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IHAOMETPUO3 OCTAETCA OAHOMN U3 Hanboiee 3HaUYMMbIX NaTONOTMIN PENPOLYKTUBHOM CUCTEMDI, BMAIOLLMX HA GEPTUABHOCTD U KAUECTBO KU3HU MEeH-
LWWH. HecmoTps Ha pacnpocTpaHéHHOCTb (6onee 10% cpelm XKeHLWMH penpoAyKTMBHOMO BO3pacTa), aTMonaTtoreHes 3aboneBaHua 0CTaéTca 40 KOHLa
He M3YYEeHHbIM, a CYLLLECTBYIOLLME METOAbI IEYEHMA 3a4acCTyIO0 HanpasAeHbl NLLIb Ha KYNUMPOBaHMe CUMMTOMOB. B CBA3M C 3TUM, pa3paboTka afeKksaT-
HbIX 3KCNePUMEHTa/IbHbIX MOZEeNel 3HAOMETPMO3a UTPAET KAHOYEBYIO PO/b B MU3y4EHUM MEXaHU3MOB €ro Pa3BUTMA 1 NOMCKE HOBbIX TepaneBTUYECKMX
CTpaTerni.

[lna nposefeHna 0630pHOrO MccneaoBaHMA NPOBOAMACA NMOUCK Ny6AMKaLMi ¢ ucnonb3oBaHuem 6a3 gaHHbix PubMed, Web of Science, Google
Scholar, Elibrary, MEDLINE, Knbep/leH1HKa, BKAOYas paboTbl Ha PyCCKOM M MHOCTPAHHOM A3blKax Mo COCTOAHMIO0 Ha Malt 2025 roga, COOTBETCTBYOLWME
KpUTEPUAM NoMcKa. [TOUCKOBbIE TEPMUHbI BKTHOYANM KOMBUHALMM TEPMUHOB, OTHOCALLMXCA K «3HAOMETPUO3Y» U 3KCMEPUMEHTA/IbHBIM MOZENAMY.
B nccneposaHme 6bin BKAKOYEHbI NyBAUKALLMK, MPEACTaBAEHHbIE B PELIEH3MPYEMbIX HayUYHbIX XYyPHaNax, B KOTOPbIX MPOBOAM/ICA aHANN3 CYLLECTBYHO-
LLMX SKCNePUMEHTAIbHbIX MOAeNe 3HAOMETPMO3a U NPEACTaBAAIUCL HOBbIE CNOCOBbI MOAENMPOBAHMA NATONOMMM, 33 UCK/THOYEHUEM OTYETOB O CNy-
Yasx/cepuit, peaakUyMOHHbIX MUCEM, IKCMIEPTHbBIX 3aK/THOUEHUI U Te31COoB KoHdepeHUuit. 3 aHanmnsa Bbian UCKAoYeHb! Ny6ANKaLLMK, OMUCbiBatOLLMeE
MOZE/NMPOBAHME in Vitro, TaK Kak UX aHaNN3 He BXOAMUA B 33[,a4M UCCNea0BaHuA.

B ctaTbe npeacTtasieH 0630p 3BOMOLMM IKCMEPUMEHTA/IbHLIX MOAENEN SHAOMETPMUO3a — OT nepsbix paboT Jacobson VA (1922), ocHoBaHHbIX Ha
ayTOTPAHCMAAHTALMKN SHAOMETPUA Y KPONMKOB, 0 COBPEMEHHbBIX METOAMK C UCMONb30BAHNEM TPAHCTEHHDBIX YKMBOTHbIX M GUONOMUHECLLEHTHOM BU-
3yanusauum. PacCMoTpeHbI KacCcuyeckme MOAENN Ha rpbi3yHax (KpbICbl, MbllUM), NpUMaTax (Makaku, naBmaHbl), a Takxe UX MoaudUKaLLMK, BKOYanA
MOLKOXKHYI0 UMNNAHTALMIO U SHAOCKONMUYECKUIA MOHUTOPUHT. Ocoboe BHMMaHMWeE yaeNeHO NPeUMYLLECTBaM U OrPaHUYEHUAM Pa3/IMYHbIX NOAXOA0B.
HecmoTps Ha 3HaUMTE/IbHbIN NPOrpecc, MHOTMe TepanesTUYecKne NOAX0AbI, YCreLlHbIe B IKCMePUMEHTE, He AEMOHCTPUPYIOT 3QGEKTUBHOCTU B K/K-
HMYecKol NpakTuKe. Taknm 06pa3om, HE0BXOAMMOCTb AasibHelLIero CoBepLleHCTBOBaHUA MOAeNel Ha OCHOBE aHaM3a OWMBOK U MEPCNEKTUB YiKe
CYLLLECTBYIOLLMX MOAE/eN NPeacTaBAAeTCA aKTya lbHbIM HanpaBieHUeM A1 MOBbIWEHWA UX NPOrHOCTUYECKON LEHHOCTU B AOKAMHUYECKMX UCTbITa-
HUAX.
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Endometriosis remains one of the most significant disorders of the reproductive system, adversely affecting female fertility and quality of life. Despite its
high prevalence, affecting more than 10% of women of reproductive age, the etiopathogenesis of the disease has not yet been fully elucidated. At the
same time, existing treatments often focus primarily on alleviating symptoms. Therefore, developing appropriate experimental models of endometriosis
plays a key role in investigating the mechanisms underlying its development and identifying novel therapeutic strategies.

For this review, a literature search was conducted using PubMed, Web of Science, Google Scholar, eLibrary, MEDLINE, and CyberLeninka. Russian- and
foreign-language publications available as of May 2025 and meeting the predefined search criteria were considered. Search terms included combinations
of terms related to “endometriosis” and “experimental models”. The review included publications in peer-reviewed scientific journals that analyzed
existing experimental models of endometriosis or described novel approaches to modeling the disease. Case reports and case series, editorials, expert
opinions, and conference abstracts were excluded. Publications describing in vitro models were also excluded because their analysis was beyond the scope
of this review.

The article provides an overview of the evolution of experimental models of endometriosis, from the pioneering work of Jacobson VA (1922), based
on autotransplantation of endometrial tissue in rabbits, to modern approaches involving transgenic animals and bioluminescence imaging. This review
discusses classical models using rodents (rats and mice) and non-human primates (macaques and baboons), as well as modifications such as subcutaneous
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implantation and endoscopic monitoring. This review highlights the advantages and limitations of each approach. Despite considerable progress, many
therapeutic approaches that have shown efficacy in experimental settings have failed to demonstrate comparable effectiveness in clinical practice.
Therefore, further refinement of experimental models, based on analysis of the limitations and potential of existing approaches, remains an important

area of research to improve their predictive value in preclinical studies.
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BBEAEHMUE

Mpobnema oxpaHbl PenpoAyKTUBHOIO 340POBbA KEHCKOro Ha-
CeneHns ABNAETCA OAHOMN U3 KKYEBbIX B CUCTEME OTEYECTBEHHOTO
3/pPaBOOXPAHEHMS, YTO ODYCNIOBNEHO CNOMKMBLUENCA Aemorpaduye-
CKoW cuTyaumeit B Poccuitickoin ®epepaumm.

3a nocnegHue 20 net ecteCcTBEHHOE ABWMMKEHWE HaceneHusa B
Poccum xapakTtepusyetca ybbinbto, 1 B 2020 rogy OHO NOYTH AOCTUINO
yposHa 2000 roga, HECMOTPA HA CHUMKEHWE B TeYeHWe B NpeablayLe-
ro nepuoga (2000 r. — 958532 yen.; 2010 r. — 239568 uen.; 2020 . —
702072 yen.; 2022 r. — 594557 yen.).

Ha ¢doHe KONMYecTBEHHOrO CHUKEHUA AeMorpapuyeckmx pe-
CYpCOB HabntofaeTcs COKpalleHWe PenpofyKTMBHOTO MOTeHUMana
CTpaHbl 3a CYET POCTa NATONOMMM CO CTOPOHbI EHCKOM NONOBOM CU-
ctembl. [py aHanM3e CTaTUCTUYECKUX AAHHBIX MO PACNPOCTPAHEHHO-
CTU OTAE/bHBIX TMHEKONOTMYeckux 3abonesaHuii 3a nocnegHve 30
NeT HaboAaeTCA BbIPAKEHHbIN CKAYOK YacToTbl becnnogms, a Takxe
yBe/NMYEHME KOMYECTBA PacCTPOVCTB 0BapHUasbHO-MeHCTPYanbHOro
umKna (tabn.).

