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Abstract (Pe3stome)

JOKANHNYECKME UCCNe0BaHMA HA XKMBOTHBIX U KIMHUYECKME UCMbITAHUA Ha I0AAX CTAaBAT NOJ,
COMHEHWE, ABNAETCA M CION SHAOTENNANBHOTO FMKOKAZIMKCA KNMHUYECKU 3HaYMMbIM Bapbepom
npoHuMuaemocTu. MpoayKTbl pacnaga rMmMKoKaanKca B Na1asme B OCHOBHOM nocTynatoT ¢ 99,6—99,8%
NOBEPXHOCTU SHAOTE/NINA, HE YHACTBYIOLLEN B TPAHCIHAOTENMANIbHOM NPOXOXKAEHUM BOAbI U HENKOoB.
KoHueHTpaummn GparmeHTOB IIMKOKA/IMKCa NJ0X0 KOPPEAMPYIOT C pe3y/ibTaTaMu BM3yaansaumm
TO/ILLMHBI T/IMKOKAIMKCA in Vivo, @ pacyeTbl OXKMOAEMOro COMPOTUBIEHUA F/IMKOKA/IMKCa HECOBMECTUMbI
C U3MEPEHHBIMU 3HAYEHMAMM NMPOHULLAEMOCTU SHAOTENNA ONA BOAbI. YBE/IMYUEHME COAEPKaHUA
NPOAYKTOB pacnaja rMWKOKaJIMKCA B NAa3Me Y KpbIC He KOPPeAnpoBaso C NPOHMLL@eMOCTbIO cocyaos. C
KAMHUYECKON TOYKWN 3PEHMUA, TPU UCCIe0BaHMA Ha N04AX AEMOHCTPUPYIOT 06paTHYIO Koppenaumto
MeXKAY NPOAYKTAMM Pacnaga rMMKOKAIMKCa U KanUANAPHON yTeYKOMN anbbymuMHa N KUOKOCTU.

BeepgeHune

'mnotesa o TOM, 4YTO SHﬂ,OTeﬂMaﬂbeIVI FMNKOKA/IUKC ABNAEeTCA OCHOBHbIM KOMMNOHEHTOM
MUKpOCOCyanCToro 6apbepa NPOHMLAEMOCTM Y YEIOBEKA, BblABMHYTA YiKe AaBHO. [PaKTUYECKM B
KaXkgoM onybaMKoBaHHOM paboTe, NOCBALWEHHOM IMIMKOKANUKCY, «bapbep NPOHMLLAEMOCTUY
YNOMMHAETCA KaK OfHa U3 €ro OCHOBHbIX GYHKLMIA. OQHAKO AaHHbIX, MO3BOSAIOLLMX CAENaTb TAaKOM
BbIBOJ, HeAOCTaToO4YHO. B 0630pe 6yayT paccmoTpeHbl yHAAMEHTaIbHbIE Hay4Hble AaHHbIE U
AOK/IMHUYECKME JaHHble, MOATBEPKAAIOLME POJIb ITMKOKAJIMKCA B Ka4eCcTBe OCHOBHOrO H6apbepa
NPOHMLAEMOCTH.

OCHOBHOW NyTb NepeMeLLeHUs KUAKOCTU U PACTBOPEHHbIX BELLECTB Yepes IHA0TENNN NPOXOAUT Yepes
MEKKNETOYHOE coenHeHNne (puc. 1). Y MnekonuTaowmx MeKKIeTouHoe coegnuHeHNe npeacTasaaeT
CO60M AIMHHYIO U U3BUAUCTYIO LWENb, YAEPKUBAEMYIO aare3nBHbIM coeanHeHmem (AJ - Adherens
junction) — Komnaekcom 6e/KoB, CO34a0WMX 30HbI NJIOTHOTO NpuaeraHna membpaH (NAoTHble
KOHTaKTbI tight junctions). Komnnekc AJ, B cBoto ouepesib, CBS3aH C 3HAO0TENIMANbHbIM LIUTOCKENETOM
NnocpeacTBOM PAAA CUTHAbHbIX MOJIEKY/ U aare3nBHbIX 6e/KoB, KOTOpble NPY BOCAAZIEHUN MOTYT
pacnagaTtbCcs, YTO MPUBOAUT K NOBbILLEHMIO MPOHULLAEMOCTU COEANHEHUA MeXKay KneTkamu [1].
Be3nKynspHbI TpaHCNOPT aibbyMUHa Yepes KaBeoJibl (Ny3blpbKK, BE3MKYbl) obecneymBaer
npoABuKeHne anbbymuHa B 3HAO0TENMM HENPEPbLIBHOMO TUNA [2], HO OCTaeTcsA HepeLleHHbIM BOMPOCoOM
Ans GbeHecTPUPOBaAHHOrO SHAOTENUS.

