIaHTallVIOHEeH TeHeTHYeH
CKPUVIHVIHT 4pe3 HOBOT€HepallVIOHHO CeKBEeHVpaHe
(NGS - next generation sequencing).

Marepwuanu 1 MeTOa M

B m3ciienBaneTo Osixa BKIItoueHM 18 JkeHM Ha Bb3pacT
Mexay 25 u 44 ronyHN. AHaIU3VpaxMe 63 yCIIeNHo
Ouoricupann eMOpMoHa, IIpociierieHn M MopdoIIo-
TMYHO OLIeHeHM Ha CTanii 0JIaCTOLVICT 1 TeHeTMYHO
CKPMHMpPaHM 3a aHEYTUIOV/IVIAL

Kpurepumre 3a BK/IIOYBaHe Ha [IBOVIKATE B IIPOYY-
BaHeTo Osixa (TaOi. 1): ;moxasaHM TeHeTMdHM 3a00IIS-
BaHUA (N = 3), HallpegHala PerpoOIyKTVBHA BB3PacT
(= 34 ropmewM) (n = 11) 11 HOBTAPSIIIIN Ce CIIOHTAHHY abop-
™ (n =4).

be read simultaneously and at the same time
allows a huge amount of DNA sequences up to
500 base pairs (Yan et al., 2014).

This method can be used to identify unbalanced
translocations, segmental aneuploidies, even
low-level mosaicism and de novo mutations
(Friedenthal et al., 2018).

In the present study we have compared the
results from standard morphological evaluation
of embryos that have reached the blastocyst
stage with those obtained after preimplantation
genetic screening by next generation sequencing
(NGS).

Materials and methods

The study includes 18 women aged 25 to 44
years. We analyzed 63 successfully biopsied
embryos, that were morphologically assessed at
the blastocyst stage and genetically screened for
aneuploidies.

Inclusion criteria were (Table 1): known genetic
disease (n = 3), advanced reproductive age (> 34
years) (n = 11) and recurrent miscarriages (n = 4).

Genetic analysis was performed using DNA
isolated after trophectoderm biopsy at blastocyst
stage.

All embryos were cultured and analyzed by TLS
(CCM iBIS, Astec, Japan) (Figure 1) at 37°C, 6 %
CO, and 5% O, in a single-step culture media
(SAGE 1-step® Origio, Cooper Surgical, USA)
until the blastocyst stage.

Due. 2: CHumka Ha usatonena daacmoyucma ¢ Hau-000po kavecmbo na ICM u TE (cHumka- emOpuosoeuuna
aabopamopus ML, PenpobuoMed”)
Figure 2: Hatching blastocyst with the best quality of ICM and TE (photo- embryological laboratory MC”Reprobiomed”
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Crenen Ouenka XapakTepucTuka
Grade Rating Description
bnactonen < 50% ot o6ema Ha emOpuoHa
Panna
early blastocyst)
1 Onacrorucra .
Blastocoel cavity less than half the volume
Early blastocyst
of the embryo
Braco bnacroriien HanbJIHO 3aeMarl ooeMa Ha
Eran na pa3Burue 2 emOpuona (> 50%)
Blastocyst . .
Ha OjacTonucra Cavity completely filling the embryo
Excnangupana | bracTouenbT 3HaYUTENHO € HApacTHAI U
Stage of blastocyst el » P
OnacrouucTa pas3TerHal 30Ha meNyuia,;
development £ .
Expanded Cavity larger than the embryo
blastocyst with thinning of the shell
Nsnronena
YacTUYHO WM U3LSIIO0 U3JISA3bJ OT 30Ha
Onacrorucra
4 Hatchin nenyuaa OIacTONCT;
& Hatched out/hatching out of the shell
blastocyst
Buauma, jiecHO pa3inyuMa, ¢ MHOXKECTBO
IUTHTHO TIOAPEICHH KIICTKU
Jo6bp i g 3 .
1 Prominent, easily discernible, with many
Good .
cells that are compacted and tightly ad-
BbTpemna hered together
KJIEThYHA Maca Buauma, ¢ MHOXXECTBO CBOOOIHO
) 3a0BOJIUTENICH | TPYIUPAHU KICTKH
Inner cell mass W air Easily discernible, with many cells that are
(IcM) loosely grouped together
Tom TpynHo paznuunma, HaJTUYKE Ha MaTbK
g o Opoii KIeTKH
Difficult to discern, with few cells
MHOXkXeCTBO KIIETKH, (OpPMHUpAIIH
o5 (popmupar
1 KOXE3UBEH EIUTEN
Good . . N
Many cells forming a cohesive epithelium
TpogoekToaepma
Hsikonko kiretku, popmuparniu pexas
3a10BOIUTENIEH
2 . EIUTEI
Trophoectoderm Fair : o 1
Few cells forming a loose epithelium
(TE)
Jlomt MHoro Maiako Ha Opo¥ KJIETKH
3
Poor Very few cells

