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Abstract
INITIAL STAGE OF DEVELOPMENT OF THE HUMAN LYMPHATIC SYSTEM

Background: the initial stages of the formation of the lymphatic system are not well understood. In the li-
terature, there is still no convincing answer to the main questions - venous or mesenchymal origin, expands its
representation centrifugally or centripetally.

Material and methods: to obtain information on primary lymphangiogenesis, serial sections of 50 corpses
of embryos and fetuses of 5-10 weeks, stained with hematoxylin-eosin, according to Van Gieson and Weigert were
studied, supplemented by graphic reconstruction. At the same time, the initial stages of the formation of the lym-
phatic system were studied in correlation with the remodeling of the embryonic venous beds.

Results: it was stated that the formation of the systems of the superior vena cava, inferior vena cava and portal
veins is accompanied by partial destruction of the embryonic venous beds. Lymphatic rudiments on the neck, in
the thoracic and abdominal cavity, axillary and inguinal-femoral regions are represented by three-dimensional ex-
cavations in the connective tissue. They appear in situ on the basis of the collapsing embryonic veins (cavity) and
cells of the embryonic connective tissue (primary lining). Accordingly, they have not venous or mesenchymal, but
veno-mesenchymal origin. Primary lymphatic structures are formed in situ during the fusion of multiple primordia
and differ from them in size and development of the lining of the lymphatic endothelium. These include the jugu-
lar, axillary and subtracheal sacs, the right and left prevertebral canals (paired thoracic duct), retroperitoneal and
retroaortic sacs of the lumbar region, lateral and subaortic common iliac, external iliac, internal iliac and inguinal
sacs, as well as lymphatic canals and sacs basins of branching of the celiac trunk, superior and inferior mesenteric
arteries. The primary lymphatic system has a cranio-caudal vector of formation, while the axillary sacs and the
prevertebral canals of the chest cavity are connected to the jugular sacs, and the lymphatic structures of the abdo-
minal cavity, in turn, are connected to the latter. The idea of continuous centrifugal proliferation of the jugular and
common iliac lymphatic sacs by means of processes has not been confirmed. Not connected to each other and he-
terochronously forming rudiments and primary lymphatic structures are recorded at 6-9 weeks of gestation. They
are fully integrated into a single system in the fetus 10th week. At this time, there are still no intraorgan lymphatic
structures and rudiments of lymph nodes.

Conclusions: the lymphatic system has a veno-mesenchymal origin. Lymphatic rudiments, sacs, and canals are
heterochronously formed in situ.
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AKTYyaJIbBHOCTD

[lapaiurMbl BEHO3HOTO U ME3EHXUMHOTO I'eHe3a MepBUYHbBIX JUM(POKOJIJIEKTOPOB Y YesioBe-
Ka, LeHTpUyrajbHOTO U LEeHTPUIETAJbHOTI0 MOJIyca paclIMpeHUsl UX MpeJCTaBUTeNbCTBA C Ie-
peMeHHbIM yCIexXoM 00CYK/AaUCh B IUTepaType 6osiee cTosetus [1,3-9].

[Ipy cTO/1b NONAPHBIX CYXKAEHUAX UCCIeL0BaTeNd 0O0LIIM JOCTOMHBIM BHUMaHUEM pa3BUTHE
BeH. B nyb6siMKanyax nocjaeHUX JieT M0Ka3aHo, YTO Y >KUBOTHBIX BbICTHUJIKA JIUMPATHUYECKUX CO-
CYZI0B KOXKH, CPeJJOCTeHUs], CEPALIA, OpbhKeeK, a TaKKe MOBEPXHOCTHOM YaCTHU SIpEMHOT0 MellKa
He BEHO3HOT0, a ME3eHXMMHOTI'0 IPOUCX0XKJeHUsl. MHeHMe 0 JOMUHUPYIOLEN pOJId BEH B pa3BU-
TUU TUMQATUYECKUX CTPYKTYP Y )KUBOTHBIX, KOTOPOI'0 NPH/IePKUBaIMCh MHOTHE HUCCIe/loBaTe-
JIU, CMEHUJIOCh CYXKJIEHUEM O JIBOMCTBEHHOM BEHO-Me3eHXMMHOM X npoucxoxaeHuu [8]. Lleab
HACTOSILIEro MCCAe/JOBaHUS — U3YUYUTh HavyaJbHble 3Tanbl GOPMUPOBAHUS JUMPOKOJIIEKTOPOB
ey, TPY/IHON M OPIOLIHOM MOJIOCTH, MOAMBILIEYHON M MAaxXOBOM 06J1acTel yes0BeKa B Koppesisi-
[IMU C peMo/ieJIMpOBaHUEM 3MOPHUOHAIbHBIX BEHO3HBIX pyceJl.
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MaTepuay 1 MeTOAbI

