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Momusayus u yenv: UaTEpCTUIMIA KaK KOMIIOHEHT COEAMHUTENIBHOM TKaHU TU(HY3HO
pacrpocTpaHsercsi M0 BCEMY OpraHu3My B BHAE IPOCTPAHCTBEHHOH CTPYKTYpBI,
KOHTAaKTUPYEeT CO BCEMH TKaHJIMH, OOCCIEUMBAET JABWKCHUE  KUIKOCTEH,
KpUCTAIJIONI0B, OHOMONUMEpPOB W KJIEeToK. Kpome 3Toro, WHTEepCTUIMATIbHAS
JKUAKOCTh,  IepeMeraromascs  uepe3  (GuOpo3Hble  MaTpulbl M KaHAJIbI
MHTEPCTULMATIBHOMN TKaHU (= JajJbHUE BHECOCYAMCTHIE IyTH) Ha TOCTATOYHO OOJIbLINE
paccTosiHUSl, MOXKET SBISATHCS IPOBOJHUKOM JUISL DJIEKTPOMArHUTHBIX CHTHAJIOB
pa3NUYHON 4YacTOThl M MHTEHCUBHOCTH. AHalIHM3 CTPOCHUS W (DYHKIMOHMPOBAHUS
ITIMKOKAJIMKCA 3HIOTENHOLHUTOB BEHO3HOM YacTH KalWULIPOB U BEHYJ, U
nuMpaTaTHYECKUX KanWUIIPOB M COCYAOB, JAaHHBIE 00 M3MEHEHMSIX JTUM(paTHIeCcKOi
CUCTEMBI Yy TTyOOKOBOJHBIX JKUBOTHBIX U y JIIOJEH BO BpeMsl OpOUTAILHOTO IMOJIETa
(bopmupoBaHHe aHTPaBUTALMOHHON JTUMQEneMbl) MTOCTABIINA BOIIPOC O TEPECMOTpE
cxembl Starling’a  maccomepenoca wuHTepcTHnUambHOW  xuakoct  (ISF) B
MUKPOIMPKYISATOPHOM KOMIIAPTMEHTE HHTepcTulus. [lo HemaBHEr0 BpeMEHH ObLI
HETIOHATEH MEXaHU3M XOopomero 3PQeKkra KOMIPECCHOHHOW Tepanuu JTUMQeEIeMBl,
KOTJja peruoHapHbIe TUM(aTHUECKUE COCY Bl U Y3/Ibl CyOTOTaIbHO TUIIOILIa3UPOBAHbI.
Memoowvl u ancopummoer: B Hayunoit nuteparype B mocienuaue 10—15 ymer momydeHsl
JAaHHBIE JJIi HOBOW WHTEpIpeTaluu MOp(OIOTHIecKOi KapTUHBI HHTEPCTHIIUS C
MOMOIIBI0 TEXHOJIOTHH: «KJIACCHYECKOe» HHBELUPOBAHWE MHUKPOYACTHI TYLIH B
coyeTaHUM C  (Pa30BOKOHTPACTHOW MHUKPOCKOIIMEHM M  HMMMYHOTHCTOXHUMHEH;
MPWKU3HEHHOH (iroopeciieHTHON 3Hm0cTepeomMukpockonuu (PCLM) in vivo (B Tom
YHCIIe HAa YEJIOBEKE) C pasInuHbIMU (IIFOOPECUEHTHBIMU TpaccepaMu ((iroopecuenH,
(IyopeceMHI30THOLINAHAT, (heppoumanu); CKaHUPYIOIIeH (SEM) u
npoceunBawmieii (TEM) anexTpoHHOW MHKpOCKONHMH; KOH(OKAIBHOW Jia3epHOM
ckanupyromeir Mukpockornuu (CLSM); mpmwKu3HEHHOW MarHUTHO-PE30HAHCHOM
tomorpapun  (MPT) ¢ Gd-comepkamMu KOHTPAaCTHBIMH  BeriecTBamu. 3D-
BOCCTaHOBJIEHUE H300paKeHHI WHTEPCTUIMAIBHBIX KaHAJIOB IMOKAa3alld MX HAJIMYUe Ha
JIOKaJThbHOM (PETHOHAPHOM) W Ha OPTraHU3MEHHOM («IaTbHUE JKCTPABACKYJISIPHEIE
nyTH») ypoBHe. Kaskaplil myTh UIMEET TPU 4aCTH:

(1) Anddysnelii (Hepaco3HaBaeMblil) HHTEPCTHUIMN ¢ CETE00Pa3HBIMU BOJIOKHHCTBIMHU
MaTpULIaMHU ¥ Mex(a3HOM 30HOMH, ceniepuupyromuii ISF;

(2) IlepuneBpajibHble, NapaBEHO3HBIC, NapaapTepHalbHble U MepudacuruanbHbIe
JaJIbHUE MYTH TPAaHCHOPTUPOBKH ISF Ha Oosplne paccTosIHUS;
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(3) 3oma abcopOumu ISF B nmuddy3HOM UHTEPCTHIIMM OPraHOB, CIIOCOOHBIX
YTHIIM3HPOBaTh, METa0OIM3UPOBATh MM SKCKPETHPOBATh BO BHEIIHIOI CpPEIy 4YacTh
ISF u pacTBOpeHHBIC B HEH METa0OIUTHI.

KonmuecTBo 3THX pabOT 3aKOHOMEPHO YBEIMYHBACTCS, B TOM YHCIE B BEIYIIHX
mupoBbIX kypHanax (Nature, Scientific Reports). Tem He MeHee, 3TH MmyOIUKalMU
nomand MOJ KPHUTHKY: MHCKycCHst Ha crpanuiax European Journal of Anatomy
(odpummanpHeiil KypHanm Spanish Association of Anatomy), mpuiia K BbIBOIY, YTO
«OCHOBHOE BEILIECTBO» OTOXKICCTBISIETCS C «TKaHEeBOit sxunkocThio» (ISF), B koTopyto
norpyxeHa puOpo3Hasi ceTka COSJUHUTENLHON TKaHU, 8 OTBEPCTHS», TOKa3aHHbIC ITPU
NPYKA3HEHHON MUKPOCKOIMU M B KPHO(PHUKCUPOBAHHBIX 00pa3nax, UMEIOT pa3Mep /10
20-70 mxwm [1].

Pesynomamur: IHTEpCTHILNIA, KaK OpraH, CaMblii 0OJIBIION B 4EIOBEYECKOM OpraHU3Me,
a o0beM ISF B mHTepcTuIMH Oojiee YeM B TPH pa3a IPEBBIIIACT 00BEM CEPACYHO-
cocyaucTol M muMmdarndeckoi cucreM. Hago Takke OTMETHTh, YTO BHECOCYIUCTHIE
MOTOKH B TIEPUBACKYISIPHBIX MpocTpaHcTBax (PVS) ronoBHOT0 Mo3ra ObUTH OTKPBITHI
Durand-Fardel, Rudolf Virchow u Charles Robin eme B cepemune XIX Beka, a
NEePUBACKYJISIPHBIA IyTh BIOJb aJBEHTHIUAIBHOW 000IIOUYKH LepeOpanbHbIX BEH OBLI
WACHTU(QHUIMPOBAH Kak riauMpaTryeckas cucteMa mosra [2, 3]. HanpammBaeTcs BEIBO/,
YTO ITO MPSAMOIT aHAJIOT UHTEPCTUIIMAILHBIX KAHAJIOB B TEJIC YeJIOBEKA.

Bwisoovr: HoBas uHTEpHpeTanus <«JIErajiu3yeT» TPEThI0 JPCHAXKHYI0 CHCTEMY
opraamma («IabHUE IKCTPABACKYJISPHBIE ITyTH» WHTEPCTUINS ), Tae |ISF nBrkeTcs mo
CHCTEME BHECOCYIHUCTBIX IyTeH, CHOPMHPOBAHHBIX KOJIATCHO-3JIaCTHHOBBIMU
BOJIOKOHHBIMH MaTPHI[AMHU, U YaCTHYHO — 3a c4eT MeMOpaH ¢ubpouutos. Tpebyercs
MOHWMAHUE HepapXuul  (PUINYECKUX, XHUMHUYCCKUX W  OHOJIOTHYECKUX
MEXaHU3MOB, HaJanuKe OenkoB-aHanoros aksarnopuHa 4 (AQP4), oOpasyromux
BOJIONIPOBOISIINIAE KAHATBI, 3HEProdP(EKTUBHOCTP W DHEPrO3aBUCHMOCTH
(GYHKIIMOHUPOBAHMSI KAHAJIOB HHTEPCTHUIMS ¢ OMO(DU3NUECKON TOUKU 3PEHHUSL.

