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MWHHEPBALIMOHHbIN AMMNAPAT
N HEMPO-TKAHEBbIE OTHOLWIEHWA B
MUOMETPUNY NAUMEHTOK CAAEHOMNO3O0OM

BBEOEHWUE

Kak un3BecTHO, pa3sutne 6onu peanusyetcs
yepes3 LeHTpanbHble 1 nepudepryeckre Mexa-
HU3MbI. TOT aKT, UYTO XMPYpruyeckoe seyeHve
(rmctepakTomms) KynupyeT OONeBOW CUHOPOM Y
MKEHLLVH C SHAOMETPUO30M, OTPAXKaeT Posib nepu-
depryeckoro 3BeHa B pa3BUTM H6ONEBOro CUHA-
poma [13]. JaHHbIl GaKT npegycMaTpuBaeT posb
MaTOYHbIX HEPBOB B Pa3BUTUN FNepanresum, 4to
CTUMYNIUPYET K UX A€TaNIbHOMY M3YUeHNI0.

AHANN3 NATEPATYPHbIX OAHHbIX

NMOCTAHOBKA 3A0AYN NCCNEOOBAHUA

Ha ceropgHs cylecTByeT HeCKONbKO runotes,
06BACHALWYIX Pa3BUTUE 60NN Y XEeHLWH C afe-
Homuro3om. CornacHo OAHOW 13 HUX, 60Nb BO3HU-
KaeT B pe3ysnbTaTe KOMMPeCccMn HePBOB OYaramu
ageHomumo3sa [4, 10, 11]. MNpeanonaraetca Takxe
ponb ¢akTopa pocta HepeoB (NGF) B 30He noB-
peXaeHus, NOCKONbKY Hanuume rinyboKrx oyaros
afleHOMMO3a 6bI/I0 ACCOUMMPOBAHO C MOBbILLEHW-
€M 3KCMpeccum JaHHoro ¢akrtopa pocTa 1 pas-
BuTMem 6onu [2]. Mpn 3Tom NGF otBOAAT posnb
He TONIbKO B CTUMYNALUMM POCTa HEPBOB, HO U B
MOBbLILEHNN CEHCUTMBHOCTA HEPBHbIX OKOHYa-
HWIA, YTO, COBCTBEHHO, 1 MOXET BECTU K YCUJIEHUIO
owyuleHua 6onu [6, 7]. OgHako Npu 3TOM CTOUT
3aMeTUTb, UTO YCUJIEHME POCTa HEPBOB He Bcerga
COMPOBOXAAETCA Pa3BUTMEM BblpaXKeHHOro 6one-
BOr0O CUHApPOMa. TaK, JOKa3aHO, YTO SHAOMETPMO3
COMPOBOXKAAETCA MOABNIEHNEM HEPBHbIX BOJTIOKOH
B GpYHKLMOHANIbHOM CJI0€ SHAOMETPUSA, NpeTeprne-
BAIOLLEM eXKeMeCAYHYI0 NepecTPonKy 1 ieCKBaMa-
uuto [5]. OgHaKo Mpu 3TOM He 6bII0 YCTAaHOBIIEHO
Ha/mume CBA3M MeXAy KONMUECTBOM HEepPBHbIX
BOJIOKOH U BbIPaXKEHHOCTbIO OONEBOr0 CMHAPO-
Ma. MpeanonoxeHre o Tom, YTo 60Mb BO3HMKAET
B pe3y/nbTaTe CAAB/IEHVA HEPBHbIX OKOHYaHWI
ouaramu aIeHOMK03a TakXKe 6bl10 ONPOBEPrHYTO
B nccnegoBaHusax [1, 12] ¢ Bu3yanusauuen 6enkos
HelnpodUIaMeHTOB, MOKa3aBLWKX, YTO B 6OMbLUNH-
CTBe CJly4yaeB HEPBbl OOHAPYKMBAKTCA BHE OYaroB
afeHoMKno3a. M npu 3Tom TazoBas 60s1b He Koppe-
JIMPYET C KONIMYECTBOM HEPBOB B 30HE JKTOMMYec-
KOro SHOOMETPUA.

Kpome TOro, 6e3 oTBeTa OCTaeTca BOMNPOC, Ka-
Kue, COOCTBEHHO, KNETKU U CTPYKTYpPbl B CTEHKE
MAaTKU SBNAAIOTCA MPOAYLEHTaMU MNepeyncieH-
HbIX $aKTOPOB POCTa, HEMPOTPODUMHOB U BKO-
NOTNYECKM aKTUBHbIX BellecTB. OTBET Ha BOMPOC
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O MexaHu3Max WM3MEeHEeHUA WHHEePBALUOHHOro
annapaTta MaTKuM KPOeTCA B aHaNn3e Hempo-TKa-
HEeBbIX OTHOLUEHWN.

LUenb paboTbl — M3yunTb WMHHEPBALUOHHbIV
annapaTt 1 Helpo-TKaHeBble OTHOLUEHUA B MaTKe
npu ageHoMro3e, CoONpPoOBOXAALMMCA CUHAPO-
MOM XPOHUYECKOW TazoBow 6onu.

MATEPUAJIbl U METOAbI UCCNEAOBAHUA

MN3yyeHo 60 maToOK, MOMyYeHHbIX Nocne ruc-
TEPIKTOMUU OT MaUMeHTOK C Andoy3HbIM age-
Homuo3om lI-lll creneHun, conpoBoXxparLWwmmca
BblpaXeHHbIM 6oneBbIM  cMHApPOMOM. [pynny
CpaBHEHWA COCTaBUIM MATKM 5 nauueHToK 6e3
Hanuuma runepnponndepaTMBHbIX MPOLECCOB,
normoLnx B aBToKaTacTpode.

