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AHHOTAITUA

B naHHOM 00630p€ B HCTOPUYECKOM ACIIEKTEe PACCMOTPEHBI BOIIPOCHI 3aPOXK/AEHU U CMEHBI IIPEJICTABJIEHUHN O IMyTAX
JIBIDKEHUS JKUAKOCTU B HHTepcTuiuu (mpenuMmbarudeckue myt). B XVI-XVIII Bekax THIOTe3a 0 HAIMIUU CBA3HU
MEK/Iy apTepHaIbHBIM U JTUM(PAaTUUECKUM PYCJIOM MPOIIJIa MyTh OT IPeACTABIEHUH O CYIIIeCTBOBAHUU aApMepuanb-
Hblx Aaum@Pamurxos (I033Ke vasa serosa, COK08ble KAHAAbYbL), IPEICTABJISAIONINX cOO0H TOHYANIIINE COCY/Ibl, /10 Oec-
COCYZIUCTBIX MpPeTUM@aTUUEeCKUX MyTeH, K KOTOPBIM COBPEMEHHBIE HCCIIEZ0BATENN OTHOCAT HE TOJIBKO TKAHEBBIE
KaHaJIBl, HO TakKe napadubpuuIApHble, napa(liepu-)BacKyIsApHble U IepUHEBPAJIbHbIE IMyTU. Takike B iUTepaType
OIMCAHBI TOPHI U HAHOKAHAJIBI HHTEPCTUIUA. Takas 3BOJIIONUS B3IJISA0B IPOU30ILIA 61arofapss MHOTOYUCIEHHBIM
OTBITAM IO UAEHTUGUIIUPOBAHUIO MpeauM@aTHIECKUX MyTeH ¢ MOMOI[bI0 MHBEKIUU JUMPATUUECKUX TyTeH U
WHTEPCTUIIVS, UCII0JIB30BaHUA Karcysa Guyton pa3HoOH (OpMBI ¢ OTBEPCTUAMH C BBEAEHHBIMH B HUX KPACUTEJISAMU U
9JIEKTPOHHON MHUKPOCKOIUU. DTH UCCIEAO0BAHUS OKA3IH, YTO UHTEPCTULIHAIbHBIE IIyTH UMEIOT OMOCPE/I0BAHHOE
COO0IIleHNE C COCYAUCTBIM PYCJIOM U B HHUX OTCYTCTBYeT SHJIOTeJHaIbHAsA BBICTUJIKA. DTO MO3BOJIMJIO CUUTATH IIpe-
auMdaTuIecKue IMyTH CaMOCTOSATEIbHBIMU 00pa30BaHUsIMHY, HE OTHOCAIINMUCA HU K KDOBEHOCHOU, HU K iuMdaTu-
yeckoi cucteMaMm. Ho CcTOpUYecKr 32 HUMH 3aKPENUIOCh Ha3BaHUeE npeaum@amuveckue IyTH, U U3y4alOT UX BMe-
cre ¢ TuM@aTHIeCcKol cucteMoii. B pabore Tak:ke 3aTpPOHYT ellje OJJUH TEPMUHOJIOTUUYECKUH BOIIPOC O KOPHSAX JIUM-
daTuueckoii cucTeMbl, K KOTOPBIM MOABJIAIOIIEE OOJTBITUHCTBO YIEHBIX OTHOCAT JIUMQaTHUeCKHe KATUISPBHI, 2 He
npenuMdaTuyeckue MyTH.

Kaoueswvle caosa: npenuMbaTuiecKie MyTH, TKAHEBble KaHaIbI, apa@uOpuuIpHble IyTH, HHTEPCTUIIHH, SH/IO0Te-
JINH, KOPHU JIUM(ATHIECKOH CUCTEMBI.
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ABSTRACT

The historical aspects of the origin and evolution of ideas about fluid flow pathways (prelymphatic pathways) in the
interstitium are examined in this review. In the 16"—18" centuries, the hypothesis of communication between the arterial
and lymphatic vessels evolved from ideas about the existence of arterial lymphatics (later vasa serosa, juice canals), which
are the thinnest vessels, to non-vascular prelymphatic pathways, which include not only tissue channels, but also
parafibrillary, para(peri-)vascular and perineural pathways according to advanced studies. The literature also describes
pores and nanochannels of the interstitium. This evolution of views occurred due to numerous researches aimed to identify
prelymphatic pathways using tracer injections of the lymphatic pathways and interstitium, the implantation of Guyton
capsules of various shapes with orifices opened into the interstitium and subsequent electron microscopy. These studies
showed that interstitial pathways have indirect communication with the vascular bed, and they lack the endothelial lining.
This allowed prelymphatic pathways to be considered independent entities that do not relate to either the blood circulatory
or lymphatic systems. But historically, they have been called prelymphatic pathways, and they are studied together with
the lymphatic system. The paper also concerns another terminological issue about the roots of the lymphatic system to
which the vast majority of scientists attribute lymphatic capillaries, but not prelymphatic pathways.

Keywords: prelymphatic pathways, tissue channels, parafibrillary pathways, interstitium, endothelium, lymphatic
system roots.
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B naHHO# paboTe MBI pacCMaTPUBaeM HUCTOPHUIO
3apOXKAEHUSI U CMEHBI IPEACTABIEHUH O IyTAX
JBIDKEHUS JKUJKOCTH B COEJUHUTEJIPHOH TKAaHH.
MBI BBIZIETUIIM PSIJ] BOIIPOCOB, KOTOPHIE€ CTaBUJIU
mepez; cob0U McCaeA0BaTENN HA TPOTSXKEHUU CTO-
JIETHH: 1) JIOKa3aTeJbCTBO CYIECTBOBAHUS IIpe-
auMGaTHUYECKUX TyTeH B MHTEPCTUIUH; 2) UYeM
IIpe/ICTaBJIeHbl IpeauMbaTHdeckre mMyTH (TKaHe-
Bble Iend, mapadubpuUIsipHble 00pa3oBaHUs,
MepUBACKYJIAPHBbIE U TepUHEBPAIbHbIE MTPOCTPAH-
CTBA U 7p.); 3) HAJIUUKMeE-OTCYTCTBUE B mpenuMda-
TUYECKUX MyTAX HHAOTEJIUATBHONH  BBICTHIIKH
(cTeHKM); 4) CBSI3b MEXAYy HpenruMdaTHIeCKUMU
OyTIMH W KPOBEHOCHBIMU H JINM(PaTUUECKUMU
KaOWUIAPAaMU — MpsMas WIA OIOCPe0OBaHHAS;
5) ABJIAIOTCS JIU peJuM@aTUUecKre MyTH YacThIo
UMGAaTHIECKON CHUCTEMBI? 6) TEpPMUHOJIOTHYE-
CKUU BOITPOC O KOPHAX TUMMaTUIECKOU CUCTEMBI 1

In this paper, we consider the history of the origin
and evolution of ideas about fluid transort pathways
in connective tissue. We have identified a number of
questions that researchers have posed to themselves
over the centuries: 1) the evidence of the existence of
prelymphatic pathways in the interstitium; 2) what
are prelymphatic pathways (tissue gaps, parafibrillar
formations, perivascular and perineural spaces,
etc.); 3) the presence/absence of an endothelial lin-
ing (wall) in prelymphatic pathways; 4) the connec-
tion between prelymphatic pathways and blood and
lymphatic capillaries — direct or indirect; 5) are pre-
lymphatic pathways part of the lymphatic system?
6) the terminological question of the lymphatic sys-
tem roots and the use of the term prelymphatic
pathways.

We have constructed our paper not in the order
of consideration of the given questions, but in the
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HCITOJIb30BAHUU
nymu.

CTpyKTypy HaIllel CTaThbu MBI IIOCTPOWJIM HE B
MOPSIIKE PACCMOTPEHUsI ITPUBEIEHHBIX BOIPOCOB, a
BO BPEMEHHOM HCTOPHYECKOM aCIIeKTe, TaK KaK KaXK-
JIBIF MCCITEZIOBATENh Kacasicsi He OJTHOTO, a HECKOJIb-
KHX BOIMPOCOB. IHOT/Ia BpeMeHHasl II0C/Ie/[0BaTE -
HOCTh HAPYIIAETCSA JIsI COXPAHEHUS JIOTHYECKOH
CBSI3U MEK/Ty OTKPBITUSIMU TOTO WJIM HHOTO (pakKTa.

[Tpexxae yeM MBI PACCMOTPUM IIOCTaBJIEHHbBIE
BOIIPOCHI, OCTAHOBUMCsI KOPOTKO HA TEPMHUHE «vasa
serosa» — cepo3Hble cocy/ibl. Takas HEOOXOAUMOCTh
BbI3BaHa TeM, 4yTO B XVII B. yueHble HCIIOJIb30BaAIN
JlaHHOE TIOHATHE /i1 O0O03HAYEHUS Pa3TMUHBIX
CTPYKTYp JIUM(pATUUECKON CHUCTEMBI. DTOT TEPMUH
Mor 0003Ha4aThb JUOO JUM(paTUUECKHUE COCYIbI,
b0 TKaHeBble 00pa3OBaHMSA B BHUIE TOHUYAUIINX
MyTeH, COEUHSIONINX, II0 MHEHHUIO YUEHBIX TeX JIET,
aprepuaabHble 1 JuMbatudeckrie Kanunisapsl. Olof
(Olaus) Rudbeck (1653) B «Nova exercitatio
anatomica» («HoBoe anaTomuueckoe HabJIOAE-
HUEe») UCIIO0JIb30Bal TEDMUH «vasa Serosa» Jijist 060-
3HAUYEHUs] MJIEYHBIX COCYZIOB, OTKPBITHIX Gaspare
Aselli B 1622 r. B anpesne 1652 1. O. Rudbeck nmpoge-
MOHCTPUPOBAJI CBOH OKCIIEPUMEHTHI IIIBEICKOMN
KoposieBe KpucrtunHe u caeyomumM o6pa3oM OIH-
ChIBaJI HAOJIIOZAeMble CTPYKTYPBI: «6 MapTa 1652
rozia... 1 3aMeTUJI MHOTOYMC/IEHHBIE COCY/IbI, IIPO-
3paunble, y3smoBarbie (aHri. nodular), ciaemyrormre
PSZIOM C BeHAMH TOJIEHH U UAYIIHAE K XUJIE3HOMY
my3bIpbKy, chyle vesicle» (Louveau A. et al., 2017).
Her HMKAKOro COMHEHUsA, YTO PeUb IIia o Jumda-
Thueckux (MiteuHsbix) cocyzaxXx. Thomas Bartholin
(1653), ogHAKO, HE COIVIACHJICS C TEPMHHOM «vasa
serosa» (Soemmerring S.Th., 1800). Ero cimaBa u
aBTOPHUTET CTAJIM IPUYNHON IPUHATHS IPEIIONKEH-
HOTO UM TepMUHA «JIUM(MATHUYECKUE COCY/IbI»
(Simon F., Danko J. 2015). U B jajibHelIIIeM B aHa-
TOMHYECKOH TEPMHUHOJIOTUH 3aKPEUIOCh Ha3BaHUE
«vasa lymphatica» (Bartholin T., 1659; Chikly B.,
1997; Lord Reginald S.A., 1968; Pranghofer S., 2011).
B nanbHeHIIEM TEPMHUH «vasa Serosa» HeKOTOpOoe
BpeMsI HCIIOJIb30BAIM [Jisi 00O3HAUEHUA CBI3YIO-
II[eT0 BJIEMEHTa MEXK/Y KPOBEHOCHBIMH U JTUMGAaTH-
YeCKUMU KanwUIApaMu (Ipoobpa3 TKaHeBBIX KaHa-
s10B). Huske TepMUH «vasa serosa» OyieT UCI0JIb30-
BaH y psga wuccaefoBaTeseli MUMEHHO B 3TOM
3HAYEHUH.

OTKpBITHE U OMKCAHUE IyTEH TPAHCIIOPTA JKHU/I-
KkocTd (vasa serosa) B COEQUHUTEILHON TKAHU, KaK
MIPOMEKYTOUHOU CyOCTAaHIIMU MEKAY KPOBEHOCHBIM
u auMmdarudeckum pyciaoMm, B XVII-XVIII Bekax
CBSI3aHO ¢ MHOKECTBOM HMEH, B YACTHOCTH, TAKUX
kak Frederik Ruysch (1638-1731), Herman

TEPMUHA npeaum@pamuueckue

temporal historical aspect, since each researcher
touched upon not one, but several questions.
Sometimes the time sequence is violated in order
to preserve the logical connection between the dis-
coveries.

Before we consider the questions posed, let us
briefly dwell on the term “vasa serosa”, serous ves-
sels. This is necessary because in the 17" century,
scientists used this concept to designate various
structures of the lymphatic system. This term could
designate either lymphatic vessels or tissue forma-
tions in the form of the finest pathways connecting,
according to scientists of those years, arterial and
Iymphatic capillaries. Olof (Olaus) Rudbeck (1653)
in his “Nova Exercitatio Anatomica” (“New Ana-
tomical Observation”) used the term “vasa serosa”
to refer to the lacteals discovered by Gaspare Aselli
in 1622. On April 1652, O. Rudbeck demonstrated
his experiments to Queen Christina of Sweden and
described the observed structures as follows: “On
March 6, 1652... I saw numerous vessels, transpar-
ent, nodular, following next to the sural veins and
going to the chyle vesicle” (Louveau A. et al., 2017).
There is no doubt that these were lymphatic vessels
(lacteals, chyliferous vessels). Thomas Bartholin
(1653), however, did not agree with the term “vasa
serosa” (Soemmerring S.Th., 1800). His fame and
authority led to the adoption of the term he pro-
posed, “lymphatic vessels” (Simon F., Danko J.
2015). And later, the term “vasa lymphatica” was
established in the anatomical terminology (Bartho-
lin T., 1659; Chikly B., 1997; Lord Reginald S.A.,
1968; Pranghofer S., 2011). Later, the term “vasa
serosa” was used for some time to designate the link
between the blood and lymphatic capillaries (proto-
type of tissue channels). Below, the term “vasa
serosa” will be used in reference to works of a num-
ber of researchers in this meaning.

The discovery and description of the fluid trans-
port pathways (vasa serosa) in connective tissue as
an intermediate substance between the blood and
lymphatic channels in the 17%-18% centuries is
associated with many names, in particular, such as
Frederik Ruysch (1638-1731), Herman Boerhaave
(1668-1738), Albertus von Haller (1708-1777),
Marie Francois Xavier Bichat (1771—1802), and oth-
ers. At the end of the 17™ century, the anatomist
Antonio Nuck (1691) from Leiden (Netherlands)
was the first to suggest that the lymphatic vessels
are connected with the arteries. Blowing air into the
arterial vessels, as well as injecting mercury to con-
firm this fact, allowed A. Nuck to observe and
describe the smallest vascular structures of the lym-
phatic system. The theory of arterial lymphatics as a
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Boerhaave (1668-1738), Albertus von Haller (1708—-
1777), Marie Frangois Xavier Bichat (1771—-1802) u
1p. B xone XVII B. anatom Antonio Nuck (1691) u3
r. Jletimen (Humepsianapl) BIiepBble IPEAIOIOMKII,
9TO JIMMQPATHIECKHE COCY/bI CBSI3aHBI C APTEPUAMHU.
BryBaHue BO3/Iyxa B apTepUaIbHbIE COCYBI, 8 TAKIKE
BBEJIEHWE PTYTH C MOMOIIbI0 MHBEKIUH JJIS O/~
TBepIKIeHUs JaHHoro dakra mos3Bosmwio A. Nuck
HaOJIOMaTh W OMHCATh MEJIbYaHINe COCYAUCTHIE
CTPYKTYPHI JuMbaTnyeckol cucremsl. V3 uccieso-
Banuii A. Nuck BozHuKIa uaes 06 apTepraIbHbIX
auMdaTHKCax, KaK CBA3YIOIIEM 3BeHe MKy KPOBe-
HOCHOH U 1uMaTHYecKoUd cucreMaMu. JTa Teopus
crayia joMuHHpyomed B Hadasge XVIII B. u Obuta
MoA/IepKaHa, B YaCTHOCTH, (PAHIY3CKUM AaHATO-
moMm Raymund de Vieussens (1705) B ero Tpyze
«Novum vasorum corporis humani systema»
(«HoBas cocymucras clCTEMa YeIOBEYECKOTO Opra-
Hu3Ma»). B pesyspraTe R. Vieussens (1705), M. Fer-
rein (1744), a Takxxe H. Boerhaave (1735) B Hauasie
XVIII B. BBIABUHYJIU TEOPUI0 TaK Ha3bIBa€MBIX
«CEpO3HBIX COCYZ0B» (Vasa serosa) — KaHAJIOB, COe-
JUHSAIONIAX KPOBEHOCHBIE W  JUMdaTHUecKue
COCYZIbI, ¥ HACTOJIbKO TOHKHUX, UTO [0 HUM He IIPO-
XOJISAT 3PUTPOIUTHI, a TEUET YHUCTas CEPO3HAS KU/~
KOCTb — KpoOBfAHadA IasMma. B wacraocru, H. Boer-
haave yTBepskaast, uto aTu cocyas! (immdaTuyeckue
aprepuu, vasa neuro-lymphatica Vieussen, vasa
serosa) JOJI’KHBI 3aKaHYHMBATHCA KaK B IIOJIOCTSX
TeJia, TaK ¥ BHYTPU PA3JINYHBIX OPTAHOB U, HAKOHEII,
BO3BPAIIATHCS OOPATHO B BEHBI.

Takum o6pasom, panHue onbIThl A. Nuck (1691)
MIPUBEJIH K CO3/IAHUI0 TEOPUHU CYIIIECTBOBAHUS CBA3H
MKy TOHYANUIINMU apTePUAMU U IUMPaTHIecKOU
cucremoii (Nuck A., 1691; Pranghofer S., 2011). 9t
THUIIOTETUYECKHE CBA3U CHavaia ObLIN O0BEIUHEHBI
o7l OMHUM OOINMM TEPMHHOM «vasa serosa» [1].
Vasa serosa, 10 MHEHHIO CTODOHHUKOB 3TOH TEOPUH,
KOTOPYIO Pa3/ieJisyIdi MHOTHE KpPYyIHble aHATOMBI U
¢usuosorn XVIII B., ype3BbIYAIHO MHOTOYHC-
JIEHHBI, ¥ COCTABJISAIOT IJIABHYIO U OOJIBIIYIO YaCTh
BCeX TKAHEH U OPTaHOB.

William Hunter (1762) um mocjiemoBaTesi €ro
IITKOJIBI CYUTAITH, ITO JIUM(PaTUIECKHE COCY/IBI SIBIISI-
IOTCSI VHUKAJIBbHOH abCOPOIIMOHHONM CHCTEMOM.
B omnune OT MHOTHX HCCI€[OBaTEIed OHU IOJIa-
raJid, YTO 3TU COCY/Ibl 3aKPBITHI HA MepU(EPUH U HE
MMeIOT HUKAKUX MPIMBIX COOOIIEHUN ¢ OCTaIbHOM
COCY/ITMCTOH CEThI0, 32 UCKJIFOUEeHHUEM JINM(POBEHO3-
HOTO CJIUSIHUA B 00/1aCcTH 11er (0YeBUAHO, HMEETCS B
BU/Iy BIIaJieHHe TUMGbATUUECKUX IIPOTOKOB B BEHO3-
HBIU yros. — [Ipum. asem.). Ognako W. Hunter ne
MOT OCTaBUTh 0e3 BHHMAaHHS BCE €Ille T'OCIIO/CTBO-
BaBIIIYI0 B TO BPeMs U He IOJIBEPTaBIIYIOCS MHO-

link between the circulatory and lymphatic systems
arose from the research of A. Nuck. This theory
became dominant at the beginning of the 18" cen-
tury, and was supported, in particular, by the
French anatomist Raymund de Vieussens (1705) in
his work “Novum Vasorum Corporis Humani Sys-
tema” (“New Vascular System of the Human Body”).
As a result, R. Vieussens (1705), M. Ferrein (1744),
and H. Boerhaave (1735) at the beginning of the
18" century put forward the theory of the so-called
“serous vessels” (vasa serosa) — channels connect-
ing the blood and lymphatic vessels, and so thin
that erythrocytes do not pass through them, while
pure serous fluid — blood plasma — flows. In partic-
ular, H. Boerhaave contended that these vessels
(Iymphatic arteries, vasa neuro-lymphatica Vieus-
sen, vasa serosa) should end up both in the body
cavities and inside various organs and, finally,
return back to the veins.

Thus, the early experiments of A. Nuck (1691) led
to the creation of a theory of the existence of a con-
nection between the extremaly thin arteries and the
lymphatic system (Nuck A., 1691; Pranghofer S.,
2011). Initially, these hypothetical links were united
under one general term “vasa serosa” [1]. Vasa
serosa, according to the supporters of this theory,
which was shared by many major anatomists and
physiologists of the 18" century, are extremely
numerous and make up the main and largest part of
all tissues and organs.

William Hunter (1762) and the followers of his
school believed that lymphatic vessels are a unique
absorption system. Unlike many researchers, they
suggested that these vessels are closed at the periph-
ery and have no direct communication with the rest
of the vascular network, with the exception of the
Ilymphovenous fusion in the neck (obviously, this
refers to the flow of lymphatic ducts into the venous
angle. — Author’s note). However, W. Hunter could
not ignore the theory, which was still prevalent at
that time and not questioned by many scientists,
that the lymphatic capillaries are a continuation of
small arteries or that they derive from serous or
other cavities via open tubules. W. Hunter claimed
that these hypotheses arose due to the erroneous
injection techniques. In this belief, he was sup-
ported by A. von Haller (1741) and Paolo Mascagni
(1787). As for the connection between arteries and
the lymphatic system, A. von Haller (1741) wrote,
“We know for sure that not a single artery was torn,
no liquid spilled beyond the vessels, but the lym-
phatic vessels and the thoracic duct itself were filled
through the arteries, and I injected the thoracic
duct.” When injecting liquids into the lymphatic

Journal homepage: http://jsms.ngmu.ru

131



Ilapuxos FO.H. u dp. / Journal of Siberian Medical Sciences T. 9, N? 3 (2025)

TUMU YIYEHBIMU COMHEHHIO TEOPHIO O TOM, UTO JINM-
(aTmueckre KATMJUIAPHI ABJIAIOTCS IPOJOIKEHIEM
MEJIKUX apTePUH MJIU YTO OHU BO3HUKAIOT U3 CEPO3-
HBIX WIH JIPYTUX MOJIOCTEH MTOCPEICTBOM OTKPBITHIX
Tpybouek. W. Hunter yrBep:k/1a1, 4TO 3TH TUIIOTE3bI
BOBHUKJIU U3-3a ONIMOOYHBIX METOJOB MHBEKIIUU.
B sTom ybexxzenuu ero nmoazepskanau A. von Haller
(1741) u Paolo Mascagni (1787). O cBsi3u apTepuii u
saumpaTtuyeckoii cucrembr A. von Haller (1741)
nucai: « Mbpl TOYHO 3HAeM, UTO HU OHA apTepus He
OpLIa pa3opBaHa, HUKaKas »KUJKOCTh He BBUINJIACH
3a TIpeJIesbl COCYZIOB, OJTHAKO Yepe3 apTepuu ObLIH
3aI0JIHEHBI INM@aTUIecKre coCybl U caM I'PyIHOU
IIPOTOK, U sI HHBEIUPOBAT TPYAHON MPOTOK». IIpu
MPOBEJIEHNN WUHBEKIIUH KUAKOCTEN B JmMbaTnde-
CKYIO CHCTeMY HEOOXOIMMO OBLJIO B COBEPIIEHCTBE
BJIQJIETh JAHHOU METOJUKOH, MO3TOMY Y MHOTHX
rccseoBaTesed HaIUBKa INM(aTUIeCKON CHCTEMBI
O6puta HeymawuHo#. P. Mascagni xopoImio moHuMasn
STU TPYAHOCTH, a IIPU IIPOBEJIEHUH COOCTBEHHBIX
BHYTPIWINM()ATUYECKUX WHBEKIUH OH HabII0/1as
nuddysuio KeJaTUHA U3 COCEJHUX apTepUil U BeH
CcHayaja B OKPY’KaloIlye TKAHU, a yKe IIOTOM 3Ta
cyOCTaHITMSI OKa3bIBAIACh B INMGATUUECKIX KATTHJI-
asgpax. William Cumberland Cruikshank (1790)
TaKke HaOI07a1 no/I00HY0 MudQy3HI0 BETHHIX
KpacuTejieli W3 KUIEYHHUKA B MJIEUHBIE COCY/IbI
(Ma C. et al., 2021). Takum ob6paszom, P. Mascagni u
W. Cruikshank mokasanu, uto Mekay KpoBeHOC-
HBIMH U JTUMGPATUIECKUMU KATWLIIPaMU HeT Tpsi-
MOTO COOOIIEHUsI, HO CYIIECTBYET ITPOMEKYTOUHAS
cyOCTaHIUsSA, KOTOPYHO HEeOOXOAUMO IIPEOJI0JIETh
I OyHANPYEMBIM BelllecTBaM.