PaHHWe aneKTpOoHHble MUKpodoTorpadmm AaBanmn n3obparkeHMa KOMMNAKTHOTO CNOSA F/IMKOKA/IMKCa Ha
3HAO0TEeNMaNbHOM NOBEPXHOCTH, a bonee Nno3aHMe M30bparkeHns NpeacTaBAsIM cOb60M TONCTbIN
KYCTOBMAHbIN CNOM IMNKOKAZIMKCA, MOKPbIBaOLWMIA NOBEPXHOCTb KNeTKMU. OCHOBbIBAAChb HAa 3TUX
N306parKeHUAX, IMMKOKAJIMKC Bbl LUMPOKO M306parKeH Kak BHYLUUTE/IbHbIN C/I0M, NOKPbIBatOLWMIA
NOBEPXHOCTb K/NETKM, B TOM YMC/1e NOKPbIBAIOWNI OTBEPCTUE MEXKKIETOYHOIO COEANHEHMA U LLEKY
KaBeosibl. B 060ux ciyyaax npeanonaranoch, YTo FMUKOKANMKC GYHKLMOHMPYET KakK MOEKYNSPHbIM
dUNbTp ANA TpaHCNopTa Yepes MeXKK/IEToUYHble coeaMHeHMA 1 Be3nKkynbl [3,4,5,6] (puc. 1). Yto Kacaetca
KaBeo, nocnefHue gaHHble CBMAETENbCTBYIOT 0 ToM, 4To PV1 (Plasmalemmal vesicle-associated



protein-1, or a caveolae diaphragm protein), 6enok guadparmbl KaBeos, SBAAETCA OCHOBHbIM
dbaKTopoMm, onpeaenatowmMm 3arpysKy Kaseos anbbymmHom. CHMMXeHMe akcnpeccun PV1 pesko
yBENNUYMBAET 3arpy3Ky KaBeo aibbyMUHOM M TPAHCLMUTO3, YTO NPUBOAUT K 3HAUMTE/IbHOM noTepe
aNbbymMMHa Naasmbl, NOBbILEHMIO KOHLLEHTPALUKN anbbyMmnHa B TKAHAX M 0BWMPHOMY
WMHTEepCTULManbHOMy OTeky [7].

Fig. 1
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A Historical model of the glycocalyx (left), based on electron micrographs, proposed that the endothelial glycocalyx covered the cell surface including the
luminal opening of the intercellular junction and the neck of caveolae. B The contemporary model (right) suggests that the glycocalyx residing over the cell
body is much thicker than originally proposed but does not appreciably cover the junctional opening or caveolae neck. In the contemporary model, junctional
complexes like the adherens junction limits protein permeability rather than the glycocalyx.

lModnuce Nod pucyHKom

A. UcTopuyeckas moZenb rNMKOKaAnKca (cieBa), OCHOBaHHaA Ha 3/1EKTPOHHbIX MUKpodoTorpadusx,
npeanonaraet, YTo 3HAOTEIMANbHbIN FNMKOKAZIMKC NOKPbIBAET NOBEPXHOCTb KNETKU, BKAKOYAs NPOCBET
MEKKNETOYHOro CoeAUHEHUA 1 Leliky KaBeos. B. CoBpemeHHas moaens (cnpasa) npeanonaraet, uyto
FNIMKOKANNKC, PACNONOMKEHHbI Hag Te/IOM KNEeTKKU, 3HAYMTEIbHO TOJILLE, YEM NPeanonaranocb
M3HaYa/IbHO, HO HEe MOKPbIBAET MEMKKIETOUYHbIE COeAMHEHMA N LLEWKY KaBeosbl. B coBpemeHHoM
MOZENN NPOHULAEMOCTb 3HA0TENUA ANA 6eNKOB OrpaHMUYMBALOT HE CaM FIMKOKAIMKC, @ MEXKKNETOYHbIEe
KOMMJIEKCbI, TAaKME KaK afreansHble coeamMHeHus (MNoTHble KOHTaKTbI tight junctions).

CpaBHeHMe CTPYKTYp pasHbIX TUNOB 3HAOTENNS

MN306parkeHuns rIMKOKa/IMKCa NMOKA3bIBAOT MIOTHbIV Pa3MbITbIi C1I01 Ha MOBEPXHOCTU SHAOTENNA U
co34atoT olyLieHne dpusmyeckoro bapbepa [8,9,10]. M306parkeHns, NpeacTaBAeHHbIe B 3TUX
MCTOYHWMKAX, MOKa3bIBAOT CUTOOOpPA3Hble CTPYKTYPbl PeHECTPUPOBAHHOIO 3HAOTENUSA. BaxKHO, uTO
dbeHecTpUPOBaHHbIN TN SHAOTENNS, KOTOPbIE MMEIOT APYIYHO XapaKTePUCTMKY NPOHULAEMOCTH NO
CPaBHEHMIO C 3HAOTEANEM HenpepbiBHOro TMNa (Tabanua 1). MukpodoTorpadumn sHA0TENMANBHOTO
rMMKOKaNMKCa HenpepbIBHOIO TMNa, caenaHHble Okada et al. [10], nokasbiBatoT KNyb6o4YKoobpasHyto
CTPYKTYPY, KOTOPYIO aBTOPbI Ha3bIBAlOT «MNOXOXKeW Ha BPOKKOANY, HO N306pPaKEHNA HE MOMOTratoT Ham
NOHATb MX PACNOIOKEHNE OTHOCUTEIbHO SHAOTENNANBHOMO CoeANHEHUA (NOTHbIE KOHTaKTbI tight
junctions). Bo3MOHO, UTO 3aBeca I/IMKOKa/IMKCa 3aKpbiBatowas GpeHecTpbl ABASETCS 3/IEMEHTOM
H6apbepa NPOHMLLAEMOCTM B 3TOM 0COBOM THNE 3HA0TENNA, HO GEHECTPUPOBAHHbIN 3HAOTENNI NO BCeM
XapPaKTEPUCTUKAM OT/IMYAETCA OT APYIMX TUMOB 3HA0TENMUA (HEMNPEPbIBHLINA TUM U CUHYCOBbLIV TUM).