Mocne rmcTepIKTOMUM YUYaCTKN CTEHOK MATOK,
BKJIlOYaloWMe SHOOMETPUA U MUOMETPUI, PUK-
CMpOBanM B HenTpanbHOM 3abydepeHHoM 10%
dopmanuHe (pH 7,4) B TeueHne 24 yacos. [Mocne
Jervapataumm mMaTepuian 3anvBanu B BblCOKO-
OUULLEHHDIV NapaduH C NONUMEPHBIMU f06aBKa-
mMu (Richard-Allan Scientific, CLLIA) npu Temnepa-
Type He Bbiwe 60°C. O6LLyi0 MOPPONOrMUecKyto
OLIEHKY Cpe30B NPOBOAWN NMPU OKpacke rema-
TOKCUJIMHOM U 303VMHOM. Br3yanu3aLuio HepBHbIX
BOJIOKOH OCYLUECTB/ISN NOCSie NMMYHOMCTOXM-
Mmnyeckoro (MIMX) okpalwwmBaHMA C UCNOSIb30Ba-
HMEeM MOHOKITOHanbHbIX aHTUTen (MAT) K 6enkam
HelpodunameHToB (DAKO, [JaHnA) No MHCTPYK-
umam GUpMbl.

C uenblo 06beKTUBM3ALMM MOPGONOrMYECKo-
ro UCCNefoBaHUs MCMONb30Bav KOMIMIEKCHbIV
MOpPGOMETPMYECKNIA aHanM3, KOTOPbIA MPOBO-
AV C MOMOLLbBIO CMELUranbHOro NPOrpamMmmMHOro
obecneuerna Image Tool v.3.0. u rpaduuecko-
ro pegaktopa Adobe Photoshop CS4 Extended
v.11.0.1. CHUMKM BbINOSIHEHbI HAa MUKpPOCKOMe
Olympus BX51 ¢ umdposon kameporn DP70
(Olympus, AnoHwua). [na oueHKM KonuuyecTBa
HepPBHbIX BOJIOKOH MCMOJIb30BaIN KBAfPaTHO-Y3-
noByto TecT-cuctemy. CpefHee KONIMYeCTBO Hep-
BOB, aCCOLMMPOBAHHbIX C OYaramy ajeHOMMO3a,
oueHuBanu cnegywolwm obpasom. Ob6uee Konu-
YeCcTBO HEPBOB B MOJIE 3PEHUA NPU YBETUYEHN
200 penwunn Ha KONMMYeCTBO KBaZpaToB, Nonaja-
IOLLMX HA YYACTKU PACMONOMXKEHUs SKTOMMYECKOrO
3HAoMeTpUs. AHANIOrMYHBIM CNOCOH6OM OLleHUBa-
NN MNIOTHOCTb HEPBHbIX BOJIOKOH B MUOMETPUU
NnauneHToK C aIEeHOMNO30M 1 NenoMrnomon. Pe-
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3ynbTaThl NPEACTaBNANM B BULE CPefHEro apudmeTnyeckoro
KONMuyecTBa HEPBOB Ha MUIIUMETP MIOLWaAM cpe3a B SyTonu-
YECKOM 1 SKTOMNYECKOM SHAOMETPUN, a TaKKe B MUOMETPUM.
MNpouepypy nofcyeTa BbIMOMHANN ABaXKAbl ABYMA He3aBUCK-
MbIMW 3KCMepTaMu (ABOMHOe crienoe nUccyiefoBaHme), HeocBe-
JOMEHHbIMU O AMArHo3e M KINMHUYECKUX XapaKTepUCTMKax
NnaumneHToK. YpOBeHb KOHKOPAAHTHOCTM MOPPOMETPUYECKIX
pe3ynbTaToB, MOJMTYYEHHbIX OT HE3aBUCUMbIX 3KCMEepPTOB, CO-
cTaBnAn 6onee 95%. MNnOTHOCTb HEPBHbBIX BOSIOKOH NP afieHO-
MrO3€e CpaBHMBaNM C pesyfbrataMun y NaLMeHTOK KOHTPOIbHOM
rpynnbl, UCNonb3ya TecT MaHHa-YuTHW. Pa3nnuua cuntanu cTa-
TUCTUYECKN 3HaYUMbIMK Npu p < 0,05.

PE3YJIbTATbl UCCNEOOBAHUA N UX OBCYXAEHUE

M3yueHne nMHHepBaLMOHHOrO anmnaparta MaTku Npu ageHo-
MMO3€e C NMOMOLLbI MOHOKJIOHAJIbHbIX aHTUTEN K 6eikaM Hell-
podunaMeHTOB BbIsiBUT Pa3HOOOPa3vie BOJIOKOH MO TONLUHE,
MJOTHOCTM N MHTEHCUBHOCTM OKpacKku. [pn 3ToM ncnosnb3o-
BaHHbIN UMMYHOTMCTOXMMUYECKMI MapKep MO3BONWA Bblae-
NUTb NNLWLb eANHNYHbIe TOHKNE HEPBHble BOJIOKHA B 06nacTtu
rpaHnLbl MeXAY 3YTONUYECKUM SHOOMETPUEM U MUOMETPUEM.
OTpenbHble TOHKME BOJIOKHA BM3Yyanv3npoBanvCb U BOKPYrT
0YaroB SKTOMUYECKOro 3HAOMETPUA, MPEeuMyLeCTBEHHO BO-
Kpyr JOHbIWeK (KOHYCOB pOCTa) MaTOUHbIX Xenes (puc. 1).