Ha ¢oHe HeyknOHHOrO pocTa NaTonorMm PenposyKTMBHOMN Cu-
CTEMbl OTMEYaETCs YBEIMYEHWUE A0 UCTIOIb30BAHWUA TOPMOHA/IbHbIX
npenapaToB ¥ UX aHaNoroB ANA PerynaLyn MeHCTPYanbHOro LUWKAa, a
TaK¥Ke C Le/blo 3a4aTus, NOAJEpKaHMA U pa3pelleHns bepemeHHo-
cTu. [pyn 3TOM HEKOTOPbIe aBTOPbI CBA3bIBAOT AaHHbIN GaKT C pOCTOM
3260/1€BaEMOCTM PaKOM MOJIOYHOW Kenesbl U ANYHMKOB [1]. Takxke
HeobXo4¥MO OTMETUTL BbICOKYIO PacnpOCTPAaHEHHOCTb SHAOMETPUO-
33, BOCMaAWUTE/bHbIX NPOLLECCOB CO CTOPOHbI MATKM 1 €€ NpuaaTKoB
KaK cpeay B3pOC/IOro, Tak U IeTCKOro HaceneHusa. Tak, yBenndeHume ya-
CTOTbl BCTPEYAEMOCTH IHAOMETPMUO33 OTMEUYEHO BO BCEX BO3PACTHbIX
rpynnax, 4To CyLLECTBEHHO OC/IOKHAET PENPOAYKTUBHbIN MPOrHo3 [2].

HecmoTpsa Ha Hasnume KAMHUYECKUX PeKOMeHZAuMi U LWnpo-
KW CNekTp npenapaTtos, UCMO/b3yeMbIX B HACTOALLEE BPEMA B KAW-
HUYecKoM M (apmaLeBTMYECKOM MPAKTUKe, OCTAETCA aKTya/lbHOW
npobnema BblIbOpa Cxembl Ie4eHUA. BbICOKas BEPOATHOCTb Pa3BUTHA
Y NaLMEHTOB HEXKeNaTeIbHbIX PEAKLMI Ha IEKAPCTBA, CNabbli apdeKT
WAW ero NosHoe OTCYTCTBME, HeJOCTaTOYHO U3yYeHHble OTAANEHHbIE
NoCNesCTBUA, BEPOATHOCTb MyTareHHOrO U KaHLLePOreHHOrO BAIMAHUA
TpebytoT TLATeNbHOTO HAY4YHOTO NOMCKA U 3KCMEPUMEHTANbHOTO NOA-
TBepKAeHMA [3].

MNpun 3aboneBaHNAX MATKU U €€ NMPUAATKOB B MATONOMMYECKMIA
NPOLLECC BOB/IEKAOTCA HEPBHASA, SHAOKPUHHASA, MOUYEBbIAENUTE/bHAA,
MMMYHHaA 1 Apyrue CUCTeMbl OpraHU3Ma, onpeaenas npobnemy usy-
YeHMA 06BEKTUBHbBIX MEKOPTaHHBIX CTPYKTYPHbIX Koppensauuin. Takum
06pa3om, HeOBXOAMMBIM MHCTPYMEHTOM TPAHCAALMOHHBIX MCCNeno-
BaHWI NaTOGM3NONOTUYECKUX NMPOLLECCOB NPY BO3HUKHOBEHUM U Pas-
BUTUM 3ab60NeBaHNI PeNPOAYKTUBHOM CUCTEMbI ABIAETCA UCMONb30-
BaHWE IKCMEPUMEHTaNIbHBIX MOAENeN.
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INTRODUCTION

Protecting women’s reproductive health is one of the key
priorities of the national healthcare system, largely due to the
current demographic situation in the Russian Federation.

Over the past 20 years, the natural population change in
Russia has been characterized by population decline, and in
2020 it almost reached the level recorded in 2000, despite a de-
crease during the preceding period (2000: 958,532 people; 2010:
239,568 people; 2020: 702,072 people; 2022: 594,557 people).

Against the background of the quantitative decline in demo-
graphic resources, the country’s reproductive potential has also
been decreasing due to the increasing prevalence of disorders of
the female reproductive system. Analysis of statistical data on the
prevalence of selected gynecological diseases over the past 30
years demonstrates a marked increase in the incidence of infertil-
ity, as well as a rise in the number of ovarian and menstrual cycle
disorders (Table).

Against the background of the continuous increase in repro-
ductive system disorders, there has also been a rise in the use
of hormonal agents and their analogs for menstrual cycle regu-
lation, as well as for conception, maintenance of pregnancy, and
delivery. Some authors associate this trend with an increased in-
cidence of breast and ovarian cancer [1]. The high prevalence of
endometriosis and inflammatory diseases of the uterus and its
appendages among both adult and pediatric populations should
also be noted. An increase in the incidence of endometriosis has
been reported across all age groups, substantially worsening the
reproductive prognosis [2].

Despite the availability of clinical guidelines and a wide
range of medications used in clinical and pharmaceutical prac-
tice, choosing an optimal treatment regimen remains a relevant
issue. The high likelihood of adverse drug reactions, insufficient
therapeutic effect or complete lack of efficacy, inadequately stud-
ied long-term consequences, and the potential for mutagenic and
carcinogenic effects necessitate thorough scientific investigation
and experimental validation [3].

In diseases of the uterus and its appendages, the nervous,
endocrine, urinary, immune, and other body systems become in-
volved in the pathological process, underscoring the need to in-
vestigate objective structural correlations between organs. Thus,
experimental models are essential tools in translational research
aimed at studying the pathophysiological processes underlying
the onset and progression of reproductive system disorders.

At present, modeling pathological conditions enables inves-
tigation of typical pathological processes and individual compo-
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Tabnuya PacnpocmpaHéHHocms omoesnbHbix 3abonesaHull cpedu
MEHCKo20 HaceneHus Poccuu 3a nepuod ¢ 1990 no 2022 22.

3aperMcTpupoBaHoO NaLNEHTOB C AMArHO30M, YCTaHOB/IEHHbIM BnepBble B

YKU3HKU: HAa 100000 >KeHLUH

Table Prevalence of selected diseases among the female
population of Russia from 1990 to 2022*

Patients with a diagnosis established for the first time in their lives, per

100,000 women

3/10Ka4yecTBeHHble HOBOO6PA30BaHMsA, B TOM YuC/e:
Malignant neoplasms, including:

— MOJIOYHOW Kenesbl

— breast cancer

— WEeWKM U Tena MaTKu, NaaLeHTbI

— cancer of the cervix and uterine body, and placenta

— ANYHMKA

—ovarian cancer

3po3mA U SKTPOMMOH LLENKU MATKM

Cervical erosion and ectropion

PacctpoiictBa MeHCTpyauuit

Menstrual disorders

becnnogue

Infertility

OcnoxKHeHUs bepeMeHHOCTH, POAOB 1 MOC/IEPOLOBOroO NepMoaa
Complications of pregnancy, childbirth, and the puerperium

Ha coBpemeHHOM 3Tane MoAenvupoBaHue NaToNorMyeckoro co-
CTOAHMA NO3BONAET U3y4aTb TUMOBbIE MATONOMMYECKME NPOLLECChI U
pas/MyHble 3BEHbA 3TMOMATOreHe3a, BbIABAATb MOEKY/bl-MULLEHU
ana Gapmakotepanuu, NPOBOAWTb AOK/AMHWUYECKUE UCCNef0BaHMA
bapmakonornyecknx NpenapaTos, UCCEA0BaTb MONEKYNAPHbIE Me-
XaHM3Mbl Pa3BUTUA 3a00/1eBaHMA, a TaKke onpeaenaTb 3ddeKTvs-
HOCTb M aleKBaTHOCTb BblbpaHHOro crnocoba neveHus. Mpu sTom aAna
NoJlyYeHUs aAeKBaTHbIX U TOYHbIX PE3Y/IbTAaTOB MUCCeA0BaHUA Heob-
XOAMMO NPUAEPKMBATLCA NPUHLMNA Hanbonbluein 6a1M30CTH 3Kcne-
PUMEHTaNbHOW MOLENW, BOCPOW3BOAALLEN [1aBHOE 3BEHO maTtore-
Hesa, K COOTBETCTBYIOLLEN HO3010TMYeCcKon dopme [4].

CornacHo KnvHuyeckum pekomeHgaumam 2020 roga, «aHaome-
TPWMO3 — NATONOTMYECKUI NpOLeCC, NPY KOTOPOM OnpeaenseTca Ha-
JInYme TKaHU Mo MOPDONOTUYECKMM U GYHKLMOHANbHBIM CBOIMCTBAM
nofo6HOM SHAOMETPUIO BHE NONOCTM MaTKM». Yalle Bcero natonoru-
YecKMe 3HAOMETPUOMAHBIE OYary NOKaNM3YTCA B NONOCTU Masoro
Ta3a, pexe B AUYHUKaX, dannonmesblx TPyHax, CUTMOBUAHOM KULLIKe,
anneHaukce v Ap. B HacToAwee Bpema 0Koio 190 MUAMOHOB XeH-
LLVH B MMPe CTPaZatoT SHAOMETPUO30M. HecMoTpa Ha To, YTo AunarHo-
CTMKa 3ab60/1€BaHUA C/IOXKHA, U BO3MOXKHbI C/ly4an ero beccumntom-
HOro TeYeHWsA, PacnpPoOCTPAHEHHOCTb SHAOMETPUO3A CPEAM HKEHLUWH
penpoayKTUBHOro Bo3pacTa npesbiwaet 10% [5].