HecmoTpsi Ha TmOKa3aTesbHBIE OMBITHI  P.
Mascagni u W. Cruikshank, psimom yuenbix, B
pe3ysibTaTe MHOTOUNCJIEHHBIX HEy/lau 10 HaJHUBKe
JUM(GaATUYECKOH CHCTEMBI, OB CleJlaH OIIHO0Y-
HBI BBIBOJI, YTO TOJIPKO B HCKJIIOUUTEJIHHBIX CIIy-
Yasix JKUJIKOCTh, HaTHETaeMasi B apTepUH, Iomazasa
B TUM@aTUUeCKIe COCYABL, UTO CTABUJIO IO COMHE-
HUe CYIIEeCTBOBAaHUE CEPO3HBIX TKAHEBBIX COCYZOB
WM KaKOU-TUO0 APYTro¥ MPOMeKyTOUHOH cybeTaH-
UM B COEAUWHUTENbHOU TKaHU. Ho 3TH Habioze-
HUS He UMeJIU TAaKOTO OOJIBIIIOT0 3HAUYEHUS B OIIPO-
BepKEHU U HAIMYUSA IPOMEKYTOYHOTO 3BeHa MEXKIY
KPOBEHOCHON U JUM@aTUUECKON cHucTeMaMH, Kak
pasButue uzaedi Theodor Schwann (1839) u oco-
6enno Rudolf Carl Virchow (1858). Ha ocHoBanuu
HaOJTIOZEHNH 3a KaNWLIApPaMU B XBOCTe TOJIOBa-
cruka T. Schwann mpe/osoKu, B CBA3U C OTKPHI-
THEM UM KJIETOK B OPTaHH3ME KHUBOTHOTO, UTO OIIHU-
CaHHbBIe paHee CEepPO3HbIE COCYAbl HA CAaMOM Jeje
MIPEJICTABJIAIOT COOOM CETh aHACTOMO3UPYIOIHUX
ZIPYT C JPYrOM OTPOCTKOB KJIETOK, OOPa3yIOIIuX

system, it was necessary to run this technique per-
fectly, so many researchers failed to fill the lym-
phatic system. P. Mascagni understood these diffi-
culties well, and when conducting his own intra-
lymphatic injections, he observed the diffusion of
gelatin from adjacent arteries and veins first into
the surrounding tissues, and only then did the sub-
stance ended up in the lymphatic capillaries. Wil-
liam Cumberland Cruikshank (1790) also observed
a similar diffusion of colored dyes from the intes-
tine into the lacteals (Ma C. et al., 2021). Thus,
P. Mascagni and W. Cruikshank showed that there
is no direct communication between the blood and
lymphatic capillaries, but there is an intermediate
substance that must be come over by diffusing sub-
stances.

Despite the model experiments of P. Mascagni
and W. Cruikshank, a number of scientists, as a
result of numerous failures in lymphatic system fill-
ing, made the erroneous conclusion that only in
exceptional cases the fluid pumped into the arteries
entered lymphatic vessels, which cast doubt on the
existence of serous tissue vessels or any other inter-
mediate substance in connective tissue. But these
observations were not as significant in refuting the
presence of an intermediate link between the circula-
tory and lymphatic systems as the development of
the ideas of Theodor Schwann (1839) and especially
Rudolf Karl Virchow (1858). Based on observations
of capillaries in the tail of a tadpole, T. Schwann
assumed, in connection with his discovery of cells in
the animal’s body, that the serous vessels described
early actually represent a network of cell processes
anastomosing with each other and forming channels
throughout the body [1]. Later, with the development
of cellular theory in the middle of 19" century, the
“theory of intracellular movement of tissue juices”
arose. R. Virchow (1858) in his “Cellular Pathology”
(“Die Cellularpathologie in ihrer Begriindung auf
physiologische und pathologische Gewebelehre”),
pointing to the presence of anastomoses between
connective tissue cells, wrote that these anastomoses
“form a kind of system of tubes or canals, which
should be placed along with the large systems of
canals cutting through our body, blood and lym-
phatic vessels. The open system is a kind of replace-
ment for the old vasa serosa, which turned out to be
non-existent”. Thus, R. Virchow replaced “serous
vessels” with the idea of hollow cells of the connec-
tive tissue connecting arteries and lymphatic vessels.
Franz von Leydig (1857) in his course on histology
depicted lymphatic vessels that arose from connec-
tive tissue cells (Davydovsky 1.V., 1956; Virchow R.,
1858, 1865).
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KaHaJIbl 10 BceMy Teny [1]. B manbHelem ¢ pa3Bu-
THEeM KJIeTOYHOro y4yeHUs B cepenusHe XIX B. BO3-
HUKJIA «T€OPUSI BHYTPUKJIETOUHOTO JBKEHUs TKa-
HeBBIX COKOB». R. Virchow (1858) B «1lesmtonsipHoi
maronorun» (“Die Cellularpathologie in ihrer
Begriindung auf physiologische und pathologische
Gewebelehre”), ykazpiBast Ha HaTUUre aHACTOMO30B
MEXKIYy  COEIUHUTETbHOTKAHHBIMU  KJIETKAMH,
MHUCAJI, YTO BTU AHACTOMO3bBI «00pPa3yIOT Kak Obl
cucTeMy TPYOOK WJIM KaHAJIOB, KOTOpAas IOJDKHA
OBITH IOCTaBJIEHA HAPAAY C OOJBIIUMHU CHCTEMAaMHU
KaHaJIOB, IPOPE3bIBAIOIIIUMH HAIIle TEJI0, KPOBEHOC-
HBIMH U JimMpaTUIecKuMu cocyzamu. OTKpbITas
crcTeMa IIPEJICTaBIsAeT cOO0OM Kak ObI 3aMeHy CTa-
PBIX vasa serosa, KOTOpble OKa3aJINCh HE CYIIEeCTBY-
omuMu». TakuMm obpasom, R. Virchow szamenwnn
CEPO3HBbIE COCY/IbI HMIeel IMOJIBIX KJIETOK COEIUHHU-
TeJIbHOU TKAaHH, COEIUHSIONUX apTepuu u JuMda-
Tryeckue cocynbl. Franz von Leydig (1857) B Kypce
THUCTOJIOTUH H300pa3uii JTuM@aTHUECKUE COCY/IbI,
KOTOpbIe BO3BHUKAIN U3 COEUHUTEIbHOTKAHHBIX
kinerok (HaseimoBckuii M.B., 1956; Virchow R.,
1858; Bupxos P., 1865).

B o6oux ciyuasx mocyieZJoBaTeTH TEOPUU CEPO3-
HBIX COCYZIOB, & TAKKE YU€HbIe, O0bSICHAIOIINE CyIIle-
CTBOBaHUE KAHAJIOB 3a CYET aHACTOMO3UPYIOIINX
OTPOCTKOB KJIETOK, IIpeZIoJaraiu, 4to Jumda
HEIIOCPEICTBEHHO MEPEXOAUT U3 KPOBEHOCHBIX COCY-
0B B JauMdaTUUeCKHe COCYAbl U UTO IIOCIIEIHIE
CBsI3aHBI C KPOBEHOCHBIMU COCYZIaMU OYeHb TOHKOM
cucteMoi TpyOok (;1ubo vasa serosa, JIJUOO OTPOCT-
KaMU KJIETOK).

OnHako B JajbHEWIeM, IMOYTH depe3 100 JieT
mocie P. Mascagni u W. Cruikshank, 6iectsimnue
UHbeKIUY JuMbarndeckoi cuctembl Ludwik Karol
Teichmann-Stawiarski (1861) mpusesnu Wilhelm His
Sr. (1861) (y yueHOTr0 OBLJI CHIH C HAEHTUYHBIMU UHU-
nHajgaMu, Jjajiee abopeBruaTypy Sr. OIycKaeM) K YeT-
KOMYy TOHUMAaHUIO, YTO HUCTOKHU JHUMMPaTUIECKOH
CUCTEMBI IIPE/ICTaBJIEHbl KaHajaMu (2 He OTPOCT-
KaMU KJIETOK. — IIpum. aem.), KOTOpPbIE JIUIIEHbI
CcOOCTBEHHOM, N30JIUPYIOIIEN CTEHKN; KaHAJIbI 3aJ1e-
raloT B COEJUHUTEIPHOU TKAHU KOXKU, CIIM3UCTBIX
060I0uKax W T.. BO3MOKHOCTH WCIIOJIB30BAHUS
TEpPMUHA «CEPO3HbIE COCYABI» CHOBA ObLIA MOCTaB-
JIeHa IO/ COMHEHHe, TaK KaK He ObLIO IOATBEPIK-
JIEHO HAJIMYUE CTEHKH U3 SH0TETNATbHBIX KJIETOK Y
aTux obpazoBanuii. OHAKO TaHHBIN BOIPOC TPebO-
BT JAJTbHEUIINX J0Ka3aTeJIbCTB (Takue JoKasa-
TEJIbCTBA OBLIM JIOCTOBEPHO ITOJIYYEHHI BO BTOPOU
nosoBuHe XX B., CM. fajee).

B cBs13u ¢ 3TUM BCTaJI BOIIPOC O BOBHUKHOBEHUHU
u popMupoBaHuu JINMQbI U3 IIJIA3MbI KPOBH, a, CJIe-
JIOBAaTEJIbHO, OTKPBITOM WJIM 3aKPBITOH SBJISETCS

In both cases, the followers of the theory of
serous vessels, as well as the scientists who explain
the existence of the canals by anastomosing cell
processes, assumed that the lymph passes directly
from blood vessels into lymphatic vessels and that
the latter are connected to the blood vessels by an
extremally fine system of tubes (either vasa serosa
or cell processes).

However, later, almost 100 years after P. Mas-
cagni and W. Cruikshank, the brilliant lymphatic
system injections by Ludwik Karol Teichmann-
Stawiarski (1861) led Wilhelm His Sr. (1861) (the
scientist had a son with identical initials, hence-
forth we will not use the abbreviation Sr.) to a clear
understanding that the source of the lymphatic sys-
tem are represented by canals (and not cell pro-
cesses. — Author’s note), which are devoid of their
own, insulating wall; the canals are located in the
connective tissue of skin, mucous membranes, etc.
The possibility of using the term “serous vessels”
was again called into question, since the presence of
the wall consisting of endothelial cells in these
structures was not confirmed. However, this issue
required further evidence (such reliable evidence
was obtained in the second half of the 20" century,
see below).

In this regard, the question arose about the ori-
gin and formation of lymph from blood plasma,
and, consequently, whether the lymphatic system is
open or closed, or, in other words, whether there is
a direct or indirect communication between con-
nective tissue formations for fluid transport (what-
ever they are represented by. — Author’s note) and
lymphatic capillaries, and whether the tissue spaces
(prelymphatic pathways) are part of the lymphatic
system.

These issues were clarified much later, but one
of the first to criticize the experimental and theo-
retical justifications for the theory of direct (imme-
diate) connection of tissue spaces with lymphatic
capillaries was P. Mascagni (1787) [2]. P. Mascagni,
describing the relationship of veins and lymphatic
vessels in the lymph node in his book “Vasorum
Lymphaticorum Corporis Humani Historia et Ich-
nographia” (“History and Iconography of the Lym-
phatic Vessels of the Human Body”), was the first to
express the idea of their special connection. In his
opinion, lymphatic vessels and veins are connected
by pores. In addition, P. Mascagni knew that sus-
pended particulate matter can penetrate from the
peritoneal cavity into the lymphatic system. The
obtained facts formed the basis of the theory of
“pumping hatches” of the diaphragm peritoneum
(Baron M.A., 1958). Afterwards, it was shown that
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JuMdaTryeckas cucTeMa WIH, JPYTUMU CJIOBaMU,
MIPsIMasi WJIU OIIOCPEIOBaHHAS CBA3b NMEETCS MEXK/TY
COEIMHUTEIbHOTKAHHBIMU ~ O0Pa30BAHUAMHU IS
TPAHCIIOPTA XKUAKOCTH (UeM Obl OHU HU OBLIH IPeI-
craBieHbl. — Ilpum. asm.) U auMGbaATHIECKUMU
KaWUIAPaMU U SIBJIAIOTCA JIM TKaHEBbIE TPOCTPaH-
ctBa (mpenuM@aTHyecKye MyTH) YacThio JuMdaTH-
YeCKOH! CUCTEMBI.

OTU BOIPOCHI OBUIN BBIACHEHBI 3HAYUTETHHO
[033Ke, HO OJTHIM U3 MEPBBIX, KTO BBICTYIIWI C KPH-
THKOU SKCIEPUMEHTAJIBHBIX U TEOPETUUECKUX 000-
CHOBAHUM TEOPUH MPSIMOT0 (HEIOCPeICTBEHHOTO)
COEMHEHNS TKAHEBBIX IIPOCTPAHCTB C JTUM@aTHUe-
CKUMH Kanwuisipamu, 661 P. Mascagni (1787) [2].
P. Mascagni, onuceiBasi B3aMOOTHOIIIEHE BEH U
auMmdaTHyeckux cocyZoB B JjuMdoysjie B cBoed
kHure «Vasorum lymphaticorum corporis humani
historia et ichnographia» («Mcropust u ukoHOTrpa-
¢ua mumdaTryeckux COCyZOB OpraHusMa 4YeJso-
BEKa»), BIIEPBBIE BBICKA3aJl MbBICJIH 00 0COOOM HX
coequHennu. Ilo ero MHeHHIO, JUMbaTUUECKHE
COCYZIBI U BEHBI COETMHAIOTCSA mopamu. Kpome Toro,
P. Mascagni 6b1710 U3BECTHO, YTO YACTHUIIHI B3BECEH
MOTYT IPOHUKATH U3 OPIOMIMHHOHN MMOJIOCTH B JINM-
daTtmueckyto cucremy. ITosyueHHble (HDAKTHI JIETJTH B
OCHOBY TEOPUU «HACACHIBAIOIIIMX JIIOKOB» Aradpar-
MasibHOU OpromwmHbl (Bapon M.A., 1958). Ilozxe
OBLIO TTOKA3aHO, YTO MIOCJIEHUE PACIIOIATAIOTCA He
TOJIBKO B 00JIACTH MCTOHUEHHBIX YIaCTKOB Auadpar-
MaJIPHOU OPIOIIUHBI, HO U B JPYTHUX ee 00JacTsX
(Bopucos A.B., 1967, 2005). B cymiaoctu, P. Mas-
cagni okasaJics IHOHEPOM 0c060H TPo6IEMBI, B pa3-
paboTKy KOTOpPOU 3aTeM BECOMBIN BKJIAJ] BHECH
E.f. Beipenkos u ero yuenuku (VI BaHOBCKas IIIKOJIA),
a taxke B.B. Ornes, I0.E. BbIpeHKOB U UX COTPYZ-
Huku (MockoBckas mikosia). B HoBocubupcke mog
pykxoBozactBoM 10.M. BopoanHa mpoBOAWINCH DKC-
MepUMEHTAIbHBIE HUCCIEIOBaHUsA JUMQPOOTTOKA U
€r0 COOTHOIIIEHUS C BEHO3HBIM OTTOKOM B HOpME H
[IaTOJIOTHH.

HoBasi cMeHa B3IVIS/IOB CBs3aHA C HMeEHEM
Friedrich Daniel von Recklinghausen (1862), koro-
PPl B KiIaccnueckoM counHeHnH « Die Lymphgefasse
und ihre Beziehung zum Bindegewebe» («O aumda-
TUYECKHX COCYZaX ¥ UX OTHOIIEHUU K COEUHUTEITb-
HOH TKaHW») BBIIBUHYJI TEOPUIO «COKOBBIX KaHAIIb-
neB» (saft kanélchen). F. von Recklinghausen paspa-
60Tasl CBOIO TEOPHUI0O B OCHOBHOM HA POTOBHIIE,
MOJIB3YSICH METOZOM WMIIPpETHAIUN cepebpoM U
WHDBEKIIMEH CBUHIIOBBIX OEJIHJI U JPYIHX KpPacCOK.
B orsinuume ot R. Virchow oH cumnTas, 4To TKaHeBas
JKHUJIKOCTD TeUeT He BHYTPU KJIETOK, a MEXK/Iy HUMU,
[0 TOHYAWIINUM, 3aJI0KEHHBIM B OCHOBHOM Bellle-
CTBE COEIMHUTETHHOM TKAHU OCOOBIM KaHAJIbIIaM,

the latter are located both in the thinned areas of
the diaphragm peritoneum and in its other areas
(Borisov A.V., 1967, 2005). Essentially, P. Mascagni
turned out to be a pioneer of a special problem to
the development of which E.Ya. Vyrenkov and his
students (the Ivanovo School), as well as B.V. Ogneyv,
Yu.E. Vyrenkov and their colleagues (the Moscow
School) made a significant contribution. In Novosi-
birsk, under the supervision of Yu.l. Borodin, the
experimental studies of lymphatic drainage and its
relationship with venous outflow in health and in
pathology were performed.

A new shift in views is associated with the name
of Friedrich Daniel von Recklinghausen (1862),
who in his classic work “Die Lymphgefasse und
ihre Beziehung zum Bindegewebe” (“On the Lym-
phatic Vessels and Their Relation to the Connec-
tive Tissue”) put forward the theory of “juice
canals” (saft kanilchen). F. von Recklinghausen
developed his own theory mainly based on the cor-
nea experiments, using the method of silver
impregnation and injection of lead carbonate and
other dyes. Unlike R. Virchow, he believed that tis-
sue fluid flows not inside the cells, but between
them, through the thinnest special canals located
in the main substance of the tissue, which partially
surround cells and their processes (possibly, in the
later years, these data became the basis of the con-
cept of perivascular, paravascular, perineural, and
periaxial spaces. — Author’s note). These juice
canals, according to F. von Recklinghausen, have
no walls and are spaces between fibrous bundles of
connective tissue, connected to each other by a
homogeneous, dense substance. Juice canals,
according to F. von Recklinghausen, directly con-
nect with the lymphatic system, which was consis-
tent with the views of R. Vieussens (1705), M. Fer-
rein (1744) and H. Boerhaave (1742). Per F. von
Recklinghausen, juice canals connect with lym-
phatic capillaries through openings called “stig-
mata” (or “stomata.” — Author’s note), located
between endothelial cells. The author came to this
conclusion based on experimental studies showing
that the superficial lymphatic capillaries of the
central tendon of the diaphragm connect with the
peritoneal cavity through preformed (permanently
existing. — Author’s note) openings that were
found between mesothelial cells (Chernysh-
enko L.V. et al., 1985). However, F. von Reckling-
hausen was not completely confident in the results
of his research. This is what he writes in “Die Lym-
phgefisse und ihre Beziehung zum Bindegewebe”
(“The Lymph Vessels and Their Significance in
Connective Tissue”) (1862): “Now the question
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KOTOPbIE YACTUYHO OKPYKAIOT KJIETKU U UX OTPOCTKHU
(BOBMOXKHO, U3 3THUX JIAHHBIX BOBHUKIIO B JaIbHEH-
IIIeEM TIOHATHE IEPUBACKYJIAPHBIX, MTapaBacKyJIsip-
HBIX, TEPUHEBPAJIbHBIX W IEPUAKCHATIbHBIX IIPO-
cTpaHcTB. — IIpum. asm.). ATH COKOBBIE KAHAIBIHI,
o F. von Recklinghausen, He UMeIOT CTEHOK U TIpeI-
CTJIAIOT COOOU TPOMEIKYTKH MEKY BOJIOKHUCTBIMHU
MydKaM{ COEIMHUTEbHON TKaHU, CBSI3aHHBIMU
MEXy COO0OH OJTHOPOAHBIM, IJIOTHBIM BEIECTBOM.
CokoBBIE  KaHa/IBIBI, II0 MHEHHIO F. von
Recklinghausen, cocTtosiT B IpAMOM COOOIIEHUU C
JUM@aTUIECKON CUCTEMOM, YTO COTJIACOBBIBAJIOCH C
parsggamu R. Vieussens (1705), M. Ferrein (1744) u
H. Boerhaave (1742). C tumdaTUdecKUMHU KaTULIs-
pamu, o npezacrasiaenuam F. von Recklinghausen,
COKOBBIE KAHAJIBIIBI COODIIAIOTCA OTBEPCTUIMHU
«cturmaTa» (Wiau «ctomata». — [Ipum. asm.), Haxo-
JANUMUCA MKy SHAoTennonuTaMu. K astomy
BBIBOJIY aBTOPA IIPUBEJIH JaHHbIE SKCIIEPUMEHTAIIb-
HBIX HCCIEOBAHUH, MOKA3bIBAIOIIUX, UTO MTOBEPX-
HOCTHBIE JTUM(OKAMUIIISPHI CyXOKHUIBHOTO IEHTpa
nuadparmMbel COOOIIAIOTCSA C IOJIOCTHIO OPIOIIHMHBI
npeOPMUPOBAHHBIMU  (IIOCTOSIHHO — CYIIECTBYIO-
UMU. — [Ipum. agm.) OTBEPCTUAMHU, OOHAPYKUBae-
MBIMH ~ Mexay — MesorenuonuTamu  (YepHbI-
meHko JI.B. u ap., 1985). OgHaKO MOJTHON yBepeH-
HOCTHU B pe3yJIbTaTaX CBOUX HcciaeaoBanuil y F. von
Recklinghausen He 651710. BOT KaK OH 3TO OIIHCHIBAET
B «Die Lymphgefiasse und ihre Beziehung zum Bin-
degewebe» («JIuMmdaTHuecKkue cOCybl U UX CBS3H C
COEIMHUTEJIbHOM TKAaHbI0») (1862): «Temepb BO3HU-
KaeT BOIIPOC: OPraHM30BAHO JIK BTO COOOIIEHUE
TaKuM 00pa3oM, UYTO YCThs COKOBBIX KaHAJIbIIEB
MMOKPBITHI IIPOHUIIAEMBIMU SIIUTETUATIBHBIMU KJIET-
KaMU, WIHA SIHUTeIHajbHass 000Ji0uKka cHabkeHa
OTBEPCTUSAMU, COOTBETCTBYIOIIIUMH YCThSIM COKOBBIX
kaHay10B? Mou uccieloBaHusA He MIPUBEJH K pelire-
HHIO 5TOTO Bompoca. OIHAKO 51 He X04y CKPhIBATh TOT
(akT, 4TO s CKJIOHSIIOCH KO BTOPOMY ITPEZIIOJIOMKE-
HUI0. I WIy 5TU OTBEPCTUS MEKIY OTAEbHBIMHU
SIIUTETUATPHBIMU  KJIE€TKAMH, OCOOEHHO B TeX
MecTaxX, IJIe CXOJATCS HECKOJbKO KJIETOK. J[pyrout
BOITPOC, KaK COKOBBIE KAHAJIbI CBSI3aHBI C KPOBEHOC-
HBIMH COCyZaMH. PaHbIIe 5 J0JITOE BPEMS CTapasics
JleJIaTh WHBEKIUH KaK MOKHO TIaTeJbHee Hepac-
TBOPUMBIMH BelllecTBaMH (OCOOEHHO KHTaHCKUMH
YepHUJIAMHUN) U IIPOJIEMOHCTPUPOBATH CBSI3b MEKIY
HUMM».

Ator BEIBOA F. von Recklinghausen (1862) uaro-
MHWHAeT TEOPHI0 «HACACHIBAIOIINX JIFOKOB» P. Mas-
cagni (1787). B cBoem Ttpyzme L. Landois (1891)
nuirer, uro F. von Recklinghausen cuuran, uto B
HEKOTOPBIX OpraHax MPHUBOAATCS B JEUCTBHE 0CO-
Oble HACOCHBIE MEXaHW3MbI U YTO abOMUHAJIbHAS

arises: is this communication arranged in such a
way that stomata of the juice canals are covered
with permeable epithelial cells, or is the epithelial
membrane provided with openings corresponding
to stomata of the juice canals? My research did not
lead to this issue solution. However, I do not want
to hide the fact that I am inclining to the second
assumption. I am looking for these openings
between individual epithelial cells, especially in
places where several cells converge. Another ques-
tion is how the juice canals are connected with the
blood vessels. In the past, I have long tried to make
injections as thoroughly as possible with insoluble
substances (especially, Chinese ink) and demon-
strate the link between them.”

This conclusion of F. von Recklinghausen
(1862) is reminiscent of the theory of “pumping
hatches” of P. Mascagni (1787). In his work,
L. Landois (1891) writes that F. von Recklinghau-
sen believed that in some organs special pumping
patterns are activated, and that the abdominal sur-
face of the central tendon of the diaphragm is pro-
vided with stomata or open junctions between the
peritoneal cavity and lymphatic vessels. F. von
Recklinghausen discovered that milk, applied to
the peritoneal surface of the central tendon of the
diaphragm, in the form of milk globules, passes
through the stomata and enters lymphatic vessels.
The central tendon consists of two oppositely
directed layers of fibrous tissue (Fig. 1, b, ¢). When
the diaphragm moves during respiration, these
layers alternately contract and move apart. Thus,
the space alternately expands and contracts, and
lymph is drawn into lymphatic vessels through
stomata (Fig. 1, h) [3].

Further, L. Landois (1891) describes the same
pattern of fluid pumping in the costal pleura. The
muscular fascia is another example of such a pattern.
When the muscle contracts, the lymph is forced out
of the spaces between fascial layers; when it relaxes,
the lymph from the muscle, carrying with it some of
the waste products of muscular activity, exits the
muscle into the fascia, between the layers that are
partially separated already [3].