Taba. 2: Koncencycua cucmema 3a oyerka Ha emopuonume 6 cmaduil 6aacmoyucm
Table 2: Consensus scoring system for blastocysts.
(Alpha Scientists in Reproductive Medicine and ESHRE Special Interest Group of Embryology, 2011)
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Que. 3: THK npogpus na eynaouden emopuon. (Crumxa - eenemuuna aadopamopus ML, PenpobuoMed”)
Fig. 3: DNA profile of an euploid embryo. (Graph — OTT, ReproBioMed MC)

3a mpoBeXIaHeTO Ha TeHeTUJHMS aHaiam3 Oe ms3-
nomseaHa JJHK, nomyyena B pesysrar Ha TpodeKTo-
ZlepMaTHa OVOTICHS, M3BBpPIlIeHa Ha 5-6-TV [IeH CIIer]
OIUIOKIIaHeTO Ha eMOprioHMTe. Bevrukn eMOprioHM ca
KYJITUBMPaHU U aHaJIM3MpaHuU ¢ nomoinra Ha TLS
(CCM iBIS, Astec, Japan) (Pur. 1) mpu 37°C, 6% CO,
1 5% O, B enHOCTBIIKOBa cpena (SAGE 1-step®, Origio,
Cooper Surgical, USA) mo nocturase Ha cragum Om1a-
TOLIVCT.

Mopdomornunara oneHka Oe HallpaBeHa Ha Oasa
Mcraubysckms xkoHceHcyc ot 2011 . BB3 OCHOBa CTe-
IleHTa Ha pas3BUTVe Ha OJlacTolycTaTa 1 Ka4eCTBOTO
Ha TpodeKTofepMaIHUTe KJIETKV ¥ BBTpeIIHara
kierpuHa Maca (Taom. 2).

[TpenmmiIaHTaIMOHHMAT TE€HETUYHWMAT CKPUHVHT
(PGT-A, PGS) Ha BKIIIOYEHWUTE B IIPOyYBAHETO €M-
Opronm, Oe M3BBPIIEH C IOMOITAa Ha BUCOKOPE30-
JIIOIVIOHHO CeKBeHMpaHe, KOeTo JlaBa Bb3MOXKHOCT 3a
e/THOBpeMeHHO OTKpVBaHe Ha HapyIleHs B Oposi Ha
XPpOMO30MITe, KaKTO ¥ OajlaHCHMpaHy IpeoOpasysa-
HVS MEXAY THX.

B cpOTBeTCTBIIE C IPOTOKOJIA Ha IIPOV3BOIMNTEIIS, 13-
ompanara [JHK ot TpodoexTomepmartHm KiteTkmy, ce
dparmeHTVIpa Ha CITy4YaeH IPVHIINII VI Ce aMIUINV-
nmpa, msnonsBavicku SurePlex DNA Amplification
System (Illumina). AMmmdnimpanara JJHK ce 13-
II0J13Ba 3a IIO/ITOTOBKa Ha ITyJI OT TeHOMHWM Omormo-
TEeKW, CJIeJl KOeTO BCUUKY OMOIMOTeKn ce paspexaar
710 TIoJTyYaBaHe Ha eflHaKBa KoHIleHTparyus Ha JJHK
(T.Hap. HOpManM3MpaHe Ha OMOIMOTEKMTE) C M3ITOII3-
BaHe Ha VeriSeq DNA Library Prep Kit (Illumina).
Cn3maBa ce o011a 0Om0IMoTeKa, KOATO CJIefl IIojlaraHe

20

The morphological assessment of embryos was
performed according to the Istanbul consensus
(2011) based on the degree of blastocyst
expansion and the quality of trophectoderm and
inner cell mass.

Preimplantation genetic screening of the
embryos included in this study was performed
using high-resolution sequencing, which
allows the simultaneous detection of changes
in the number of chromosomes and balanced
translocation between them.

According to the manufacturer’s instructions,
isolated DNA from TE cells was randomly
fragmented and amplified using SurePlex DNA
Amplification System (Illumina). The amplified
DNA was used to prepare genomic libraries,
which were further diluted to obtain the
same concentration of DNA (so-called library
normalization) using the VeriSeq DNA Library
Prep Kit (Illumina). A common library was then
created which was subjected to temperature
denaturation and was sequenced using the
MiSeq (Illumina) system. To analyze the results
from sequencing, we used BlueFuse software
(Ilumina), which stores, analyzes and interprets
the collected data. The software automatically
provides information on the overall status of
each embryo and each chromosome, including a
qualitative assessment of the results.