CyLLecTBYIOT pas/MyHble TEOpWUM 3STHOMaToreHesa [JaHHOMO
3abonieBaHUsA, B TOM YUC/IE TEOPUA LENOMUYECKON MeTaniasuu, Te-
opua ambpuoHanbHoro pas3sutua Mionnepa, Teopua aumbaTtuye-
CKOM M COCYAMCTON MeTannasuu, Teopus UMMIAHTALUKM CTBOMOBbIX
KNETOK SHAOMETPUA, TeOpUA PeTporpagHon MeHcTpyauuu [6]. 3to
NOATBEPKAAET TE3UC O TOM, YTO SHAOMETPUO3 ABNAETCA MHOrOdaK-
TOpHbIM 3ab0n1eBaHMEM, Pa3BUTHE KOTOPOTO 0BYCNOBNEHO reHeTUYe-
CKMMU, FOPMOHA/IbHbIMM, UMMYHONIOTMYECKUMK GaKTopamu, Bocna-
NUTENbHBIMM NPOLLECCaMM, A TaKXKe aHTMOTeHe30M U OKUCUTENbHbIV
CTPEeccom.

1 30pasooxpaHeHue 8 Poccuu. 2023: Cmam. cb. / Poccmam. — M., 3-46 2023.
— 179 c.; 30pasooxparerue 8 Poccuu. 2021: Cmam. ¢6. / Poccmam. — M., 3-46
2021. - 171 c.; 30pasooxpaHeHue 6 Poccuu. 2015: Cmam. c6. / Poccmam. — M.,
3-46 2015. - 174 c.

lfoab!
Years
1990 2000 2010 2022
246.8 299.6 363.1 435.3
39.5 57.7 74.5 97.5
30.9 354 45.1 56.0
12.8 15.1 17.0 17.9
710.9 640.0 = 262.2
125.9 515.6 1365.6 1505.3
53.3 64.2 201.3 203.3
3650.7 5288.2 7722.8 5287.7

nents of etiopathogenesis, identification of molecular targets for
pharmacotherapy, preclinical testing of pharmacological agents,
examination of the molecular mechanisms of disease develop-
ment, and assessment of the efficacy and appropriateness of
selected treatment approaches. At the same time, obtaining ad-
equate and accurate research results requires adherence to the
principle that an experimental model reproducing the principal
pathogenic mechanism should resemble the corresponding noso-
logical entity as closely as possible [4].

According to the 2020 clinical guidelines, “endometriosis
is a pathological process characterized by the presence of tissue
outside the uterine cavity that is morphologically and functionally
similar to the endometrium”, Pathological endometriotic lesions
are most commonly localized within the pelvic cavity and, less
frequently, in the ovaries, fallopian tubes, sigmoid colon, appen-
dix, and other sites. Currently, approximately 190 million women
worldwide are affected by endometriosis. Although diagnosis of
the disease is challenging and asymptomatic cases may occur, the
prevalence of endometriosis among women of reproductive age
exceeds 10% [5].

Several theories have been proposed to explain the dis-
ease's etiopathogenesis, including the coelomic metaplasia the-
ory, Millerian embryonic development theory, lymphatic and
vascular dissemination/metaplasia theory, endometrial stem cell
implantation theory, and retrograde menstruation theory [6].
This supports the concept that endometriosis is a multifactorial
disease influenced by genetic, hormonal, and immunological fac-
tors, inflammatory processes, angiogenesis, and oxidative stress.

The clinical manifestations of endometriosis substantially
impair women'’s quality of life, which is supported by the report-
ed associations of anxiety and depression with pain symptoms

1 Healthcare in Russia. 2023: Statistical Collection. Rosstat. Moscow, 2023.
179 p.; Healthcare in Russia. 2021: Statistical Collection. Rosstat. Moscow, 2021.
171 p.; Healthcare in Russia. 2015: Statistical Collection. Rosstat. Moscow, 2015.
174 p.
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KAMHWYeCKMe NposiBNEeHUA SHAOMETPUO3a CYLLECTBEHHO YXYA-
LUIAOT KAQYECTBO KM3HU MKEHLLYMH, YTO CBA3AHO C BbIABNEHHOW KOppens-
LMel mexay TpeBorow 1 aenpeccueit ¢ 601eBbIMM CUMNTOMaMM U MO-
Tepelt depTuabHOCTH [7-9]. HecmMoTps Ha To, YTO U3y4YeHWe STUOoMK
1 naToreHesa faHHoro 3abo/1eBaHMA NPOLOMIKAETCA Ha NPOTAKEHUM
noutv 100 feT, B HacToALLEE BPEMSA MOUCK METOAO0B /IEYEHWSA BECbMA
aKTyasleH, TaK KaKk [JOCTynHble NeKapcTBeHHble CpeacTBa B BonbLuei
CTEMEHW HaMpPaB/EeHbl Ha YCTPAHEHWE CUMMTOMOB, YEM Ha NPUUMHY U
naToreHeTUYecKkue 3BeHbs 3a60neBaHus.

LLENb UCCNEAOBAHMUA

AHanu3 pesynbtaToB paHee onyb6AMKOBaHHbIX Hay4yHbIX paborT,
NOCBALLEHHbIX CO34aHMI0 IKCMEPUMEHTANbHON MOAENN SHAOMETPU-
033, NPeNMYyLLECTBEHHO in Vivo.

MATEPUAN U METOADbI

[ns nposeaeHns 0630pHOTO UCCe0BAHUA MPOBOAMICA MOUCK
nybavKaumuii ¢ ncnonb3oBaHMem 6a3 aaHHbix PubMed, Web of Sci-
ence, Google Scholar, Elibrary, MEDLINE, Knbep/leHnHka, BK/ito4as
paboTbl Ha PYCCKOM M MHOCTPAHHOM fA3blKax MO COCTOAHMIO Ha Maii

2025 ropga, COOTBETCTBYHOLIME KpWUTEpUAM MOUCKa. [loucKkoBble
TEPMMHbI  BK/IKOYAIM  KOMOMHALMKM  TEPMUHOB,  OTHOCALLMXCA
K «3HOOMETPMO3Yy» U «IKCMEPUMEHTA/IbHBIM  MOLENAM»:

«3HOOMETPUO3», «3IKCMEePUMEHTa/lbHble MOAENN 3SHAOMETPMO3aY,
«MOZEeNMpPoBaHMe 3HA0METPUO3aY, «KUBOTHblE mMozenm
sHAOMeTpuno3a». B uccneposaHne 6Gbinn BKAKOYEHBI MybBAMKaLMK,
npeacTaBneHHble B PELLEH3UPYEMbIX HAay4HbIX XypHanax (npuoputert
Q1-Q2 xypHanam c IF>3.0), B KOTOpbIX MPOBOAMACA aHaNW3
CYLLECTBYIOLMX 3IKCMEPUMEHTA/IbHBIX MOZENeH 3HAOMETPMO3a U
NpeaCcTaBAAMUCh HOBble CMOCOBbl MOAENMPOBAHMA NATONOMMK.

LleHHoCcTb  cTaTeit pgns  TemaTuMKM  onpegensnacb  no
peneBaHTHOCTM METOAONOTMN  MOAENMPOBAHMA  3HAOMETPUO3a
in vivo (nonHoe onucaHWe NPOTOKO/MA MMMIAHTaLMK), HOBW3HA
noaxosa, ¥ BOCMPOM3BOAMMOCTb. B aHanu3 He 6blan BKAOYEHbI
paboTbl Ha Mogenax in vitro (KynbTypbl KNeTOK, OpraHouabl
6e3 in vivo Banupaumu), TesncCbl KOHPEPEHLMIA, NPENnpuUHTbI,
AMCCepTaLmMK, peaakuMOHHbIE MWCbMa, 3KCMEpPTHble  MHEHMUs,
KNMHUYEeCKMe uccnefoBaHua 6e3 aKcnepuMeHTasbHON mMoaenu,
pabotbl 6e3 onucaHUs METoAoNorMM MoaenvpoBaHua. OueHKa
YPOBHA WUCTOYHMKOB nposogunocb no wkane Oxford Centre for
Evidence-Based Medicine ana aKCNePUMEHTANIbHbIX UCCNEA0BAHMIA:
NpUOPUTET — NPOCNEKTUBHBIM in Vivo MOAENAM C KOHTPOIEM, 3aTeM
— peTpocnekTMBHbIM. OnwucaTtenbHble pabotbl 6e3 Banuaauuu
UCKNIOYaUCD.

OBCYXOEHUE

AKTYanbHOCTb CO34,aHMA SKCNEPUMEHTANIbHOW MOLEIN AaHHOM
6onesHn obycnosneHa HeobXoaMMOCTbI0 60/bLIOT0  KOAMYecTBa
HabnogeHuin. Kpome Toro, ABnstoTCA 06sA3aTeNbHLIMU BbisIBNIEHNE
M aHaiM3 TeYyeHWs NaTONOTMYECKOro Npouecca C MOMEHTa ero
BO3HWMKHOBEHWS, TaK KaK B OONMbLWIMHCTBE C/ly4aeB IHAOMETPMO3 He
MOXKeT ObITb ANArHOCTMPOBAH C HaYana 3aboneBaHusA. ALEKBATHOCTb U
HaAEKHOCTb NONYYEHHbIX Pe3yNbTaToB in Vivo U in vitro obecneunsatot
3TUYECKYIO  MPUBEPMKEHHOCTb  KAMHWYECKUX  WUCCNEA0BaHWM ¢
NPUMEHEHVMEM HOBbIX GAPMAKONOTMYECKUX U HEMEAMKAMEHTO3HbIX
METOL0B IeYEHMA N BMELLATENbCTB.