F. von Recklinghausen proposed to consider
the juice canals connecting with lymphatic vessels
as the beginning of the lymphatic system. If we
recognize the juice canal system as the beginning
of lymphatic vessels, then it represents a system of
“tubes” that drain their own tissue fluid, and the
lymphatic vessels themselves play a role of collect-
ing tubes for removing lymph from tissue. F. von
Recklinghausen’s theory of prelymphatic path-
ways caused a lively discussion, but afterwards it
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Puc. 1. CeueHue CyX0KIIBHOTO I[eHTpa Aradparmsl (a — GpIONIMHHASA TOBEPXHOCTD CYX0XKHUJIBHOTO IIeHTpa Juadparmsl;
b, ¢ — aBa c1oa GuOPO3HOH TKaHM, PACIIOJIOKEHHBIX B Pa3HBIX HAaNIpaBIeHUAX; d — pebepHasd 1IeBpa; e — stomata, i
OTKPBITBIE COODIIEHNUsI MEK/Y IIEPUTOHEATHHOM IIOJIOCTHIO U JINM(ATHKAMH B BEIIECTBE CYXOKUIBHOTO eHTpa; f — cras-
IIIVecs CTEHKHU ITPOCTPAHCTBA; g — aHAJIOTUYHBII HACOCHBIN MeXaHU3M Ha pebepHoU mieBpe; h — 3amoiHeHHbIE TUMbATH-
YecKue MMPOCTPAHCTBA, YEPHBIN NBeT — IuM®a 3arnonHsaeT suMbaTuku yepes stomata [3]

Fig. 1. Section of the central tendon of the diaphragm (a — peritoneal surface of the central tendon of the diaphragm;
b, ¢ — two oppositely directed layers of fibrous tissue; d — costal pleura; e — stomata, or open junctions between the
peritoneal cavity and the lymphatics in the substance of the central tendon; f — collapsed walls of the space;

g — a similar pumping pattern on the costal pleura; h — filled lymphatic spaces, black color (lymph fills
the lymphatics through the stomata) [3]

[IOBEPXHOCTh CYXOXKHJIBHOTO IIeHTpa auadparmbl
cHab’KeHa YCTHUI[AMHU WJIM OTKPBITBIMU COOOIIEHU-
SIMH MeK/Ty OPIOIITMHHOUN IOJIOCTBIO U TUMdaTIIe-
ckumu cocymamu. F. von Recklinghausen oGuapy-
JKIJI, YTO MOJIOKO, HAHECEHHOE Ha OPIONIMHHYIO
[MOBEPXHOCTh CyXOXKHJIBHOTO auadparMbl, B BHJE
MOJIOYHBIX IIAPUKOB IPOXOAUT Yepe3 YCThUIA U
nomasiaer B JuMdarudeckue cocyabl. CyXOKWIb-
HBIH 1eHTp auadparMbl COCTOUT W3 JIByX CJIOEB
(pubpo3HON TKAaHU, PACIOJIOKEHHBIX B PAa3HBIX
HanpasyeHusx (puc. 1, b, ¢). Korzma nuadparma ipu-
JKETCSI BO BPEMs JIBIXaHUS, 9TH CJIOU MOTIEPEMEHHO
CKUMAIOTCA U pa3BUraTcs. Takum 06pa3oM, mpo-
CTPAHCTBO IOIEPEMEHHO PACIIUPSETCS U CXKAMa-
etcst, iuMda BTATHBAETCA B INMGbATHIECKHE COCY/IbI
yepes ycrbuiia (puc. 1, h) [3].

Hanpire L. Landois (1891) onuchIBaeT Takoi e
MEXaHH3M II€PEKAYKU JKUJKOCTH B pPebepHOU
mieBpe. Oaciys, TOKPHIBAIOIIASA MBIIIIbI, IBJIETCS
JIPYTEM TPUMEPOM TOA00HOrO Mexanwsma. Korma
MBIIIIIA COKPAIAETCst, TUM(DA BHITECHSIETCS U3 IIPO-
MEXKYTKOB MeX/Ay cyiosiMu (daciyy; KOTia OHa pac-
cnabissercs, iuMda U3 MBIIIIIBL, YBIeKas 3a co00it
YacTh OTXO/IOB MBIIIEYHOH ESATETbHOCTH, BBIXOIUT
13 MBIIIIIBL B (DACIIUIO, MEXK/TY TEIIEPH YIKe YaCTUIHO
pasziesIeHHbIMU CITOAMU [3].

F. von Recklinghausen mpezaran cuurath COKO-
Bble KAaHAJIBIbI, COEAUHSAIONIUECT C JUMQaTHIe-
CKUMH  COCy[laMH, HadajioM JuMGpaTHIECKOH
cucrembl. Ecyiv mpu3HAaTh CUCTEMY COKOBBIX KAHAITb-
1[eB 32 Havyasao JUMGATHIECKHX COCY/IOB, TO OHA
MIpEe/ICTaBJIsIET COOOH CUCTEMY «TpPYOOK», OTBOJS-
IIUX COOCTBEHHYI0 TKAHEBYIO KUJKOCTb, a CaMu
suMbaTHYECKHE COCY/bI UTPAIOT POJIb COOUPATETTh-
HBIX TPYOOK, [0 KOTOphIM JuMda ymaisercs u3s
tkauu. Teopus F. von Recklinghausen o npenumda-
TUYECKUX IyTAX BHI3BAJIA OKUBJIEHHYIO IUCKYCCHIO,
HO TO3Ke 00 3TOM Ha HEKOTOpOe BpeMs ObLIO

was forgotten for some time. However, later,
research of A.A. Sushko (1966) of lymphatic capil-
laries of the liver and the data of L.V. Chernysh-
enko et al. (1985), obtained during the investiga-
tion of the lymphatic capillaries of the central ten-
don of the diaphragm in cats and other laboratory
animals using a combined method of injection and
impregnation with a solution of silver nitrate,
showed that the juice canals (F. von Recklinghau-
sen) are not directly connected with the lumen of
lymphatic capillaries.

Thirty years after the researches of F. von Reck-
linghausen, in the above mentioned work of L. Lan-
dois (1891), a report appears on lymphatic spaces,
represented by the pericardial space with pericar-
dial fluid or lymph, as well as a large lymphatic
space around each air chamber of the lung and
between connective tissue fibrils. The author
describes within connective tissue (of bone, pala-
tine tonsil, salivary gland, etc.) numerous stellate,
irregular or branched spaces, which are connected
with each other by numerous tubular processes. In
these interconnected spaces, or lymphatic spaces,
lie the cellular elements of this tissue. Such spaces,
however, are not completely filled with cells, but
between the body of the cell and the wall of the
space, there is a gap, which may be larger or smaller.
These spaces are the so called secretory spaces, or
secretory canals, and they represent the commence-
ment of the lymphatics. Between endothelial cells
small openings, or stomata, are located (those that
F. von Recklinghausen was looking for. — Author’s
note), through which lymphatic capillaries connect
with juice canals [3].

Also L. Landois (1891), as referred to other
authors, suggests that blood vessels also communi-
cate with juice canals, and that fluid exits thin-walled
capillaries through their stomata into these spaces.
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3a0pITO0. OAHAKO B JaJbHEHIIEM HCCIeLOBAHUA
AA. Cymiko (1966) TuMQOKANWIIAPOB MEYEHU U
nanuble JI.B. YepHbilieHKO u coaBT. (1985), mosy-
YeHHblE NP WU3YyYEeHUU JIUMQOKAMUIIIIPOB CyXO-
JKUJIBHOTO TeHTpa auadparMbl KOIIKA W JAPYTHX
J1a00paTOPHBIX  KUBOTHBIX KOMOWHUPOBAHHBIM
METOZIOM HWHBEKIUHU W HMIIPETHAIIUA PacTBOPOM
HUTpaTa cepebpa, TOKa3ajIu, YTO COKOBbIE KAHAJIBI[bI
(F. von Recklinghausen) He cBs3aHbI HeIoCpes-
CTBEHHO C IIPOCBETOM JTUM(MOKAIHJIISIPOB.

30 JIET cITyCTs mocse uccaemopauui F. von Reck-
linghausen, B y:xe ymomsnytoii pabore L. Landois
(1891) mosiBnsieTcs coobIIeHrne O JIUM(paTUIECKUX
MIPOCTPAHCTBAX, KOTOPhIE TMPE/ICTABIEHBI IMEPUKAP-
JIUAJTbHBIM TPOCTPAHCTBOM C TEPUKAPAUATBHON
JKUIKOCTBIO M JTUMQOH, a TakKe OOJIBIITAM JIFM-
(aTUUeCKUM TPOCTPAHCTBOM BOKPYT KaKIOH BO3-
JIyIITHOM KaMepbl JIETKOTO U Mekay (GuOpuiiaMu
COEJIMHUTEJIPHON TKaHU. ABTOP OIKCHIBAET BHYTPH
COeIUHUTEIbHOM TKaHW (KocTH, HEOHOM MHHIa-
JIMHBI, CJIIOHHOU JKeJIe3bl U T.JI.) MHOTOUHCJIEHHbBIE
3Be3/[UaThle, HEPETYJISIPHbIE W/ PAa3BETBIIEHHBIE
MIPOCTPAHCTBA, KOTOPhIE COODIIAOTCS IPYT € IPYTOM
MHOTOYHCJIEHHBIMUA TPYOYaTBIMH OTPOCTKAMU; B
9TUX COOOIIAMIIUXCA MPOCTPAHCTBAX, MU JUMDa-
TUYECKUX IIPOCTPAHCTBAX, JIEXKAT KJIETOUHBIE BJjIe-
MEHTBI 5TOH TKaHU. DTH MPOCTPAHCTBA, OJTHAKO, HE
IIOJTHOCTBIO 3aTI0JTHEHBI KJIETKAMU, HO MEXK/Ty TEJIOM
KJIETKHU U CTEHKOH ITPOCTPAHCTBA CyII[eCTBYeT MHTEP-
BaJI, KOTOPBIA MOKET OBITh OOJIbIIE WJIU MEHBIIIE.
ITH MPOCTPAHCTBA, Kak cuuTaeT L. Landois, s1BJIsi-
JOTCsS TaK Ha3bIBAEMBIMU COKOBBIMU KaHAIaMU, U
OHU TIPEJICTABJISAIOT cO00UM Havyayio JTUMQpATHIECKUX
cocynoB (corsacuo F. von Recklinghausen). Mexay
SH/IOTETNATPHBIMU KJIETKAMU HaXOJSTCS HeOOIb-
IIIMe OTBEPCTHsA, WIKN yCcThUIA (Te, KOTOpbIe HCKAas
F. von Recklinghausen. — IIpum. asm.), mocpez-
CTBOM KOTOPBIX JUMPaTHUECKHe KaluLIsIPhl cO00-
LIAIOTCS C COKOBBIMHU KaHaJIbIaMu [3].

Taxske L. Landois (1891), co cchUIKO# Ha ApPyrux
aBTOPOB, IMPE/IOJIaTaeT, YTO KPOBEHOCHBIE COCYbI
TaKKe COOOIAIOTCS C COKOBBIMH KaHAJIBIIAMH U UTO
JKUIKOCTDh BBIXOJUT M3 TOHKOCTEHHBIX KaNWJISIPOB
Yepe3 MX YCTBHHUIA B BTU MPOCTPAHCTBA. IDTA KU/I-
KOCTb ITUTAET TKAHU, B TO BPeMsI KaK OTpabOTaHHBIE
BEIllECTBa BO3BPAIIAIOTCA B IMIPOCTPAHCTBA U JIOCTH-
rafoT JuMGaTHIECKUX COCY/I0OB, KOTOPbIE B KOHEU-
HOM HMTOTE BHIOPACHIBAIOT UX B BEHO3HYIO KPOBb [3].
B moarBep:kaenue sromy L. Landois (1891) omuce-
BaeT MMIPAIAI0 JIEHKOIIUTOB K3 KPOBEHOCHBIX
KaIlWJUIAPOB B JIUMGAaTHYECKHE COCYbl Uepe3 TKa-
HEBBbIE TTPOCTPAHCTBA. MesIKue 4acTHUIlbI, CO/lepKa-
[ecsl B OTUX IMPOCTPAHCTBAX, — HAIPUMep, MOCe
HaHEeCEeHUS TaTyHUPOBKH Ha KOXKYy U JIa’Ke KHUPOBBIE

This fluid supplies tissues, while waste products
return to the spaces and reach lymphatic vessels,
which eventually release them into the venous blood
[3]. Consistent with the above mentioned, L. Landois
(1891) describes the leukocyte migration from blood
capillaries into lymphatic vessels through tissue
secretory spaces. Small particles contained in these
spaces — for example, after tattooing the skin and
even particles of fat after injections — are absorbed
by leukocytes and passed through by them to other
organs of the body (particles of pigments used for
tattooing the finger are usually found in the first lym-
phatic gland (lymph node. — Author’s note) on the
elbow) [3].

Almost 100 years later, in 1956, S. Magari pub-
lished a report confirming the finding of F. von
Recklinghausen (1862) about the precapillary part
of the peritoneal lymphatic system, where there are
orifices of invaginations in the mesothelium, reach-
ing the lymphatic capillaries. And after another
20 years, L. Leak (1979) gave the data obtained
usinga scanningelectron microscope on 3—5-month-
old mice. He showed that in the peritoneal mesothe-
lium, lacunae are in place through which the perito-
neal cavity directly connects with the lymphatic ves-
sels of the diaphragma, i.e. the author confirmed the
point of view of P. Mascagni (1787), F. von Reckling-
hausen (1862), and S. Magari (1956) that the lym-
phatic vessels of the peritoneum communicate with
the peritoneal cavity through “stomata”. Following
F. von Recklinghausen, W. His (1863) stated that
lymphatic pathways are communicated directly
with tissue intercellular spaces that have no walls
[4]. The views of Ernst Wilhelm Ritter von Briicke
(1854) and C. Ludwig (1861) are very close to the
concept of F. von Recklinghausen. These authors
believed that the “secretory spaces” of connective
tissue, located between muscle fibers, glandular
vesicles and other parenchymatous elements, are
the commencement of the lymphatic vessel system,
and E. von Briicke considered this transition of lym-
phatic vessels into connective tissue spaces for an
absolute postulate.

Of great importance in resolving the issue of the
relationship between tissue prelymphatic spaces
and lymphatic capillaries would be clear evidence of
the absence of walls (endothelial lining) in these
spaces, which would allow to conclude that prelym-
phatic pathways and lymphatic capillaries are not a
single structure and should be classified as different
ones. Therefore, the discovery of the fact that capil-
laries, including lymphatic capillaries, are lined
with endothelium was one of the most important
discoveries in histology. This discovery goes back to
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YACTHUI[BI ITOCJIE UHBEKIINH — MOTJIOIIAI0TCS JIEHKO-
[UTAMHU U TEPEHOCATCS UMH B JPYTHE YaCTH Tesa
(gacTUIBl MUTMEHTa, WCIOJIb3YEMbIE [IJISI TaTyH-
POBKHU Tajblia, OOBIYHO HAXOJATCS B HEPBOH JIMM-
daruueckoit sxenese (TuMdaTHUECKOM y3JEe. —
ITpum. aem.) ua sokre) [3].

[TouTu yepes 100 JIEeT, B 1956 T., MOSABUIIOCH COO0-
menne S. Magari, moaTBep:kaoniee HaOI0eHIe
F. von Recklinghausen (1862) o npexanmwuigspaoM
oTpe3ke JTUMGpATHIECKOH CUCTEMbI OPIOIINHBI, T7e
UMEIOTCsI YCThsl MHBATMHAIIUN B ME30TEHUH, J0XO0-
IAMUX 70 JUM@aTHYeCKUX KalWUIAPOB. A elre
yepe3 20 jiet L. Leak (1979) mpuBes naHHbIe, TOJTY-
YeHHBbIE B CKAHUPYIOIIEM 3JIEKTPOHHOM MHUKPO-
CKOIIE Ha 3—5-MeCSYHBIX MbIax. OH MMOKa3as, uTo B
Me30TeJ MU OpIOIIMHBI HUMEIOTCSI JIAKyHBI, depes
KOTOpbIE€ TIOJIOCTh OPIOIINHBI HEIOCPEICTBEHHO
coobmiaercs ¢ JUMGATUUECKUMU COCYIaMU JHa-
¢gparmpl, T.e. aBTOp IOATBEPAWI TOYKY 3pEHUs
P. Mascagni (1787), F. von Recklinghausen (1862) u
S. Magari (1956) o ToM, uT0 TUM@ATHIECKUE COCY/TbI
OpIOMIMHBI COOOIIAIOTCS OTBEPCTHSAMH «CTOMATa» C
OpromuHHOM mosocThio. Besen 3a F. von Reck-
linghausen W. His (1863) 3asBw1, uto iuMbOHOC-
HbBIE IyTH COOOIIAIOTCA HEITOCPEICTBEHHO C TKaHe-
BBIMH MEKKJIETOUHBIMH IIPOCTPAHCTBAMU, KOTOPbIE
He UMeEIOT CTeHOK [4]. OueHpb OJIU3KH K KOHIEIIIIUN
F. von Recklinghausen Barisasr Ernst Wilhelm
Ritter von Briicke (1854) u C. Ludwig (1861). 9t
aBTOPBI CUUTAJIM, UTO «IIEeJIEBbIe IMTPOCTPAHCTBA»
COEIMHUTEIPHON TKAHHW, B3aJIO’KEHHbIE MEXIY
MBIIIIEYHBIMU BOJIOKHAMH, KEJIE3UCTHIMU ITy3bIPh-
KaMU U JPYTUMU TapEeHXUMATO3HBIMU 3JIEMEHTAMH,
MIPEJICTABJISAIOT COOOM HAYasI0 CUCTEMBI JTUMGaTHUe-
CKHX cocyzioB, mpuueM E. von Briicke mpeacraBiisia
3TOT Tepexo] TUMGATUUECKUX COCYAO0B B COEIUHU-
TeJIbHOTKAHHBIE IIPOCTPAHCTBA KaK abCOJIFOTHBIN
ITOCTYJIaT.

Ba)xHOe 3HaUeHNe B PEIeHUH BOIPOCAa O B3au-
MOOTHOIIIEHUU TKAHEBBIX MPeTuMQpaTUUECKUX Mpo-
CTPaHCTB M JUM(PATHUECKUX KAMMWLISIPOB CHITPAJIO
OBl YETKOE J0KAa3aTeJbCTBO OTCYTCTBHSA CTEHOK
(?H7OTETMATIBHON BBICTWJIKU) Y STUX IIPOCTPAHCTB,
YTO TIO3BOJIUJIO OBl C/IeIaTh BBIBOI, UTO mpeanmMba-
TUYECKHe MyTU U JuMbaTUIeCKhe KalWUIsApbl He
ABJIAIOTCH €AUHON CTPYKTYPOU M UX CJIeZlyeT OTHO-
CUTH K Pa3JINYHbIM 00pa3oBaHusAM. I109TOMY OTKpHI-
THe TOro (hakTa, YTO KANMWLIAPHl, B TOM YHCTIE U
auMbaTHYeCKUe KaIWuLIsphl, BBICTJIAHBI HSHIOTE-
JINEM, SIBUJIOCh OJTHUM W3 BaKHEHUIITUX OTKPBITUU B
THUCTOJIOTHU. DTO OTKPBHITHE BOCXOAUT K paboTam
Henryk Fryderyk Hoyer (1834—1907) 1865 r. Taxxe
umena Albert Von Kolliker (1887), Ludwig Teichmann
(1861), W. His (1863), C. Ludwig (1861) u F. von

the work of Henryk Fryderyk Hoyer (1834—1907) of
1865. Also the names of Albert Von Kolliker (1887),
Ludwig Teichmann (1861), W. His (1863), C. Lud-
wig (1861), and F. von Recklinghausen (1862)
should be associated with the development of the
concept of lymphatic capillary as a structure lined
with endothelium: capillaries form networks and
are blind-ending structures that are similar to the
lacteals of intestinal villi. H. Hoyer (1865), W. His
(1863) and F. von Recklinghausen (1862) managed
to more clearly visualize the boundaries of the lym-
phatic endothelium using silver nitrate injections,
but the study of silver nitrate samples and their
incorrect interpretation led F. von Recklinghausen
to the error, as F.R. Sabin (1912) believed, that the
sources of lymph production (lymph radicles) or
tissue spaces are part of the lymphatic system,
although the scientist himself in a number of his
works claimed that tissue prelymphatic spaces do
not have walls and direct connections with blood
and lymphatic capillaries. Also, not all scientists
confirmed the opinion of F. von Recklinghausen
about the presence of stomata and stigmata (pores,
orifices) through which lymphatic vessels (capillar-
ies) communicate with tissue channels (lymph rad-
icles), considering positive results as mechanical
defects of the technique used. Therefore, by the sec-
ond half of the 19" century, the question of the rela-
tionship of lymphatic vessels to tissue spaces in
general and to some special tissue spaces, such as
intermeningeal spaces, the subarachnoid space in
particular, had not been finally resolved (His W.,
1863; Ludwig C., Tomsa W., 1861; Sabin F.R., 1912).

The second half of the 19" century was marked
by attempts to understand the mechanism of lymph
formation. In this regard, attention was again
drawn to the problem of connection between the
lymphatic and circulatory systems. At the begin-
ning of the 19™ century, it was believed, as described
above, that blood plasma directly passes from blood
vessels to lymphatic vessels, forming lymph. Indeed,
lymph formation is associated with blood flow. But
how? Already in the middle of the 19™ century, it
became clear that there is no direct transition of
blood plasma from blood vessels to lymphatic ves-
sels. The long-existing theory of lymphovenous
anastomoses, dating back to the old experiments of
Stenon in the 17" century with mercury injection
into the lymphatic bed (described by Antoine Portal
in “De I'Anatomie et de la Chirurgie”, 1770-1773)
had not found its microanatomical proof by that
time. The German physician and pathologist
C. Ludwig (1861) and the Russian physiologist
V.V. Pashutin (1885) proposed a filtration theory of
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Recklinghausen (1862) ciienyeT cBsI3pIBaTH C pa3BU-
THeM KOHIENIINY JTUM(PATHIECKOTO KalUIapa Kak
CTPYKTYPBI, BBICTIAHHOHM SHOTEINEM: KATHJIAPbI
00pas3yIoT CETH U IIPEICTABJISIOT COOOMU CIJIETIO 3aKaH-
ypBapIuecss o00pa3oBaHUSA IOAO0OHO MJIEUHBIM
cocynam Bopcunku kumku. H. Hoyer (1865), W. His
(1863) u F. von Recklinghausen (1862) ¢ momoriipto
WHBEKIIUA HUTpaTa cepebpa yzganoch 6ojiee YETKO
BU3YJIM3UPOBATh TPAHUIIBI IHAOTENTUA JUMPaATH-
KOB, HO M3yUeHHe IIPenapaToB ¢ HUTPATOM cepebpa
U UX HeBepHasg HHTepnperanus npuseau F. von
Recklinghausen & 3a0ayxXaeHnio, Kak I0Jaraer
F.R. Sabin (1912), uro wucroxu GOPMUPOBAHUI
aum®sl (anr. BapuanT — lymph radicles) win Tka-
HEeBbIE MPOCTPAHCTBA SIBJISAIOTCS YACThiO JUM@aTH-
YeCcKOU crcTeMBl, XOTH caM Ke YUeHbBIH B psAJie CBOUX
paboT yTBep:KAasa, UTO TKAaHEBBbIe IpeauMdariye-
CKHe TPOCTPAHCTBA HE MUMEIOT CTEHOK U TPSIMBbIX
coeIMHEHUN ¢ KPOBEHOCHBIMH U JINM(QaTUIeCKUMU
KanwuigpamMu. Takke He Bce yJeHBIE ITOJITBEPIK-
nmanu mHenue F. von Recklinghausen o vaauunu cto-
Mara u cTurmata (Iopsl, OTBEPCTHS), IOCPEACTBOM
KOTOPBIX JUMGATHYECKUE COCY/Ibl (KaUJISIPBI)
COEZIMHAIOTCA C TKaHeBbIMM KaHasblamu (lymph
radicles), paccmaTpuBas IOJIOKUTEIbHBIE PE3YiIb-
TaThl KaK MeXaHHJecKue JedeKThl HCIO0JIb3yeMOM
Meronuku. ITosTomy ko BTOpO# mosioBuHe XIX B.
BOmpoc 00 OTHOIIEHUU JTUM(MATHUYECKUX COCYIOB K
TKaHEBHIM IIPOCTPAHCTBAM B LI€JIOM U K HEKOTOPBIM
CHEIUATbHBIM TKAaHEBBIM IPOCTPAHCTBAM, TaKUM
KaK MexK000JI0ueueHble ITPOCTPAHCTBA, B YACTHOCTH
cybapaxHOUJTAIBHOE ITPOCTPAHCTBO, HE ObLI pelleH
okonuaresnbHO (His W., 1863; Ludwig C., Tomsa W.,
1861; Sabin F.R., 1912).