Results

The present study included 18 patients aged 25
to 44 years with a mean age of 34.5 years. The

Embpuosoceus Tom 11 Knuxka 1



Ha TeMIlepaTypHa JeHaTypalus, ce ceKBeHlpa upes
MiSeq mrardopma. 3a aHaIM3 Ha IMOJIyUYeHUTe pe-
3yJITaTV OT CEKBEHVpAaHETO, e n3moi3BaH BlueFuse™
codryep (Illumina), KovTO ChbXpaHsiBa, aHAIM3MPA
U HTepIIpeTypa MHoJIydeHUTe cjlel] CeKBeHVpaHeTO
gaaHu. CodTyepsT aBTOMATUMYHO IIPeOCTaBs WH-
dopmaryss OTHOCHO LISIJIOCTHMS CTaTyC Ha BCEKM eM-
OpMOH 1 BCsiKa XPOMO30Ma, BKJIIOUMTEIHO ¥ KadecT-
BeHa OlleHKa Ha pesyJITaTuTe.

Pesynaratm

B HacrosmoTo nsciensaHe Osixa BKIodeHM 18 marm-
€HTKM Ha Bb3pacT MexXy 25 11 44 TonvuHM CbC CpegHa
BB3pacT 34.5 rogmam. [TanmenTKNUTe Os1Xa pasiesieHn
B TPV Bb3PacTOBV IPyIN: B Ipyna 1 Osixa BKIIIOUeHM
5 >xeHm Ha Bb3pacT Mexay 25 1 30 roguHY, B rpyna 2
Osixa BKITIOUeHM 8 >keHM Ha Bb3pacT Mexxy 31 m 39 ro-
IOVHY, a BTpyTa 3 Osixa BKIIIOUeHM 5 KeHI Ha Bb3PacT
Mexny 40 1 44 roguHN.

bemre HarpaBeHa MOpdpoJIOrMYHa OIleHKa Ha OOIIo
63 m3imonieHn Gr1acToIMCTY Ha 0as3a KpuTepunTe Ha
Mcranbysickara kousennms ot 2011 r.,, HerocpercTse-
HO 1peny ouoricrpareTo nM. EMOpronwuTe Gsixa pas-
HieJIeHN B YeTVPY TPYIIV CIIOpe]] CTazls Ha pasBUTHe
u xadectBoTo Ha TE 1 ICM. I'pyma 1 BKirouBaiiie em-
OpvoHM ¢ Ha-BUCOKO Kadectso (4/1/1, 4/1/2, 4/2,1),
rpyma 2- eMOproHM CbC CpernHO KadecTso (4/2/2), B
rpyma 3 Osixa pasmpesiesieHV eMOpVOHWUTe C JIOIIa
Mopdortorus (4/3/3, 4/3/1, 4/1/3, 4/2/3, 4/3/2) u B
rpyma 4 Osxa BKJIIOUYeHVM eMOPMOHM, KOUTO ca KoJIa-
Ovpasii 1 He MoraT /ia O'b/IaT OIleHeH .

OT m3clenBaHM Ype3 HOBOI€HEPAIVIOHHO CeKBEHVI-
paHn eMOpmonu 26 (41%) Osxa eyrwiompgum (Dur. 3),
29 (46%) Osixa aHEYIUIOMIHM 1 8 HEMHTEepPIIpeTaowI-
Hu (13%).

patients were divided into three age groups:
group 1 included five women between 25 and 30
years, group 2 included eight women between 31
and 39 years and group 3 included five women
between 40 and 44 years.

A morphological assessment of a total of 63
hatched blastocysts was performed based on the
2011 Istanbul Convention criteria prior to their
biopsy. Embryos were divided into four groups
according to stage of development and TE and
ICM quality. Group 1 included embryos of the
highest quality 4/1/1, 4/1/2, 4/2/1), group 2
- embryos of fair quality (4/2/2), embryos with
poor morphology were distributed in group 3
4/3/3, 4/3/1, 4/1/3, 4/2/3, 4/3/2), and group 4
included embryos that collapsed and could not
be evaluated.

From all NGS analyzed embryos twenty-six
were euploid (41%) (Fig. 3), twenty-nine were
aneuploid (46%) and eight were uninterpretable
(13%). The most common chromosomal
abnormalities were monosomies (48%) (Fig. 4),
followed by trisomies (31%) and a combination
of monosomies and trisomies (21%). Of all
29 aneuploid embryos, twenty-eight (97 %)
contained autosomal aneuploidies and only one
embryo had sex chromosome monosomy (3%).
The most common chromosomal aneuploidies
affected chromosomes 11, 13, 21, 22, responsible
for 52% of all cases.