Mpw 3TOM B AAHHOM UCCNefoBaHUN MAOTHOCTb HEPBHbBIX OKOH-
YaHWI, CONPSAXKEHHbIX HEMOCPEACTBEHHO C OYaramm SHAOMETPUO-
33, Obina HeBenMKa — B 30He Xene3 4,1+ 0,3 Ha MM? cpe3a, B CTpoMe
- 9,2 £ 0,6. TOHKMe HepBHble BONOKHA BM3yann3npoBanncb npen-
MYLLECTBEHHO B CTPOME BOKPYI KPOBEHOCHbIX COCYAOB, COMPO-
BOX/JAIOLLMX 30HbI BPAaCTaHUA SKTOMMNYECKOro SHAOMETPUA. XOTA
npAMan MHHePBaLMA SKTOMMYECKOro POCTa SHAOMETPUA CEHCOp-
HbIMM 11 CUMMATUYECKMI HepBaMK Oblila MOKa3aHa Ha Mogenu y
KpbIC [4] 1 06Hapy»eHa B ouarax SHAOMETPUO3a y xeHwuH [3]. C
OfHOW CTOPOHbI, GpaKT NPAMON UHHEPBALIMM OYaroB SHAOMETPW-
03a ABMAETCA OCHOBOW KOHLeNLUKW, OOBbACHAIOLLEN CBA3b MEXAY
CKOPOCTbIO MPOrpeccnpoBaHns SHAOMETPKO3a 1 bonbio [3]. B ee
OCHOBE NIEXNT NMOCTYNAT O TOM, YTO POCT HEPBHbIX BOJIOKOH acCo-
yumnposaH ¢ NGF, noBbiLLatoLWmnm CEHCUTUBHOCTb YYBCTBUTEbHbIX
HepBoB [8]. OgHako, CyaA No pesynbraTam, MosyYeHHbIM B laHHOM
1ccnenoBaHnK, 6onee TMNMYHON ABNSIETCA accoUmMaLmns HEPBHbIX
BOJIOKOH C COCYAiaMu CTPOMbl.

OTO cornacyetca C W3BECTHbIMUA 3aKOHOMEPHOCTAMM WH-
HepBaLM MaTKM, CEHCOPHbIE 1 BEreTaTMBHbIE HEPBbI KOTOPOW
accoummpoBaHbl ¢ cocyaamu. C Apyrov CTOPOHbI, AaHHbIN pe-
3yNbTaT MOXEeT OTpaXaTb POJib COCYZIOB U aHrMoreHesa B yBe-
JIVYEHNN MAOTHOCTU HEPBHbIX BOJIOKOH NpU aieHOMKO3e.

BTopoli uHTepecHbin $aKT, Kacarwminca 0CoOeHHOCTEN UH-
HepBaUWy CTEHKU MaTKX MpY afeHOMUO3e, bbbl MoNyYeH npu
M3yYeHUN WHTPaMypanbHOro WMHHEPBALMOHHOrO annapara
MaTKu. B gaHHOI paboTe y nauueHToK C afeHOMMO30M Obifio
BbIAB/IEHO MPEBaNMPOBaHNE HEPBHbIX BOJIOKOH B CTPYKType
camoro mvomeTpuA (puc. 2). MakcmmanbHoOe KOIMYeCcTBO HepB-
HbIX BOJTOKOH B CTEHKE MaTK/ NaLMeHTOK C aleHOMMO30M ObINio
BbIABIEHO BOKPYI KPYMHbIX apTEPUAn COCYANCTOrO CI0A MUO-
MEeTPMA 1 B NPOCTPAHCTBAX MEXAY HUMU.

Kpome Toro, o6LmpHble pa3BeTBNEHNS TOHKMX HEPBHbIX BO-
JTOKOH OblN BbIABJIEHbI B 30HAX PEMOAENNPOBAHNS MUOMET-
puvAa — Mo X0y MenKuxX COCYyQoB, PacnosioXKeHHbIX B NPOCON-
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PUCYHOK 1.

HEPBHbIE BOJIOKHA BOKPYT SHOOMETPUOUAHDbIX MKEJIE3 B O4YATAX
AJEHOMMO3A. UTX C MAT K HEMPOOUTIAMEHTAM. YBEJIUYEHUE 400

PUCYHOK 2.

YBEJIMYEHUE KOJTMYECTBA NEPUBACKYJTAPHbIX U UHTEPCTULIMAJIBHbIX
HEPBHbIX BOJIOKOH Y MALIMEHTKU C ALEHOMMO30OM. UTX C MAT K
HEWPOOWUTAMEHTAM. YBEJINYEHWE 200

PUCYHOK 3.

MHOTOYUCNIEHHbIE PA3BETBJIEHHbIE HEPBHbBIE BOJIOKHA NMPU ABEHOMUWO3E
B MPOC/IONKAX CTPOMbI B 30HE PEMOJEJINPOBAHUA MUOMETPUA. UTX C
MAT K HEMIPOOUNAMEHTAM, YBEJINYEHUE 160

PUCYHOK 4.

BYNNABOBUAHbIE PACLUMPEHNA HEPBHbIX BONTOKOH B MUOMETPUI
COMPOBOXAAIOTCA KAPTUHAMU MPOJIMOEPALIUN KNIETOK BOKPYT HUX. UT'X
C MAT K HENIPOOWUJTAMEHTAM. YBEJIMMEHUE 400

Kax CTPOMbI MeXAy NyYKamu rnafknx Mmoumntos (puc. 3). Takne
NPOCOWKN C MENTKMU COCYaMun 1 HepBamu Obl 6oraTo uH-
GUNBTPUPOBaHbI 1 MPOHU3bIBaNY BCHO TOJILLY MUOMeTpUs, Gop-
MUPYs TakKe OOLLUMPHYI0 HENPOBACKYNIAPHYIO CETb.