Bropaa mnosoBuHa XIX B. 03HaMeHOBaIach
MIOIBITKAMY IOHATH MeXaHuU3M JHuM@oobpasoBa-
HUsA. B 3TOH cBsI3M BHUMAaHUE OIIATH OBLIIO 00paIeHo
K npobsieMe cooO0IeHus JUMPATHIECKOU U KPOBe-
HocHOU cucTeM. B Hauane XIX B. moJiaraau, Kak
OIMCAHO BBINIE, YTO IUIa3Ma KPOBU HEIOCPEn-
CTBEHHO IIePEXOAUT U3 KPOBEHOCHBIX COCYZIOB B
aumpaTuyeckue, 06pasys auMdy. JeldcTBUTETBHO,
auM@oobpa3zoBaHue CBSI3aHO C KpoBOTOKOM. Ho
Kak? Yxke B cepeniuHe XIX B. cTajio SICHO, YTO Ipsi-
MO TIepexo]] IIa3Mbl KPOBH U3 KPOBEHOCHBIX COCY-
JIOB B TUM@aTHIeCKue COCy/Ibl He TPOUCXOaUT. [{o-
roe BpeMs CyIIECTBOBABIIAS TEOPHA JUM(POBEHO3-
HBIX aHACTOMOB30B, BOCXOASAINAs e€Ile K CTapbhIM
onbITaM Stenon B XVII B. ¢ UHbEKIHEN PTYTU B JIUM-
daTuueckoe pycio (omucano Antoine Portal B «De
I'anatomie et de la chirurgie», 1770—1773) Tak u He
HalIa K 3TOMY BPeMEHHU CBOET0 MUKPOAHATOMUYe-
CKOTO JIoKa3aTesibcTBAa. HeMenkuil Bpad U maTosor
C. Ludwig (1861) wu poccuiickuii GuU3HOIOT

lymph formation from blood plasma. In contrast to
this theory, Rudolf Peter Henrich Heidenhain
(1880) proposed a secretion theory of lymph origin.
Both theories were close to modern ideas about
lymph formation in the sense that between blood
and lymphatic capillaries, an intermediate link was
assumed to exist — connective tissue, into which fil-
tration (Ludwig C., 1861; Pashutin V.V., 1885) or
secretion (Heidenhain R., 1880) of fluid from the
vascular bed occurs.

One hundred years after the works of F. von
Recklinghausen (1862), Arthur C. Guyton (1963)
studied the movement of a dye into the surround-
ing tissue spaces from three capsules of different
shapes with holes implanted subcutaneously.
Approximately 0,1 ml of a concentrated solution of
Evans blue was injected into each of the three cap-
sules. A low pressure of approximately 10 mm Hg
was given intracapsularly through a needle and
maintained for one hour. Following that, the cap-
sules were cut out. In each case, the dye penetrated
all areas of the intracapsular tissue and appeared
in the tissues located outside the capsule and adja-
cent to orifices. Thus, it was shown that fluid could
flow through the tissue spaces from the capsule
cavity into the surrounding tissues. Since Evans
blue binds to tissue fluid proteins, A.C. Guyton
also suggested that proteins could pass through
the same tissue spaces.

M. Foldi (1967, 1968) and J. Casley-Smith
(1976) proved the existence of channel-like gaps
(spaces) in the interstitium that carry tissue fluid,
which is then resorbed into lymphatic capillaries
through interendothelial contacts and produce
Ilymph. These “channels”, which have not the endo-
thelial lining (non-vascular pathways of preferen-
tial spread of tissue fluid towards the lymphatic
pathways) were described by M. Foldi (1967, 1969,
1999), M. Foldi et al. (2005), and J.R. Casley-
Smith (1977) as prelymphatics. In addition,
M. Foldi (1969) also did not find direct contacts
between tissue gaps and lymphatic capillaries any-
where in the human body.

But even earlier the hypothesis about closeness of
terminal lymphatic vessels was confirmed in the late
19th — early 20% centuries by Louis-Antoine Ranvier
(1869, 1897), William George MacCallum (1903,
1911), Eliot R. Clark (1909), E.R. Clark, Eleanor Lin-
ton Clark (1937). All scientists used injection meth-
ods. When injecting lymphatic capillaries, the
researchers did not find a direct connection of lym-
phatics (lymphatic capillaries) with the tissue spaces.
Lymphatics were distinguished by the integrity of
their wall, which could be destroyed only by high
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B.B. [Mamytun (1885) npemyioxkumiu GUIbTPaIHOH-
HyI0 TeOpUI0 oOpa3oBaHHsA JUMGQBI U3 KPOBSIHOU
ma3Mel. B mporuBoBec atoir Teopun Rudolf Peter
Henrich Heidenhain (1880) O6puta mnpemiokeHa
CEeKpeIMOHHAs TEOPHUs IPOUCXOXKIAEHUS JIUMOBI.
O6e Teopun NPUOIIKAINCH K COBDEMEHHBIM ITIPE/I-
CTaBJIEHUAM O JUM(GOOOpa30BaHUM B TOM CMBICIIE,
YTO MEKIYy KPOBEHOCHBIMU U JTUMQATUUYECKUMU
KaNWUIApaMyd  IPEAINoJarajaoch CyIleCTBOBAHHE
MMPOMEKYTOYHOTO 3B€HA — COEeIMHUTEIbHON TKaHH,
B KoTopyio mpoucxomut ¢uiasrparus (C. Ludwig,
1861; B.B. ITamytun, 1885) wiu cexperus (R. Hei-
denhain, 1880) »kuiKoCTH U3 KPOBEHOCHOTO PycJIa.

Cro sier cmycrsi mocie TpymoB F. von Reck-
linghausen (1862) Arthur C. Guyton (1963) usyuan
JIBUJKEHUE KDPAaCUTENsI B OKPYKAIOIIMe TKaHeBbIe
MPOCTPAHCTBA M3 BBEIEHHBIX MOJKOKHO TPEX Karll-
CyJ1 pa3Hoil GOpMBI C OTBepCTUAMU. B Kaxayo u3s
TpexX Karcysl BBOJAWIN HPUMEPHO 0,1 MJI KOHIIEH-
TPUPOBAHHOIO pacTBopa cuHero dBaHca. Hebosb-
III0€ JaBJIEHHE, OKOJIO 10 MM PT. CT., IPUMEHSLIH
WHTPAKATCYJISIPHO Yepe3 UTJIy U IOJIJIEP>KUBATIA B
TeYeHHe OJHOrO yaca. [0 HCTeueHUUu TOrO Bpe-
MeHU KaIllCyJIbl BhIpe3aniu. B kakmoMm ciaydae kpa-
CUTEJIb IPOHUKAJ BO Bce 00J1aCTH UHTPAKATIICYJIsAP-
HOU TKaHU W IMOABJIAJICA B TKAHAX 3a IpezeaaMu
KaIlCyJIbl, MPWJIETAIINX K OTBEPCTHAM. Takum
oOpazoM, OBLIO IMMOKa3aHO, YTO KUIKOCTh MOTJIA
TeYb uepe3 TKaHEeBbIe IIPOCTPAHCTBA U3 IOJIOCTHU
KaIICyJIbl B OKpY’KaloIye TKaHU. [I0CKOJIbKY CUHUH
JBaHC coeNHsIETCsS ¢ OeJIKaMU TKAHEBOU KUIKO-
cty, A.C. Guyton TakKe IPE/IIOJIOKII, UTO OEJIKH
MOIJIN TIepeMeIIaThCs Yepe3 Te Ke caMble TKaHe-
BbIE ITPOCTPAHCTBA.

M. Foldi (1967, 1968) u J. Casley-Smith (1976)
000CHOBAJIM  CYIIIECTBOBAHHE  KAHAIOMOJOOHBIX
miesied (IIpOCTPaHCTB) B WHTEPCTUIMHU, HECYIIHX
TKAHEBYIO XKUIKOCTh, KOTOPasi, Pe30pOUPYsICh 3aTEM
B JuMdaTUUeCKie KanWUIAPhl Yepe3 MeXXdHAOoTe-
JTHAJIbHBbIE KOHTAKTBI, 00pasyeT TuM@y. DTH He uMe-
OIIMEe BHAOTEJHATBHON BBICTHJIKH «KAaHAJbI»,
HECOCYZUCThIE MYTH MPEUMYIIECTBEHHOTO PacCIpo-
CTpaHeHMs TKAHEBOU JKUJIKOCTU B CTOPOHY JimMda-
TUYeCKHMX myTed, omucanbl M. Foldi (1967, 1969,
1999), M.Foldi et al. (2005) u J.R. Casley-Smith
(1977) kak npenumdaruku. Kpome toro, M. Foldi
(1969) Tax:ke HUT/IE B OpraHU3Me HE BBIABUJI IPsi-
MbI€ KOHTAKThI MEK/Iy TKAHEBBIMHU IEISAMU U JIUM-
(haTuuecKUMU KanuLIsIpaMHU.

Ho erie paHee rumoresa O 3aKPHITOCTH TEPMU-
HJIBHBIX JIMM(ATHIECKUX COCY0B ObLIa IO TBEPIK-
JeHa B koHne XIX — mauasie XX B. Louis-Antoine
Ranvier (1869, 1897), William George MacCallum
(1903, 1911), Eliot R. Clark (1909), E.R. Clark,

pressure of the forced fluid and, therefore, were ana-
tomically closed vessels, otherwise the forced fluid
would freely flow into tissue spaces. Thus, it was
shown that lymphatic capillaries are separated from
the surrounding connective tissue by a wall from
endothelial cells. This fact seemed to put an end to
the debate about whether the lymphatic system is
open or closed. This confirmation followed an earlier
misleading report by F. von Recklinghausen (1862),
who believed that lymphatic vessels connect directly
with tissue spaces, despite the fact that, as early as
the 18™ century the school of W. Hunter et al. (1762)
had provided evidence for closeness of the lymphatic
system.

At the beginning of the 20" century, an attempt
was made to approach the question of the relation-
ship between tissue channels and lymphatic capil-
laries from the point of view of their development.
Lymphatic capillaries have exactly the same rela-
tionship to tissue prelymphatic spaces as blood
capillaries. Both types of capillaries are foreign
structures that grow into the mesenchyme or pen-
etrate her. Tissue spaces are no more a part of the
lymphatic system than they are a part of the circu-
latory system.

S.J. Melzer (1896, 1911), based on the “silver
images” of F. von Recklinghausen and others,
described two different systems, lymphatic vessels
and tissue spaces, and clearly demonstrated the dif-
ference in their physiological significance.

Despite the serious criticism of the theory of
“juice canals” and “juice gaps” by Paul Rudolf August
Bartels (1909) and other authors and the fact of the
continuity of the endothelium of blood and lym-
phatic capillaries well-established at the beginning
of the 20" century, as well as new data on the struc-
ture and physiology of connective tissue, the views of
F. von Recklinghausen and C. Ludwig remained
dominant for a long time [2]. The concept of an open
lymphatic system was discussed for several decades
with varying success [4].

G.G. Cademartiri, O.A. Tazzi (1971) suggest that
perilymphatic channels are closely related to the
function of the initial lymphatic vessels. Channels
filled with interstitial fluid are often, apparently,
located near simple junctions of the endothelial
lining of lymphatic capillaries (researchers have
identified several other types of complex junc-
tions. — Author’s note). Fluid from perilymphatic
channels can drain into the lymphatic lumen
through simple valves when they open (Fig. 2).
After the valves close, there will be no backflow
(Casley-Smith J.R., 1973; Collan Y., Kalima T.,
1974; Taylor A.E. et al., 1973).
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Eleanor Linton Clark (1937). Bce yueHble UCIIOIB30-
BaJIN UHBEKITUOHHBIE MeTO/1bl. [Ipy MHBEKITUHN JINM-
(aTyecKkrx KaMWLIIPOB HCC/IeIOBAaTEN He O0HA-
PYXKWIN HENOCPEACTBEHHOTO COeAMHEeHUs JuMba-
THKOB (JTUM(MaTUIECKUX KATWJISIPOB) C TKAHEBBIMU
mpoctpaHcTBaMu. JIMM@aTUKHU OTIMYATUCH 1[€JTOCT-
HOCTBIO CBOEH CTEHKH, KOTOPYIO MOXKHO OBLIIO pas-
PYIIUTH TOJIBKO OOJIBIIIAM JIaBJIEHHEM HarHETaEMOU
JKHUJIKOCTH U, CJIeZIOBATEIbHO, OBLTM aHATOMHUYECKU
3aKPBITBIMU COCY/IaMU, WHAUe HarHeTaeMmas »KUJ-
KOCTh CBOOOJIHO TlepeTekasia Obl B TKAaHEBBIE IPO-
crpadctBa. TakuM 06pa3oM, ObLIO TOKa3aHO, UTO
auM@aTHUecKue KaUWUIAPHl OTTPAaHUYEHBI OT
OKpY’KaIoIlle COETUHUTETbHON TKAaHU CTEHKOM,
obpazyeMoll sHAOTeIUONUTaMU. IDTOT BaKT, Kasza-
JIOCH, TIOZ[BEJI YEPTY O/ AUCKYCCHUEN O TOM, OTKPBI-
TOH WJIM 3aKpPHITOH sABseTCS JHUMQaTHIECKas
cucremMa. ITO TOATBEPIKAEHHE IIOCIEI0OBATIO 3a
OoJiee paHHUM BBOZAIIUM B 3a0JIy3K/IeHHE cOO0IIe-
uuem F. von Recklinghausen (1862), koTopsbiii cuu-
TaJI, UTO JIUM(PATHUECKHE COCYbI HATIPSIMYIO CO00-
IIAIOTCS ¢ TKAHEBBIMU IIPOCTPAHCTBAMU, HECMOTPS
Ha TO, yTo eme B XVIII B. mkosna W. Hunter u gp.
(1762) mpuBOmWIA [OKA3aTEJIbCTBA 3aKPBITOCTU
auM@aTIIecKo CHCTEMBI.

B mauane XX B. ObUIa IpEANPUHATA IOIBITKA
IIO/IONTHU K BOIIPOCY O B3aMMOCBSI3U TKAHEBBIX KaHa-
JIOB ¥ TUM(bATUYECKUX KATTUJUISIPOB C TOYKU 3PEHUS
ux pa3Butui. JlumdaTtudeckue KanwuIApbl HMEIOT
TOYHO TaKO€ 7K€ OTHOIIIeHHE K TKAaHEBBIM IPEeTUM-
(aTmyecKkUM MPOCTPAHCTBAM, KaK M KPOBEHOCHBIE
KanwuiApsl. O6a THIla KaMWUIAPOB SABJISIOTCSA
Yy>KEPOTHBIMU CTPYKTYPaMH, KOTOPBIE IPOPACTAIOT
B ME3eHXUMY WJIU IPOHUKAIOT B Hee. TKaHeBBIE IPO-
cTpaHcTBa He 0Oosiee dYacTh JIUMaTHUECKOH
CUCTEMBbI, UeM YaCTh KPOBEHOCHOU CHUCTEMBL.

S.J. Melzer (1896, 1911), OCHOBBIBasICh Ha «CeEpE-
OpsiubIx n3o0paskenusnx» F. von Recklinghausen u
JIPYTHX, OMKCBHIBAJI IBE PA3JIMUHBIE CUCTEMBI, JTUM-
(aTmueckre cocysbl U TKaHEBbIE IIPOCTPAHCTBA, U
XOPOIIO BBISBUJI PA3Nuue UX (PU3UOIOTHIECKOTO
3HAYEHUS.

HecmoTps Ha cephe3HYI0 KPUTHKY TEOPHHU COKO-
BBIX KaHAJIBIIEB M COKOBBIX ITiesier [laysem Pymosn-
dom Asrycrom Bapresnbcom (1909) 1 ApYyrUMH aBTO-
paMu 1 TBEP/IO YCTAaHOBJIEHHBIN elle B Hayase XX B.
(akT HempepHIBHOCTU SHJIOTENNS KPOBEHOCHBIX U
AuM@aTHYECKUX KaNWUIIPOB, a TaKyKe Ha HOBBIE
MaTepUaJIbl 110 CTPOEHUIO U (PU3UOJIOTUU COETMHU-
TeJbHON TKaHH, B3 IsAAbl F. von Recklinghausen u
C. Ludwig ocraBayiCh TOCIIOZICTBYIOIUMHU JI0JITOE
Bpems [2]. KoHIeNmus OTKPBITON JTUM@aTHIECKOH
CUCTEeMBI 00CYy3K/1ayIach Ha MIPOTKEHUY HECKOJIBKIX
JIECATUIIETUH C TIEPEMEHHBIM YCIIEXOM [4].

T. Kalim, S. Kalima (1975) identified thin peri-
lymphatic channels in the intestinal mesentery,
through which tissue fluid flows into lymphatic
capillaries and vessels. A number of authors (Col-
lan Y., Kalima T., 1974; Casley-Smith J., 1977;
Bert J.L., Pearce R.H., 1984) believe that the
migration of fluid and especially macromolecular
solutions through the interstitial space is associ-
ated with the presence of tissue “channels” whose
distal ends are directly adjacent to the wall of the
initial lymphatic microvessels. F. Huth, D. Bern-
hardt (1977) supposed the “perilymphatic” chan-
nels are limited by the cytoplasmic processes
extending from the basal surface of endothelial
cells of lymphatic capillaries.

After receiving irrefutable evidence of the exis-
tence of tissue channels as an intermediate sub-
stance between the circulatory and lymphatic
beds, the efforts of scientists were focused on
studying the peculiarities of the distribution of
fluid flows (along prelymphatic pathways) in con-
nective tissue.

P.D. McMaster, R.J. Parsons (1939) asked
themselves the following question: “Are there real
spaces between the tissue elements? If so, does tis-
sue fluid circulate through them?” To answer this
question, they conducted the following experi-
ment. A very sharp dissecting needle was used to
make a small puncture in the skin near the earlobe
of albino mice at approximate 15 magnification.
A platinum-iridium solution of approximately
0,005 cm?3 was injected through the puncture using
a hypodermic needle (platinum — 195,08 atomic
mass units (a.m.u) (Da), iridium — 192,22 amu
(Da). — Author’s note). The dye coming out of lym-
phatic vessels initially looked like bristles or wavy
lines extending from channels, and then uniformly
stained the surrounding tissues. The researchers
concluded that the dye coming out of lymphatic
capillaries of a live mouse spreads in connective
tissue along collagen fibers. The close relationship
of connective tissue fibers with lymphatic and
blood capillaries has been known for a long time,
but the fact that fibers are used as pathways along
which substances can pass through tissues (includ-
ing for the transport of macromolecular sub-
stances) was not recognized. As a result of these
studies, it was shown that transport flows of fluid
move along fibers and fibrils (outside and inside
the fiber), and the concept of “guide rails” in con-
nective tissue arose [5]. E.R. Clark, E.L. Clark
(1937), studying the connection of lymphatic capil-
laries with blood vessels, demonstrated the rela-
tion of connective tissue with lymphatics. These
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Puc. 2. YacTUYHO pacCIIMPEeHHBIN U YACTUYHO CKATHIN JTUM(paTHIECKU KallWUIAP B IIEHTPAIBHOU YaCTH KUIIEYHOH
BOPCUHKU. JInMdaTnueckuii KanwuIsAp OKPYy»KeH IPYIIIIaMU MBIIIIEYHbIX KJIETOK, & B COOCTBEHHOH IJIACTUHKE HAXOATCS
JUMGbOIUTEI, TUIA3MaTHUYeCKHe KIETKH, GbrOpobacTsl, 203MHOGMIB U Makpodaru. O6paTuTe BHUMAaHUE HA TIOsIBJIEHUE

nepmwnMdarndyeckux kaHaoB (PC) B cTeHKe pacIIUpeHHOHN YacTy JIMMQPATHIECKOTO KaWUIsIpa
(Y. Collan, T.V. Kalima, 1974)

Fig. 2. A partially dilated and partially compressed lymphatic capillary in the central part of the intestinal villus.
The lymphatic capillary is surrounded by groups of muscle cells, and the lamina propria contains lymphocytes, plasma
cells, fibroblasts, eosinophils and macrophages. Note the appearance of perilymphatic channels (PC)
in the wall of the dilated part of the lymphatic capillary (Y. Collan, T.V. Kalima, 1974)

G.G. Cademartiri, O.A. Tazzi (1971) mpezmosa-
rajiv, 9To ¢ (PyHKIHEN HAaYaaIbHBIX JTUMQPATHIECKIX
COCYJIOB TECHO CBA3AaHBI IeprwInMdaTHIECKHe
KaHasbl. KaHasbl, 3ar0JHEHHBIE HHTEPCTUIHAIIb-
HOH KUIKOCTHIO, YaCTO, IIO-BHAMMOMY, PAaCIIOJIO-
JKEHBI OKOJIO IPOCTHIX COEIUHEHHUN SHA0TETHAIb-
HOHI CTeHKHU JUM(PaTUUECKUX KaTWLIAPOB (mccie-
JIOBATeJI  BBIJESJIM  €Ille  HECKOJbKO THIIOB
CTIOJKHBIX coeinHeHu. — IIpum. asm.). JKUAKOCTh
13 MepruInMAaTHIECKHX KAaHATOB MOYKET IPEHUPO-
BaThcsl B TUMQATUYECKUH IIPOCBET Yepe3 MPOCThIe
KJIallaHbl, KOT/Ia OHU OTKphIBatoTes (puc. 2). IToce
3aKpBITHS KJIATIAHOB OOpaTHOTO TOKa He Oyzer
(Casley-Smith J.R., 1973; Collan Y., Kalima T., 1974;
Taylor A.E. et al., 1973).

T. Kalim, S. Kalima (1975) BBIZEIMIN TOHKHE
neprwIuMbaTHYECKe KaHAJIBI B OpbDKENKe KHUIITKH,
10 KOTOPBIM TKaHEeBas MUAKOCTh CJIeyeT B TuMda-
TUYECKHE KAIWLIAPBl U COCYAbl. Psi aBTOPOB CUM-
tator (Collan Y., Kalima T., 1974; Casley-Smith J.,
1977; Bert J.L., Pearce R.H., 1984), uto Murpanus
JKUIKOCTH M O0COOEHHO PACTBOPOB MAaKpPOMOJIEKYJT
yepe3 MHTEPCTUIIHATBHOE ITPOCTPAHCTBO CBs3aHA C
HaJIMYMEeM TKAHEBbIX «KAHAJIOB», JHCTaJbHbIE
KOHIIBI KOTOPBIX IIPHUMBIKAIOT HEIIOCPEJICTBEHHO K
CTeHKEe WHUITHAIbHBIX TNM(GATUUECKHX MUKPOCOCY-
moB. F. Huth, D. Bernhardt (1977) cuurtanu, uto
«mepwinM@aTHYecKre»  KaHaJdbl  OTPAHHYEHBI
[UTOILIA3MATUYECKUMHU OTPOCTKAMU, OTXOASAIAME
oT 6a3abHOI MOBEPXHOCTH SHOTETHABHBIX K-
TOK JTUM(PATHUECKUX KAIUJLISAPOB.

views were criticized by D.A. Zhdanov (1952),
although in some cases he allowed for the possibil-
ity of water molecules moving along connective
tissue fibers [2, 5]. As for the question of the con-
nection of blood capillaries with the interstitial
space, D.A. Zhdanov considered the endothelium
of blood capillaries as a semipermeable membrane
separating the blood from the “tissue” or “lacunar”
fluid filling the “intercellular gaps”, “intratissue
spaces or lacunae”, etc.; and this fluid washes the
parenchyma cells. It is separated from the lumen
of lymphatic capillaries by the endothelial mem-
brane of their wall, which, according to many
authors, is penetrated by pre-existing orifices [2].

1. Russu, O. Lucaci (1958), S. Magari (1956, 1957,
1962) and M. Fabian (1969), defending the opinion
about the existence of lymphatic gaps in tissues,
called them lymphatic precapillaries.

The solution to the question of the existence of
channels for free spread of fluid in connective tis-
sue forced scientists to turn to physiological con-
cepts regarding the direction of movement of the
capillary filtrate in the interstitium. E.M. Landis,
J.R. Pappenheimer (1963) identified two systems
of paracapillary transport of interstitial fluid: in
one of them, part of the capillary filtrate returns to
blood flow; in the other, microflows of fluid are
oriented to the roots of the lymphatic system (lym-
phatic capillaries). And, what is especially impor-
tant, protein macromolecules also rush into lym-
phatic capillaries.
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[Tocste mosTydeHMsT HEOCTIOPUMBIX I0KA3aTeIbCTB
CYIIIECTBOBAHUS TKAHEBBIX KAHAJIOB, KAK IIPOMEXKY-
TOUYHOU CyOCTAaHIIUU MEXKAY KPOBEHOCHBIM U JIUM-
daTmyeckuM pyciaMu, YCWINSA YUYEHBIX OBLIH
HaIpaBJIeHbI Ha U3y4YeHHe 0COOEHHOCTEN pacipee-
JIEHUs KUJIKOCTHBIX IMOTOKOB (10 mpenumdaTrye-
CKHM IIyTSIM) B COEJUHUTEIPHON TKAHH.