Qunancuposanue. HccnenoBanue mnonaiaepkaHo ['ocylapCcTBEHHbIM — 3aJaHUEM
HUUKDJI-pumuan ULul" CO PAH (Ne FWNR-2022-0012).
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Motivation and Aim: The interstitium, as a component of connective tissue, diffuses
throughout the body in the form of a spatial structure, contacts all tissues, and ensures
the movement of fluids, crystalloids, biopolymers and cells. In addition, interstitial fluid
moving through fibrous matrices and channels of interstitial tissue (= long-distance
extravascular pathways) over sufficiently long distances can be a conductor for
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electromagnetic signals of various frequencies and intensities. Analysis of the structure
and functioning of the glycocalyx of endothelial cells of the venous part of capillaries
and venules, and lymphatic capillaries and vessels, data on changes in the lymphatic
system in deep-sea animals and in humans during orbital flight (formation of
gravitational lymphedema) raised the question of revising Starling's scheme of mass
transfer of interstitial fluid (ISF) in the microcirculatory compartment of the interstitium.
Until recently, the mechanism for the good effect of compression therapy for
lymphedema, when regional lymphatic vessels and nodes are subtotally hypoplastic, was
unclear.

Methods and Algorithms: In the scientific literature in the last 10-15 years, data have
been obtained for a new interpretation of the morphological picture of the interstitium
using technologies: “classical” injection of ink microparticles in combination with
phase-contrast microscopy and immunohistochemistry; intravital fluorescent
endostereomicroscopy (pCLM) in vivo (including on humans) with various fluorescent
tracers (fluorescein, fluorescein isothiocyanate, ferrocyanide); scanning (SEM) and
transmission (TEM) electron microscopy; confocal laser scanning microscopy (CLSM);
intravital magnetic resonance imaging (MRI) with Gd-containing contrast agents. 3D
reconstruction of images of interstitial channels showed their presence at the local
(regional) and organismal (“long-distance extravascular pathways”) level. Each pathway
has three parts:

(1) Diffuse (unrecognizable) interstitium with network-like fibrous matrices and an
interphase zone segregating the ISF;

(2) Perineural, paravenous, paraarterial, and perifascial long-distance transport pathways
for ISF;

(3) The absorption zone of ISF in the diffuse interstitium of organs capable of utilizing,
metabolizing or excreting part of the ISF and metabolites dissolved in it into the external
environment.

The number of these works is naturally increasing, including in the world's leading
journals (Nature, Scientific Reports). However, these publications came under criticism:
a discussion in the pages of the European Journal of Anatomy (the official journal of the
Spanish Association of Anatomy) concluded that the "ground substance" is identified
with the "tissue fluid" (ISF), in which the fibrous meshwork is immersed connective
tissue, and the “holes” shown during intravital microscopy and in cryofixed samples
have a size of up to 20-70 pm [1].

Results: The interstitium, as an organ, is the largest in the human body, and the volume
of ISF in the interstitium is more than three times that of the cardiovascular and
lymphatic systems. It should also be noted that extravascular flows in the perivascular
spaces (PVS) of the brain were discovered by Durand-Fardel, Rudolf Virchow and
Charles Robin in the mid-19th century, and the perivascular path along the adventitia of
the cerebral veins was identified as the glymphatic system of the brain [2, 3]. The
conclusion suggests itself that this is a direct analogue of the interstitial channels in the
human body.

Conclusion: The new interpretation “legalizes” the third drainage system of the body
(“long-distance extravascular pathways” interstitium), where ISF moves along a system
of extravascular pathways formed by collagen-elastin fiber matrices, and partly due to
fibrocyte membranes. An understanding of the hierarchy of physical, chemical and
biological mechanisms is required, the presence of analogue proteins of aquaporin 4
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(AQP4) that form water-conducting channels; energy efficiency and energy dependence
of the functioning of interstitial channels from a biophysical point of view.

Funding: The study is supported by the State assignment RICEL — branch of the Institute
of Cytology and Genetics SB RAS (No. FWNR-2022-0012).
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