Mocne Habnwogenusa . Ctunanudra (1903), noatsepaysluero,
YTO KYCOYKM MATOYHOM W BarMHasbHOM TKaHW, COOpaHHble Y
HenonoBO3peNbiX KPOJIMKOB, MPOLO/MKAOT PacT NpU nepecajke
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and loss of fertility [7-9]. Although researchers have investigat-
ed the etiology and pathogenesis of this disease for almost 100
years, the search for effective treatment strategies remains highly
relevant, as currently available medications primarily aim to alle-
viate symptoms rather than address the underlying causes and
pathogenetic mechanisms of the disease.

PURPOSE OF THE STUDY

To analyze the findings of previously published studies de-
voted to the development of experimental models of endometri-
osis, predominantly in vivo.

METHODS

For this review, a literature search was conducted using
PubMed, Web of Science, Google Scholar, eLibrary, MEDLINE, and
CyberLeninka. Russian- and foreign-language publications avail-
able as of May 2025 and meeting the predefined search criteria
were considered. Search terms included combinations related to
“endometriosis” and “experimental models”: “endometriosis”,
“experimental models of endometriosis”, “endometriosis model-
ing”, and “animal models of endometriosis”. The review includ-
ed publications in peer-reviewed scientific journals, prioritizing
Q1-Q2 journals with an impact factor >3.0 that analyzed existing
experimental models of endometriosis or presented novel ap-
proaches to modeling the disease.

The relevance of individual articles to the review topic was
assessed based on the methodological quality of in vivo endo-
metriosis modeling, including a complete description of the im-
plantation protocol, the novelty of the approach, and its repro-
ducibility. Studies using exclusively in vitro models (cell cultures
or organoids without in vivo validation), conference abstracts,
preprints, dissertations, editorials, expert opinions, clinical stud-
ies without an experimental model, and studies lacking a descrip-
tion of the modeling methodology were excluded. The level of
evidence of the included sources was assessed according to the
Oxford Center for Evidence-Based Medicine framework as ap-
plied to experimental studies, with priority given to prospective
controlled in vivo models, followed by retrospective studies. De-
scriptive studies without validation were excluded.

DISCUSSION

The need to develop experimental models of this disease
stems from the need for a large number of observations. In ad-
dition, it is essential to identify and analyze the course of the
pathological process from its onset, since in most cases endome-
triosis cannot be diagnosed at the earliest stage. The adequacy
and reliability of results obtained in in vivo and in vitro studies
provide an ethical basis for subsequent clinical investigations
of novel pharmacological and non-pharmacological treatment
methods and interventions.

Following the observation by G. Stilling (1903), who demon-
strated that fragments of uterine and vaginal tissue obtained
from immature rabbits continued to grow after transplantation
into the spleen of the same animal, an experimental model of
endometriosis was subsequently proposed that also supported
J.A. Sampson’s theory of peritoneal implantation [10]. The mod-
el involved autotransplantation of minced uterine tissue into the
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B CE/NIE3EHKY TOrO K€ KMBOTHOrO, BrepBble Oblna npeasioxkeHa
9KCMEepPUMEHTaNbHAA  MOZEeNb  3HAOMETPMO3a, KOTopas TaKke
noaTBeEpAMIa Teopuio Sampson JA 0 NepuToHeanbHOW MMNAAHTaLMK
[10]. Mogzenb 3akntoyanacb B ayTOTPAHCMIAHTALMKU M3MENbYEHHOW
TKaHM MaTKM B OPIOLLHYIO MOAOCTb KPo/MKa. Mpasblit por ginHow 4
CM BbIP€3a/IM Ha PacCTOAHMM 5 cm aucTanbHee 6axpOMKK, MPOLOSbHO
BCKPbIBaAM W cockabnmeanu. OcCTaBLYOCA TKaHb W3Menbyanu
Ha YacTuubl pasmepom meHee 1 mm. Cockobbl BTMpanu B pybupl
BUCLLEPa/IbHON OPIOWMHBI. []Ba KYCOYKA 3HAOMETPUA MCCEYEHHOTO
pora pasmepom 1 MM WM MeHee 6binM MOMELLEHbI NMPOKOIOM B
NepeaHIon YacTb NPaBOro AWYHMKA B ABYX MECTaX M OAMH — MOA
3apOAbILIEBbIA 3MUTENNIA, @ 3aTeM MPUKPbITbI BpbIXKENKON. TakKe
4acTMUbl SHAOMETPUA IEBOrO POra Pasmepom 2 MM MOACANKMBANM
oz, NepeaHunii cepo3Hblil CI0M IAa3HOIO AHA Yepes 3 KOOTO-pe3aHbIxX
paHbl N1a3HbIM CKanbnenem. Kpome Toro, 4actuupl 3HAOMETPUSA
NMoMeLLaM B 2 KapmaHa MpaBoro me3ocasibMuHKca bepemeHHoi
Kponbumxu. PesynbTaTbl  MCCNefoBaHMA — NPOLEMOHCTPUPOBAU
BO3MOXHOCTb 0Opa3oBaHUA 3HAOMETPUOMAHLIX O4YaroB BO BCEX
OMMCaHHbIX cayyanx [11].

Mo3e nogobHas moaenb bbina onpobosaHa Jacobson VC Ha
obe3baHax. Ha MaKaKax pesyc M ABAHCKMX MaKaKax MOATBEPHKAEHO
Ha/MuMe 3HAOMETPMO3a Y NATU 06e3bAH B MEPUOA OT 3 MecALEeB f0
3 net nocne onepaumn [12]. MpenmyLecTBOM BOCNPOM3BEAEHHOW
MOAeNM Ha obe3sbsHax OblI0 HajMuMe MEHCTPYanbHOTO LMKAA.
TaKKe y MHOTMX BUAOB NPUMMATOB BO3MOXKHO CMOHTAHHOE pasBuThE
3HOMETPMO3a C MOABJEHUEM TUCTONOTUYECKN WAEHTUYHBIX Yeno-
BEYECKOMY OpPraHM3My 3SKTOMWYECKMX OYaroB, IOKANM3YIOLMXCA Ha
aHaNOrMyYHbIX yyacTkax [13].

MpeanoKeHo WUCMOoNb30BaTb BHYTPUMbILLEYHOE BBELEHME
KaXOOMY KPOAWKY Ha 3-1 u 6-1 aHWM Ao nanapotomuu 30 mKkr/
Kr 3CTpagMona UMNMoHaTa C LENbto TeXHUYEecKoro obneryeHus
TpaHCNAaHTauuK. B onNMCcaHHOM 3KCnepuMeHTanbHOM moaenmn bbiam
MCMONb30BaHbl HOBO3eNaHACKME benble Kponuku [14].

C Uuenbl  yAeweBNeHWA  SKCMEPUMEHTANbHOM  MOAENN
W BbIABNEHWUS BAMAHUA WHAYLUMPOBAHHOMO 3HAOMETPMO3a Ha
bepTUAbHOCTL BbII0  MPEA/IoKEHO MOAENMPOBATb 3HAOMETPHUO3
Ha Kpbicax. ABTOPaMM AAHHOTO MCCNegoBaHMA OblIO BOCCO34AHO
4 MOAEeNN WHAOYKUMWM 3SHAOMETPMO3a Y MNOAOMBITHBIX YKUBOTHbIX
[15]. K umcny npeumyliects ynoMsHYTOW METOAMKM, Kpome
CHUMKEHMA (QUHAHCOBBIX 3aTpaT, MPUYMCAAICA XOPOLUO M3YYeHHbI
PEenpoAyKTUBHbIV LKA Kpbickl [16].

1. AyToTpaHCcnnaHTauuAa KAETOK MaTKM, Npu  KOTOpOWi

YAANANM NpaBble NPUAATKM MATKW. M3 HUX NPUroTaBaAMBaIM
4 KBafpaHTa A/1A UMNAAHTAUMKU TOAWMHON 1-2 mm, w3
KOTOPbIX TPU KPEMUAUCH K BpbIXKerKe, OAMH — K MaTOYHO-
AWYHMKOBOW CBA3KeE.

2.  OpoleHue 6ptoLHoM nonoctu NPOMbIBHbIM
COAEPKMMbIM MATKK. P11 3TOM B NONOCTb MATKMN BBOAUAN
bM3MONOrNYECKMI PacTBOP, M NOC/IE MACCHPOBAHMA MATKM
NoAyYeHHO cycneH3uneit opoLuany 6PIOLLHYO NONOCTb.