P.D. McMaster, R.J. Parsons (1939) mocraBuin
nepes; coboil cienyromuii Bormpoc: CyIiecTBYIOT JIH
peasibHbIe TPOCTPAHCTBA MEXKITY (POPMEHHBIMHU dJIe-
MeHTaMu TKaHei? Eciu fa, TO OCYyIIeCTBIIsAETCS JIN
yepe3 HUX IUPKYJANUSA TKaHEBOH kuakoctu? Jlis
pelleHns 5TOTo0 BOIPOCA OHU IIPOBEJIU CIIEAYIOIIIH
skcnepuMeHT. OUeHb OCTPOH IpenapoBaJIbHOU
UTJIOH OBUI C/ieJIaH MaJIeHbKUH MTPOKOJI KOXKU BO3JIE
KOHUMKA yXa OeJIbIX MBIIIEH O JTUH30H, YBETHIN-
BalOIel IPUMEPHO B 15 pa3. Yepes MPOKOJI UTJION
JUTS TIOJTKOKHBIX UHBEKITUN BBOAVJIH ILIATUHO-UPHU-
JIUEeBBIA PACTBOP 00BEMOM IIPUMEPHO 0,005 CM3
(mnatuHa — 195,08 aTOMHOM €QUHHIBI MAacCChl
(a.e.m.) (J1a), upuanii — 192,22 a.e.m. ([1a). — ITpum.
asm.). Kpacuresib, BBIXOJAIAHN U3 TUMGPATHIECKUX
COCYZIOB, CHaUaJIa BBITVIAZEN KaK IMETHHKH WIH BOJI-
HUCTBbIE JIMHUM, OTXOMSIINE OT KAaHAJOB, a 3aTeM
PaBHOMEDHO OKpAIIWBajJ OKpPYXKAIOIHe TKaHU.
VccnemoBaTensiMu ObLI c/ieIaH BBIBOJ, UTO KPAcCKa,
BBIXOAAINAsA U3 JUM(ATHYECKUX KaMHJUISIPOB
JKHBOUM MBI, PACIPOCTPAHSAETCS B COENUHUTEIb-
HOH TKAaHU BJ[0JIb KOJIATEHOBBIX BOJIOKOH. TecHas
CBsI3b BOJIOKOH COEITMHUTEJIPHOU TKAHU ¢ JTUMpaTH-
YeCKMMH ¥ KPOBEHOCHBIMH KaIWJUIApaMH ObLia
M3BECTHA JIaBHO, HO TOT (PAKT, YTO BOJIOKHA HCIIOJIb-
3YIOTCSI B KauecTBe IyTel, M0 KOTOPHIM BeIeCcTBa
MOTYT IEPEMENIATHCS Yepe3 TKAaHU (B TOM YUCIIe U
JUUISl TPAHCIIOPTUPOBKY BEIIECTB ¢ OOJIBIINME MOJIe-
KyJaMu), He ObLI Tpu3HaH. B pesysbraTe 3THX
HCCJIeIOBAaHUH OBLIO IMTOKA3aHO, UTO TPAHCIOPTHBIE
IIOTOKU JKHUJIKOCTU JBIIKYTCA BJOJIb BOJIOKOH U
ubpunn (cHapy:ku W BHYTPU BOJIOKHA), U BO3-
HUKJIO IIPEJICTaBJIEHNE O « HAITPABJISIONIUX PETbCax»
B coeguuuTenbHoi Tkanu [5]. E.R. Clark, E.L. Clark
(1937), uzyuas cBsa3b TUMGATUUECKUX KATTUJLISPOB
€ KPOBEHOCHBIMU COCY/IaMU, IIPOIEMOHCTPHUPOBAIH
CBSA3b COETMHUTETHLHON TKAHU ¢ TUMGAaTHKaAMU. DTH
B3IVIAZbI OBLTH TOABEPTHYTH KpuTrke J[.A. YKmaHo-
BBIM (1952), XOTsI B HEKOTOPBIX CJIy4asX OH JIOIy-
CKQJI BO3MOKHOCTHh II€pEMEIEHUs MOJIEKYJI BOJbI
[0 XOMy COeNVMHUTETHLHOTKAHHBIX BOJIOKOH [2, 5].
UTo KacaeTcs BOIPOCA CBA3M KPOBEHOCHBIX KaTIIMJI-
JIIPOB € WHTEPCTUIMATIBHBIM IIPOCTPAHCTBOM, TO
J.A. JKnaHoB paccMaTpuBas 3HA0TEINNH KPOBEHOC-
HBIX KANWUIAPOB KaK IOJYIIPOHUIIAEMYIO MeM-
OpaHy, OTHEAIONUIYI0 KPOBb OT «TKAHEBOH» WJIHN
«JIAKyHapHOU» KUJIKOCTH, B3aIOJIHSIONIEH «MeXK-

It is interesting that in the second half of the
20" century some authors continued to share the
views of F. Von Recklinghausen, despite the dubi-
ousness of the experimental evidence for his
hypothesis. This position was expressed most cat-
egorically by A. Silberberg (1979). He argues that
the initial lymphatic pathways (terminal lymphat-
ics, lymphatic capillaries) are simply extensions of
interstitial channels. The only difference is that
some channels (lymphatic capillaries. — Author’s
note) have the endothelial lining, while others
(prelymphatic canals. — Author’s note) have not.
But that many scientists have used only this fact
as the basis for dividing prelymphatic pathways
and lymphatic capillaries. Further, A. Silberberg
(1979) expressed the opinion, accepted among
lymphologists today, about the exit of fluid from
tissue channels through open junctions between
endothelial cells; when the closely spaced prelym-
phatic canals are emptied as a result of the suction
action of the terminal part of the lymphatic sys-
tem, the junctions between the endothelial cells
close and temporarily separate the lumen of the
lymphatic capillary and the interstitial space [4].
C. Wiederhielm (1972), G. Rutili, and K.E. Arfors
(1976) also were proving persistently that the lym-
phatic capillaries are nothing more than a contin-
uation of the interstitial space [4]. At the same
time, S. Rodbard (1975) showed that the lymph
composition differs from the capillary ultrafil-
trate, which would be impossible if tissue chan-
nels were in direct connection with lymphatic cap-
illaries [6]. However, later V.V. Kupriyanov (1981)
noted that it is unknown what kind of fluid the
prelymphatic channels carry: lymph or prelymph?
This question about the identity of lymph and pre-
lymph, as V.A. Shakhlamov and A.P. Tsameryan
(1982) point out, requires comprehensive veri-
fication.

After obtaining irrefutable evidence of the exis-
tence of an intermediate link between blood and
lymphatic capillaries, persistent attempts were
made to describe in detail the possible pathways of
fluid transport in the interstitium. Researchers
identified the parafibrillar pathway (interfibrillar
spaces) and tissue channels which, although not
necessarily, may have their own “walls”, but must
be structured formations [6]. According to
A.M. Chernukh et al. (1975), if the role of fibrillar
elements in prelymphatic fluid flow is sufficiently
substantiated, then the participation of tissue chan-
nels in this process required further study. How-
ever, in some cases, the vagueness of the descrip-
tion of the prelymphatic pathways of fluid transport
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KJIETOYHBIE IeJIU», «BHYTPUTKAHEBBIE IIPOCTPaH-
CTBA WX JIAKYHBI» W T.II., 9TA JKUAKOCTH OMBIBAET
KJIETKU TMmapeHXuMbl. OHa OTJejIeHa OT IIPOCBeTa
JaUMGATHYECKUX  KAMWUISAPOB  SH/IOTETHAIbHOU
MeMOpaHOH UX CTEHKH, KOTOpas, 0 MHEHUIO MHO-
TUX aBTOPOB, IIPOHU3aHA IMPEJICYIIECTBYIOIIUME
oTBepCTUAMH [2].

I. Russu, O. Lucaci (1958), S. Magari (1956, 1957,
1962) u M. Fabian (1969), orcrauBas MHEHHE O
CYIIIECTBOBAHUU JIMM(PATHUECKUX ITeJIeHd B TKAHAX,
Ha3bIBAIA UX INM(PATUUECKUMU TPEKATTIISPAMU.

Pemmenve Bompoca O CYIECTBOBAHUU KaHAJIOB
CBOOOJTHOTO PACIIPOCTPAHEHUS KUJIKOCTU B COEJIH-
HUTEJIbHON TKAHU 3aCTABUJIO YUEHBIX OOPATUTHCS K
(pHUBHOJIOTHYECKUM ITPEICTABJIEHUSAM OTHOCUTETHLHO
HaIpaBJIEHUs TIEPEMEIEHUs] KAMUUIIPHOTO (QUIh-
tpata B mHTepcruiuu. E.M. Landis, J.R. Pappen-
heimer (1963) BbIZIeJTHIIN JIBE CHCTEMbBI TTapAKAITHII-
JIIPHOTO TPAHCIOPTA HHTEPCTUIHMAJIBHOU JKUJIKO-
CTH: TO OJHOH W3 HHUX YacTh KaMWIIAPHOTO
¢unpTpaTa Bo3BpalaeTcsa B KPOBOTOK, IO JIPYroM
MIPOUCXOUT OPUEHTAINS MUKPOIIOTOKOB KHUJIKOCTH
B KOpHU JUMGATUUECKOU cucreMbl (Tumdartuye-
CKHe KamwuIsApbl). M, 4To 0cCOOEHHO BayKHO, B JIUM-
(aTuueckre KanwuIApbl YCTPEMIISIOTCS U MaKpO-
MOJIEKYJIBI OEJIKOB.

WuTepecHo, 4To BO BTOPOH IMOJ0BHHE XX B.
HEKOTOpbIE  aBTOPBHI  IMPOJOJDKATUA  Pa3fesATh
B3rsaabl F. Von Recklinghausen, mecmoTrpsi Ha
COMHHUTEJIbHOCTh ~ AKCIEPUMEHTAJIbHBIX  J0Ka3a-
TEJIBCTB €ro rurnore3bl. Hanbosiee KaTeropuaHO 3Ta
mo3unus BbipaskeHa A. Silberberg (1979). Oun
VTBEPIK/IAET, UTO HavaIbHbIe TUMQpATHUECKUE IyTH
(terminal lymphatics, 1umdaTuyeckre Kamusapbl)
SIBJIAIOTCSL TIPOCTO  paciniupeHusmu (extensions)
WHTEPCTUITUATBHBIX KaHAJIOB. Pa3HWIlAa 3aK/rova-
€TCsI JTUIIH B TOM, YTO B OTHUX KaHaJIaX (B tuMdaTH-
YeCKUX KanwuiAapax. — IIpum. agm.) ecTb SHIOTETU-
aJyibHas BBICTUJIKA, a B APYTUX (MpetuMQaTHIECKUX
KaHasax. — [Ipum. agm.) ee HET. A BeZlb UMEHHO 3TOT
(hakT MHOTUMH YUEHBIMHU MTOJIOKEH B OCHOBY paszie-
JeHus mnpenuMdarudeckux mytedl u jumdarude-
ckux kKanwuiapoB. Janee A. Silberberg (1979)
BBICKA3bIBAET MIPUHATOE B HACTOSIIIEE BPEMS CPEIH
JTUMGOJIOTOB MHEHHE O BBIXO/IE YKUJIKOCTH 13 TKaHe-
BBIX KAQHAJIOB Yepe3 OTKPHIThIE KOHTAKTHI MEXKIY
SH/IOTEJINOIUTAMHU; KOT/Ia B pe3yJIbTaTe MPHCaChIBa-
OIIETO JIEUCTBUSA TEPMUHAJIBHOTO OT/Eesa TuM@aTu-
YECKOU CHCTEMBI OIIOPOKHSIOTCA OJIU3PACIIOIOKEH-
HbIe IpeauMdaTHIecKre KaHaIbl, KOHTAKTHI MEXKIY
SHJIOTEJIUOIUTAMU 3aKPBIBAIOTCS ¥ BPEMEHHO Pas3hb-
eIUHSIOT MMPOCBET JINMQOKANMILIIApA U UHTEPCTH-
nuajgbHoro mpoctpancTBa [4]. C. Wiederhielm
(1972), G. Rutili u K.E. Arfors (1976) Tak:xe HaCTOMH-

does not allow to determine which of the two path-
ways is being discussed.

Considerable attention to the morphological
identification of tissue channels was paid by
J.R. Casley-Smith and his collegues (1977),
J. Schroer, G. Hauck (1969, 1977), G. Hauck et al.
(1977, 1978, 1985), Ya.L. Karaganov et al. (1981),
V.I. Kozlov et al. (1981, 2005). The works of
G. Hauck and J.R. Casley-Smith deserve the great-
est attention.

The description of “relatively low-resistance
channels” in the interstitium (fluid transport path-
ways. — Author’s note) was presented in a series of
works by G. Hauck et al. (1973, 1977, 1978, 1980,
1987) based on intravital microscopic studies of
the mesentery of experimental animals using fluo-
rescent indicators — brilliant sulfaflavine
(404,37 a.m.u. (Da). — Author’s note), FITC (fluo-
rescein isothiocyanate-tagged) albumin; FITC
(without albumin) — 389,4 a.m.u. (Da). — Author’s
note) [6—9]. The researchers studied the transin-
terstitial pathway between blood microvessels and
the terminal section of the lymphatic system of the
mesentery. Maximum permeability for FITC albu-
min was observed in the venular section of the
microcirculatory bed, and the intravascular lumi-
nescence of the dye was disrupted (which indi-
cated the exit of the dye from the vascular bed. —
Author’s note) lengthwise long thin fibers, the flu-
orescence intensity of which depended on the
intravascular concentration of the dye (an increase
in the fluorescence intensity of the fibers amid a
decrease in the concentration of the dye in the ves-
sel. — Author’s note). This observation allowed
researchers to suggest that the predominant path-
way of fluid passage is precisely along the fibers
(Clough G., Smaje L.H.,1978). J. Schroer, G. Hauck
(1977) assumed that low-resistance water channels
around collagen fibrils communicate with prelym-
phatic pathways and then with terminal lymphatic
vessels. A number of authors argue that these
channels reflect the position of the elastic fibers
along which the injected dyes spread and which
also communicate with lymphatic capillaries;
therefore, it can be said that such pathways occupy
a parafibrillar position in connective tissue (Cher-
nukh A.M. et al., 1975; Hauck G. et al., 1978).
1. Rusznyak et al. (1960, 1967) likened the parafi-
brillar pathway to a liquid film enclosed between
two glasses. Later, X. Han et al. (2017) clarified
that the transportation of fluid and dissolved sub-
stances is carried out more easily through the sur-
faces of bundles than through their internal
spaces [10].
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YMBO [IOKA3bIBAJIM, UTO JHM@aTHUECKUe KaIluI-
JISIPBI €CTh HE YTO WHOE, KaK MPOI0JIKEHNEe HHTEP-
CTUITMAJIBHOTO IPOCTPaHCTBA [4]. B 5T0 3ke Bpems S.
Rodbard (1975) mokasas, uTo cocTaB JUMOBI OTJIN-
Yaercsi OT KaWLISAPHOTO yabTpaduibTpaTa, 4TO
O6bUIO0 OBl HEBO3MOXKHO IIPU HEMOCPEICTBEHHOM
COOOIIEHNY TKAHEBBIX KAHAJIOB C JIUM(PaTHIECKUMU
kanwuiapamu [6]. OgHako mos3aHee B.B. Kympus-
HOB (1981) oTMeuas1, YTO HEU3BECTHO, KAKYIO KU~
KOCTh HecyT IpeauMdaTudecKue KaHaIbl: UMy
win npeauMdy? IATOT BOIPOC 00 HJIEHTHYHOCTH
auM@s! u npenuMdsl, Kak ykassipaioT B.A. [laxa-
moB, A.Il. [Tamepsn (1982), TpebyeT BCECTOPOHHEH
MIPOBEPKH.

[TocJte moJTyueHHsT HEOCTIOPUMBIX I0KA3aTeIbCTB
CYIIIECTBOBAHUS IIPOMEKYTOUHOTO 3BE€HA MEKIY
KPOBEHOCHBIMU U JIMM(MATHUECKUMHU KalHUIIPAMU
NpeAIPUHUMAIUCH, HACTOMYMBBIE IOIBITKUA IIOJ-
po6HO onucaTh BO3MOKHBIE IIYTH TPAHCIIOPTA JKU/I-
KOCTH B MHTepCTUIMH. VlccaemoBaTean BTN
napaduOpWUIAPHBIA IyTh (MeXOUOPHUIUIAPHBIE
IIPOCTPAHCTBA) U TKAHEBbIE KAHAJIBI, KOTOPHIE, XOTS
U He 0053aTeJIbHO, MOTYT HMETh COOCTBEHHBIE
«CTE€HKU», HO JIOJIKHBI OBITH CTPYKTYPHO O(OpM-
JIeHHBIMU oOpaszoBanusaMu [6]. Ilo mHeHuro A.M.
YepHyx U coaBT. (1975), €CJTH posib GUOPUILIAPHBIX
BJIEMEHTOB B HPeUM@PaTHYECKOM TOKE KUIKOCTH
JIOCTaTOYHO OOOCHOBaHA, TO ydYacTHe TKAHEBBIX
KaHAaJIOB B 3TOM IIpoliecce TPeOOBAIO TATbHEHUIIIETO
nsydeHusi. OZHAKO B HEKOTOPBIX CIydasx HeUeT-
KOCTb ONMcaHuA NpeauMdaTUIecKux IyTel TpaHc-
[opTa JKUIKOCTH HE II03BOJISET OIPEJETUTh, O
KaKOM U3 JIByX ITyTel U/IET PeUb.

3HAUNTEIPHOE BHUMAaHHE MOPQOJIOTHUECKOU
UaeHTU(PUKAIUA TKAHEBBIX KAHAJIOB  y/IEJIsIN
J.R. Casley-Smith u ero corpyguuxku (1977),
J. Schroer, G. Hauck (1969, 1977), G. Hauck et al.
(1977, 1978, 1985), A.JI. Kaparasos u coasr. (1981),
B.U. KosioB u coast. (1981, 2005). Haubosibiiero
BHUMAaHUA 3aciaykmBaioT paboter G. Hauck u
J.R. Casley-Smith.

OnucaHve «KaHAJIOB C OTHOCHUTEJIHHO MAaJIbIM
COTIPOTHBJIEHNEM» B HWHTEPCTUIWU (IIyTH TpaHC-
IopTa KUAKOCTU. — [Ipum. aem.) OBLIIO TpeICTaB-
JieHo B cepuu pabot G. Hauck et al. (1973, 1977, 1978,
1980, 1987) Ha OCHOBe MPHUKU3HEHHBIX MUKPOCKO-
MMUYECKHUX HCCIIEJIOBAHUNA OPBIKEHKH SKCIIEPUMEH-
TaJIbHBIX )KUBOTHBIX C TIOMOIIIHIO JITIOMUHECI[EHTHBIX
WHIUKATOPOB — OprinaHTcyibdadiaBuHa (404,37
a.eM. ([a). — IIpum. asm.), ®UTII-ansbymuHa
(fluorescein isothiocyanate-tagged albumin (ans6y-
MUH, MEYEHHBIH (IIyopecrenHN30THOIIAHATOM);
OUTI] (6e3 anvOymuHa) (389,4 a.e.m. (J1a). — ITpum.
asm.) [6—9]. UccenoBaTen U3YUHIN TPAHCUHTEP-

G. Hauck et al. did not detect any endothelial
cell-like cellular elements in prelymphatic chan-
nels using either light or electron microscopy
(Casley-Smith J., 1977). The data of G. Hauck et al.
(1979) differ from the results of studies by other
authors who observed the distribution (of large-
molecular substances. — Author’s note) of peroxi-
dase dyes (44 173,9 Da. — Author’s note), glycogen
granules (molecular weight of the largest glycogen
molecules, containing about 50 000 glucose resi-
dues, reaches 8 mln Da. — Author’s note), and sac-
charate ferric oxide (43 000 Da. — Author’s note)
along collagen fibers. Another part of the prelym-
phatic pathway, according to G. Hauck et al., is
represented by a system of tissue channels, which
are clearly visible during dark field biomicroscopy,
and their diameter is equal to the diameter of cap-
illaries. This part of the drainage system is located
between the elastic fibers and lymphatic capillar-
ies. According to J.R. Casley-Smith (1977), these
prelymphatic pathways are present in organs hav-
ing no lymphatic capillaries, i.e. in the brain and
retina, although later J.R. Casley-Smith also
described these channels in the villi of the small
intestine and subcutaneous tissue (data are given
below).

Thus, according to G. Hauck et al., the prelym-
phatic pathway of fluid flow connecting the blood
and lymphatic capillaries is formed by a system of
fibers (parafibrillary pathway) and tissue channels.
Later, L.V. Chernyshenko et al. (1985) specified that
the direct connection between venular microvessels
with high permeability for proteins and lymphatic
capillaries is formed by a system of elastic fibers and
tissue channels.

In the works of scientists of the J.R. Casley-
Smith group (1977, 1978, 1979, 1980, 1983) for
detection and morphological identification of inter-
stitial channels various methodological approaches
were used, allowing to obtain ultrastructural data
on a spatial organization and parameters of these
channels. The ion-precipitate technique and the
method of studying corrosion preparations using a
scanning electron microscope are described in the
most detail.

The ion-precipitate technique was used to
obtain quantitative data and showed a non-homo-
geneous distribution of ions in the matrix [6].
J.R. Casley-Smith et al. (1976, 1978, 1980, 1982)
used the following low-molecular dyes: ferrocya-
nide, ferritin and methyl methacrylate tracers in a
combination with transmission and scanning elec-
tron microscopy. The tracers were injected into
Guyton capsules implanted under the skin of
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CTUITUAJIBHBINA IIYyTh MEXKIYy KPOBEHOCHBIMH MHUKPO-
COCy/IlaMU U TEPMUHAJIBHBIM OT/IEJIOM JInMQaTHIe-
CKOH cucTeMbl OpbDKeHKU. MakcuMasbHas IIPOHU-
[[aeMOCTh Uil (bJIyOPECIEHTHOTO  KpacHTeJi,
CBABAHHOIO € aJbOYMHHOM, HaAOJII07]alach B BEHY-
JIIPHOM  OTZleJle MUKPOIUPKYJIATOPHOTO Pycia,
IIpUYeM BHYTPUCOCYAUCTAS JIIOMUHUCIIEHITUS Kpa-
cuTesis ObUIa HapylieHa (4TO CBHJIETEILCTBOBAJIO O
BBIXOJIe KPACUTEJISI U3 COCY/TUCTOTO pycia. — Ilpum.
asm.) BAOJIb JJIMHHBIX TOHKUX BOJIOKOH, HHTEHCHB-
HOCTH (DJIyOpPECIIEHIINH KOTOPBIX 3aBHCEsIa OT BHY-
TPUCOCYZAUCTON KOHIIEHTPAIUU Kpacutess (TOBbBI-
IIeHUe WHTEHCUBHOCTU (IIyOpPEeCYeHIIMN BOJIOKOH
Ha (OHE CHUKEHUs KOHIEHTPAIIMU KPAaCHUTENs B
cocyzie. — ITpum. aem.). 9To HaGIIO/IEHNE JIATI0 BO3-
MOXKHOCTb HCCJIEZIOBATEJISIM BBICKA3aTh IIPEZIIOJIO-
JK€HUEe O IPEUMYI[ECTBEHHOM IIyTU HPOXOKIEHUs
JKUAKocTH uMeHHO 1o BosiokHam (Clough G,
Smaje L.H., 1978). J. Schroer, G. Hauck (1977) npen-
MIOJIOJKIJIM, YTO BOJIHbIE KaHAJBI ¢ HUBKUM COIIPO-
THUBJIEHUEM BOKPYT KOJLJIATEHOBBIX (PUOPUILIT COEU-
HAIOTCS ¢ IpeTUMMATHIECKUMHU MYTAMH, a 3aTEM C
TEPMHUHAIBHBIMU JTUMGPATHIECKUMU cocyAamMu. Psj
aBTOPOB YTBEPXKAAIOT, UYTO 3TH KAHAJIBI OTPaXKAIOT
MIOJIOKEHHUE 3JIACTUYECKHUX BOJIOKOH, BJIOJIb KOTOPBIX
U PaCIpOCTPAHSIOTCS BBEJEHHBbIE WHUKATOPHI U
KOTOpbIE TaK)Ke COeAUHSIOTCS C JTUM(PaTHIECKUMU
KaWUIAPaMU; CJIeIOBATETLHO, MOKHO TOBOPHUTH O
TOM, UTO TAKHe IIyTH 3aHUMAIOT B COE/IMHUTEILHOM
TKaHU mapadubpwuiapHoe mosoxenne (Yep-
Hyx A.M. u gp., 1975; Hauck G. et al., 1978).
I. Rusznyak et al. (1960, 1967) ymomobwiu napadu-
OPWLISIPHBIN MPOBOASAIINI IYyTh IJIEHKE KUIKOCTH,
3aKJIIOUEHHOH MeXAy JMAByMs crekiaamu. I[lozxe
X. Han et al. (2017) yTOYHIIH, YTO TPAHCIIOPT KU/~
KOCTH U PACTBOPEHHBIX BEIIECTB OCYIIECTBIISETCS
0oJ1ee JIETKO Uepe3 MOBEPXHOCTH IIyYKOB, YeEM Uepe3
UX BHYTPEHHUE IIPOCTPaHCTBa [10].