Of all euploid embryos, 65% received a grade
1 for the quality of the inner cell mass. 39% of
aneuploid embryos received a grade 2 for the
quality of the ICM. Grade 3 for ICM was given to
17% of aneuploid embryos, and only 1 (5%) euploid
embryo received a grade of 3 for ICM. (Fig. 5)
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Que. 4: IHK npogpus na embpuor c monosomus X (45, X0). (Chumka - MLI ,, PenpobuoMed”).
Fig. 4: DNA profile of an embryo with monosomy X (45, X0). (Graph — OTT, ReproBioMed MC)
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Que. 5: Ceombemcmbue mexdy xawecmbomo nHa ICM u xpomo3omHus cmamyc Ha embpuoHume.
Fig. 5: Correlation between the quality of ICM and ploidity of the embryos.

Ot BCMuKM M3CITeIBaHM eMOPMOHM C MIHTepIpeTa-
Oovtam pesynrary, npu 29 (53%) Osixa ycTaHOBEHM
OpovHI XpomosoMHU aHoMaymy. Har-gecto cpe-
maHu Osxa MoHo3omumTe (48%), mocIemBaHM OT
Tpusomum (31%) ¥ KOMOMHAIMS OT MOHO3OMWM U
Tpusommm (21%). B xoxoprara Ha aHeyIUIOMIHWUTe
emOpmonmn 28 (97%) chabpkaxa aBTO30MHM aHeyII-
sovav 1 camo 1pu 1 emOpmon (Pur. 4) ce HabIO-
TlaBallle aHeyIUTIOVIVs Ha TI0JIOBITe XpoMo3oMu (3%).
Harvi-uectte abepanym 3acsiraxa xpomosomu 11, 13,
21, 22, otroBopHM 3a 52% OT BCUYKV aHEYIIIOVINL.

Ot Benukm eyrongHy eMOproHNM, 65% ca Homy4n-
711 olleHKa 1 3a KaueCcTBOTO Ha BhTpellIHaTa KJleThyHa
Maca. 39% OT aHeyIIJIOMHITe eMOPVOHM ca IOy um-
JIVI OlIeHKa 2 3a Ka4eCTBOTO Ha BhTpellIHaTa KJleThyHa
Maca. Harr-riomra orterka 3 3a ICM ca nostyunm 17 %
OT aHeyIUIouIHUTe eMOprony, a camo 1 (5%) eyruio-
VIIeH eMOPVOH e 1oy 41 oreHKa 3 3a ICM. (@wnr.5)

Ot Bemuky eyrongHy eMOprony, 73% ca HoTydn-
IV HaVi-BCOKa MOPOJIOrYHa OIleHKa 3a KadeCTBO-
To Ha TE. 48% oT BCUKM aHeyIUIOMIHM eMOpMOoHM
ca nonryumiu oneHka 1 3a xkavectsoro Ha TE. Huto
eVH OT eyIUIOMIHWUTe eMOpPVOHM He e IOJIydwI
oreHKa 3 3a KagecTBoTO Ha TE. (Dur.6)

Ouckycms

B micToprdeckm 1j1aH, cTaHIapTHaTa MopdosiornyHa-
Ta OIleHKa e eIVH OT Hal-IIIPOKO IpyJlaraHuTe TIo/-
XOJIM 3a CeJIeKINs Ha eMOPVOHM 3a IOCIIeIBall] TpaHC-
dep (Minasi et al., 2016). OcBeH MOpPOOIIOrMTUYHOTO
Ka4yecTBO Ha eMOPVMOHNTeE, OT BaXKHOCT € 1 TeXHIS Te-
HeTWYeH cTaTyc. AKO e[H eMOpVOH e MOpposIormd-
HO 3/IpaB 11 Ka4eCTBeH, TOBa He MOXKe Jla TapaHTupa, ue
TOVI CBC CUTYPHOCT € I TeHeTMYHO 37IpaB.

AHeymuionausTa e efHa OT OCHOBHUTEe IPUYMHM 3a
HeycIiexuTe B IIpoLefypuTe MO acUCTUpaHa perpo-
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Of all euploid embryos, 73% received the highest
morphological grade for TE quality. 48% of all
aneuploid embryos received a grade 1 for TE
quality. None of the euploid embryos received a
grade 3 for TE quality (Fig. 6).

Discussion

Historically, standard morphological assessment
has been one of the most widely used approach
to select embryos for transfer (Minasi et al., 2016).
In addition to the morphological quality of
embryos, their genetic status is also important.
If an embryo is morphologically well structured
and of good quality, this cannot guarantee that
it is also genetically healthy.

Aneuploidy is one of the main reasons for
failures in assisted reproduction procedures,
as it reduces the chances of developing viable
embryos and increases the risk of miscarriage.
Therefore, over the years it has been necessary to
introduce new methods for prenatal diagnosis.
One of these methods is preimplantation genetic
screening, which can perform a whole genome
screening of all 23 chromosome pairs and
transfer an euploid embryo.