3. AyTOoTpaHCn/aHTauua CcockoboB 3HAOMETpUA, NpU
KOTOPOW NPOU3BOAMCA COCKOD BHYTPEHHEN NMOBEPXHOCTU
npaBoro pora MaTku. 3aTemM COCKOObI OKa3blBaMCb CMbITbl
B MO/IOCTb MaTKMK.

4.  ®UKTUBHAA MMNNAHTALMUA, NPU KOTOPOW MPOM3BOAMACA
MaccaXX MaTku U Opbbkelku. locne, K GpbiKelike |
MaTOYHO-AMYHMKOBOM CBA3KE MOALUMBAIM KUPOBYIO TKaHb
CBA3KMN 2 MM,

M3 yeTblpéx XMpypruyeckMx MeToAoB MHAYLMPOBAHWSA pocTa

9KTOMUYECKMX O4aroB 3SHAOMETPUA TONbKO ayTOTPaHCMAAHTaLUMA
[ana XM3HecnocobHble SHAOMETPUOTUYECKME UMNIaHTaTbl. Ha Bcex

abdominal cavity of rabbits. A 4-cm segment of the right uter-
ine horn was excised 5 cm distal to the fimbriae, opened longi-
tudinally, and scraped. The remaining tissue was minced into
particles measuring less than 1 mm. The scrapings were rubbed
into scars created on the visceral peritoneum. Two fragments of
endometrium from the excised horn, each measuring 1 mm or
less, were introduced by puncture into two sites in the anteri-
or portion of the right ovary. In contrast, another fragment was
placed beneath the germinal epithelium and then covered with
mesentery. In addition, 2-mm fragments of endometrium from
the left uterine horn were implanted beneath the anterior serosal
layer of the gastric fundus through three stab incisions made with
an ophthalmic scalpel. Endometrial fragments were also placed
into two pockets of the right mesosalpinx in a pregnant rabbit.
The study showed endometriotic lesion formation in all described
implantation sites [11].

Jacobson VC later tested a similar model in monkeys. The
presence of endometriosis was confirmed in five rhesus and cy-
nomolgus macaques between 3 months and 3 years after surgery
[12]. A key advantage of the primate model is the presence of
a menstrual cycle. Furthermore, spontaneous endometriosis can
develop in many primate species, producing ectopic lesions that
are histologically similar to those observed in humans and locat-
ed at comparable anatomical sites [13].

To facilitate the transplantation procedure, intramuscular
administration of estradiol cypionate at 30 ug/kg to each rabbit
on days 3 and 6 before laparotomy has been proposed [14]. This
experimental model used New Zealand white rabbits.

To reduce the cost of the experimental model and investi-
gate the effect of induced endometriosis on fertility, rat models
were subsequently proposed [15]. The authors of that study re-
produced four endometriosis induction models in experimental
animals. In addition to lower financial costs, this approach also
offered the advantage of the rat's well-characterized reproduc-
tive cycle [16].

1. Autotransplantation of uterine tissue, in which the
right uterine adnexa were removed. Four implantation
quadrants, 1-2 mm thick, were prepared from the ex-
cised tissue; three were attached to the mesentery and
one to the utero-ovarian ligament.

2. Irrigation of the abdominal cavity with uterine lavage
fluid. Physiological saline was introduced into the uter-
ine cavity, and after uterine massage, the resulting sus-
pension was used to irrigate the abdominal cavity.

3. Autotransplantation of endometrial scrapings, in
which the inner surface of the right uterine horn was
scraped. The obtained scrapings were subsequently
flushed into the uterine cavity.

4. Sham implantation, in which the uterus and mesentery
were massaged. Subsequently, 2-mm fragments of liga-
mentous adipose tissue were sutured to the mesentery
and the utero-ovarian ligament.

Of the four surgical methods used to induce the growth of
ectopic endometrial lesions, only autotransplantation resulted in
viable endometriotic implants. At all stages of implant develop-
ment, including 10 months after surgery, the endometrial tissue
retained its functional capacity. It should be noted that uterine
quadrants autotransplanted onto the surface of the mesentery
were larger and more highly vascularized than those sutured to
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3Tanax pa3paboTkM uUmnnaHTaTa, B TOM uucne vepes 10 mecsues
nocne onepauuu, TKaHb 3HAOMETPUA COXpaHANa CMocObHOCTb K
bYHKUMOHMPOBaHMI0. He0BX0AMMO OTMETUTD, UTO KBAZPAHTbI MATKK,
KOTOpbIe BblNM ayTOTPAHCMIAHTUPOBAHbI Ha MOBEPXHOCTb BPbLINKENKMY,
NPeBOCXOAMAN MO pa3Mepam, a TaKXe OKasblBanucb 6onee
BAaCKYNAPU30BaHHbIMKM, YeM KBaZpPaHTbl, MOAWMUTbIE B MaTOYHO-
AWYHUKOBYIO CBA3KY. OAHAKO NOCNefHME TaKXe CoaepXanu Bce
3HAOMETPUOMAHbBIE KOMMOHEHTbI U GYHKLMOHMPOBanW. B pesynbrate
OMWCAHHOTO  UCCNEAOBaHUA  YA3NOCb  MOATBEPAMTb  BAMAHME
SHAOMETPMO3a Ha TeyeHue OepemeHHOCTM, a Takke obpaTHoe
BO3JelNcTBME HepeMeHHOCTM Ha POCT SHAOMETPUOUAHOMN TKAHU.

MHOMMMKU  UCcCNenoBaTensMn onucaHHaa moaenb [15], mo
npaBy, NPU3HAETCA KNACCUYECKOW 3SKCMepUMEHTaNbHON MOAENbio
9KCTPareHUTanbHOr0 3HAOMETPMO3a. BONbLUIMHCTBO MocneayoLmxX
9KCMNepUMEHTa/IbHbIX UCCNEA0BaHMI COOTBETCTBYET pa3paboTaHHbIM
MPOTOKONAM U CYLLLECTBEHHO He OT/IYaeTCcA OT paHee NpeasIoKeHHOM
metogonorum [17, 18].

PaspaboTtaHa MoAenb Ha MaBWMaHax C  BHYTPUOPHOLWMH-
HbIM BBEAEHMEM MEHCTpyanbHOro sHaometpua [19]. CornacHo
pesynbTaTaM [aHHOMO uWcciefoBaHua nocie 12 mecAues Hab-
NOJEHWUI  COXPaAHANOCh MPOrpeccpoBaHne 3SHAOMETPUO3a, YTO
CBMAETENbCTBOBAIO O BO3MOMKHOCTM MCMO/Mb30BAHWA MNaBUaHOB B
KauecTBe 3KCNepUMEHTa/IbHbIX }KUBOTHbIX [20].

MpumaTtbl  NPeACTaBAAOTCA  NYYWUMM  OObeKTamu  Ans
MOAENMPOBaHMA  3HAOMETPMO3a, MOCKOMbKY Y  MHOTUX WX
BWZOB HabNIOLAETCA CXOACTBO C /IIOABMM B 4acTh du3Monorum
PenpoayKTUBHOM CUCTEMbI, B TOM YMC/NE LMKIMYECKUI XapaKTep
MEHCTpYaLWii, CMOHTaHHOe pa3BWTMe 3HAOMETpMo3a M Ap. B TO
e Bpems, mMofenb Ha obesbfHax He ABNAeTCA UAeanbHOW M3-3a
[lOPOroBM3HbI U TPYAHOCTEW NPOBEAEHUA UCCeA0BaHNUI Ha NpUMaTax
[21, 22].

YKa3aHO Ha BO3MOXHOCTb BbIABNEHWA CMOHTAaHHOMO 3HAO-
METPMO33, OCHOBbIBAACb HA CHUNKEHHOM MOTPebAEHUU MULLM
B Nepuoa, MEHCTpyaLuu, Kak peakuuu Ha 6onb. B pgaHHOM
MCCNef0BaHUM aBTOPbI M3y4anu BAMAHME aHTMTen K IL-8 (AMY109)
Ha TeyeHMe 3HAOMETPMO3a Ha XMPYPTUYECKM WHAYLMPOBAHHbIX
MoZensx (no OpurMHaNbHOM METOAMKE) Y ABAHCKMX MakKak.
JHAOMETPUANbHAA TKaHb cobUpanach y Makak B CEKpPeTopHoii dase
nepea geuvayanvsaumen v UMNAaHTMPOBaNach 3TOM e 0cobu B TOT
e AeHb. OcO6eHHOCTbIO MOZENM ABNANOCH TO, YTO OHA UMUTUPOBaNa
Cpasy [iBa TUMNa SHAOMETPUOUHOW NOPAKEHWIA: TTyDOKMe — y3N10Bble
M NOBEPXHOCTHble — pe3y/bTaT pedatoKca MEHCTPyanbHON KpoBW C
agresueit. loctnyb NogobHoro pesynbrata, NO3BOANAA KOMOUHALMSA
METOZ0B CLUMBAHUA U M3MeNbYyeHUA C MOCNeAyloWMM MOCEBOM
3HAOMETPUOUAHOM TKaHW. Mpu 3TOM CLUMBAHWE 3HAOMETPUOUAHOM
TKaHW NMPOBOAMIOCH B TPEX OTAE/bHbIX IOKAIM3aLMAX Ha BploLunHe,
YTO TUCTONOTMYECKM NPOABAANOCL B BUAE Y3/0BbIX MOPANKEHMIA.
YKa3aHHas KOMBUHaLMA METoLOB NO3BOAWAA CO3LaTb MOAEb, MPU
KOTOPOMU NopaskeHUs Yepes 5 mecaLes 4eMOHCTPUPOBAM CTPYKTYPY,
AHaNIOMMYHYI0 CMOHTAHHOMY 3HAOMETPUO3Y: Hanuume TPEX CHOEB
(snuTenwuit, ctpoma, GUBPO3HBIA MHTEPCTULMIM), @ TaKKe MpPU3HAKK
KPOBOW3/IMAHUA U OT/IOKEHWA remocuaepuHa [23].