KeTouHbIX 37IEMEHTOB THUIIA SHJIOTEJIMOIUTOB
G. Hauck et al. B mpestumdarnuecknx kaHajax He
BBISIBUWIM HU IIPU CBETOBOW, HU IIPU 3JIEKTPOHHOU
mukpockonuu (J. Casley-Smith, 1977). anubie
G. Hauck et al. (1979) otmuarTest OT pe3yJsIibTaTOB
WCCIEZIOBAHUN JIPYTUX AaBTOPOB, HAOJIIOIABIIAX
pacmpenesienue (KpyITHOMOJIEKYJISIPHBIX BEIECTB. —
Ipum. asm.) Kpacurejien IIEPOKCUA3HI
(44 173,9 Ha. — IIpum. aem.), TpaHyJ TJIMKOTEHA
(MostekyspHas Macca HanboJiee KPYITHBIX MOJIEKYJT
IJINKOTEHA, COJIEPIKAIIUX OKOJIO 50 00O OCTaTKOB
[JTIIOKO3bI, socturaer 8 mutH Jla. — Ilpum. asm.),
caxapaTa okucH xkesesa (43 000 [da. — ITpum. asm.)
BJIOJIb KOJLJIATEHOBBIX BOJIOKOH. JIpyras wacTtp mpe-
suMdaTHYECKOro MyTH, Mo JanHbeiM G. Hauck et al.,
MpeJicTaBjieHa CUCTEMOU TKAHEBBIX KaHAJIOB,

experimental animals (see the method above).
According to the authors, the density of “intersti-
tial channels” in normal tissues (data on the villi of
the small intestine are mainly given) varies from
0,5 to 1,6/um? of section area. In the connective
tissue surrounding the Guyton capsule, they are
fewer — 0,48/um?. The measured radii of the chan-
nels are given in the range of 40—100 nm (signifi-
cantly smaller channel sizes (10 nm diameter) are
given below when measuring corrosion replicas by
the same authors; perhaps they meant the length
of the channels?). In the intestinal villus, these
channels are oriented preferentially near the
fenestrated areas of the endothelium and connect
the arterial and venous parts of capillaries. Based
on the distribution, length and diameters of the
identified channels, as well as on some assump-
tions about the values of pressure and concentra-
tion, J.R. Casley-Smith (1976) also attempted to
calculate the possible change in protein concentra-
tion [6]. As a result of these studies, the opinion
was confirmed about the presence of a certain spa-
tial position of hydraulically conductive pathways
in the capillary wall and in the interstitial space,
prelymphatic, including parafibrillar, pathways
for fluid movement to lymphatic capillaries [4].

A more visual representation of the spatial
organization of these “channels” was obtained by
studying corrosion preparations (replicas) using a
scanning electron microscope [6]. Prepolymerized
methyl methacrylate (an easily polymerized finely
dispersed resin (100 Da. — Author’s note)), the
particle size of which is 10 nm, a well-known tracer
of the pathways of large water-soluble molecules,
was injected into the vascular bed. After appropri-
ate tissue treatment, it was shown that the tissue
“channels” are characterized not only by a fairly
narrow diameter, but also by a low density of dis-
tribution in the interstitial space, on average
1 “channel” per 1 um? of tissue (which coincides
with the data of the ion-precipitate technique. —
Author’s note) (Kupriyanov V.V. et al., 1983; Cas-
ley-Smith J.R., Vincent A.H., 1980). The tracer
particles penetrated into the interstitium, where
they were detected as thread-like precipitates, the
diameter of which reached 10 nm, which coincided
with the size of the resin particles injected. The
resin particles sometimes formed a semblance of
intertwining or branching cords in connective tis-
sue. Most of these cords were found between the
arterial and venous parts of blood capillaries (as in
the previous method. — Author’s note). They
seemed to be connected with the lumens of
microvessels, especially those with highly perme-
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XOPOIIIO BBISIBJISEMBIX TPYU OMOMUKPOCKOIIMH B TEM-
HOM II0JI€, ¥ UX IUaMETP PaBeH AUaMeTPY Kamujiisi-
pOB. DTa YacThb APEHA’KHOU CHCTEMBI PaCIIoIaraeTcs
MKy 2JIaCTUYECKMMHU BOJIOKHAMU U JHM@OKa-
munapamu. Ilo gauasiM J.R. Casley-Smith (1977)
9TU TpeauMdaTHUecKue IyTH IPeICTaBJIeHbl B
opraHax, I7ie HeT JTUMQOKAMWLISIPOB, T.€. B TOJIOB-
HOM MO3T€ M CeTUaTKe Ijia3a, XOTs B JaJbHEHIeM
J.R. Casley-Smith Tak:ke omuchIBas 3TU KaHAJIBI B
BOPCHHKE TOHKOU KHIIIKH U IOJKOKHOU KJIEeTYaTKe
(mamHbBIE IPUBEIEHBI HIKE).

Taxum o6pasowm, o gauubiM G. Hauck et al., mpe-
uM@aTHYECKUH IyTh TOKA KUKOCTH, COEIUHSIO-
AN KPOBEHOCHBIE U TUM(paTUUECKHe KaluIsIPhI,
obpa3oBaH CUCTEMOU BOJIOKOH (mapadubpuuisap-
HBIH ITyTh) U TKAHEBBIX KaHaJIOB. [To3Hee JI.B. Yep-
HBIIIEHKO U coaBT. (1985) YTOUHWIH, YTO IPSIMOE
COOOIIIeHNEe MEXKY BEHYIAPHBIMU MUKPOCOCYAAMH
¢ BBICOKOH ITPOHUIIAEMOCTHIO JIJIST OEJTKOB B JTUMGO-
KaMMWuIsapaMu 00pa3soBaHO CUCTEMOM 5/IACTHYECKUX
BOJIOKOH U TKQHEBBIX KAHAJIOB.

B pa6orax yuenbix rpymmsl J.R. Casley-Smith
(1977, 1978, 1979, 1980, 1983) A/ BBIABIAEHUS U
MOP()OJIOTUUECKOU HAEHTU(PUKATIMNA HHTEPCTHUIH-
QJIbHBIX KAHAJIOB HCIIOJIb30BAIINCh Pa3IUYHbIE
METOAUYECKHEe ITOAXO/IbI, TIO3BOJISIONINE MMOJYIUTh
VABTPACTPYKTYPHBIE JTAaHHBIE O IPOCTPAHCTBEHHOU
OpraHM3alluy U MapaMeTpax 3THX KaHaaoB. Haubo-
Jiee TOPOOHO OIMMCAHBI HMOH-TPEIUIUTATHAS TEX-
HHUKa U METOJMKa N3yJYeHUs] KOPPO3HUOHHBIX Mpera-
paToB C IIOMOIIBIO PACTPOBOTO 3JIEKTPOHHOTO
MHKPOCKOTIA.

HoH-npeyunumamnas mexHuka ObLIa WCIOJIb-
30BaHa JIJIs TOJIyUeHHUs KOJINYECTBeHHOH nHbopMa-
M W TI0Ka3zajga HErOMOTEHHOEe pacIpezieieHme
noHoB B Marpukce [6]. J.R. Casley-Smith et al. (1976,
1978, 1980, 1982) HCIIOJIB30BAIN CJIEIYIOIINE HU3-
KOMOJIEKYJISIPHBIE HHANKATOPBI: (PeppOoIaHUIHbIE,
(eppUTUHOBBIE U METUJIMETAKPUIIATHBIE TPACCEPHI
B KOMOWHAIIUM C METOJJaMH TPAaHCMHCCHOHHOU H
CKAHUPYIOIIEH BIEKTPOHHON MUKpOCKomuu. Tpac-
cephbl BBOJIWJIMCh B UMILJIAHTHPOBAHHBIE TIOJ, KOXKY
SKCIIEPUMEHTAIBHBIM KUBOTHBIM KaIicysisl Guyton
(TatiTon) (MeToAMKY cM. BbIie). I1o JaHHBIM aBTO-
POB IUIOTHOCTh «HWHTEPCTUITUAIBHBIX KAaHAJIOB» B
HOPMAJIbHBIX TKaHAX ([IPEUMYIIECTBEHHO IIPUBE-
JIEHbBI TaHHbIE 10 BOPCUHKE TOHKOW KHUIIKU) BaphH-
pyer oT 0,5 710 1,6/ MKM? IJI0IIaAu cpe3a. B coeiuHu-
TEJIPHOU TKAaHU, OKpYKalolled Karcymy Guyton, ux
MeHblIie — 0,48/MKkM2. I3MepeHHbIe PaHyChl KaHa-
JIOB TIPUBOJIATCS B JMANa30HE 40—100 HM (3HA4YU-
TEJIbHO MEHbIINe pa3Mepbl KaHaIoB (guamerp
10 HM) IPUBEIEHBI HUKE TIPU U3MEPEHUHN KOPPO3U-
OHHBIX PEIUIUK TEMU K€ aBTOPAMU; BOZMOKHO, OHH

able walls. The study of corrosion preparations
made it possible to establish that the tissue “chan-
nels” run almost parallel to each other and often
anastomose. At the same time, some model calcu-
lations by J.R. Casley-Smith (1976) showed that
tissue channels should be numerous precisely in
the circumference of venous capillaries, which is
associated with a significant predominance of
intracellular fenestrae in their walls. Such orienta-
tion of tissue channels ensures one of the direc-
tions of their paracapillary convection flow of lig-
uid and dissolved substances along the shortest
pathway: fenestrae of endothelial cells of arterial
segments of capillaries — tissue channels — fenes-
trae of endothelial cells of venous segments of cap-
illaries.

A number of authors believe that the morpho-
logical evidence for the existence of presented by
J.R. Casley-Smith et al. also does not seem con-
vincing. Both methods used to identify the chan-
nels have a risk of artifacts associated with injec-
tion under pressure or preparation of samples for
electron microscopy, so the presented findings
allow for a different interpretation [1]. However,
the presence of tissue channels has been confirmed
by many authors in the course of ultrastructural
studies (Karaganov Ya.L., Banin V.V., 1981;
Kozlov V.1., Krivsky I.L., 2005; Casley-Smith J.R.,
1977). X. Han et al. (2017), P.G. de Gennes (1992),
A. Lafuma, D. Quere (2003) believe that they are
widely presented in the brain, adventitia of blood
vessels and nerve fibers, and play a key role in
blood circulation.

Below we will describe the work of researchers
in subsequent years, which supplement and clar-
ify, and sometimes refute, the data above men-
tioned.

G. Clough, L.H. Smaje (1978) observed that in
some vessels the tracers (Evans blue or fluorescein-
dextran) injected into the terminal lymphatic vessels
remained within the lymphatic system, while in oth-
ers left the vessel lumen. Around such vessels, a dif-
fuse area of the tracer was formed, which apparently
moved into the surrounding tissues, from where it
eventually dissipated after about 10—15 min; or the
tracer left the lymphatic system at so-called “leak
points”, from three to six, in any terminal vessel
100—150 um long.

According to V.V. Banin (2000), the open “pre-
lymphatic spaces” (prelymphatics) of the mesen-
tery originate from the ends of elastic fibers that
are directed radially from the walls of blood
microvessels into the surrounding tissue, and the
orientation of elastic fibers in the mesentery is not
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HMeJIH B BU/y JUTUHY KaHAJIOB?). B BOpCHHKE KUK
9TU KaHATbI UMEIOT OPUEHTAIIHIO TPEATIOUTHTETHHO
y dbeHeCcTpUPOBAHHBIX 00J1aCTel SHAOTETUS U CBs-
3BIBAIOT apPTEpUATbHBIE U BEHO3HBIE «KOJIEHa»
KanmwuiApoB. OCHOBBIBAsiCh Ha paclpesiesieHUH,
JUIMHE U TMaMeTPaXx BbISBJIEHHBIX KAHAJIOB, a TAK)KE
HAa HEKOTOPBIX IOMYIIEHUAX O BEJIMUMHAX TaBICHUS
u kounentpanuii, J.R. Casley-Smith (1976) taxxe
MOMIBITAJICS PACCYUTATh BO3MOXKHOE HW3MEHEHHe
KOHIleHTpaIuu Oesika [6]. B pe3ysbraTe aTHX Hcce-
JIOBAHUU TOJITBEP/IMJIOCH MHEHHE O HAJIMYUH OIpe-
JIeJIEHHOTO MPOCTPAHCTBEHHOTO MTOJIOKEHHUS
THAPABINYECKH TIPOBOJUMBIX IIyTe€d B CTEHKE
KaIllWJUIAPOB U B HHTEPCTHITHAIBHOM ITPOCTPAHCTRE,
npenuMdaTUIecKx, B TOM YucyIe napapuopuuisp-
HBIX, IIyTel IepeMeleHns *KUIKOCTU K tuMbarude-
CKUM Kalliuisipam [4].

BoJsiee HarIsHOE TpECTaBIEHNE O MPOCTPAH-
CTBEHHOH OpTraHU3aINH 3TUX «KAHAJIOB» MOSIBIJIOCH
B pe3yJIbTare U3y4eHHs KOpPPO3UOHHBIX ITperapaToB
(pemwiuk) ¢ MOMOIIBI0 PACTPOBOTO 3JIEKTPOHHOTO
MHKDOCKONA  (CKAaHHUPYIOUIETO  BJIEKTPOHHOTO
MHUKpockoma) [6]. B cocymucroe pyciio BBOAWIN
MIPEATIOINMEPU30BAHHBIH MEeTHUJIMETaKpPUIaT
(Jierko  TOJMMEPUBYIOMIASICA — MEJIKOIUCIIEPCHAS
cmona (100 la. — IIpum. aem.)), pa3Mep YacTHUI]
KOTOPOTO COCTaBJISIET 10 HM, M3BECTHBIA Tpaccep
IIyTel KPYIIHBIX BOJOPACTBOPUMBIX MoJieKy1. [Tocie
COOTBETCTBYIOIIEH 00pabOTKM TKaHeW ObLIO IMOKa-
3aHO, UTO TKAHEBBIE «KAHAJIBI» XaPAKTEPUBYIOTCS HE
TOJIBKO JIOBOJIBHO Y3KUM JUAMETPOM, HO M HUBKOH
IUIOTHOCTBIO pacrpesiesieH!s] B MHTEPCTUIINAIBHOM
MPOCTPAHCTBE, B CPeAHEM 1 «KaHaJ» HA 1 MKM?
TKaHU (YTO COBIIA/IaeT C JJAHHBIMU HOH-TIPEIUITN-
TaTHOU TeXHUKU. — [Ipum. asm.) (KynpusiHos B.B. u
Ip., 1983; Casley-Smith J.R., Vincent A.H., 1980).
YacTuipl MHAUKATOPA MMPOHUKAIN B UHTEPCTUIINH,
I/le OHU BBISIBJISLJIUCH B BUJIE HUTEIOOOHBIX ITPELH-
MUTATOB, AMAMETP KOTOPBIX OCTUTAT 10 HM, UTO
COBIIQ/IAJIO C pa3MepaMU BBOAUMBIX YACTHUI] CMOJIBI.
YacTuisl cMOJIBI HHOT/Ia (QOPMHUPOBAIIH B COETUHU-
TEJIbHOH TKAaHU MOM00Ue IepervIeTAloNuXCs WiIn
BETBAILIUXCA TsKeH. BoJsiplasg dacTh TaKUX HUTEH
O0OHaAPYKUBAJIACh MEXK/Ty apTEPUATIBHBIMUA U BEHO3-
HBIMH KOJIEHAMU KPOBEHOCHBIX KalWLIAPOB (KaK U
B mpexnwiaymielr Meronuke. — Ilpum. asm.). OHH
Ka3aJINCh CBSI3aHHBIMH C IIPOCBETAMU MHKPOCOCY-
JIOB, 0COOEHHO TeX, CTEHKU KOTOPBIX OTJIUYAIOTCS
BBICOKOU TTPOHHUIIAEMOCTHIO. V3yueHre KOppO3uoH-
HBIX IIPENApPATOB MO3BOJIMJIO YCTAHOBUTDH, UTO TKa-
HEBBbIE «KAHAJIBI» CJIEAYIOT IOYTH MAapaLIeJIbHO
ZIPYT IPYTy W HEPEIKO aHACTOMO3HUPYIOT. BMmecte c
TEM HEKOTOpble MOzeabHbie pacueTshl J.R. Casley-
Smith (1976) moxazanu, YTO TKaHEBbIE KaHAJIbI

random. The spaces, in turn, directly pass through
open endothelial gaps into true lymphatic capil-
laries. Open tissue spaces, including spaces near
venules, are, in fact, as V.V. Banin writes, the
roots of the lymphatic system (according to mod-
ern concepts, the roots of the lymphatic system
are the lymphatic capillaries. — Author’s note) [6].
V.V. Banin also does not exclude that collagen
fibers with tightly packed, parallel oriented fibrils,
run by analogy with a wick, providing preferential
movement of aqueous solutions in the interfibril-
lar spaces [6]. For morphological identification of
tissue channels, V.V. Kupriyanov et al. (1983), as
well as J.R. Casley-Smith, used the method of
scanning electron microscopy of injected replicas.
The data obtained with the help of this method
(Karaganov Ya.L. et al., 1981; Gusev S.A., 1981)
showed the following: (1) leakage of particles of
methyl methacrylate prepolymer or Mercox-CL-
2B resin occurs mainly through the walls of venu-
lar microvessels (Fig. 3); (2) the resin spread in
the segment of the pathway between the blood
and lymphatic microvessels characteririses a focal
pattern; 3) the casts of the interstitial “channels”
have a direct relationship with the casts of the ini-
tial lymphatics (Fig. 4). These observations once
again confirmed the possibility of penetration of
low-viscosity resins after their injection into the
interstitial (tissue) channels, and then into the
roots of the lymphatic system [4]. V.V. Kupriya-
nov et al. (1983) considered dispersed areas of the
interstitium as tissue microcirculation pathways
[5]. Despite the numerous studies, V.V. Kupriya-
nov et al. (1983) recognized that the morphologi-
cal identification of the “channels” of interstitial
transportation is still associated with great diffi-
culties. The authors do not exclude that such
channels, with a preserved fluid balance in the tis-
sues, are not fixed, but purely statistical. The
authors confirm their assumption by the fact that
under conditions of lymphostasis and tissue
edema, when the fluid volume increases 100 000
times, the number and size of interstitial channels
increases dramatically [4].

In studies performed at the Institute of Clinical
and Experimental Lymphology of the Siberian
Branch of the Russian Academy of Medical Sci-
ences, tissue gaps in various organs (myocardium,
colon wall, liver, uterine wall, vagina, skeletal
muscles, dura mater) have been repeatedly
described. The fact that these gaps are functionally
connected with the roots of the lymphatic system
is supported by the fact that their area increases
during lymph stimulation by injecting well-known
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JIOJDKHBL  OBITh MHOTOUHCJIEHHBIMH HMEHHO B
OKPY’KHOCTH BEHO3HBIX KAIWJUISIPOB, UTO CBS3BI-
BaIOT CO 3HAYUTEILHBIM MIPe0bIaZlaHeM B UX CTEH-
KaX YHCJia BHYTPUKJIETOUHBIX (peHecTp. IlogobHas
OpUEHTAI1sI TKAHEBBIX KAHAJIOB 00ECIIETUBAET OTHO
13 HaIpaBJIEHUH MapaKaluwLIIPHOTO KOHBEKI[MOH-
HOTO TIOTOKAa >KHUJIKOCTH W PACTBOPEHHBIX B HEH
BeIIECTB 110 KpaTyaniemMy myTu: heHeCcTPhl SHI0Te-
JIMONIUTOB apTePHUATbHBIX CETMEHTOB KAIUJLJIIPOB —
TKaHeBble KaHAJbI — (beHeCTPHl DHJIOTEJINOIUTOB
BEHO3HBIX CETMEHTOB KAIMJLISPOB.

Psan aBTOpOB cumTaeT, uTo MOPGOJIOTHUYECKHE
JIOKA3aTeJIbCTBA CYIECTBOBAHUS KAHAJIOB, IIPeJ-
craBnenubie J.R. Casley-Smith et al.,, Takxe He
KaxyTcs: yoemurenbubiMu. Oba MeTO0/1a, UCIIOIb30-
BaHHBIE /IJIS BHIABJIEHUS KAaHAJIOB, HE JIUIIIEHBI OI1ac-
HOCTU apTedaKTOB, CBA3aHHBIX C UHBEKIUEH IO
JIaBJICHUEM WJIU TIPEMapoOBKOH 00Pa3IoB I dJIeK-
TPOHHOW MHUKPOCKOIINH, II03TOMY IIPe/ICTaBJIEHHbBIE
WUTIOCTPAIIUU JIOMYCKAIOT WHYI0 HHTEPIPETAIUI0
[1]. OmHako HayMUKe TKaHEBBIX KAHAJIOB OBLIO MO/I-
TBEPKAEHO MHOTHMH aBTOPaMH B XOZle YJIbTpa-
CTPYKTYpHBIX wuccaenoBanuii (Kaparanos A.J1.,
Baunun B.B., 1981; Kosnos B.U., Kpusckuit 1.JI.,
2005; Casley-Smith J.R., 1977). X. Han et al. (2017),
P.G. de Gennes (1992), A. Lafuma, D. Quere (2003)
CUHTAIOT, YTO OHM IIMPOKO PACIPOCTPAHEHHI B
MO3Te, aIBEHTUIIUN KPOBEHOCHBIX COCYZOB U HEPB-
HBIX BOJIOKHAX U UTPAIOT HE3AMEHUMYIO POJIb B KPO-
BOOOpaIeHUN.

Hrpxe onuiem paboThI MiccyieioBaTesIed B IOCe-
ZIYIOLIFE TO/IbI, KOTOPBIE JIOTIOJIHAIOT U YTOUHSIOT, a
WMHOT/IA ¥ OIIPOBEPTAIOT PUBEIEHHBIE BBIIIIE TAHHBIE.

G. Clough, L.H. Smaje (1978) nabsromamu, 94To B
OTHUX COCYy/Jlax WHIAWUKATOPHI (CHMHHUU DBaHCA WA
dyopeciienH-zieKCcTpaH), BBe/IEHHbIE B TEDMUHAIIb-
HbIe JIUM(ATHIECKHE COCYAbl, OCTABAINCH B IIpeJe-
J1ax uM@aTHIeCKON CHUCTEMBI, B JIPYTUX — IOKH-
JlaJid TIPOCBET cocyAa. BokpyTr Takux cocyzioB obpa-
30BbIBajIach Juddys3Has 00yacTh HWHIUKATOPA,
KOTOpasi, I0-BUUMOMY, IIEpeMelagach B OKpYy:Ka-
IOI[I€ TKAHU, OTKYyZla B KOHEYHOM HTOTe paccenBa-
Jlach IPUMEPHO Yepe3 10—15 MUH, JIN60 WHIUKATOP
MOKUIAJ JTUM(DATUYECKYIO CHCTEMY B TaK Ha3bIBae-
MBIX «TOYKAX YTEUKH», OT TPEX /IO IIECTH, B JIIOOOM
TEPMUHAIBLHOM COCYZE JJTUHON 100—150 MKM.

I[To pmamnbpiM B.B. BanmHa (2000) OTKpBITBIE
«mpenuMparnueckre mnpocrpaHcrsa (prelympha-
tics) O6ppoKeliku O6epyT HAYayo OT OKOHUYAHUU 3Jia-
CTHYECKUX BOJIOKOH, KOTOPBIE PaZ[MaJbHO HAIIPAaB-
JISIIOTCSL OT CTEHOK KPOBEHOCHBIX MHUKPOCOCYZIOB B
OKPY?KaIOIIYI0 TKaHb, IPUYEM OPUEHTAIIH DJIaCTH-
YEeCKHUX BOJIOKOH B OpbIXKelike He ciydaiiHa. [Ipo-
CTPAHCTBA, B CBOIO OUepelb, HEMTOCPEICTBEHHO Iepe-

stimulants of the lymphatic system (lidase, glu-
cose). The lymph-stimulating effect of helium-
neon laser exposure on tissues led to a significant
increase in the area of tissue gaps in the calf mus-
cles of experimental rats, while excessive laser
irradiation caused tissue edema with a disarrange-
ment of the architectonics of muscle bundles and
intermuscular gaps (Borodin Yu.l. et al., 1999;
Konenkov V.I. et al., 2012).

Thus, if we take into account the results of physi-
ological observations concerning the hematolym-
phatic transportation of macromolecules (Grotte G.,
1956; Renkin E., Garlick D., 1970; Watson P. et al.,
1980), the data on intravital observations of the
pathways of distribution of some fluorescent tracers
between blood and lymph (Banin V.V., 1981), as well
as the above mentioned data on transmission and
scanning electron microscopy, then the sufficient
grounds appear for asserting the existence of pre-
Iymphatic interstitial pathways, including those in
the wall of blood microvessels, and initial lymphatics
[4, 11-14].