UccnesoBaHue BBINOJHEHO Ha CEpUMHBIX cpe3ax 50 TpynoB 3aMOpUOHOB U M10J0B 5-10 He-
JleJIb, OKpallleHHbIX FeMaTOKCUJINH-303UHOM, 110 Ban 'M3oHy u Belirepry, fjonosHeHHbIX rpadu-
YeCKOU PeKOHCTPYKIUEH.

Pe3y/IbTaThl U UX 06CYKAEeHHE

PeMosiesivpoBaHe 3MOPHUOHA/JIbHBIX BEHO3HBIX pyceJsl Ha 3Tamnax CTaHOBJIeHUS JAePUHUTHUB-
HbIX BEHO3HBIX CUCTEM CONIPOBOX/AAETCA YaCTUYHOM UX JlecTpyKuuen. [[pyu pa3BUTHU BepxHe 1o-
JIOW BeHbI pa3pyluaeTcs psJ NIPUTOKOB M aHACTOMO30B NMePeJHUX U 0OLUX KapAUHAIbHBIX, 10J-
KJIIOUMYHBIX, TOPAKO3NUTIaCTPAJIbHBIX U TOPAKaJbHbIX OTPE3KOB 33/JHUX KapAWHaJIbHbBIX BeH. ['e-
He3 MpeJINoYevyHoro, IOYe4YHOro ¥ NOCTPEHAJbHOI0 OTPE3KOB HMUKHEHW I0JIOW BEHBbI CONPOBO-
’KJIAeTCsl BbIPAXKEHHOU JleCTpyKIueld nepudepudeckorl 4acTh MHTEePCYOKapAMHAJIbHOTO BEHO3-
HOT'0 CMHYyCa U B Pa3/IMYHOM CTeNeHU pycesl BEpXHUX U HUKHUX CyOKap/JMHaAJbHbIX, CAKPOJIIOM-
6a/IbHBIX U CyllpaKapAWHaJIbHBIX BEH, a TaKXXe UHTepKapJWHaJbHbIX aHAacTOMO030B. [Ipu odpopm-
JIEHUHM OOIIUX, HAPY>KHbIX U BHYTPEHHHUX MOAB3/0LIHBIX BEH pa3pyllalTcsa CybaopTalbHble OT-
pe3KM 3aJlHUX KapJHUHa/JbHbIX BeH C MHTEePNOCTKapAMHAJIbHbBIMU aHACTOMO3aMH, YaCTUYHO WH-
TepCaKpOKapAHWHAJbHBIA CUHYC U PYCJI0 CAKPOKapAUHA/IbHBIX BeH, MeJUaJIbHbIX U JIaTepaJbHbIX
NOCTKapAWHa/JbHO-CAKPOKAapAWHAJbHbBIX aHACTOMO30B W BEH HAPY>KHOTO MO/B3/0UIHOTO CIJe-
TeHUsl. B maxoBo-6eApeHHON 006J1aCTH pa3pyllaeTcs 4YacTb NPUTOKOB U aHACTOMO30B 0OJIbLION
MO/IKOXKHOM U 6ejpeHHOM BeH. [Ipy pa3BUTHUU CUCTEMbI BOPOTHOM BEHbI JeCTPYKIHsSI OXBaThbIBa-
eT MeXCUCTeMHbIe IOPTO-CyOKapAMHa/IbHble aHACTOMO3bIl, YaCThb pyCeJl ceJe3eHOYHOM, BepXHel
Y HW)KHEW OpbDKEeeYHbIX BEH, CIJIETEHHWH N0 X0y KOPHEHN U CTBOJIa BOPOTHOU BEHbI U BHYTPUCH-
CTEMHbBIX aHAaCTOMO30B.