XapaKTepHO, UTO BM3yasibHO HEPBHbIE BOJIOKHA B MUOMETPIUN
UMEeNN U3BUAUCTBIN XO4 U MHOTOYMCIIEHHbIE PA3BETBMIEHMA,
BAOJIb MHOTVIX U3 HUX ONpeaenanucb KapThHbl Nponndepaumnm
KneTok. Torga Kak mexay camyMmuy rnagkumm MMoumnTamm Mmo-
MEeTPUs KOJNMYECTBO HEPBHbIX BOJIOKOH OblfIO HEe3HauuTesb-
HbIM. B pagie cnyyaeB BOOJb 3TUX HEPBOB HabOAANNCh yyacT-
KU1 M3BUJIMCTOCTU 1 BYyNaBOBUIHbBIX PACLUMPEHUN (puc. 4).

[ycTOe cnneTeHne TOHKNX HEPBHbIX BOJTOKOH Oblfio 06Hapy»xe-
HO TaK>ke B cybcepo3HoM cJioe. [Mpuruem Kak B Cybcepo3HOM, Tak
N B MOACAN3NCTOM CNOE MUOMETPUA MPEBaNNpPOBaNn pPa3BeT-
BNIEHHblE TOHKNE HEPBHbIE BOJIOKHA, KOIMYECTBO KOTOPbIX CTa-
TUCTUYECKM 3HaUYMMO (p < 0,01) NpeBbILLAN0 aHANIOTMYHBbIN MOKa-
3aTeb B rpynne cpaBHeHus — 17,2 + 1,4 npotus 11,8 + 0,9 Ha MMm?.

OTn pe3synbTaTbl PAaCXOAATCA C AaHHbIMU MUccnegoBaHua [9],
B KOTOPOM Obljla NpoBeAeHa OLEHKA UHHEPBaLMM MaTKN Npu
aleHOMMO3€e Ha OCHOBE BM3yanun3auumn HEPBOB, IKCNPeCccUpy-
townx 6enok PGP 9,5. Mo gaHHbIM 3TOro MUcciefoBaHWA, Npu
afleHoOMMO3e OblI0 3aPErNCTPUPOBAHO CHKEHWE MJIOTHOCTY
HEpPBHbIX BO/IOKOH Ha rpaHule mexay MUOMETPUEM W SHIO-
meTpuem. Kpome TOro, aBTop OTMeuasn CHUMXEHME KONMYeCcTBa
HepBOB B MUOMETPUU. JIMlb B OTAENbHbIX YYacTKax BOKPYT
0OyYaroB ajleHoMro3a Obifo 3adpUKCMPOBAHO YBENNYEHUE KO-
NIMYecTBa HEPBHbIX TepMMHanen. Ha oCHOBaHMK 3TOro aBTop
caenan BblBOJ, UTO afEHOMMNO3 aCCOLMMPOBAH CO CHUMKEHUEM
KONMYeCTBa HEPBHbIX BOJTOKOH.
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OpHako B page apyrux paboT, BKouaa uccnegoaHus [14],
NoKasaHo YBeNnyeHmne KONmM4eCcTBa MHOMOUYNCIEHHbIX CEHCOP-
Hbix A-delta n C-BONTOKOH, XONMHEPrMyecKrx 1 agpeHepruyec-
nXx HepBOB, aKcnpeccupytowmx NGF, peuentopbl Trk-A n p75 'y
NaumneHTOK C afieHOMMO30M. [Tpy 3TOM B M3YUYEHUM MEXaHU3-
MOB 6011 NPV SHAOMETPUO3E TPAANLMOHHO PACCMaTPMBAIOT
HepBHble BOMIOKHA, aCCOLMMPOBAHHbIE C OYaramu SKTonuye-
ckoro sHgomeTpua [7, 11]. Torga Kak, MO HalemMy MHEHUIOo, aK-
LIeHT CTOMT NepeHecT! Ha MHHEPBALMOHHDIN annapaTt M1nome-
Tpus. Ha OCHOBaHMM yCTaHOBJIEHHbBIX B paboTe pakToB TOMMYHO
NpeanosnoXnTb, YTO NPUUUHON GOPMUPOBAHUS CUHAPOMA Ta-
30BO 60/M y NALNEHTOK C aAEHOMMO30M fBJIAETCA He TOJIbKO
CAaBJIeHNE HEePBOB B 30HE SKTOMNYECKOrO SHAOMETPUSA, HO 1
dbopMUpoBaHME aHOMANIbHO M36bITOYHOIO MHHEPBALIMIOHHOIO
annaparta B camom muomeTpun. Tem 6onee, UTo NocneaHuii xa-
paKTepur3oBasca runepnniasuven Ha GpoHe pemoaennpoBaHus
cocyamucToro pycna Matku. [oBblleHre KonMyecTBa HEPBOB B
MUOMETPUN Y MALUEHTOK C aleHOMIO30M MOXET TaKXe 00b-
ACHATb TMNEePNepPUCTanbTUKY MATKM Y MKEeHLWKMH, CTpajalowwmx
aleHOMMNO30M.

B uenom, yBenuueHvie KonnyecTsa HePBHbIX BOJIOKOH Npy afe-
HOMWMO3€e CBA3aHO C X POCTOM B CJ1eAyIOLMX KOMMapTMeHTax:

1. BOKpyr o4aroB sKTOMMYECKOro SHAOMETPUS.

2. B nepuBacKynapHOM pervoHe.

3. B cTpome — mexay nyukamu rinagknx MMoLmMTOB, rae onpe-
[enanacb ryctas ceTb MHTEPCTULMANbHbIX TOHKMX Pa3BeTBEH-
HbIX HEPBHbIX BOJTOKOH.