L.V. Chernyshenko et al. (1985), as well as the
majority of domestic and foreign researchers,
agree with the opinion that the lymphatic system
is closed at its sources, as indicated by the differ-
ent composition of the interstitial fluid and
lymph. Taking into account the biological activity
of the endothelium, at the end of the 20t century,
a point of view was established according to which
there are no permanent orifices in the endothe-
lium connecting with the secretory or juice (tis-
sue) channels, and colloids transportation occurs
through microvesicles and pores in the endothe-
lium of lymphatic capillaries (Chernyshenko L.V.
et al., 1985). In the 20" century, the idea of tissue
gaps was continued in the works of G.F. Ivanov
(1937) as a concept of perivascular, peri-, and
intraadventitial spaces filled with tissue fluid and
communicating with lymphatic vessels [5]. As
prelimfatics, i.e. the first link of, for example, the
lymph region of the central nervous system,
V.I. Konenkov et al. (2005) ranked the non-vas-
cular pathways of fluid circulation in the brain
matter (pericellular, perivascular, periaxial, and
perineural spaces), as well as liquor cavities and
tissue gaps of the dura matter. Sizes of tissue gaps
vary in width and length. They can be close to zero
and can be large — up to tens of centimeters
(which, in particular, is observed in the central
nervous system) (Pesin Ya.M., Borodin Yu.l.,
2015). L.V. Vartanyan (2006) gives data on the
channels in the human pia mater formed by col-
lagen fibers without the endothelial lining. The
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XOJIAT Yepe3 OTKPBIThIE MEKIH/OTETHAIbHbIE KOH-
TaKThl B HUCTUHHBIE JUMpaTHUECKHEe KaTUJUISAPHIL.
OTKpBIThIE TKAHEBBIE IIPOCTPAHCTBA, B TOM YHCJIE U
IPOCTPAHCTBA OKOJIO BeHYJ, (QAKTHYECKH, KakK
nuiietr B.B. banun, u ABaIAIOTCA KOpHAMH JUMba-
TUYECKOH CHUCTEMBI (110 COBPEMEHHBIM ITPE/ICTaBIIe-
HUSAM KOPHAMH JIUM(PATAUECKOH CHUCTEMBI SBJIS-
foTcsa auMdaTrueckue Kanuwuisipel. — ITpum. agm.)
[6]. B.B. bBanuH Tak:ke He UCK/IIOYAET, YTO KOJIjIare-
HOBBIE BOJIOKHA, C TUIOTHO yIIAKOBAaHHBIMU, Mapasl-
JIeJIbHO OPUEHTUPOBAHHBIMHU GUOpUIIaMu, «pabo-
TAIOT» [0 AHAJIOTUU ¢ GUTHIIEM, 00eCIIeUnBas IPeI-
IMOYTHUTEJIPHOE IIPOJIBUKEHHUE BOJHBIX PACTBOPOB B
Mexk(pUOPUUIAPHBIX TpocTpaHcTBax [6]. s mop-
(osornueckoit ueHTU(GUKAIIUN TKAHEBBIX KAHAIIOB
B.B. KynpusiHoB u coasT. (1983) Tak ke, kak u J.R.
Casley-Smith, ucmonp30Basii MeTO/ CKAHHUPYIOIIEH
DJIEKTPOHHON  MHMKDOCKOIIMH  WHBEKIIMOHHBIX
pewtuk. JlaHHBIE, MMOJydeHHbIE C ITOMOIIBI0 3TOTO
meroga (Kaparanos fA.JI. u ap., 1981; C.A. T'yces,
1981), TmoOKazanau CcJeayolee: 1) yTedka YacTHII
MPEJIIOJIUMEPAa METHJIMETAKpHaTa WJIH CMOJIBbI
Mercox-CL-2B  mpoucxoguT mNpeuMyIecTBEHHO
Yyepe3 CTeHKU BEHYJIAPHBIX MUKPOCOCYAOB (puc. 3);
2) pacpocTpaHeHHEe CMOJIBI Ha OTPE3KE IyTH MEK/TY
KPOBEHOCHBIMHU U JTUM(MOHOCHBIMH MUKPOCOCYAaMHU
HOCHT OYarOBbIN XapaKTep; 3) CJIEMKN UHTEPCTUIIH-
AJIPHBIX «KAHAJIOB» O0OHAPYKUBAIOT HEITOCPE/ICTBEH-
HYIO CBA3B CO CJIENKAMU MUHHUIIHMATbHBIX JTUMDATUK-
coB (puc. 4). Otu HaAOJIONEHUS ellle pa3 IMOATBEP-
JUAJTH BO3MOKHOCTb ITPOHUKHOBEHHUS CMOJI C HU3KOHU
BAI3KOCTBIO TIOCJIE UX TPAHCTEMOKANWJUIAPHON UHB-
€KIIUU B UHTEPCTUIIUAIbHBIE (TKAaHEBbIE) KAHAJIBI, a
3aTeM B KOpHHU JUMQATHYECKOH CHCTEMBI [4].
B.B. KynpusisoB u coasT. (1983) paccMaTpuBaiu B
KaJvecTBe ITyTell TKAHEBOU MUKPOIUPKYJISIIUNA pa3-
pexeHHbIe yuacTku uHTepcTuiys [5]. HeemoTps Ha
MHOTOUMCJIEHHbIEe uccaenoBanusa, B.B. Kynpusanos
U coaBT. (1983) mpu3HaBaIH, YTO MOPQOIOoTHIEcKast
uJleHTU(PUKaIusA «KaHAJIOB» HHTEPCTUIIUAIBHOTO
TPAHCIIOPTA IIOKA ellle COMIps’KeHa ¢ OOJIBIINMU
TPYZHOCTAMU. ABTOPBI He HCKJIIOUYAIOT, UTO TaKue
KaHaJIbl IIPU COXPAHHOM OaJiaHce JKUJKOCTH B TKa-
HSIX SIBJIAIOTCA He (PUKCUPOBAHHBIMH, 4 YUCTO CTATH-
CTUYECKUMHU. ABTODPBI IOJITBEPK/AAIOT CBOE IIPEIIO-
JIOJKEHUE TeM, YTO B yCIIOBUAX TUM(POCTa3a U TKaHe-
BOTO OTE€Ka, KOr/a 00'beM JKHUIKOCTU YBEJTUUUBAETCS
B 100 ThIC. Pa3, YUCJIO U pa3Mephbl HHTEPCTUINATb-
HBIX KAHAJIOB PE3KO0 BO3PaCTAIoT [4].

B ucciemoBanuax, mpoBoguBIIuxcs B THCTUTYTE
KJIMHUYECKOU U 9KCIIepUMEHTIbHON IUMQOI0Tuu
CO PAMH, MHOTOKPaTHO OIUCAHbI TKAHEBBIE IIIEJIU
B PpasHBIX opraHax (MHOKapji, CTE€HKa TOJICTOM
KUIIIKH, Ie4eHb, CTeHKA MAaTKHU, BJIaTAJINIIA, CKeJIeT-

author considers these channels as a way of cere-
brospinal fluid transition [5].

When resolving the long-discussed issue,
whether prelymphatics are pre-formed structures
or arise in a situational manner, the authors
answered as follows. According to V.I. Konenkov
et al. (2012), prelymphatics can be considered
pre-formed in the sense that their form is deter-
mined by the structure of the connective tissue
skeleton of a given biological species, a given
individual and a given organ. Depending on these
conditions, different structures act as pathways
of non-vascular microcirculation (prelymphat-
ics): the gaps between the myocyte bundle filled
with loose connective tissue, through which the
mobile tissue water seeps; peri- or paravasal
loose connective tissue along blood and lymph
vessels; perineural sheaths; bundles of collagen
fibers in deep skin layers, which can serve as
guides for water molecules on their surface. Ear-
lier, in publications of V.V. Kupriyanov (1969,
1974), in a work of G.S. Satyakova (1972) reports
of pre-formed prelymphatics were critically eva-
luated.

W.L. Olszewsky et al. (2009) presented data on
the long interstitial pathways of non-vascular
microcirculation [15]. The presence of tissue liquid
channels in the thickened fascia propria of the leg in
lymphedema of the lower extremities was shown.
The numerous fascial sheaths and interfascial gaps
can be considered long pathways of non-vascular
microcirculation. These channels are formed by the
bundles of collagen fibers oriented longitudinally
along the limb [5]. Such a design, as the authors
believe, has high hydraulic conductivity [5]. It is
assumed that from tissue gaps into lymphatic capil-
laries, tissue fluid is resorbed, with which cellular
waste products and toxic substances that have pen-
etrated into the intercellular space from the exter-
nal environment are drained (Pesin Ya.M., Boro-
din Yu.I., 2015).

V.D. Novikov, G.V. Pravotorov (2003) con-
sider “interstitial channels” as areas of the inter-
stitium with “directed flows” of water, “through
which not only liquid, but also nutrients and met-
abolic products in cells are transported”. Most
often, such channels that do not have walls are
located along interstitial fibers. Under an elec-
tron microscope, N.P. Bgatova’s preparations
repeatedly showed sparse interstitial areas (slits)
oriented along the length of bundles of collagen
fibers, as well as around blood and lymph vessels
in the deep layers of the skin, in the mucous mem-
brane of the small intestine of rats [5]. The
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Puc. 3. BrIxoa MHTEPCTUIIMATBFHOU Macchl (YKa3aH CTPEJIKAMHU) Yepe3 CTEHKY IOCTKAMJUISIPHOU BEHYJIBI.
Muoxkapz kpsicsl (B — Benysia; [IB — mocTkanwisapHas Benysa; JIK — muMdaTryecknii Kanusap;
KK — kpoBeHoCHBIH Kanwuisap). Ckanorpamma (Kynpussos B.B. u np. Mukposnumdororusa. M.: Menuinaa, 1983)
Fig. 3. The exit of interstitial mass (arrows) through the wall of the postcapillary venule. Rat myocardium
(V — venule; PV — postcapillary venule; LC — lymphatic capillary; BC — blood capillary). Scanogram
(Kupriyanov V.V. et al. Microlymphology. Moscow: Medicine, 1983)

HBIE MBIIIIIBI, TBEP/AS MO3TOBas 000y1049Ka). To, uTo authors also describe the fibrous connective tis-
9TU menu (YHKIUOHAJIBHO CBA3aHBI C KOPHIMH sue of the mesentery with bundles of collagen

suMbaTHIecKor cucTeMbl, yoexxaaeT dakr Bo3pac- | fiber arranged parallel to each other, which,
TaHUS WX IUIOMIAIN PU JUMMOCTUMYJIAIUN BBE/IEe- apparently, gives also the basis for reports of
HHEM W3BECTHBIX JHUMMPOCTUMYJIATOPOB (IHaasa, channels in the mesenteric interstitium [5].

Puc. 4. [IpOHUKHOBEHNE HHBEKIIMOHHOM MACChl U3 UHTEPCTUIIUAIBHOTO IPOCTPAHCTBA B MHUIMAIbHbBIE JTUM(PATUKCHI
(ykazaHo cTpesikoii). Muokap Kpbickl. CkaHOTpaMMa KOPpO3HOHHOTO npemnapara (Habsoaerue C.A. T'ycesa, 1981)
(Kynpusinos B.B. u ip. Mukposmmdosorus. M.: Menurusa, 1983)

Fig. 4. The penetration of the injection mass from the interstitial space into the initial lymphatics (arrow).

Rat myocardium. Scanogram of a corrosion preparation (observation by S.A. Gusev, 1981)

(Kupriyanov V.V. et al. Microlymphology. Moscow: Medicine, 1983)
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II0K032). JIuMmbocTumyupyomuil 3QdeKT BO3-
JIEHCTBHUs TeIUH-HEOHOBOTO Jlazepa Ha TKAHHW IPH-
BOJAWJI K 3HAUYUTEIPHOMY VBEJHMYEHUIO ILIOIIAIH
TKAHEBbIX IeJIell B MBIIIIAX TOJIEHU TOJOMBITHBIX
KpBIC, TOT/Ia KaK UYpe3MepHOe Ja3epHoe 00IydeHre
BBI3BIBAJIO OTEK TKAHM C JIe30pTraHu3alllel apXUuTeK-
TOHUKH MBIIIEYHBIX IIYIKOB M MEKMBIIIEYHbIX
miestert (bopoaun FO.U. u ap., 1999; Konenkos B.1.
U Ip., 2012).

Takum 00pa3oM, ecjad NPUHATH BO BHUMAaHHE
pesyabTaThl (PU3UOJIOTHUECKUX HAOIIOAEHNH, Kaca-
omuecss — reMatouM@aTHYEeCKOT0  TpaHCIIOpTa
makpomosiekysn (Grotte G., 1956; Renkin E., Gar-
lick D., 1970; Watson P. et al., 1980), gautble mpu-
JKM3HEHHBIX HAOJIIOZIEHUH IyTell PacIpOCTPAHEHUS
HEKOTOPBIX (hJIIOOPECIIEHTHBIX 30HI0B MEXKIY KpO-
Bbi0 U siuMmdoii (Banuu B.B., 1981), a Takke u3Jio-
JKEeHHBIE BBIIIIE JJaHHbIE TPAHCMUCCUOHHOM U CKaHU-
PYIOIIEd 3JIEKTPOHHONW MHKDPOCKOITHH, TOSIBJISIOTCS
JTOCTATOYHbIE OCHOBAHUS JIJIsI YTBEPIKAEHHUS O CyIIe-
CTBOBAHUHU TPeTUM(PATUUECKUX WHTEPCTUIINATBHBIX
IyTeH, B TOM YHCJ/Ie U B CTEHKE KPOBEHOCHBIX MUKPO-
COCYZIOB, U MHUITUMATHHBIX TUM(MATHUKCOB [4, 11—14].

JI.B. UepHbIIIIeHKO U cOaBT. (1985), a TakKe mpe-
obJraarommasi TpyImna OTeYeCTBEHHBIX U 3apyOesk-
HBIX UCCIIEZ0BATEIIEH COTIANIaloTCs C MHEHUEM, UTO
sauMdaTHyecKas CUCTEMa B CBOUX UCTOKAaX 3aKPbITa,
Ha YTO YKa3bIBaeT Pa3/IMYHBIA COCTAaB UHTEPCTUIIH-
aITBbHOU KuAKOoCTU U IuM®BbI. B koHIE XX B., C yue-
TOM JJAHHBIX O OMOJIOTUYECKON aKTHUBHOCTU DH/IOTE-
JIVS, YTBEPIMIach TOUKA 3PEHUsI, COTVIACHO KOTOPOH
MTOCTOSIHHBIX OTBEPCTHI B SHAOTEINH, COOOIIAIO-
IIUXCS C COKOBBIMHY (TKAHEBBIMHU) KaHAJIbI[AMU, HET,
a TPAHCIOPT KOJUIOU/IOB IIPOUCXOAUT YePE3 MUKPO-
BE3UKYJIBbI U MIOPBI B BHAOTETUN JTUMMOKATHIIIISIPOB
(Yepusimenko JI.B. u ap., 1985). B XX B. ujes Tka-
HEBBIX IT[eJIEN HAIIJIa CBOE IIPOJIOJI’KEHHE B paboTax
I'.®. ViBanoBa (1937) Kak Ipe/icTaB/IeHHE O TIEpHBa-
CKYJISIDHBIX, TIE€PUAIBEHTUIIUATIBHBIX, WHTPAaIBEH-
TUNHUATIBHBIX TPOCTPAHCTBAX, HAIOJIHEHHBIX TKAHEe-
BOU JKHMIKOCTBIO M COOOIAIUXCsA ¢ JuMbarude-
ckumu cocyzamu [5]. K mperumdarukam, T.e. K
[IepBOMY 3BEHY, HAIIPUMep, JTUM(PATUIECKOTO Peru-
ouna ITHC, B.1. KoneHkoB u coaBT. (2005) oTHECIH
HECOCYIUCTBIE IyTH U PKYJISAIUHN KUTKOCTH B Bellle-
cTBe Mosra (IepUuIle/UTIOIsIPHbIE, IePUBACKYJISP-
Hble, IIepUaKkChaIbHble U IepUHEBPaIbHbIE IPO-
CTpaHCTBA), a TAK}Ke JINKBOPHBIE TIOJIOCTH U TKaHe-
BbI€ IIEJIN TBEPAOU MO3TOBOH 000/I0uKU. Pazmepsl
TKAHEBBIX IMeJIell BApbUPYIOT 10 IIUPUHE U JIJIMHE.
OnHu MOTYT OBITH TPUOTUKEHBI K HYJIIO H MOTYT OBITH
BEJIUKHU — JI0 JIECATKOB CAHTUMETPOB (UTO, B YACTHO-
cTH, HabJO/laeTcsi B IEHTPAIHHOM HEPBHOM
cucrteme) (Ilecun A.M., bopomun IO0.M, 2015).

Thus, at present, classical concept of lymphatic
capillaries as an open drainage network and the
complete identity of lymph and interstitial fluid
were replaced by the idea of closed or semi-closed
lymphatic capillaries and, accordingly, the distinc-
tion between lymph and interstitial fluid. It should
be added that domestic lymphologists have actually
always stood in the positions of such a differentia-
tion [5].

The form of prelymphatics in different organs.
It is obvious that the pathways of non-vascular
microcirculation in their architecture are different
in varios organs and structurally are associated
with the specifics of the anatomical organization of
the studied organ, more precisely, to the organiza-
tion of his connective tissue skeleton. Apparently,
the functional specificity of the organ plays its
forming role [5]. Thus, a variety of forms of pre-
lymphatics exists. According to the literature and
findings of a number of researchers, the pathways
of non-vascular microcirculation in monofunc-
tional organs, for example, skeletal muscles, ten-
dons, fasciae that provide the locomotion, are rela-
tively simply arranged. Here, the prelymphatics
are represented by tissue gaps between myocytes
or collagen fiber bundles stretched along their
length. These gaps in the muscles are filled with
the minimum amount of loose connective tissue
(perimysium, endomysium), through which the
mobile tissue water seeps like through a sponge
[5]. In the polyfunctional organs, the structure of
lymphatic regions and their non-vascular micro-
circulatory bed are more complicated, for example,
the lymphatic regions of the liver and central ner-
vous systems [5]. In the liver, non-vascular micro-
circulatory bed is represented by tissue gaps,
which, on the one hand, are adjacent to hepatic
cords, on the other, to the wall of sinusoidal capil-
laries, and are known as the Disse space [5].

About the pores of the interstitium. Continuing
the topic of tissue channels, we present the data
V.A. Bauer et al. (2009), who noted that an impor-
tant structural feature of the interstitial substance
in healthy skin is the presence of pores. We can
assume that here we are talking about the tissue
channels well-known to us, called pores by the
authors of this article. They state that the sizes of
pores range from 25 nm to 100—250 nm, which cor-
relates well enough with the size of tissue channels
(40—100 nm) given by J.R. Casley-Smith et al.
(1978). A morphological characteristic of pores is
the absence of a structured wall. In fact, pores are
represented by fenestrated defects extending deep
into the interstitium (Fig. 5).
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JI.B. BaprausH (2006) IpUBOUT CBEJEHUS O KaHa-
JIaxX B MSITKOH 000JIOUKE T'OJIOBHOT'O MO3Ta YeJIOBEKa,
00pa30BaHHBIX KOJUIATEHOBBLIMU BOJIOKHAMH, HeE
UMEIONINX SHI0TETNATbHON BBICTUJIKUA. ABTOP pac-
CMAaTpHUBAaeT 3TH KaHAIbl KaK IYyTH IEepeMeIleHUs
JukBopa [5].

[Mpu pemreHun ATUTENTHHOE BpeMs 0OCYy:K/ae-
MOTO BOITPOCA, ABJISIOTCA JIU HPeIUMMaTUKU TIpe-
(bopMupoOBaHHBIMU 00OPA30BAaHUAMHU WU BO3HU-
KalOT CUTYaIlMOHHO, aBTOPBI OTBEYAJIH CJIEAYIOIAM
obpazom. ITo muenuro B.1. Konenkosa u ap. (2012)
npenuMpaTUKA MOKHO CUUTATh MpedhOpMUPOBaH-
HBIMHU B TOM CMBICJIE, UTO UX (hOpMa IPeIOIIpeIesisi-
eTcs CTPYKTYPOU COEIMHUTEIbHOTKAHHOTO OCTOBA
JAHHOTO OMOJIOTHYECKOTO BH/IA, JAaHHOTO UHAMBHA
U JJAHHOTO OpraHa. B 3aBUCUMOCTH OT 3THUX YCIOBUH
B Ka4eCTBe ITyTed HeCOCY/TUCTON MUKPOITUPKYJISIIUH
(mpenum@aTHUKOB) BBICTYIIAIOT Pa3HbIE CTPYKTYPBI:
MPOMEKYTKH (IeIn) MeXKIy MyYKaMHh MHOITUTOB,
3aIl0JITHEHHBIE PBIXJION COEJUHUTEIBHOU TKAaHbIO,
CKBO3b KOTOPYIO MIPOCAYMBAETCS MOOMIIbHAS TKaHE-
Bas BOJIA; IIEpH- WK TlapaBa3ayibHasi PhIXJIasi COeTu-
HUTEJbHASA TKAHb BJIOJIb KDOBEHOCHBIX U JTUMQpATH-
YeCKHX COCYZIOB; II€PUHEBPAJIbHbIE BJIATAIHINA,;
MMyYKH KOJIJIATEHOBBIX BOJIOKOH B IVIYOOKHX CJIOSIX
KOKH, KOTOPbIE MOTYT CJIY3KUTb HAIPaBJIIOIIUMHU
JUTs MOJIEKYJI BOZIBI HAa WX MOBepxXHOCTHU. PaHee, B
nybosukarusax B.B. KympusiHoBa (1969, 1974), B
pabore I'.C. CatrokoBou (1972) KPUTHYECKU OIle-
HEHBI cO00IeHUsI 0 NPeOPMHUPOBAHHBIX TPEJIHM-
daruxkax.

B pa6ote W.L. Olszewsky et al. (2009) npezacras-
JIEHBl CBEJIEHUsA O [JIMHHBIX HHTEPCTUIINAIHHBIX
MyTSIX HECOCY/IUCTOW MUKPOIUPKYJIAINH [15]. BpL1o
MOKa3aHO HAJIMYKE TKAHEBBIX KHKOCTHBIX KaHAJIOB
B YTOJIIIEHHON COOCTBEHHOW (acIy¥ TOJIEHU IIpU
auMmdeneMe HIWKHUX KOHEUHOCTeHd. J[JIMHHBIMU
MyTSAMUA HECOCY/IUCTON MUKPOITUPKYJISIIIUA MOKHO
CUMTAaTh MHOTOYHNC/IEHHBbIE (acluaibHbIe BJjara-
Juma W MexdacnuaabHble TPOMEKYTKHA. ITU
KaHAaJIbl 00pa30BaHbI ITyYKaMH KOJIJIAT€HOBBIX BOJIO-
KOH, OPMEHTHPOBAHHBIX TI0 JTHHE KOHEUHOCTU [5].
Takass KOHCTPYKIIUA, KaK IOJIaral0T aBTOPBI, 0bJia-
JlaeT BBICOKOH THU/IPaBJIMYECKOU ITPOBOUMOCTHIO [5].
[Ipeamnosiaraercs, 4TO U3 TKAHEBBIX I1leJIel B TuMda-
TUYECKHEe KamWLUIsApbl pe30opOupyeTcsi TKaHeBas
SKHJIKOCTD, C KOTOPOU OTBOJIATCS ITPOJIYKTHI JKU3HE IEe-
SITEJIBHOCTU KJIETKU U TOKCUYECKUE BEIeCTBa, IPO-
HUKIIIAE B MEKKJIETOUHOE ITPOCTPAHCTBO W3 BHEII-
Hewt cpenpl (Ilecun A.M., Bopoaun 10.11., 2015).

Hosuxos B./I., IIpaBotopos I'.B. (2003) paccma-
TPUBAIOT «HWHTEPCTHUIIMATIbHBIE KaHAJIbI»  KaK
YYaCTKH WHTEPCTULIMS C «HAMPABJIEHHBIMH II0TO-
KaMU» BOJIBI, «II0 KOTOPHIM TPAHCIIOPTUPYIOTCS He

The authors found that the edges of pores differ
significantly from the rest of the interstitial space by
a grade of density. This was evidenced by the lower
values of the indices of adhesive force in the edges
of pores of 28,8 + 1,4 nN (1 nN = 1 x 10 N) and in
the bottom of pores of 33,3 + 1,2 nN. Thus, the sur-
face of pores is formed by a denser substance com-
pared to the interstition. This allowed the authors
to conclude that these nanoporous formations are
well isolated structures of the interstitium. The
researchers also note that pores are far from evenly
distributed in the interstitial space, which may indi-
cate their high plasticity. Pores can appear in areas
of increased metabolic activity and, in contrast, in
less active areas to be collapsed with subsequent
adhesion and fusion with the interstitium. The
authors describe an equally interesting morpholog-
ical phenomenon: porous structures in the form of
nanochannels, which are more clearly visualized in
phase contrast mode. Unlike ordinary pores, nano-
channels have more structured walls, which are
formed by a denser interstitium substance, most
likely by aggregated macromolecular complexes.
The larger density of the walls of channels is evi-
denced by their resistance when attempting to dis-
sect them with a hydrophobic cantilever. The diam-
eter of nanochannels ranges from 50 to 350 nm.
Nanochannels are often located in the proximity of
collagen fibrils, some of them are in direct contact
with fibers. The discovered porous structure,
according to V.A. Bauer et al. (2009), clearly takes
part in water metabolism and, in particular, in the
processes of intra- and transdermal water migra-
tion. The pores and nanochannels described above,
in their properties, resemble tissue channels and,
most likely, are the case.

Recently, a lot of information has appeared in
the scientific literature about the so-called G-lym-
phatic system [16—18]. This is a paravascular sys-
tem of clearance of the brain parenchyma, located
between the vascular adventitia and vascular
astrocytic terminals and was called the G-lym-
phatic due to the fusion of the words “glial” and
“lymphatic” (glial-lymphatic pathways), since its
existence depends on the glial cells, and also, due
to its functional similarity with the peripheral lym-
phatic system [19, 20]. Astrocytes are located
between neurons and endothelial cells, and their
terminal endfeet wrap around blood vessels at the
precapillary and capillary level. Thus, astrocytes
provide a structural and functional link between
blood vessels and neurons [19]. The term “glym-
phatic system” was proposed by M. Fdldi et al. to
designate the movement of cerebrospinal fluid
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TOJIBKO KHJIKOCTh, HO U ITUTATEJIbHbIE BEIECTBA, U
MIPOJIyKThI OOMEHA BEIECTB B KJIeTKax». Yale Bcero
Takyue KaHIbl, He MMeEIOIUe CTEHOK, pacIoJiara-
IOTCA B/I0JIb BOJIOKOH WHTepCTUIHA. [10]T 3J1eKTpOH-
HBIM MHUKPOCKOTIOM Ha mpemapatax H.II. BraToBoit
HEOITHOKPATHO BHJIEJIU pa3pelkeHHble YYaCTKHU
UHTEPCTUIUS (IeTh), OPUEHTUPOBAHHBIE 110 JJTUH-
HUKY IIyYKOB KOJUIATEHOBBIX BOJIOKOH, a TaKXe
BOKDYT KPOBEHOCHBIX U JINM(MATHUECKUX COCYZIOB B
IJIyOOKHUX CJIOSX KOXKH, B CJIM3UCTOU 00OJIOUKE TOH-
Ko kumku Kpbic [5]. Takske aBTOpamMu oOmucaHa
BOJIOKHUCTAsI COEAVHUTEIbHAS TKAHb OPBIKEUKU C
OPUEHTHPOBAHHBIMU MTAPAJIIETBHO APYT APYTY IMyd-
KaMU KOJUIaT€HOBBIX BOJIOKOH, YTO TaK¥XKe,
[IO-BUAVMOMY, JIaeT OCHOBAaHUE JUJIsI COOOIIEHUH O
KaHajlaX B UHTEPCTUIINY OpbIKENKY [5].