In our study, we included two different methods
of embryo selection for transfer. Morphological
evaluation of all 63 embryos that reached the
blastocyst stage, was performed according to
the Istanbul Consensus, 2011 and then, applying
preimplantation genetic screening (PGT-A/
PGS) by new generation sequencing (NGS), we
compared the results of the two analyzes.

Usually, on day 5/6 of embryo development, the

stage of blastocyst hatching is reached and, as a
rule, only those embryos that are of very good or
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Que. 6: Ceombemcmbue mexoy kawecmbomo Ha TE 1 xpomo3omHus cmamyc Ha emOpuoHume.
Fig. 6: Correlation between the quality of TE and ploidity of the embryos.

IyKIIM, ThII KaTo HaMaJIsiBa IIaHCOBeTe 3a pasBUTie
Ha JKM3HEeCIIOCOOHM eMOpVOHM U yBeJIdaBa prcKa
ot crioHTaHHM abopTu. ITopay ToBa, mpes romuHMTe
ce e HaJIOXKWJIO BbBeXX/TaHeTO Ha HOBY MeTOHM 3a IIpe-
HaTajIHa JMarHocTuKa. ENVH OT Tesu MeTonm e Ipe-
IVIMIUIaHTallVIOHHNS TeHeTW4eH CKPUHWMHI, Oia-
rofapeHve Ha KOVITO MOXe Jla ce HaIlpaBM 1IsJIOCTeH
TeHOMeH aHaJIM3 Ha BCMYKM 23 XpPOMO30MHU JBOVIKM
¥ [1a ce TpaHcdepupa eyIuioneH eMOpIoH.

B Hamero mpoyuBaHe BKJIIOUMXME [IBa pasind-
HJ MeTOfIa 3a Iofi0op Ha eMOpPMOHM 3a ITOoCIIeBall]
TpaHcdep. berre mspbpIiieHa MopdosIormyHa OleH-
Ka Ha BCUUKM 63 eMOpMOHM, ycriesv fia JJOCTUIHAT
mo craguyt OmactonycT cbrilacHO KoHceHCychT oOT
Mcranbyi, 2011 1., cr1et KOeTo, IpvIaraKy IIpemM-
IUTaHTAI[MOHeH reHeTwdeH cKpuitHMHT (PGS) upes
HOBOreHeparnoHHo cekBeHnpane (NGS), cpaBHIIXMe
pesyiTaTinTe OT [1BaTa aHa/IM3a.

Obnyarizo, Ha fgeH 5/6 OT pPasBUTUETO eMOPVOHWTE
JIOCTUIaT 10 CTafuyi M3JIIOIBallla ce OJIacToICTa
VI TIO TIpaBWJIO Ce OMoICHpaT caMo Te3M, KOUTO ca C
MHOTO J00pO WJIV 3alIOBOJINTENIHO (CPemHO) MOop-
¢OJIOrMYHO KayecTBO — B HACTOSIIOTO IIpOydYBaHe
OpUOIVI3UTETHO 77% OT BCUYKM OlleHsIBaHW eMOpu-
onn. CpBceM OYaKBaHO, Oe yCTaHOBEHO, Ue e HaJsInile
BpB3Ka MeXJ1y MOposIoriyHaTa OIjeHKa Ha 0s1acTo-
nucTuTe (KakTo 1o orHomeHue Ha ICM, taka n 110
otHormeHve Ha TE) u eyrmongHOCTTA.

PesynTaTuTe codart, 4e ako MOPOJIOIYHO OlleHeH V-
Te GJIaCTOIVICTY ca MOy YWIIN OIleHKa 1 vt 2, Bepo-
STHOCTTA Te Jla ca eyIUIONIHY e Hav-royisaMa. ITourn
BCUUKM C oreHKa 3, ca Owam aHeymiomman. Tesn
pesyJiTaTy KOpempar ¢ IIPeAXOIH TIOH00HM IIpo-
yuBanms (Capalbo ef al., 2014; Wang et al., 2018). Bce
IaK, TpsiOBa /1a ce MIMa IIpe/IBuZI, Ye Tasy KopeJarvis
€ OTHOCWTeNIHO ci1aba. Berre ycraHOBeHO, Ue rosiMa
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satisfactory (average) morphological quality are
biopsied -inthe presentstudy approximately 77%
of all embryos evaluated. Unsurprisingly, there
was an obvious link between morphological
assessment of blastocysts (both ICM and TE)
and euploidy.