B oTnvume oT nauMeHTOK OCHOBHOW FPYMIbl, Y >KEHLLNH KOHT-
POJIbHOWN Tpynnbl GbIIO BbIABAEHO MPEBAIMPOBaHNE HeEpPB-
HbIX BOJIOKOH MPEVMYLLECTBEHHO BOKPYF KPYMHbIX COCYAOB
MUOMETPYA NPU OTCYTCTBUU LUMPOKO PA3BETBIIEHHON MHTpa-
MYpPanbHOW CETN BONTOKOH.

CpaBHeHMe MHHePBALMOHHOIO anmnapaTta MaTKy Y MeHLuH
KOHTPOJIbHOW rpynMbl Uy NALMEHTOK C alEHOMUO30M MO3BOSIA-
€T YTBep)KAaTb, YTO MMEHHO paclIMpPeHre NHHEPBALMIOHHOMO
nossi B MUMOMETPUY ABASETCS Hanbosee BePOSATHON NPUUMHON
dbopMUpoBaHMsA Ta30BOM 60NN y NALUEHTOK C aIEHOMMO30M.

BbIBO[,

OCHOBHbIM HOCUTENIEM HEPBOB B MaTKe U MNOTEHLNANIbHOMN
npu4HoOn GopMNPOBaHNS runepanre3nun Npu ageHomrnose
ABNAETCA MUOMETPUNA. YUMTbIBAA, YTO MULLEHAMM UHHEPBA-
LMK B CTEHKE MATKM ABAAIOTCA COCYAbl U rMagKne MAUOLUTDI,
a TakXe YCTaHOBJEHHbIN B paboTe dakT npeBannpoBaHUs
NPUCYTCTBUA HEPBOB He TOMbKO BOKPYr O4aroB aleHOMUO-
33, HO 1 X POCT BAOJb KPYMHbIX 1 MEJIKNX COCYA0B MUOMET-
puvA, NoNyYeHHble faHHbIe MNO3BOMAT KOHCTAaTMPOBaTb TeC-
HYI0 accoLmnaunio Mexxay yBenmyeHnem KomyecTsa HepBOB
N CTUMynAumen aHrnmoreHesa. [lepcnekTMBon fanbHENLWnX
nccnefoBaHU ABNAETCA N3YyUYeHe MEXaHU3MOB COMPAXKEH-
HOCTM pOCTa COCYOB 1 HEPBOB B CTEHKE MaTKe Y NaunMeHTOK
C aIeHOMWNO30M.

INNERVATION APPARATUS AND NEURO-TISSUE
RELATIONS IN THE MYOMETRIUM OF PATIENTS
WITH ADENOMYOSIS

INTRODUCTION

As is known, the development of pain includes cen-
tral and peripheral mechanisms. The fact that surgi-
cal treatment (hysterectomy) relieves pain in women
with endometriosis reflects the role of the peripheral
unit in the development of pain [13]. This fact pro-
vides the role of uterine nerves in the development
of hyperalgesia, which stimulates their detailed study.

ANALYSIS OF PUBLISHED DATA AND

PROBLEM STATEMENT

At present, there are several hypotheses to ex-
plain the development of pain in women with
adenomyosis. According to one of them, the pain
results from nerve compression pockets adenomy-
osis [4, 10, 11]. It is also assumed the role of nerve
growth factor (NGF) in the area of damage, since
the presence of deep adenomyosis lesions was as-
sociated with increased expression of the growth
factor and the development of pain. [2] Thus NGF
is withdrawn role, not only in stimulating nerve
growth, but also in enhancing the sensitivity of
nerve endings that can actually lead to increased
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pain sensation [6, 7]. However, it should be noted
that increased nerve growth is not always accom-
panied by the development of severe pain syn-
drome. Thus, we have shown that endometriosis
is accompanied by the appearance of the nerve
fibers in the functional layer of the endometrium
undergoing restructuring monthly and desqua-
mation [5]. However, it has not been established a
link between the number of nerve fibers and the
severity of pain. The assumption that the pain is
the result of compression of the nerve centers of
adenomyosis also been refuted in studies [1, 12] to
visualize the protein neurofilament, showed that in
most cases, the nerves are found outside the foci
of adenomyosis. And wherein the pelvic pain is not
correlated with the amount of the nerves in the
area of ectopic endometrium.

Also, question remains unanswered, any proper cell
structure and in the wall of the uterus is the producers
of these growth factors, neurotrophins and biologi-
cally active substances. Asked about the mechanisms
of change innervation apparatus of the uterus lies in
the analysis of neural tissue relationships.

ISSN 2309-4117

M.R. ORAZOV

PhD, Research Institute of Medical
Family Problems, Donetsk National
Medical University named after
Maxim Gorky

0O.M. NOSENKO

MD, Professor, doctor of Surgical
Department with Minimally Invasive
Methods of Diagnosis and Treatment
of the University Hospital «Center

of Reconstructive and Restorative
Medicine», Odessa National Medical
University

Reproductive Endocrinology 8 1



MYXJIMHWM TA TNMEPEAOTNYXJIVMHHA TTATOJIOTI 1A

Purpose - to study the innervation apparatus and neuro-tis-
sue relationship in the uterus at adenomyosis, accompanied by
chronic pelvic pain syndrome.

MATERIALS AND METHODS

Studied 60 ewes received after hysterectomy from patients
with diffuse adenomyosis II-lll degree, accompanied by severe
pain. The comparison group consisted of 5 patients uterus with-
out hyperproliferative processes, died in a car crash.