B aKcnepuMmeHTanbHOW Moaenu BecTUMYCHbIM — Mbllam
BBOAMAM  AMCCOLMMPOBAHHbIE KNETKM 3IHAOMETPUA  YeNOBEKa,
CYCNeHAMPOBAHHbIE C MEPUTOHEAsIbHOW KMAKOCTbIO, B OPIOLIHYIO
nonoctb  [24].  MNpoaemoHcTpuMpoBaHa  ycnewHas  (96,5%)
UMNAAHTaLUMA TKaHU SHAOMETPUA YenoBeKka B OpPIOLIHYK MOMOCTb
mbiwer SCID ¢ ocnabneHHbIM MMMYHUTETOM C WMCMO/Mb30BaHUEM
MeTOAa CNEnoro BBeAEHWUsA UMOM MO BEHTPASbHOMN CpeaHen NMHUK
C COMyTCTBYlOLLEW 3cTporeHusauuein. fMpu 3TOM  MMNAAHTaThI
COXPaHAAM TUCTONOTMYECKME, BUoxMMUYeckne 1 GyHKLMOHaNbHble
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the utero-ovarian ligament. However, the latter also contained all
endometriotic components and remained functional. The study
confirmed both the effect of endometriosis on the course of
pregnancy and the reciprocal effect of pregnancy on endometri-
otic tissue growth.

The model described above [15] is widely regarded as a
classical experimental model of extragenital endometriosis. Most
subsequent experimental studies have followed the protocols
developed in this model and have not differed substantially from
the previously proposed methodology [17, 18].

A baboon model involving intraperitoneal administration of
menstrual endometrium was subsequently developed [19]. Ac-
cording to that study's results, endometriosis progression persist-
ed after 12 months of observation, supporting the feasibility of
using baboons as experimental animals [20].

Primates appear to be among the most suitable experimen-
tal species for modeling endometriosis because many species re-
semble humans in reproductive physiology, including cyclic men-
struation and spontaneous endometriosis. Nevertheless, monkey
models are not ideal because of their high cost and the practical
difficulties associated with conducting research in primates [21,
22].

It has been suggested that spontaneous endometriosis may
be identified based on reduced food intake during menstruation
as a behavioral response to pain. In that study, the authors inves-
tigated the effect of an anti-IL-8 antibody (AMY109) on the course
of endometriosis in surgically induced models developed using an
original technique in cynomolgus macaques [23]. Endometrial tis-
sue was collected from macaques during the secretory phase be-
fore decidualization and implanted into the same animal on the
same day. A distinctive feature of the model was its ability to re-
produce two types of endometriotic lesions simultaneously: deep
nodular lesions and superficial lesions resulting from menstrual
blood reflux followed by adhesion.

This was achieved by combining suturing and tissue-mincing
techniques followed by seeding of endometrial tissue. Endome-
trial tissue was sutured at three separate peritoneal sites, where
it produced histologically nodular lesions. This combination of
techniques produced a model in which, after 5 months, the le-
sions showed a structure similar to spontaneous endometriosis,
including three layers — epithelium, stroma, and fibrous intersti-
tium — as well as signs of hemorrhage and hemosiderin deposi-
tion [23].

In another experimental model, dissociated human en-
dometrial cells suspended in peritoneal fluid were injected into
the abdominal cavity of athymic mice [24]. Successful implanta-
tion of human endometrial tissue into the peritoneal cavity was
achieved in 96.5% of immunodeficient SCID mice using blind nee-
dle injection along the ventral midline combined with estrogen
supplementation. The implants retained their histological, bio-
chemical, and functional characteristics [25].

Modeling in athymic mice is complicated by the need to
suppress natural killer cells, whose compensatory increase limits
endometriotic tissue growth. In this respect, SCID-based immu-
nodeficient mouse models have a considerable advantage over
athymic mice [26, 27].

However, a major limitation of xenotransplantation models,
including immunodeficient nude athymic, SCID, and NOD-SCID
mice, is that they exclude the immune system from disease deve-
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XapaKkTepucTukm [25]. CTOUT OTMETUTb, YTO MOAENMPOBAHWE Ha
6eCTVMYCHbIX MbILIAX OC/NOMKHAETCA HEeobXOAMMOCTbIO NOAABNEHMUA
KNETOK-KUNNEPOB, KO/IMYECTBO KOTOPbIX KOMMEHCaTopHO
MOBbILIAETCA, MOCKO/bKY OHM OFPaHNYMBAOT POCT SHAOMETPUOUAHOW
TKaHW. Mpu 3TOM MOAENM UMMYHOAEDULMUTHBIX MbIE HA OCHOBE
SCID 06nafatoT 3HaUMTEIbHBIM MPEUMYLLECTBOM B 3TOM OTHOLLEHUM
Mo CPaBHEHMIO C BECTVMYCHBIMM Mbllwamu [26, 27].

OfHaKO OAHMM M3  CYLLECTBEHHbIX HeAOCTAaTKOB MOAenein
KCEHOTpaHcNAaHTauuM (MMMyHoZebULMTHBIE ronble BecTMMycCHbIe,
SCID u (NOD)-SCID mbIlun) ABNAETCA BbIKAOYEHUE U3 MexaHW3ma
pasBuTMA  3ab0neBaHUA  MMMYHHOW  CUCTEMbI, KOTOpOM B
HacToALlee BpeMA OTBOAMTCA 3HAYMMAA PONb B MPOrpeccMpoBaHum
3HAOMETPMO3a. B gaHHOM acnekTe npeumyLiecTBom obnagatoT
AyTONOMMYHbIE W CUHTEHHble MOAENW TPbI3yHOB, WMMYHHasA
CACTEMA KOTOPbIX HEe TMOBPEeXAeHa. ITO [AaéT NpeuMyLLecTBO
B M3yyeHuMM naTodusMonormm sHZoOmeTpuosa. Kpome Toro,
COMYTCTBYIOLLAA 3CTPOreHM3aUMs B  KCEHOTPAHCMIAHTALMOHHbIX
MOLENAX MPUBOAMT K 3HAYMTENIbHBIM CUCTEMHbBIM HapyLWEHUAM
33 CYET KneTouyHOW nponndepaumum M pocTy MaTku. MpegnoxkeHa
HOBaA 3KCMEPUMMEHTANbHAA MOLEMb Ha CUMHFEHHbIX TpbI3yHax ¢
MMMO/Ib30BAaHMEM N1ANapPOCKONUYECKOW METOAMKM XMPYPrUYecKoro
BMelUaTenbcTBa. CaMKam MblLEl C OBAaPUIKTOMMEN BBOAWAN CEPULD
MHbeKUMiA 3cTporeHa. Co BTOpPOM cepuer MHBEKUMI BBOAMNACH
nenneta nporectepoHa. Jeunayanvsauma sSHAOMETPUA NPOBOAMNACL
NOCPeACTBOM  BHYTPMMATOYHOTO BBEAEHMA KYHMKYTHOrO Macha.
Mocne ypaneHna nennetbl ¢ NPorecTepoOHOM Yepes 4 AHA M Havana
MEHCTPYaUmMn MaTKy M3BAeKanu. MeHCTpyanbHbI  SHAOMETPUIA
BbICEBANM B OPIOWHYIO MOMOCTb CUHTEHHbIX Mblllel-peuunMeHToB
ONA UHAYKUMW SHAOMETPMO3a N1anapoCKONMUYEecKUM MeToaom [27].

HecmoTpa Ha HefocTaTkM  Mogeneid C  ocnabneHHbim
UMMYHUTETOM, OHWM  MOCAYKMAM  OCHOBOM  MHOFOYUCIEHHbIX
UccnefoBaHnin B 06NACTM  U3yYEHWA MPOrpeccMpoBaHUA  3HAO-
METPMO03a, a TaKKe HaKTOPOB, CNIOCOBCTBYHOLLMX MOABNEHMIO U POCTY
3HAOMETPUOMAHDBIX 0YaroB, a TaKKe cnocoboB neyeHus. [JokasaHa
BbICOKAs 3HAYMMOCTb AHMMOrEHHOM YyBCTBMTENbHOCTM OpraHWM3ma
B MMMNAAHTALMKM M POCTE SHAOMETPUOMIAHOM TKaHW, a TaKkKe
3¢ dEeKTUBHOCTb aHTUAHTMOHEHHOW TepanuMn Ha MOAENAX rPbi3yHOB
[28].