The results show that if morphologically
assessed blastocysts received a score of 1 or
2 (for TE and ICM), they are most likely to be
euploid. Almost all with a score of 3 were
aneuploid. These results correlate with previous
similar studies (Capalbo et al., 2014; Wang et
al., 2018) . However, it should be borne in mind
that this correlation is relatively weak. It has
been found that a large proportion (about 45%)
of high-quality blastocysts are also aneuploid.
The age of the woman, as already pointed out,
is a very limiting factor in terms of success in
assisted reproduction procedures, mostly due to
the increasing incidence of aneuploidies in the
later stages of women’s reproductive life.

In conclusion, regardless of the possibilities
provided by the new time-lapse imaging culture
systems for assessing the morphology and
morphokinetics of embryos, their selection for
ET only by morphological criteria is not enough.
This is especially true for women of advanced
reproductive age (> 38 years), as well as in those
with multiple previous miscarriages or failures
after IVE. PGT-A is practically mandatory in
cases of balanced chromosomal rearrangements
in one of the partners.
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gacT (okosto 45%) OT BMCOKOKa4YecTBeHWUTe OJracTo-
LIVICTY Ca aHEYIUIOMIH. Bp3pacTTa Ha )keHaTa, KaKTO
Bede Oe M3TBKHATO, € CMIJTHO JIMMUTHMpAII] (PaKTOp 110
OTHOIIIEHVIE Ha YCIIEBAEMOCTTA OT IIPOLIEypUTe IO
acucTMpaHa PerpopayKIVs, Hav-Bede IIopagy Hapa-
CTBalllaTa YeCTOTa Ha aHEYIUIOVINNTE B IIO-KbCHUTE
€TaIl OT PEIPONYKTVBHIIS XMBOT Ha KEHUTE.

B 3axsrroueHme, HE3aBVCHIMO OT BB3MOXXHOCTUTE, KOVI-
TO HY IIPEIOCTAaBST HOBUTE CUICTEMY 3a KYJITUBIPaHe
¢ time-lapse imaging, 3a oreHka Ha MopdororsTa
¥ MOpP(POKMHETMKaTa Ha eMOPMOHNTE, CeJIeKTMpaHe-
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Cren yctaHOBsIBaHe Ha KBOpyMa, chOpaHmeTo Oerrte oTkputo oT Ilpod. ITinamen Tomopos c
NPUBETCTBEHN JyMU ¥ KpaTbK JOKJIaJ 3a JeriHocTTa 1o MomeHTa. [I. I'yienosa 1ipencrasu
dmnancos otuet. I 1Bara f10KI1az1a ce mpuexa eIHOYIIIHO.

bsixa B3eTM C KOHCEHCYC CJIEeAHMTE pelIeH M.

= Derrre ocBoOomIeH ot mrexxHOCT gocerartHys I Ipencernarern Ha AconmanysTa - [Tpod. [namen
Tomopos;
= 3a Hos IIpencenaren Ha Aconmaliusita 6e nsbpan -p I'eopru Visarnos Hukorios.
= Cexkpertap Ha Acormanysara octata -p 1. I'yirenosa, 11.0.
= 3amasy ce CbCTaBa Ha JJOCeraliHus YIpasuTesieH ChBeT:
- I-p I'eoprn Hukornos - I Iperncemarern
- [-p Anana I'yinenosa, 0.6. - Cexpetap
- IIpod. Iltamen Tomopos, 1.6.H. - Yien
- -p I'eopru Baxpuiios - Yien
- -p HecucraBa TaueBa-Brrammmumposa, 1.6. - Yiien

= Jla ce HampaBAT IIOCTBIIKM 3a cMsIHa Ha cepasmileTo Ha BAPYE, a mmenHO Ha HOB afgpec:
Codug, xB. OBua Kymer, yi. ,,bortao Orastros” 28 - ML, PerpobrioMen”.

= [la ce mpoMeHM pefaKIIMOHHATa Kojerns Ha cil. ,EmMOpuororns”, karo 3a riaBeH pemakTop
6e ms3bpan [I-p I'eoprn Hukosos, a oT pefakiMoHHaTa KojIerms ¢ IIpUCKbpOve Oe oTmvicaH
Dr Wilfried Feichtinger, xoviTo 3a cbxasieHne mounHa Ha 3 roaM 2021 1. citen gpira Oopoda ¢
paka.

= be 3amaseH goceraiiHms pasMep Ha wieHcKMs BHOC — 120 j1B.

= AcoumanusiTa 3amasba U goceraliHys Ipoduil Ha JeTHOCTTa CIL.

ITo npenmnoxenme Ha ITpod. I1. Tomopos - ce mpn3oBa 3a MO-aKTMBHO yJacTiie Ha YjIeHOBETe 71
TeXHWTe KOJIery IO MeCTa B IIOATOTOBKaTa 1 M37aBaHeTo Ha cIl. ,EMOpnororna” ¢ Hanmcsane
VI CBOEBPEMEHHO IIpeflaBaHe Ha HOBW CTaTWM, KOMUTO Ja Obmar aByesnuHm (Ha bbirapckm m
AHITIVICKI €3VK).