After hysterectomy ewes wall portions including endometrium
and myometrium were fixed in neutral buffered 10% formalin (pH
7.4) for 24 hours. After dehydration, the material embedded in paraf-
fin, highly purified with polymer additives (Richard-Allan Scientific,
USA) at a temperature not higher than 60 °C. Overall morphological
evaluation of sections was performed at H & E stain. Imaging was
performed after nerve fibers immunohistochemical (IHC) staining
using monoclonal antibodies (MAbs) to neurofilament proteins
(DAKO, Denmark) according to the instructions of the firm.

In order to objectification morphological study used a com-
prehensive morphometric analysis, which was performed using
special software ImageTool version 3.0 and graphics editor Ado-
be Photoshop CS4 Extended v.11.0.1. Pictures were taken on the
Olympus BX51 microscope with a digital camera DP70 (Olympus,
Japan). To estimate the number of nerve fibers use square-node
test system. The average number of nerves associated with foci
of adenomyosis was evaluated as follows. The total number of
nerves in sight at HC. 200 divided by the number of squares, fall
on the location of the ectopic endometrial portions. In a similar
manner evaluated the density of nerve fibers in the myometrium
of patients with adenomyosis and leiomyoma. Results were ex-
pressed as the arithmetic mean of the number of nerves per mil-
limeter square cut in eutopic and ectopic endometrium, as well
as in the myometrium. Counting procedure was performed twice
by two independent experts (double-blind), unaware of the di-
agnosis and clinical characteristics of the patients. The level of
concordance morphometric results obtained from independent
experts, representing more than 95%. The density of the nerve
fibers in adenomyosis compared with the results in patients in
the control group using the Mann-Whitney test. Differences were
considered statistically significant at P < 0,05.

RESULTS AND DISCUSSION

Study innervation apparatus uterine adenomyosis using
monoclonal antibodies to neurofilament proteins identified by
a variety of fiber thickness, density and color intensity. We used
immunohistochemical markers allowed to identify only a few
thin nerve fibers in the border area between eutopic endome-
trium and myometrium. Individual fibrils were visualized and
around foci of ectopic endometrium, mainly around the bottoms
(growth cone) uterine glands (Fig. 1).

In the present study the density of nerve endings, directly con-
jugated with endometriosis was small - zone glands 4,1 + 0,3
mm?2 per slice in the stroma - 9,2 £+ 0,6. Thin nerve fibers were
visualized mainly in the stroma around blood vessels that accom-
pany zone ingrowth ectopic endometrium. Although the direct
innervation of ectopic endometrial growth, sensory and sympa-
thetic nerves has been shown in the model in rats [4] and is de-
tected in foci of endometriosis in women [3]. On the one hand,
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was observed and tortuosity clavate extensions (Fig. 4).

the fact that the direct innervation of endometriosis is the basis
for the concept of explaining the relationship between the rate
of progression of endometriosis and pain [3]. It is based on the
postulate that the growth of nerve fibers associated with NGF,
raising sensitivity of sensory nerves [8]. However, judging by the
results obtained in this study, the association is more typical of
nerve fibers with vessels of the stroma.

This is consistent with the known laws of innervation of the uterus,
sensory and autonomic nerves that are associated with blood ves-
sels. On the other hand, this result may reflect the role of angiogene-
sis in vascular and nerve fiber density increases in adenomyosis.

Another interesting fact about the features of the innervation
of the uterine wall with adenomyosis was obtained in the study
of intramural innervation apparatus of the uterus. In this study
with patients adenomyosis revealed the prevalence of nerve
fibers in the structure of the myometrium (Fig. 2). The maximum
numbers of nerve fibers in the wall of the uterus patients with ad-
enomyosis were found around the large arteries of the vascular
layer of the myometrium and in the spaces between them.

Furthermore, the extensive branching of thin nerve fibers were
found in the areas of remodeling myometrium - along the small
vessel located in interlayers between the beams stromal smooth
muscle cells (Fig. 3). Such layers with small vessels and nerves
were richly infiltrated and penetrated the entire thickness of the
myometrium, forming an extensive network of neurovascular.

Characteristically, the visual nerve fibers in the myometrium
were tortuous course and numerous branches, many of them
along the defined pattern of cell proliferation. Then both be-
tween smooth muscle cells of the myometrium number of nerve
fibers was negligible. In some cases, along portions of the nerve

FIGURE 1.
THE NERVE FIBERS AROUND THE ENDOMETRIOID GLANDS IN THE FOCI OF
ADENOMYOSIS. IHCWITH MAB TO NEUROFILAMENT. MAGNIFICATION 400

FIGURE 2.

INCREASING THE NUMBER OF PERIVASCULAR AND INTERSTITIAL NERVE
FIBERS IN PATIENTS WITH ADENOMYOSIS. IHC WITH MAB TO NEUROFILAMENT.
MAGNIFICATION 200

FIGURE 3.

NUMEROUS BRANCHED NERVE FIBERS WITH ADENOMYOSIS IN THE LAYER OF
THE STROMA IN THE MYOMETRIUM AREA REMODELING. IHCWITH MAB TO
NEUROFILAMENT, MAGNIFICATION 160

FIGURE 4.

CLAVATE EXPANSION OF NERVE FIBERS IN THE MYOMETRIUM CELL
PROLIFERATION ACCOMPANIED BY PAINTINGS AROUND THEM. IHC WITH MAB
TO NEUROFILAMENT. MAGNIFICATION 400

Ne6 (20) / rpynenb 2014 WWW.REPRODUCT-ENDO.COM.UA



MYXJIMHUM TA TMTEPEAOTNYXJIVMIHHA TTATOJIOT 1A

Dense plexus of thin nerve fibers were also found in the sub-
serous layer. And, as in the subserous and in the submucosal lay-
er of the myometrium prevailed branched thin nerve fibers, the
number of which is statistically significant (p < 0,01) than those in
the comparison group - 17,2 + 1,4 vs. 11,8 + 0, 9 per mm2.