[lepcuctupytomie aM6pUOHaIbHbIE BEHbI IPUYACTHBI K Pa3BUTHIO e pUHUTUBHBIX BEHO3HBIX
cucteM. Ha MecTe paspyiiarouiyuxcsd 3MOpUOHaJIbHbIX BEH reTEPOXPOHHO 0POPMJISIOTCH MHOXe-
CTBeHHbIe IMMpaTHUYeCKMe 3a4aTKU. Ha 11ee, B rpyAHON M GPIOLIHOM MOJIOCTHA OHU MpeJCTaBAeHbI
TpexXMepHbIMM 3KCKaBalUsIMU B COeJUHUTEJbHOM TKaHU. He3aBUCHMMO OT JIOKa/IM3aLUU UX POJ-
HUT popMHpoBaHHUe in situ Ha 6a3e pas3pylIaLKUXC 3MOPUOHATbHBIX BEH ([I0JIOCTb) U KJIETOK
3MOpHUOHAJbHOM COeJUHUTEIbHON TKaHU (epBUYHas BbICTUJIKA). OHU UMEIOT He BeHO3HOe [6,7]
WU Me3eHxUMMHoe [1,3-5,9], a BeHO-Me3eHXHMHOe MPOUCX0KJeHNe, QOPMHUPYIOTCS He U3 IUMPa-
TUYECKUX POCTKOB CTEHKHU BeH [6,7], a Ha MeCcTe YaCTUYHO WJIM NOJIHOCThIO Pa3pyLIaKLIMXCH 3M-
O6puoHa/bHbBIX BeH. C MX OSABJIEHUSI HAUMHAETCS pa3/ieJieHHe OTBO/SAILEro 3BeHa KpOBEHOCHOM CH-
cTeMbl Ha /iBe Mopdosiornyeckyd U QyHKIMOHAJbHO OTJAYAIOIIMECs YaCTH — BEHO3HbIN U UM ba-
TUYECKUH KOMNIAPTMEHTHhI. ITOT NPOLEeCC aKTUBHO MPOUCXOAUT Ha 6-9-1 HeJleNX recTaluuu, Npu
3TOM paHbllle BCero JUM@aTrUiecKue 3a4aTKU NMOABJISAIOTCSA Ha liee, a 3aTeEM B IPyAHOM U OpIOILI-
HOM nosiocTy. Mopdo10rM4ecKuM MapKepoM JUBEPTeHTHOI'0 Pa3BUTHS 3MOPHUOHAIBHOTO BEHO3-
HOT'0 pycCJia CJYKUT JleTeHepUPYOLIMH U CIYLMBAOIUICA 3HA0TENNN 3MOPUOHAIbHbBIX BEH.