ITopaan n3uepriBaHe Ha THEBHIS pell CbOpaHIeTo
ce 3akpu oT IIpod. Tomopos B 19 u. 11 ce mpucTHIIN
KBbM MO-IIPUSATHY 3aHMMaHWs, BKJIIOYaBallly
3ajlyllleBHa arMocdepa, BKyCHa XpaHa W
TIOAXOOAIIM 3a Hed HaAIUTKM (c JroOe3HaTa
nofgkpernia Ha pupma ELTA 90).

HokymeHnTarysra, OTHOCHO HaIlTpaBeHara
IpOMsIHA B yIIpaBJleHMeTO Ha Acomyanybara e
BXOIVIpaHa B ATeHIIVs 110 BIVICBAHVATA.

Om YC na BAPYE

Buagpped @ainmuneep
(1950-2021)
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eatris

BULGARIA

CATENIUTEH HAYYHEH CUMINTO3UNYM
~CTBOJIOBUTE KJIETKU — HOB XOPU3OHT NPEA
NEPCOHAJINBUPAHATA MEANLIMHA™

4-5 HOEMBPMU 2022, COPUA

AYJ1A Ha Bunonornueckm cpakynrert, CY ,,Cs. KnumeHT Oxpuacku™

4 HoemBpu 14.00-19.00 yaca: Hay4Ha cecusi B y4acTMETO Ha BOAELUU
6BJIrapCcKky U Yy XXKAECTPAHHU YHYEHU

OCHOBHM HanpasJieHUs
e CTBONOBMUTE KJIETKU — CbBPMEHHMU peaJiIHOCTU U NepCneKTUuBm
e OMMKC TEeXHOJIOrMuTe 3a pa3BUTUETO Ha NepcoHanu3upaHara
MeAMLUMHA
e MeHOMHO pefaKTUMpaHe Ha KJIETbYHM NPOAYKTU 3a XyYMaHHa
ynortpeba
e CoumanHu npeamusBuKaTtesictsa\ ¥ HOBU Bb3MOXXHOCTH

5 HoemBpun 10.00-13.00 yaca: [lpeacraBsHE Ha HOBUTE MPOEKTU C
yyactmeto Ha Couicku YHUBEPCUTET

e« EATRIS - Plus H2020 INFRADEV-3-2019 Grant No 871096
e Cost Action CA21151 “"GENERATION OF HUMAN INDUCED PLURIPOTENT
STEM CELLS FROM HAPLO-SELECTED CORD BLOOD SAMPLES”

OpzaHu3upa ce ¢ puHaHcosama nodkpena Ha MOH 3a HayvyHa uHgppacmpykmypa
»KnemvyHu mexHonozauu e 6uomedouyuHama“ om HIMKHU u H2020 INFRADEV-3-2019
Grant No 87109 om HayuoHanHomo npedcedamesncmeo Ha EATPUC — bvazapus
cbemecmHo ¢ buonozuyecku pakynmem Ha CY ,,Ce. KnumeHm Oxpudcku”
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NM3UCKBAHWA KbM ABTOP

Crmcanme “EMOpwuorniornsa” e croenmammsypaHO Hay4HO M3[aHMe Ha bbirapcka
Aconmarys rio PermponykrusHa Yosemka EM6puonoriss (BAPYE). B Hero morar 1a
ObagaT myOIMKyBaHM OPWUIMHAJIHM Hay4HM CcTaTuM M 0030pm B obsacTra Ha
eKCIlepyMeHTa/IHaTa M KIVMHWYHA eMOpPMoIoris M acucTpaHaTa perpoayKIIs.
Kpatkure mpegsapuTestHy choOIIeHs, ITyOIMKyBaHM B TOBa CIIVICaHIMe, MOTaT B
IIOCTIeZICTBYIE [1a OBbIaT OTIIeYaTBaHV B pasrbpHAT BUIL 1 B APy HAyYHM CIIVICAHVIS.

Matepuanmre ciefiBa fa ObaT IpeaCTaBIHM €IMHCTBEHO Ha eJIeKTPOHEeH HOCUTEIL.
KesnaTeTHO e TeKCTBT Ha CTaTUWTe Ja He HajBuIIaBa 6 crpaHmiy dopMat A4 ipu
pa3Mep Ha mpudTa 12 u paspsnka 1 pen. [IpernoppuBame wmrocTpalmTe Ja He ca
IoBede OT 4, [1a ca BKJIIOUEHN B TeKCTa Ha OIIpefle/leHITe OT aBTOpa MecTa 1 J1a ca C
MaKCMMaJTHO BVCOKa pasfeInTesTHa CrtocoOHoCT (popmar .tiff vt .eps).