MpeanoxkeHa moandULMPOBaHHAsA MOAeNb SHAOMETPMO3a Ha
TO/IbIX MbILIAX, MO3BONAIOLLYHO KONMYECTBEHHO OLEHMBATb pasmep
nopakeHus, a Takke 3PPEKTUMBHOCTb Tepanuu in vivo. [na 3atoro
aBTOPbl METOAMKM OCYLLECTBAANMN aleHOBUPYCHbIA nepeHoc KAHK
3enéHoro ¢nyopecueHTHoro 6enka (GFP) B TKaHb 3HAOMETPUSA
nepes  MMMNNaHTauMen, 4TO  MO3BOAMIO  BWU3ya/lM3MPOBaTb
SHAOMETPUONAHbIE MOPAXKEHMA  HEXMPYPTMYECKMM  crnocobom.
OpHaKo B X04e WCCNef0BaHWA BbIACHUAOCHL, YTO afeHOBMPYChbI
obecneynBaloT NUWb BPEMEHHYH 3KCMpeccuio U dayopecueHums
GFP, u3nyyaemas TpaHCN/AaHTaTaMU 3SHAOMETPUA YesnoBeKa CO
BPEMEHEM 3aTyXaeT, YTO He MO3BO/AET WCMO0/b30BaTb MOAENb
GFP ponA HeWHBA3WBHOM OLEHKU Pe3ynbTaToB ANA AJIMTENbHbIX
HabnoaeHuin [29]. PesynbTaTbl AaHHOMO WMCCNELOBAHWUSA OMUCaHbI
BO MHOTOYMCNEHHbIX 0630pax, B TOM Yucae B O4HOW M3 paborT, B
KOTOpOW NoApOoBHO PAcCMOTPEHbI MPEUMYLLECTBA WM HEAOCTaTKu
OpUrMHanbHo meToamku [30].

[na yBenuyeHus cpoka HabAAeHWUs in Vivo NpeanoXKeHo
MCMOMb30BaHME BMONOMUHECLEHTHBIX CUCTEM. ABTOpaMM MOZenu
6blna co3daHa rpynna TPAHCTEHHbIX MbIWEN, 3SKCMPEeCcCUpYHLLMX
noupndepasy CBETAAYKOB, TeH KOTOPOM CBA3aH C MPOMOTOPOM
youkBuTMHa C, KOTOPbIM perynnpyeT aKcnpeccuto nouudepassl BO
BCEX KNeTKax. WHbeKuuoHHoe BBeAeHWe cybcTpaTa AtoundepuHa
BbI3bIBAET CBETOBOM CWUrHaN, [OCTYMHbIA A8 OBHapyXeHua w

lopment, even though the immune system is currently considered
to play an important role in the progression of endometriosis. In
this regard, autologous and syngeneic rodent models with an in-
tact immune system offer an important advantage for studying
endometriosis pathophysiology.

Furthermore, concomitant estrogen supplementation in
xenotransplantation models may lead to substantial systemic ef-
fects due to increased cellular proliferation and uterine growth. A
novel experimental model using syngeneic rodents and a laparo-
scopic surgical technique has therefore been proposed. Ovariec-
tomized female mice received a series of estrogen injections. A
progesterone pellet was introduced during the second series of
injections. Endometrial decidualization was induced by intrauter-
ine administration of sesame oil. Four days after removal of the
progesterone pellet and the onset of menstruation, the uterus
was excised. Menstrual endometrial tissue was then seeded into
the abdominal cavity of syngeneic recipient mice using a laparo-
scopic technique to induce endometriosis [27].

Despite the limitations of immunodeficient models, they
have provided the basis for numerous studies investigating the
progression of endometriosis, the factors contributing to the de-
velopment and growth of endometriotic lesions, and potential
therapeutic approaches. Studies have demonstrated the impor-
tance of the host angiogenic response in the implantation and
growth of endometriotic tissue, as well as the efficacy of antian-
giogenic therapy in rodent models [28].

A modified endometriosis model in nude mice was pro-
posed that allowed quantitative assessment of lesion size and in
vivo evaluation of treatment efficacy. To achieve this, the authors
used adenoviral transfer of green fluorescent protein (GFP) cDNA
into endometrial tissue before implantation, enabling non-sur-
gical visualization of endometriotic lesions. However, the study
showed that adenoviral vectors provided only transient expres-
sion, and GFP fluorescence from human endometrial grafts grad-
ually diminished over time. Therefore, the GFP model was not
suitable for long-term non-invasive assessment [29]. Numerous
reviews have discussed these results, including one that provides
a detailed analysis of the advantages and limitations of the origi-
nal technique [30].

To extend the duration of in vivo observation, the authors
proposed using bioluminescent systems. The authors developed
transgenic mice expressing firefly luciferase, with the luciferase
gene linked to the ubiquitin C promoter, which drives luciferase
expression in all cells. Injection of the luciferin substrate gener-
ates a light signal that can be detected and quantified. Research-
ers then transplanted transgenic endometrial tissue from these
mice into non-luminescent recipients. Administration of luciferin
to the non-luminescent recipients made it possible to monitor
initial implantation, the onset of angiogenesis, and tissue growth
using non-invasive bioluminescence imaging [28].

Researchers also successfully developed an experimental
model of endometriosis adapted to modern surgical technolo-
gies. A distinctive feature of this model was the ability to monitor
postoperative outcomes endoscopically [31].

Sexually mature female Chinchilla rabbits weighing 2.5-3.5
kg were used as experimental animals because endoscopic mon-
itoring of surgical outcomes was not feasible in rat models of en-
dometriosis. Surgical access was achieved through a 6-cm lower
midline laparotomy. Only a 3-cm segment of the right uterine
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KONMYECTBEHHOWM OLEHKW. [lanee TpaHCreHHas TKaHb 3HAOMETpUs
OT 3TMX MbllWEN TPaHCNAAHTUPOBaNaCb  HENOMUHECLLEHTHbIM
peuunueHTam. BBeaeHMe  HENOMMHECLEHTHbIM  peLunueHTam
noundeprHa No3BoOAAET KOHTPOMPOBATb HAYA/IbHYIO MMMAHTALMIO,
HayaNo aHrMoreHesa M POCT TKaHeW C MOMOLLb HEUHBA3WUBHOW
6VONOMMHECLLEHTHO BU3yanu3aumm [28].

YcnewHo paspaboTaHa 3KCMepuMeHTasbHas MOAeNb 3HAO-
METPMO33, aAaNTUPOBAHHAA K COBPEMEHHBIM  XMPYPrUYECKUM
TexHonornam. OcobeHHOCTbI0 AaHHOW MOAENN CTana BO3MOXHOCTb
NPOBOAMTL SHAOCKOMUYECKUIA MOHUTOPUHT PEe3yNbTaToB onepaLiyu
[31].

B KayecTBe 3KCMEPVMEHTAsIbHBIX MBOTHbIX ObIAM MCMOMB30-
BaHbl NMOIOBO3Pe/ible CaMKM KPOAMKOB nopogpl LLnHwuana maccoi
2,5-3,5 Kr BBMAYy TOro, YTO NPU MOAENMPOBAHMM SHAOMETPUO3A
Ha Kpbicax He NpPeaCTaBAANOCh BO3MONHbLIM MPOBOAMTb 3SHAO-
CKOMWYECKUA  MOHUTOPUHT  pe3ynbTaToB  onepauuu.  [octyn
OCYLLECTBAANCA  MOCPEACTBOM  HUXKHECPEAMHHOM  N1anapoTomMum
AMHOM 6 cm. Pe3seumpoBancA TONbKO NPaBbli MaTOYHbIA por Ha
NPOTAXEHWUU 3 CM. DHAOMETPUI U3 LEHTPAbHOM YacTu npenapara
OTZENANCA OCTPbIM COCOBOM NPV MOMOLLY CKanbnens. BolaeneHHble
¢dparmeHTbl  3HAOMETPUA 2x3 MM QUKCUMPOBA/NIUCHL  LUOBHbBIM
MaTepuasom K napueTanbHoM OplowunHe nepesHel OGpOWHOM
CTEHKM CNpaBa v c/1eBa Ha PaccTOAHUK 2 CM OT Kpaés onepaLMoHHOM
paHbl. Kpome Toro, B Mozenn 6bina Ucnonb3oBaHa 3CTPOreHm3aLms
1 mn macnaHoro 0,1% pacTBopa cuHecTpona Yepes geHb 3 pasa
[l0 onepauun MoAenMpoBaHnA 1 5 pas yepes feHb nocne Heé. 310
no3Bonuno obnerdnTb BblaeneHne UM GUKCALMIO SHAOMETPUA, Tak
KaK TKaHb Haxoaunacb B ¢ase nponndepaumn. Mcnonb3osaHue
B 9KCMEpUMeHTe MOHOOWMNAMEHTHbIX HWTE Manoro aAuameTpa
NO3BO/INIO YMEHBLUMTb Pa3mepbl MMMAHTATOB B Ba Pasa M CBECTU
K MWHUMYMY BOCMa/IUTENbHbIE U3MEHEHWA B MMMNAaHTaTe U bonee
3 dEKTUBHOMY MPUKMBIEHMIO SHAOMETPHUA [32].