[lepBu4HbIe TMMPaTUUECKHE CTPYKTYPhI Pa3JIMUHbIX 06J1acTel (MEUIKHM U KaHa/lbl) FreTepox-
poHHO GOpPMHUPYIOTCA in Situ M3 MHOXKECTBEHHBIX CJAMBAIOIIMXCS 3a4aTKOB. OHU OTJIMYAIOTCS IO
Tonorpaduu U paamMepam, HO UX POJHUT 0PpOopMJIeHHE BbICTUJIKY U3 TUMPATHUYECKOTO 3H/,0TEHS.
JIumdaTudeckui sHA0TeNUN — He JeprUBaT BbICTUIKU 3MOPHUOHAIbHBIX BEH, TaK KaK OHa pa3py-
11aeTcs Ha 3Tane GopMUPOBaHUA JUMPaTHUIECKUX 3a4aTKOB. Ero cTaHOB/IeHMe CBA3bIBAEM C I10-
JIMIIOTEHTHBIMHU KJIETKaMM COeJUHUTebHOM TKaHHU [2]. [Ipy aTOM yTBepxKAaeM, 4TO TuMPaTHye-
CKUU{ 3H/,0TeJIMU MELIKOB M KaHaJIOB, MOSIBJISIETCH He OJHOBPEMEHHO UJIX [I0YTH OJJHOBPEMEHHO C
3H/l0TeJIMeM 3MOpPHOHAJIbHBIX BEH, A C 3aMa3/jbIBAaHUEM B Pa3JIMUHbIX 00/1acTAX OT 1,5-2 (ApeMHble
MeIlKH) 10 4-5 Hezesb (10AB30UIHbIE MELIKH, KaHaJIbl OpblkelKH). [lepBuyHbIMU JIUMbaTHYe-
CKMMHM CTPYKTYpPaMHU y YyesJ0BeKa SABJISAIOTCS SpeMHble, IOAMBbILIEeYHbIe U CyOTpaxeaJlbHbIN MELIKH,
NpaBbli U JIEBbIM NPe/I03BOHOYHbIE KaHaJlbl (MapHbIA IPYJHON NMPOTOK), peTPOaopTalbHbIN U
peTponeprUTOHEeNbHbIN MEIKH, PETPOAoOpTaJbHbIM U peTPOKaBaIbHbIN KaHa/Ibl IOSCHUYHOU 06-
JIaCTH, OOKOBbIE U Cyb6aopTaJbHbIN 00LIMe MOAB3/A0IIHbIE, HAPYKHbIE M0/|B3/[0LIHbIE, BHYTPEH-
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HHUe NI0/IB3/I0LIHbIe U IaX0Bble MEIIKH, TUMbaTHUeCKHe MeIlKH U KaHaJ/Ibl B 6acceliHaX BETBJIEHUSA
YpPEeBHOTO CTBOJIA, BEpXHEN Y HUKHEH OpbhKeeuyHbIX apTepUH.

Ha 7-i1 HeJlesie ¢ ApeMHBIMU C/IMBAKOTCS MOAMBbIIIeYHble MeLIKU. B Hauasie 8- Hejies1d sipeMHoO-
No/MbIIIeYHble TUMdaTUYECKHE N0JO0CTU UMEIOT OTKPBITOE COYCThbe C BEHO3HBIMHU YIJIaMU IlIEH.
[Togkar0o4eHue K ApeMHBIM MellKaM TOpPaKa/bHbIX MIOPLHM IIPABOr'0 U JIEBOT'O I'PYJHBIX IPOTOKOB
NPOUCXOJUT B cepeiiHe 8- HeJlesin. PeTpoaopTasibHbIA MEIIOK, C KOTOPBIM CIMBAIOTCS peTpoIe-
PUTOHEAJbHbIA MEIIOK U IPOKCUMaJ/IbHbIe OTPE3KH PETPOA0PTaJIbHOTO U PETPOKABaJbHOIO JIMM-
baTHyeCcKUX KaHaJIOB NOSICHUYHOM 06J1aCTH, IPUCOEIUHAIOTCA K HaZAuadparMaibHbIM OTpe3KaM
JIByX NMPOTOKOB Ha 9-i Hejese. Y m040B 9 Hezesb 3aBepluaeTcss opopMyIeHUE CBsI3el 0011ero
NO/B3/0IIHOI0 MellKa C JUM(PATUIYeCKUMU CTPYKTypaMHu NOSICHUYHOW 06s1acTh. Y miogoB 10-i
HeJleJId — Hapy>KHbIX M0/|B3/J0IIHBIX MEIIKOB C 60KOBBIMHU OGLIMMHU MOJB3/I0LUIHbIMY, 2 BHYTPEH-
HUX [10/1B3/I0LIHbIX MEIIKOB — C HAPY>KHbIMU N10/|B3/I0LLHbIMU U HENAapPHbIM Cy6a0pTaIbHbIM.