CraTmmre clefBa 1a ChIbPrKaT Ha OBJITapCKYI VI aHIJIMVICKY e3VIK - 3arIaBlie, IMeHa
1 MecTtopabora Ha aBTopure M pe3toMe. OCHOBHUST TEeKCT cjlefBa Aa Oble
IIpaBMJIHO CTPYKTYpMpaH M Jda CbObpXKa CJIeJHUTe pasfein: BbBedeHUe,
MaTepyaIi ¥ MeTOMV, Pe3yJITaTy M oOChXAaHe, JINTepaTypHU M3TOUHNIIV, afpec
3a KopecrmoHgeHnms. CHOMCBKBT Ha W3IIOJI3BaHATa JMTepaTypa Aa Obae B
CcTaHIapTeH dopmaT (aBTOpM, HaMMeHOBaHMe Ha CTaTuATa, U3aHue, Fo[yHa, TOM,
Opou, ctpanmum) 1 ga He Hansumasa 20 aBTOpa, HogpeleHM IIO peda Ha
LUTUpaHMsITa B TeKCTa.

Bcuukm M3IIpaTedyn wMaTrepuain IIogjieXxXaT Ha peneHsnid oOT CTpaHa Ha
penakKMOHHAaTa KOJIETr' Vs, KaTOo MOraT [1a 6'bllaT BPp'bIllaHNM HAa aBTOPUTE 3a KOPEKL VA
" HOpaGOTKa T 1a 6’bllaT OTKa3BaHWM 3a HYGTII/IKaHT/Iﬁ.

Hyﬁ/lukyﬂaﬂume mamepuaiu ca AUYHU MHEHUA HA a@mopume u cnucavuemo He HOCU

omeoé’opuocm 3a mAXHOMoO debpmauue.
3a noBeue ungpopmayusn u usnpaujane Ha MAMepuUaI:

bwiarapcka Aconmanms o PermponykrusHa Yoserika EMOpuomnorns (BAPYE),
rp. Codus 1606, yi1. “Korcrantnn Mpeuex” Ne 17.

E-mail: gnikolov@yahoo.com
plamen.ivf@gmail.com

Ten.: 088 870 3786 (o-p I'. Huxosos)
088 821 7095 (I1. Tomopos)
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ELTA’90

More than Technology

Nikon

Start life with Nikon

OcMmenu ce Ja NOMCKaIIl IIoBeYye

SInoHckute komnaHuy Nikon u Narishige pa3pa6oTuxa Bucokonpen3Ha, KOMIIaKTHa MMKpPOMaHMITy/IaTOPHa
cucTeMa B OTTOBOP Ha HapacTBalllUTe M3UCKBaHMs Ha na3apa 3a ICSI cucremnu. KombuHanysita Mexay
mopenute Ti2 u NTX mo3BosisiBa ja cb3/a/ieTe onTMMaTHaTa KOHUIypanys, OTroBapsIla Ha BallluTe

cnenpUIHU HYKIA.

KomnaxmeH u cmabuiex dusaiin /Dicoticmux 3a npess3xodHa o >

onepamueHocm OMK/1I0HEHUE Ha chpoe/letmwpoaunu
-

Xapaxmepucmuxu

Hamanenomo pazcmosiHue MeXxly MMKPOMaHMITy/IaTopa ¥ MMKPOeJIeKTPOHMS
BPBX yBe/IM4aBaT cmabuwinocmma.

Brpa/ieH B OCHOBaTa 62/10Mep OCUTyPsIBa TOUHA paboTa Mo/ brbJL.

Kom6yHvpan 3D MaHMITy/1aTOp C MOTOPHO 3a/IBVDKBAHE 3a IPyba HaCTpoMKa ¥ 3D MaHMITy/1aTop
C MaC/IeHO-XV/IPaB/IMIHO GMHO 3a/[BVDKBAHE.

O6opy,£[13aH C 8636PAMEH MexXaHU36M Ha MMKPOEJIEKTPOAMTE 3a JIECHa CMSHA Ha IIETpUTaTa.

E/TTA 90M, rp. Cochusi, yn. MBan Mapuros Morues Ne10, Ten.: 02 983 96 49, chaxc: 02 983 22 11, e-mail: office@elta90.eu, www.elta90.com



Full solution for
ctive biopsy procedures

ACTIV

CooperSurgical”

Laser - assisted hatching of frozen embryo transfer cycles

Laser - assisted immotile sperm selection

Trophectoderm/ Blastocyst biopsy for PGS

Laser - assisted ICS]

Polar body biopsy for PGD
Blastomere biopsy for PGD