These results are at variance with the findings of [9], which
was evaluated innervation of uterine adenomyosis based on
the visualization of nerves expressing the protein PGP 9,5.
According to this study, with adenomyosis were reported re-
duction in the density of nerve fibers on the border between
myometrium and endometrium. In addition, the authors point
decrease in the number of nerves in the myometrium. Only
in a few areas around the foci of adenomyosis was recorded
increase in the number of nerve terminals. On this basis, the
author concluded that adenomyosis is associated with a reduc-
tion in the number of nerve fibers.

However, a number of other studies, including studies [14]
showed an increase in the number of multiple sensory Adel-
ta and Cfibers, cholinergic and adrenergic nerves expressing
NGF, Trk-A and p75, in patients with adenomyosis. In the study
of the mechanisms of pain associated with endometriosis is tra-
ditionally considered the nerve fibers associated with ectopic
endometrium lesions [7, 11]. Whereas, in our view, the focus
should shift to the innervation apparatus myometrium. On the
basis of established facts in logical to assume that the reason
for the formation of pelvic pain syndrome in patients with ad-
enomyosis is not only the compression of nerves in the area of
ectopic endometrium, but also the formation of abnormally
excessive innervation apparatus in the myometrium. Especially
the latter was characterized by hyperplasia in the background
remodeling of the vascular bed of the uterus. Increasing the
amount of nerves in the myometrium in patients with adeno-
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myosis may also explain giperperistaltiku uterus in women with
adenomyosis.

In general, increasing the number of nerve fibers associated
with adenomyosis their growth in the following compartments:

1) around ectopic endometrial lesions;

2) in the perivascular region;

3) in the stroma - between the bundles of smooth muscle
cells, which was determined by a dense network of interstitial
thin branched nerve fibers.

In contrast to the patients of the main group, women in the
control group were revealed the prevalence of nerve fibers
mainly around the large vessels of the myometrium in the ab-
sence of a far-flung network of intramural fibers.

Comparison of innervation apparatus of the uterus in wom-
en in the control group and in patients with adenomyosis sug-
gests that it is the expansion of the field of innervation in the
myometrium is the most likely cause of the formation of pelvic
pain in women with adenomyosis.

CONCLUSIONS

The main carrier of the nerves in the uterus and a potential
cause of the formation of hyperalgesia with adenomyosis is my-
ometrium. Given that the target innervation in the wall of the
uterus are the blood vessels and smooth muscle cells, as well as
established fact in the prevalence of the presence of nerves, not
only around the foci of adenomyosis, but their growth along
the large and small blood vessels of the myometrium, the data
obtained allow to ascertain the close association between the
increase in the number of nerve and stimulation of angiogene-
sis. Prospects for further research is to study the mechanisms of
coupling the growth of blood vessels and nerves in the wall of
the uterus in women with adenomyosis.

10. Ramer, M.S., Bishy, M.A.

"Adrenergic innervation of rat sensory ganglia following proximal or distal painful sciatic
neuropathy: distinct mechanisms revealed by anti-NGF treatment.” Eur J Neurosci, 11(1999):
837-46.

11.Triolo, 0., Lagana, A.S., Sturlese, E.

“Chronic pelvic pain in endometriosis: an overview.”J Clin Med Res., 5(3) (2013): 153-63. doi:
10.4021/jocmr1288w.16

12.Tulandi, T., Felemban, A., Chen, M.F.

“Nerve fibers and histopathology of endometriosis-harboring peritoneum.”J Am Assoc Gynecol
Laparosc, 8(2001): 95-8.

13. Vercellini, P, Somigliana, E., Vigano, P, Abbiati, A., Barbara, G., Fedele, L.

“Chronic pelvic pain in women: etiology, pathogenesis and diagnostic approach.” Gynecol
Endocrinol., 25(3) (2009): 149-58. doi: 10.1080/09513590802549858.

14.Wang, G., Tokushige, N., Markham, R., Fraser, |.S.

“Rich innervation of deep infiltrating endometriosis.” Hum Reprod., 24(2009): 827-34.

15. Woolf, C.J.

“Phenotypic modification of primary sensory neurons: the role of nerve growth factor in the
production of persistent pain.” Philos Trans R Soc Lond B Biol Sci, 351(1996): 441-48.

Reproductive Endocrinology 8 3

ISSN 2309-4117



MYXJIMHWM TA TNMEPEAOTNYXJIVMHHA TTATOJIOTI 1A

WHHEPBALOHHBIIA ANMAPAT I HEAPO-TKAHEBBIE OTHOLIEHMA B MUOMETPUM Y MALIMEHTOK C AREHOMMO30M

M.P. Opa3oB, k. mefl. H., HayuHo-nccneioBaTenbekuil IHCTUTYT MeAMUMHCKUX Npobriem cemby [IoHELKOro HaLMoHanbHOro MeULMHCKOro yHuBepcuteta uM. Makcuma fopbKoro
E.H. HoceHKo, . Mep. H., ipodeccop, Bpay OTAeNeHNs Xupypriv ¢ MeToami ManlonHBa3UBHOI AUArHOCTUKI 1 IeYeHs YHUBEPCUTETCKOM KNMHUKI <LIEHTD PeKOHCTPYKTUBHOI 1
BOCCTaHOBHUTENbHOI MeAMLMHbI OfIeCCKOro HaLMOHaNbHOT MeANLIMHCKOTO yHUBEpCUTeTa