Y nnionoB 10 Henesib BHEOPraHHbIe IMMdaTUYECKUe NTyTU B 6acceliHaxX BETBJIEHUS YPEBHOIO
CTBOJIa, BEpPXHEW Y HMXKHEW OpbIKeeuHbIX apTepUl CBS3aHbl C peTPONEePUTOHEAIbHBIM MEIIKOM,
a IpaBbli U JIeBbIM NaXOBble MEIIKU — C HApY>KHbIMU MOJB3/A0LHBIMU. PaciivpeHue npescTaBu-
TeJIbCTBA IePBUYHOMN IMM(ATUUECKOW CUCTEMBI IPOUCXOAUT HE BCIe/CTBUE HENIPEPbIBHOTO LieH-
TPOOEKHOTO pa3pacTaHUs IPEMHBIX U 00IIMX MOAB3A0IIHbIX JUMbATUIECKUX MEIIKOB [7], a my-
TeM NOAKJIOUYEHUS K IEPBUYHBIM JTMMPOKOJIJIEKTOPAM IlIer TaKOBbIX IPYJHOM M0OJIOCTH, a K HUM B
CBOIO 04Yepe/ib — OpIOIIHON. BHyTpruopraHHbIX 1MM$aTUUYECKUX CTPYKTYP U 3a4aTKOB JIUMdaTHue-
CKHUX y3JI0B y 104,0B 10-11 HeJje/1H ellle HeT.

3ak/jiloueHue

PeMozieiipoBaHue 3MOPHOHA/IbHBIX BEHO3HBIX pyces Ha 3Tane GopMUpPOBaHUA e PUHUTHUB-
HbIX BEHO3HBIX CUCTEM CONPOBOX/AAETCSA YaCTUYHOU UX AecTpyKuuel. JlumpaTrruieckue 3a4yaTKu
reTepOXPOHHO MOSABJSATCA Ha 6-9-i1 Hefensx rectaniu. OHU Npe/CTaBAeHbl TPEXMEPHBIMU IKC-
KaBallMsIMU B COeJJUHUTEJbHOM TKaHH, UMEIOT BEHO-MEe3eHXUMHOE MPOUCXOXKIEeHUE U reTepox-
poHHO GOPMUPYIOTCSA HA 6a3e pas3pyllIalLIMXCs 3MOPUOHATIbHbBIX BEH (M0JIOCTh) U ME3eHXUMHBIX
KJ1eTOK (epBUYHas BbICTUJIKA). X MOsBJIeHWe MHULUUPYET HadaJbHbIM 3Tan pas/esieHus OT-
BO/ISILIIETO 3BeHA KPOBEHOCHOM CUCTEMbI Ha BEHO3HBIW U JIMMpaTUUYECKHU KoMnapTMeHThI. [lep-
BUYHbIE IUM(paTHYeCKUEe CTPYKTYPhl pa3JIMYHbIX 06/1acTed GOPMUPYIOTCH NPU CAUSIHUUA MHOXe-
CTBEHHBIX 3a4aTKOB U MPUHLUIHATBHO OTJIMYAIOTCSA OT HUX Pa3BUTUEM BBICTUJIKU U3 IUMATH-
4YecKoro 3HzoTenus. X cTaHOBJIeHMe 3aBepluiaeT 3Tal GOpMUPOBAHUSA NEPBUYHON TUMdaTHde-
CKOM CHCTEMBI, KOTOPYIO COCTABJISIOT CBSI3aHHbIE MEX/1y COO0M IMMpaTUUYECKHEe MELLKU U KaHabl
1eu, Tpy/IHON U GPIOLITHOM MOJIOCTH, OJMbILIEYHON U TaX0BO-6e/[peHHON obJiacTel.
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