Takum 06pa3oM, B HACTOsIIIlee BpeMs Kjiaccude-
CKHe TIPE/ICTaBJIEHUs O JINM(PATHUECKUX KaIlUJLIs-
pax Kak OTKPBITOH JPEHAKHOU CETH W O IOJHOU
UIEHTHYHOCTH JIUM(BI ¥ UHTEPCTUIHATHHOHN KU -
KOCTH 3aMEHWJIOCHh IPECTABJIEHHEM O 3aKPBITHIX
WIN TIOJTy3aKPBIThIX JIMM(PATHUECKUX KaTlHJUIAPAX
U, COOTBETCTBEHHO, pa3rpaHUYeHUU JUMOPBI U
WHTEPCTUITUAIBHON kuaKocTH. K sromy Heobxo-
JIUMO J100aBHUTH, UTO OTEUECTBEHHbIE JIMM(OJIOTH
(dakTruecku Bcerma CTOSUTM Ha TMO3UIUASIX TaKOTO
pasrpaHuyeHus [5].

dopma npeaum@amuro8 8 pPA3HbLIX Op2aHAX.
OueBUIHO, UTO IIYTH HECOCYAMCTON MUKPOITUPKYJIs-
Y TI0 CBOEH apXUTEKType Pa3Iu4YHbl B Pa3HBIX
opraHax U CTPYKTYpHO IPHUBS3AHBI K cHenuduKe
AHATOMUYECKOW OpraHu3alid OpraHa, TOUYHee, K
OpraHU3aINN  COEJUHUTEPHOTKAHHOTO CKeJeTa
JlagHOTO OopraHa. [lo-BuauMoMy, U (PYHKIIHOHAIb-
Has creiudrKa OpraHa urpaet cBor Gopmoobpasy-
IOIIY0 POJTb [5]. V13 cCKa3aHHOTO BRITEKAET MHOT000-
pasue dopm npenumdbaTtukoB. Cyas MmO JaHHBIM
JINTEPATyphl U HAOJIIOJEHUsAM psfia UCCIIeZoBaTe-
Jiell, CPaBHUTEJIBHO IIPOCTO OPTAaHU30BAHBI ITyTU
HECOCYTUCTOU MUKPOIUPKYJIAIUH B MOHODYHKITHO-
HaJIbHBIX OpPTaHaX, HalIPUMeD, CKeJIETHBIX MBIIIIIAX,
CYXOXKWIHAX, (daciusax, obecrieuuBaronux QyHK-
[I1I0 JIOKOMOITUM OpraHusma. 37iech npeauMdpaTuKu
MpEeJICTAaBIEHbI TKAHEBBIMH HIEJISIMHU MEXKY MUOIIH-
TaMU WIH IMyYKaMH KOJJIAT€HOBBIX BOJIOKOH, BBITSI-
HYTBIMH IO WX JUIMHHHUKY. OTH IIEJIH B MBIIIIAX
3aMoJIHEHbBI MUHUMAJIbHBIM KOJIMYECTBOM PBIXJIOH
COEIMHUTEJIPHOU TKaHU (IIEPUMUBUH, SHIOMUBUI),
CKBO3b KOTOPYIO MOOWJIbHAS TKAaHEBAs BOJIA MpOCa-
YyMBaercs, Kak CKBO3b TyOKy [5]. B momudyHKImo-
HaJIBHBIX OpTaHaxX JUM@aTHUYeCKHue PErvOHbl U KX
HECOCY/ITUCTOE MHUKPOIUPKYJISITOPHOE PYCJIO YCTPO-
€HBbI CJIOJKHee, Hampumep, JuMbaThuuecKue peru-
oubl neuenn u I{HC [5]. B meueHu Hecocyaucroe

towards the lymphatic system. Other authors
describe these channels as the paravascular space
of Virchow-Robin or Durand-Fardel [19, 21, 22].
The G-lymphatic pathway was discovered in 2012
in the brain of rats [23—25]. Cerebrospinal fluid
enters the brain parenchyma through arterial
paravascular spaces, and exits through the extra-
cellular space by venous paravascular spaces, thus
leaving the brain [23].

Ya.M. Pesin (2021) describes periaxial spaces
into which the tissue fluid from the interstitium of
the brain and spinal cord is secreted, and then, in
small volumes, is drained into the lymphatic bed of
the central nervous system [26]. But already in
1939, P.D. McMaster, R.J. Parsons have shown how
a dye, after coming out of lymph vessels, spreads by
the peripheral nerve sheaths. In 1928, W. Penfield
also observed that in the nervous tissue, the vascu-
lar endfeet of astrocytes form a connection between
capillary walls and the interstitial tissue of the cen-
tral nervous system. In addition to cerebral vessels,
X. Han et al. (2017) described the presence of a
large number of tissue channels in the adventitia of
the inferior vena cava, which represent a typical
porous medium [10]. Such a porous medium is
formed by macromolecules of glycosaminoglycans
(in the form of a brush) on the surface of collagen
bundles, which can form a transport pathway for
liquids. This facilitates the transportation of fluids
and solutes across the surfaces of bundles com-
pared to their internal spaces [10, 27—29]. It was
shown in the experiments that perivenous loose
connective tissue can serve a “green pathway” for
the transport of the low molecular weight tracer of
sodium fluorescein (332, 306 g/mole), which was
injected subcutaneously near the veins of the lower
extremities [10, 30, 31].

In conclusion, we will return to the questions
posed at the beginning of the article, and answer
these questions. Currently, there is no doubt that in
the interstitium between blood and lymphatic capil-
laries an intermediate substance exists. M. Foldi
(1967, 1968) and J.R. Casley-Smith (1976) substan-
tiated the existence of channel-like gaps (spaces) in
the interstitium, prelymphatics, carrying tissue
fluid. These prelymphatic pathways are represented
by tissue channels, parafibrillar structures, perivas-
cular and perineural spaces. L. Landois (1891) rates
among prelimphatic spaces the pericardial space
with pericardial fluid, as well as the space around
each air chamber of the lung. A number of authors
classify intermeningeal spaces, in particular, the
subarachnoid space, as the tissue spaces.
W.L. Olszewsky et al. (2009) have presented data

154

Journal homepage: http://jsms.ngmu.ru



Sharikov Yu.N. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 3 (2025)

av/nm 1000

800

600

400

200

0
0 200

400

600 800 1000 HM/nm

Puc. 5. AFM-cKkaH MeKyTOYHOTO BEIeCTBA 37J0POBOH KOKH. PazMep ckaHa 1000 HM. JIeMOHCTPUPYETCs yIaCTOK
B hopmarte CTPYKTYpHI pesibeda MoBepxXHOCTH ¢ GOPMHUPOBABIIMMUCA HAHO- U Me30KaHaJaMU B MeKyTOYHOM BelllecTBe
(AFM — atomHo-cutoBast Mukpockorusi) (Baysp B.A. u zip., 2009)

Fig. 5. The AFM scan of the interstitium of healthy skin. Scan size 1000 nm. The section is demonstrated as a structure
of the surface with nano- and mesochannels in the interstitium (AFM — atomic force microscopy) (Bauer V.A. et al., 2009)

MUKPOIUPKYJIITOPHOE PYCJIO MIPEACTABIEHO TKaHe-
BBIMU IIEJIIMH, KOTOPBIE, C O/THOH CTOPOHBI, IPHUJIe-
JKaT K MEeYeHOYHBIM OasikaM, C JIpDYTOl — K CTeHKe
KPOBEHOCHBIX KAIWUIAPOB U HM3BECTHBI KAK IIPO-
crpancrsa Jlucce [5].

O nopax unmepcmuyus. IIpogoskas pasroBop o
TKAHEBBIX KaHAJIaX, IpuBeZieM fanHble B.A. bayspa
U coaBT. (2009), KOTOpPblE OTMEYAJIH, YTO BAIKHOU
CTPYKTYPHOM OCOOEHHOCTBIO MEXKYTOUYHOTO Belle-
CTBA B 3/I0POBOH KOXKe SIBJIAETCA HAIU4Iue 1mop. Mel
MOJKeM IIPEJIIOJIOKUTD, YTO Peyb UZET 00 M3BECT-
HBIX HAM TKAHEBBIX KaHaIaX, HA3BAHHBIX aBTOPAMH
CTaThU MOpPaMU. ABTOPHI OTMEYAIOT, UYTO pa3Mephl
0P KOJIEOJIIOTCA B IpeJiesiaX OT 25 JI0 100—250 HM,
YTO XOPOIIO KOPPETUPYET C pa3MepaMu TKaHEBbIX
kaHaIOB (40—100 HM), npuBegeHHbIX J.R. Casley-
Smith et al. B 1978 r. XapakrepHoii mopdosoruye-
CKOH OCOOEHHOCTBIO IIOP SBJISIETCSI OTCYTCTBHE
CTPYKTYPUPOBAHHOHN cTeHKH. DAKTUYECKU IOPBI
IIPE/ICTABJIEHBl JIBIPUATBIMHU JleDEeKTaMU, YXOJs-
[IIUMU BIJIyOb MHTEPCTUIINSA (PHC. 5).

ABTODBI OOHAPYKUJIN, UYTO KPasi MO 10 CTEIIEHU
IJIOTHOCTH CYIIIECTBEHHO OTJIUYAIOTCA OT OCTaIb-
HOTO MHTEPCTUIUAIBHOTO mpocTpancTtBa. O6 aTom
CBUJIETETBCTBOBANIN O0JIee HU3KME 3HAUEHMUS IOKa-
3aTeJiell aire3MOHHBIX CUJI B Kpasax nop 28,8 + 1,4 HH
(1uH = 1x1072 H) u B o6s1acTu Ha mop 33,3 + 1,2 HH.
Taxkum o006pa3oM, MOBEpXHOCTh HOp oOpasoBaHa
60s1ee TIOTHOM (Pa3oil O CPaHEHUIO C MHTEPCTHU-
peM. JTO MO3BOJIMJIO aBTOPAM CZIeJIaTh BBIBO/I, UTO
JIaHHble HAHOIIOPUCTbIE OOPA30BAHUA SIBJISIOTCS

on long interstitial pathways of non-vascular micro-
circulation, for example, tissue fluid channels in
thickened fascia propria of the leg in lymphedema
of the lower extremities. Numerous fascial sheaths
and interfascial gaps can be considered long path-
ways of non-vascular microcirculation. V.A. Bauer
et al. (2009) describe the pores and nanochannels
in the interstitium. In our opinion, pores and nano-
channels are nothing more than the same prelym-
phatic pathways (tissue canals) described in the
earlier studies. Prelymphatic pathways lack the
endothelial lining. Currently, classical concept of
the lymphatic capillaries as an open drainage net-
work were replaced by an idea of closed or semi-
closed lymphatic capillaries and, accordingly, the
differentiation of lymph from interstitial fluid. Pre-
Iymphatic spaces are no more a part of the lym-
phatic system than they are a part of the circulatory
system. However, historically, the term prelym-
phatic paths was fixed in lymphology, although,
based on previous reasoning, this is not correct
enough. Often, instead of the term prelymphatic
pathways (or prelymfatics) the term tissue chan-
nels is used, which are only their component. As for
the term roots of the lymphatic system, these
include lymphatic capillaries, but not prelymphatic
pathways, as a number of authors insist.
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JTOCTATOYHO 0OO0COOJIEHHBIMHU CTPYKTYpaMH WHTEP-
CTHUITMAJIBHOTO BelecTBa. Taxike wucceoBaTen
OTMEYAIOT, YTO ITOPHI PACIIOJIOKEHBI JJAJIEKO HE PaB-
HOMEPHO B MHTEPCTUIIMAIHFHOM IIPOCTPAHCTBE, UTO
MOZKET CBUZIETEIHCTBOBATD 00 X BBICOKOH IJIaCTHY-
HOocTU. [TOpHI MOTYT TOSIBJIATHCSA B yYACTKAX MOBBI-
IIIEHHOH MeTab0JIMUYeCKON aKTUBHOCTH M, HA000POT,
B MeHee AKTHBHBIX YyJacTKaxX KOJUIabUpOBaThCA C
MTOCJIEAYIOIIUM CJIUTIAHUEM U CITUSHUEM C MEXKYTOY-
HBIM BeII[ECTBOM.

ABTODBI OITNCHIBAIOT HEe MEHEEe HHTEPECHBIN MOp-
(omornueckuii peHOMEH — MOPHUCTBIE CTPYKTYPHI B
BH/le HAHOKAHAJIOB, KOTOPBIE H0JIee YeTKO BU3YyaIN-
3UPYIOTCSA B pexknuMe (a3oBOro KoHTpacra. B oTim-
Yype OT IMPOCTHIX IOp HAHOKaHAJIbl UMEIT OoJiee
CTPYKTYPUPOBAHHBIE CTEHKU, KOTOPbIe 00Pa30BaHbI
OoJsiee TUIOTHOH (Da30l MEKKJIETOUHOTO BEIECTBA,
CKOpee BCEro, arpernpoBaHHBIMH MaKpPOMOJIEKY-
JIIpHBIMU KOMIUIekcaMu. O OoJIbIlled IIJIOTHOCTU
CTEHOK KaHAJIOB CBUJIETETBCTBYET UX YCTOUUUBOCTh
IIpU TIOMBITKAX pacceueHus TupodOoOHBIM KaHTH-
JieBepoM. /[nameTp HaHOKaHAJIOB KojebseTes OT 50
0 350 HM. HaHOKaHaypl 4acTo pacIoJiaraloTcs
BOJIM3M KOJUIAT€HOBBIX (PUOPUILI, HEKOTOPhIE U3
HUX HEITOCPEZICTBEHHO KOHTAKTUPYIOT C BOJIOKHAMU.
ObHapykeHHasA MOpUCTasA CTPYKTypa, [0 MHEHHIO
B.A. Bayspa u coasT. (2009), IBHO IPUHUMAET yJa-
cTHe B BOJHOM OOMeHe U, B YaCTHOCTH, B IIpoIieccax
BHYTpU- U TPAHCAEPMAIbHOM MUTPAIUN BOJBL.
OmnucaHHbIe BbIIle 00pa3oBaHUs, MOPHl U HAHOKA-
HAJIBI, 10 CBOUM CBOMCTBaM HAaIIOMUHAIOT TKAaHEBbIE
KaHaJIbI U, CKOpee BCET0, TAKOBBIMU U SIBJISIOTCS.

B nocsieziHee BpeMs B HAYYHOH JIUTEPATYPE MOSIB-
JseTcsa MHOro HMHGOpMAIUM O TaK Ha3blBaeMOU
I'-aumg@pamuueckoil cucmeme [16—18]. dto mapasa-
CKyJISIpDHAs CUCTeMa OYUCTKHU IlepebpasbHOM napeH-
XMMBI, PAcCIIOJIOKeHHasA MEKIY COCYy[AUCTOH a/iBeH-
TUIMEN U COCYIUCTBIMHU ACTPOLIUTAPHBIMU OKOHYA-
HusAMH, Obla HasBaHa [-auMdaTHyeckol u3-3a
CIUAHUA CJI0OB «TJIMAJIBHBIN» U «JIUM@aTUIecKuii»
(glymphatic (glial-lymphatic) pathway), mockoasky
€aMo ee CyIIECTBOBAaHUE 3aBUCHT OT IVIHAIBHBIX KJIe-
TOK, a TAaK)Ke M3-3a ee (PyHKIIMOHAIBHOTO CXOZCTBA C
nepudepruyeckod  JUM@ATAYECKOH  CHCTEMOU
[19, 20]. AcTpoIUThI pacoIararoTCs MeKIy HeHpo-
HAaMU U 3HAOTEINATbHBIMU KJIETKAMU, a UX KOHIle-
Bble HOXKKH OKPY?KalOT KPOBEHOCHBIE COCYZABI Ha
MPEKATWUIAPHOM M KaWUISIPHOM YpoBHe. Takum
06pazoM, aCTPOIUTHI 00eCIIeYNBAIOT CTPYKTYPHYIO U
(pyHKIIMOHATBPHYIO CBA3h MEXKAY KPOBEHOCHBIMU
cocynamu u HedipoHamu [19]. Tepmun glymphatic
system ObL1 IpeiokeH M. Foldi et al. a1 o6o3Ha-
YeHUsl JBIDKEHHS 11epeOpPOCIHHATIBHON KUIKOCTH
10 HaIlpaBJIeHUIo K iuMdarudeckoi cucreme. /Ipy-

THe aBTOPHI OITUCHIBAIOT AT KAHAJIBI KaK ITapaBacKy-
JISIPHOE IIPOCTPaHCTBO BupxoBa — Pobuna (Virchow-
Robin) wmm [ropan — ®apzgens (Durand-Fardel)
[19, 21, 22]. T-muMdaTuyeckuii myTh OB OOHAPY-
JKEeH B 2012 T. B MO3re KpbIc [23—25]. CHTHHOMO3T0-
Bas JKHUJIKOCTH IOCTYIIaeT B IApeHXUMy MO3ra II0
apTepUaIbHBIM ITapaBaCKYJISIPHBIM IIPOCTPAHCTBAM,
a BBIXOJIUT Yepe3 BHEKJIETOYHOE ITPOCTPAHCTBO — I10
BEHO3HBIM  IIapaBaCKY/IIPHBIM  IIPOCTPAHCTBAM,
TakuM 00pa3oM yAasssich u3 Mmosra [23].

S1.M. IlecuH (2021) ONKCHIBAET IEPHUAKCHATIBHBIE
IIPOCTPAHCTBA, B KOTOPbIE CEKPETUPYETCs TKaHEBasI
JKUIKOCTD, TIOCTYIIAIOAsi U3 WHTEPCTHUIUS TOJIOB-
HOTO M CIIMHHOTO MO3Ta, a 3aTeM, MaJIbIMH MTOPI[U-
SIMH, OTBOZUTCS B JTUM(pATUUECKOE PYCI0 HEPBHOM
cucremsl [26]. Ho eme P.D. McMaster, R.J. Parsons
B 19309 T. IIOKa3aJIi, KaK KPaCUTEh [TOCJIE BHIX0/1a U3
UM aTHYECKUX COCYZOB PACIPOCTPAHAETCA TIO0
obosoukam mnepudepuyeckux HepBoB. Takke W.
Penfield B 1928 r. Habstogas, 4To B HEPBHOU TKaHU
KOHIIEBble HOXKKHM aCTPOIUTOB 0OpasyloT CBiA3b
MEXKIYy CTEHKAaMH KaIlWJUISPOB U HHTEPCTUIIHATb-
Hou TkaHbio ITHC. Kpome cocynoB mosra X. Han et
al. (2017) onucano Haju4yre GOJIBIIOrO KOJIHYECTBa
TKAaHEBBIX KaHAJIOB B aJBEHTHUIINH HIDKHEH IOJION
BEHBI, IPEJICTABJIAIOININX COO0H THIUYHYIO ITOPH-
ctyio cpeny [10]. Takas mopucras cpena obpazoBaHa
MaKpPOMOJIEKYJIaMH TJINKO3aMUHOTJINKAHOB (B BU7E
IIETKA) Ha MOBEPXHOCTH IIyYKOB KOJIJIareHa, KOTO-
pas MoxkeT 06pa30BHIBATh TPAHCIIOPTHBIA MYTh JJI
JKHUIKOCTEN. DTO 00J1eryaeT TPAHCHIOPT KUAKOCTH U
PaCTBOPEHHBIX BEIECTB YePe3 MOBEPXHOCTHU IIyUKOB
10 CPAaBHEHUIO C X BHYTPEHHUMH IIPOCTPAHCTBAMH
[10, 27—29]. B skciepuMeHTaX OBLIO MIOKA3aHO, YTO
[IepUBEHO3HAsT PbIXJIasd COEQUHUTENbHAs TKaHb
MOXKET CJIYKUTDb «3€JIEHBIM IyTeM» JJISI TPAHCIIOP-
THUPOBKHM HU3KOMOJIEKYJIIPHOTO Tpaccepa (yopec-
newHa Hatpus (332, 306 r/MOJb), KOTOPBIA BBO-
JIAJICSI TIOKOKHO BOJTM3U BEH HIKHUX KOHEUHOCTEH
[10, 30, 31].

B zaxsioueHue BepHEMCS K BOIIPOCaM, ITOCTaB-
JIEHHBIM B HayaJje CTaTbU, W JAJUM Ha HUX OTBETHI.
B HacTos11IIEE BpeMst HET COMHEHU U, UTO B HHTEPCTH-
MU MEeKIY KPOBEHOCHBIMU U JIUM(PATHUECKUMU
KalWUIsApaMU CYIIEeCTBYeT IPOMEXKYTOUHAsA Cy0-
crannus. M. Foldi (1967, 1968) u J.R. Casley-Smith
(1976) obocHOBaMH CyIlleCTBOBaHUE KAaHAJIOIOJI00-
HBIX Iesied (IIpOCTPaHCTB) B MHTEPCTHIMH (IIpe-
JUMGAaTUKH), HECYIINX TKAHEBYHO KUIKOCTh. ITHU
npenuMmdaTiuyecKrie IyTH MPEeACTaBIeHbl TKaHe-
BBIMH KaHaIaMU, TapapuOpruIsspHBIMU 06pa3oBa-
HUSAMU, IEPUBACKYJIIPHBIMU U TT€PUHEBPATLHBIMH
npocrpancTBami. L. Landois (1891) otHOCHT K Tipe-
JUMOATHIECKUM IPOCTPAHCTBAM TMePUKAPAAAIIb-
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HO€E IPOCTPAHCTBO C IEPUKAPAUATIBHON JKHUIKOCTHIO,
a Tak)Ke IMPOCTPAHCTBA BOKPYT KaKOW BO3JIYIITHOH
KaMephl JIETKOTOo. Psifi aBTOPOB K TKaHEBBIM IIPO-
CTPAHCTBAM OTHOCAT MeXK000JI0UeUeHble TPOCTPaH-
CTBa, B YAaCTHOCTH, CyDApaXHOU/IAJILHOE MIPOCTPAH-
ctBo. B pabore W.L. Olszewsky et al. (2009) npex-
CTaBJIEHBI CBEJIEHUS O JUTMHHBIX MHTEPCTUIIHATBHBIX
MyTSAX HECOCYAMCTOW MUKDPOIUPKYJISALUY, HAIPU-
Mep, TKaHeBbIE YKUKOCTHbIE KAHAJIBI B YTOJIIIIEHHOM
cobcTBeHHOM (acuuu rosieHH Tipu JauMdeneme
HIDKHUX KOHEYHOCTeH. J[JIMHHBIMU MyTSAMU HECOCY-
JIUCTOW MUKPOIUPKYJ/ISAIMH MOKHO CUMTATh MHOTO-
YyrcseHHble (aclUaIbHbIE BiIarajavina u Mexdac-
nHaJbHbIe TpoMesKyTKU. B.A. Bayap u coaBT. (2009)
OTUCHIBAIOT B MHTEPCTUIIMHU MOPHI U HAHOKAHAJIBL.
[To HameMmy MHEHWIO MOPHI M HAHOKAHAJIBI SIBJIS-
IOTCSl HE YeM WHBIM, KaK TEMU JKe mpeinMdaTuie-
CKUMHU MyTAMHU (TKaHEBBIMU KaHAJIBIMH), OTHCAH-
HBIMH B 0OJiee paHHUX HCCIeAOBAHUAX. [Ipemm-
(daTnueckre TyTH JIMIIEHBI  3H/OTETHATHHON
BBICTHWJIKM. B HacTosInee BpeMs KJIaCCHUECKHE
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JIEHWEM O 3aKPBITBIX WJIU IOJIy3aKPBITHIX JINMQaTH-
YeCKHUX KallWLIApaX U COOTBETCTBEHHO Pa3TpaHuye-
HUU JTUMQBI 1 UHTEPCTUITUAIIBHOM KuakocTy. [Ipe-
suMmdaTHIeCKre IPOCTPAHCTBA He 0osiee YacTh
anMdaTUIeCcKOR CUCTEMBI, YeM YacTh KDOBEHOCHOM
cuctembl. OZTHAKO UCTOPUUECKU TeEPMUH IpesinMda-
TUYecKHe IyTH 3aKpenwics B JUMQOJOTHHU, XOTH,
HUCXOAS U3 IMPeAbIAYIINX pacCyXkAeHUul, 3To He
cOoBceM KOpPPEeKTHO. YacTo BMeCTO TEPMHUHA «IIpe-
mumdaTtudeckue mytu» (WIid  npeauMbaTUKN)
HCIOJIb3YIOT TePMHUH TKaHEBble KaHAJIbl, KOTOpbIE
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