Bbina npesnoxeHa MOAMPUKALMA XUPYPrUYECKOro moge-
JIMPOBaHMA 3HAOMETPMO3a B BMAE UKCaLMM CHOPMMUPOBAHHBIX
MMMNIGHTOB Ha HapyXHY0 MOBEPXHOCTb nNepesHein OproluHoW
CTEHKW NOf KOXeW. AyTOTpaHCMNaHTALMA TKaHeW MaTKM KpbIChl
Wistar npon3Boaunach NOAKOXKHO B CTaauu 3cTpyc. PparmeHT pora
maTtkn 0,5-1 cm unccekanca, BCKpbIBAACA MO CTOPOHE MPUKpenaeHus
OpbIXKENKM MaTKM M paccekanca Ha paBHble 4acTu pasmepom 3x3
MM. 3aTem ABa dparmeHTa TKaHW MaTKW MOALWMBAANCL MOAKOXKHO
K Hapy»HOM YacTu BPIOWUHBI C ABYX CTOPOH Ha paccTosHum 1 cm ot
Kpas onepaLMoHHOM paHbl K MecTy budypKaLm cocyaos. Pesynbrathl
NPOLEMOHCTPUPOBANAM YyCMelHoe pa3BuTUe TpaHcnaaHtatos y 11
13 13 MBOTHbIX Yepe3 fBe HefeNn Nocne BbINOJHEHUA onepauun.
Takoe mogenupoBaHue obecneynsaeT yaobCTBO HabaoAeHUs, YT
0COBEHHO BaXKHO NpW M3y4eHUM SPPEKTUBHOCTU NIEKAPCTBEHHDIX
npenapatos [33].

Mo pe3ynbTaTaM  MHOTONETHEr0  UccnefoBaHWA  bbina
NpessoXKeHa YCOBEPLIeHCTBOBAaHHAA MOAeNb  3HAOMeTpuo3a
Ha Kpbicax AuHum Wistar. [Matonorma 6bina cmogenvpoBaHa
NyTém ayToTpaHCnAaHTauMM dparmeHTa /IeBOrO pora MaTKU.
Mocne nanapoTomMuMu nNpoOBOAMAACH NepeBA3Ka pora MaTku B
obnactM matoyHo-TpybHOro nepexoga Ha 1 cm gucTanbHee
mecTa 6udypkaumm. UcceuéHHolit dparmeHT (1 cm) B cTepuibHOM
M30TOHMYECKOM PacTBOPe BCKPbIBAAW W [e/UAN Ha [BE YacTu.
MNonyyeHHble dparmeHTbl (2x2 MM) GUKCMPOBANUCHL Y3/10BbIMM
WBaMM K OploWKHE nepeaHelt CTEHKM Ha paccTosHuM 2 CM
OT pa3pe3a B 06/1aCTM COCYZOB, OPUEHTUPYA 3SHAOMETPUN K
me3oTenuto. MpenmyLLecTBOM JaHHOW METOAMKM CTa0 NOBbILIEHUE
CTaTUCTMYECKON 3HAYMMOCTM Pe3yNbTaToB NYTEM MMMIAHTALMU ABYX
¢dparmeHTOB 3HAOMETPMA [34].
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horn was resected. The endometrium from the central part of the
specimen was sharply dissected using a scalpel. The isolated en-
dometrial fragments measuring 2x3 mm were fixed with sutures
to the parietal peritoneum of the anterior abdominal wall on
both the right and left sides, 2 cm from the edges of the surgical
incision. In addition, estrogen supplementation was used in this
model: 1 mL of a 0.1% oil solution of synestrol was administered
every other day, three times before the modeling procedure and
five times every other day after surgery. This facilitated isolation
and fixation of the endometrium because the tissue remained in
the proliferative phase. Small-diameter monofilament sutures
reduced implant size by half, minimized inflammatory changes
within the implants, and improved endometrial engraftment [32].

A modified surgical model of endometriosis was proposed
in which the prepared implants were fixed subcutaneously to the
outer surface of the anterior abdominal wall. Autotransplantation
of uterine tissue from Wistar rats was performed subcutaneously
during estrus. A 0.5-1 cm fragment of the uterine horn was ex-
cised, opened along the mesenteric attachment, and divided into
equal 3x3 mm pieces. Two uterine tissue fragments were then
sutured subcutaneously to the outer surface of the peritoneum
on both sides, 1 cm from the edge of the surgical wound, in the
region of vascular bifurcation. Successful graft development was
observed in 11 of 13 animals two weeks after surgery. This mod-
el facilitates direct observation, which is particularly useful when
evaluating the efficacy of pharmacological agents [33].

Based on the results of a long-term study, an improved
model of endometriosis in Wistar rats was proposed. The dis-
ease was induced by autotransplantation of a fragment of the left
uterine horn. Following laparotomy, the uterine horn was ligated
at the uterotubal junction, 1 cm distal to the bifurcation site. The
excised 1-cm fragment was opened in sterile isotonic solution
and divided into two parts. The resulting 2x2 mm fragments were
fixed with interrupted sutures to the peritoneum of the anteri-
or abdominal wall, 2 cm from the incision in the vascular region,
with the endometrial surface oriented toward the mesothelium.
This technique offered greater statistical reliability because it im-
planted two endometrial fragments [34].

Despite the long history of experimental animal models of
endometriosis, important limitations remain in extrapolating
experimental findings to humans. Experimentally reproduced
models may reflect the course of the pathological process in vivo.
However, recent studies indicate that findings from preclinical
animal studies of therapeutic strategies are often either poorly
translatable to humans or generated using insufficiently rigorous
study designs, as reflected by the high proportion of clinical trials
discontinued during phases Il and 11l [35].

Thus, experimental models of endometriosis have substan-
tially advanced our understanding of the disease's etiopatho-
genesis and enabled testing of novel therapeutic approaches.
Achievements to date, including the identification of key molec-
ular mechanisms and the development of promising pharma-
cological strategies, provide a foundation for further research.
Nevertheless, existing models clearly require further refinement
to reproduce the clinical manifestations of endometriosis more
accurately. Future research should therefore focus on identifying
informative biomarkers and developing targeted therapies. Over-
all, progress in this field offers new opportunities for improving
the diagnosis and treatment of endometriosis.
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HecmoTpsi Ha MHOTONETHIOK WCTOPWIO PA3BUTUSA IKCTepu-
MEHTaNbHbIX MoOZenelt 3HAOMETPUO3a HA KMBOTHbIX, OCTAlOTCA
npobenbl B BO3MOMHOCTWM 3KCTPANOJMPOBAHWA PE3YbTAaToB Ha
yenoseka. Mogenu, BOCMPOM3BOAMMBIE B 3KCMEPUMEHTE, MOFYT
OTpaxaTb MPOTEKaHWe MaToNorMYeckoro mpouecca in vivo. OgHaKko
paboTbl NOCNEAHUX NIET CBUAETENCTBYIOT O TOM, YTO JOKNMHUYECKME
MCCNesoBaHMA TePaneBTUYECKUX TaKTUK Ha MBOTHbIX IM60 BOObLLE
HernepeHocUMbl, M60 He BblNM TOUHO CNNAHUPOBAHDI, TaK Kak BbICOK
NPOLEHT CBEPHYTbIX UCMbITaHWUM Ha Il n Il dpasax [35].

Takum 06pa3om, sKCNEPUMEHTaNbHbIE MOAEIN SHAOMETPMO3a
yKe MO3BONWIN 3HAYUTEBHO YIYBUTb NOHMMaHWE 3TMoNaToreHesa
ZlaHHOro 3a60/1eBaHMA 1 NPOTECTMPOBATb HOBbIE METOAbI TEPANuK.

[OCTUTHYTblE Pe3yNbTaThl, BKAOYAA WAEHTUMKALMIO K/HOYEBbIX
MONEKYNAPHBIX MEXaHM3MOB M Pa3paboTKy NEepCcneKTUBHbLIX fe-
KapCTBEHHbIX MOAXOAOB, CO34AKOT OCHOBY ANA  AaNbHEMLIMX
uccnefoBaHuin. OYeBMAHO, YTO CyLLECTBYlOLWWME MOZenu TpebyroT
YCOBEpLUEHCTBOBaHMA AAA 6osee TOYHOrO  BOCMPOW3BEAEHMs
K/MHWYECKMX NPOABAEHWI 3HAOMETpMo3a. NpeactaBnseTca Lene-
C006pasHbIMM HaMpaBuTb JanbHeMluMe MCCNeA0BaHMA Ha MOMCK
MHOOPMATUBHBIX BUOMApPKEPOB M pa3paboTKy TapreTHoM Tepanuu
[AaHHoro 3a6onesaHws. B Lesom, nporpecc 8 aToi 061acTv OTKpbIBaeT
HOBbIE BO3MOMKHOCTU [O1A YAYYLIEHWUA AMATHOCTUKM U NleyeHus
3HAOMETPMO3a.
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