Llenblo npeacTaBnenHoil pabotbl ABIUNACH MMMYHOTUCTOXMMUYECKA OLieHKa COCTOAHNA MHHEPBALMOHHOTO annapaTa I Hefipo-TKaHeBbIX OTHOLLIEHMWI B 60 MaTKax, NonyueHHbIX nocne
TUCTEPIKTOMMY OT NaLMeHTOK ¢ AMGPY3HbIM afeHomIo30M |-l cTenenu, conpoBoXAAILLMMCA BbIpaXkeHHbIM 6071eBbIM CMHAPOMOM. BU3yani3aLnio HepBHbIX BONOKOH NPOBOAAY C
UCM0Nb30BaHIEM MOHOKIIOHANbHbIX aHTUTEN K 6enkam HelipodunamenTo. Ha ocHoBaHMM NONyYeHHbIX pe3yNbTaToB aBTOPbI AENakOT BbIBOZ 0 TOM, UT0 OCHOBHbIM HOCUTENIEM HEPBOB B MaTKe
11 NOTEHLMaNbHOIA NPUYNHOIA GOPMUPOBAHIA TUMEPanTe3MM NP aEHOMMO03€ ABAAETCH MUOMETPHIA C HOPMUPOBAHIEM aHOMANBHO U30bITOYHOTO MHHEPBALMOHHONO annapaTa BOKPYF 04aros
IKTONMYECKOTO SHZOMETPUS, B NEPUBACKYNAPHDIX PETVIOHAX U B CTPOME MEX/Y MyuKaMM TIIaZKuX MIAOLIUTOB.

KnioueBbie cnoBa: afeHommo3, XpoHUYecKas Ta30Ban 601b, MUOMETPUI, NHHEPBALIMOHHDbIN annapar, Helipo-TKaHeBble OTHOLLeHNS, Heﬁp0¢MﬂaMeHTbI.

IHHEPBAL|IAHUI ATIAPAT | HEAPO-TKAHUHHI BIAZHOCVHYW B MIOMETPITY MALIIEHTOK 3 AIEHOMIO30M

M.P. Opa3os, k. Mep. H., HaykoBo-gocnigHuit iHCTuTyT MeauuHuX npobnem cim'i [loHewbKoro HaLioHanbHOro MeAMYHoro yHiBepcuTeTy im. Makcuma lopbkoro

0.M. Hocenko, A. Mes. H., npodecop, Nikap BifaineHHa Xipyprii 3 MeTogamu ManoiHBa3MBHOI AiarHOCTIAKI Ta NiKyBaHHA, YHIBepcUTeTCbKa KNiHika «LleHTp pekoHCTPYKTMBHOI Ta BiAHOBHOT
MeauLmuHI» 0ecbKoro HauioHaNnbHOro MeAMYHOT0 YHIBEpCUTETY

MeToto npescTasneHoi poboTy cTana imyHorictoximiyHa oLiHKa CTaHy iHHepBaLliiiHoro anapary Ta Helipo-TKaHUHHMX BiGHOCMH B 60 MaTKax, OTPUMaHUX MiCNA FicTePeKTOMIl Bif NaLieHToK
i3 Andy3Hum apeHomiosom Il-IIl crynes, wo cynpoBodxyBaBca BupaxeHum 601b0BUM CUHAPOMOM. Bi3yanizaLiito HepBoBIX BONOKOH NPOBOAWN 3 BUKOPUCTAHHAM MOHOKOHANbHIX
aHTTIA Jo 6inKiB HelipodinameHTiB. Ha nifcTasi oTpuMaHwx pesynbraris aBTopu pobnATb BIUCHOBOK MPO Te, L0 0CHOBHUM HOCIEM HEpBIB Y MaTLi i NoTeHLiIHOW NPUYMHOK GOpMyBaHHA
rinepanresii npu aieHoMio3i € MioMeTpiil 3 GopMyBaHHAM aHOMaNbHO HAZMMLLIKOBOrO iHHEPBALIHOrO anapaTy HaBKO0 BOTHHLL eKTOMIYHOTO eHAOMETPIlo, Y NepUBACKYNAPHMX perioHax i B
CTPOMi MiX MyyKamu ragKux MioLKTIB.

KniouoBi cnoBa: azieHoMio3, XpoHiuHuii Ta30BMuii 6inb, MioMeTpiil, iHHepBaLiiiHWii anapaT, Helipo-TKaHNHHI BiAHOCUHI, HelipodinameHTy.

INNERVATION APPARATUS AND NEURO-TISSUE RELATIONS IN THE MYOMETRIUM OF PATIENTS WITH ADENOMYOSIS

M.R. Orazov, PhD, Research Institute of Medical Family Problems, Donetsk National Medical University named after Maxim Gorky
0.M. Nosenko, MD, Professor, doctor of Surgical Department with Minimally Invasive Methods of Diagnosis and Treatment of the University Hospital «Center of Reconstructive and Restorative
Medicine», Odessa National Medical University

The aim of the present work was the immunohistochemical assessment of innervation apparatus and neuro-tissue relationship in the 60 uterus, which received after hysterectomy from
patients with diffuse adenomyosis I|IIl degree, accompanied by severe pain. Visualization of nerve fibers was performed using mAb to neurofilament proteins. Based on these results the authors
conclude that the main carrier of the nerves in the uterus and a potential cause of the formation of hyperalgesia at adenomyosis is myometrium with the formation of abnormally excessive
innervation apparatus around foci of ectopic endometrium, in perivascular regions and in the stroma between the bundles of smooth muscle cells.

Keywords: adenomyosis, chronic pelvic pain, myometrium, innervation apparatus, neyro-tissue relationship, neurofilaments.
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