Table 1 Permeability characteristics of common types of endothelium

From: The glycocalyx as a permeability barrier: basic science and clinical evidence

Tissue Endothelial type K 4 L, o , -4
ml x min cms_ ' dyne
mm Hg ' 100 g~! x 100

Skeletal muscle Continuous 0.04 0.55 0.91
Cardiac Continuous 0.34 0.86 0.80
Intestine Fenestrated 0.70 32 09

Salivary gland Fenestrated 1.3 3.1 0.8

Based on data retrieved from references [11, 12]

MeToapl, He Npegnonaratowme gerngpaTaumm, U UCNoIb30BaHME KAaTUOHHbBIX KpacuTenei, KoTopble, Kak
YTBEPKAAETCA, COXPAHAIOT CTPYKTYPY, BbIABUIN PA3MbITbIN U HUTEBUAHbIN CNOM, 3HAUNTENIbLHO MEHee
NIOTHbIN, YEM Ha PaHHUX MUKpodoTorpadumax, HO ropasao 6osee BbICOKUIM (B HECKOJIbKO
MuKpomeTpoB) [13]. B aTom uccnepoaHum Van den Berg u ero konneru coobwmnu, 4to obpaboTtka
rManypoHnaason npmeena K NpakTUYecKM NOAHOM noTepe rMKoKaanKkca u bbina cBasaHa ¢
NHTEePCTULMANbHBIM OTEKOM. OHM NPULLAN K BbIBOAY, YTO IMMKOKAJIMKC ABNAETCA OCHOBHbIM Bapbepom
NPOHMLAEMOCTU. ANbTEPHATUBHOE 06bsICHEHME 3aK/I04aeTCa B TOM, YTO pepmeHTaTMBHOE
nepeBapuvBaHMe KOMMNOHEHTOB IIMKOKa/IMKCa, KOTOPbIe, Kak M3BECTHO, CBA3aHbI C peuenTopamm 1
3N1eMEHTaMM LUUTOCKEIeTa, MOMKET NOCPEACTBOM CUTHA/IbHbIX MEXaHNM3MOB OTKPbIBATb MEKK/IETOUYHbIe
coeamHeHun (N1oTHble KOHTaKTI tight junctions).

Schmidt et al. [14] npogeMoHCTpUpOBanm, YTO SHAOTOKCEMUA Ha MbILLMHOWM MOAENN Bbi3blBaeT
pa3spyLUeHne rMKOKaANKCa U NOBbILLIEHNE NPOHNLAEMOCTU MUKPOCOCYA0B NErKNX. MHrMbUpoBaHne
renapaHasbl oc/1labasaeT runepnpoHMLAEMOCTb, BbI3BaHHYIO 3HAOTOKCEMMEN. MPOCTbIM 06bACHEHMEM
MOMeT BbITb TO, YTO 3HAOreHHas renapaHasa NPUBOAMUT K Aerpajaumnn rMUKOKanamnKca, KoTopas ABAseTcs
HenocpeACcTBEHHOW MPUUYNHOM TMNEePNpPOHULLAEMOCTH, a UHTMBUpPOBaHME renapaHasbl 3aWuLLaeT
rMUKOKaNUKC, noaaepXunsan ero 6apbepHblie cBoMCTBa. O4HAKO aBTOPbI NPULLAK K BbIBOAY, YTO
MHIMBUPOBaHMe renapaHasbl NPeAoTBPaLLAET paspyLlleHMe FMKOKaIMKCa N CHUMXKaET aaresnto
HEeUTPOPUNOB K SHAOTENNIO, TEM CaMbIM 0CNabNAA OCTPOE NOBPEKAEHUE NETKUX U CBA3AHHYIO C HUM
NPOHULLAEMOCTb MUKPOCOCYA0B.

Mpouecc, npoaeMOHCTPMpPOBaHHbIN Schmidt et al., 6b11 Bnepsble onucaH Lipowsky 1 ero konneramu B
Cepun U3ALLHbIX cTaTen (cMm. 0630p [15]). OHM NPOAEMOHCTPUPOBAN, UTO FNKOKAIMKC SKPaHUPYeET
aZiresvoHHble 6e/IKM 3HAO0TeINAIbHOV MOBEPXHOCTU U NPeAoTBPALLAET AOCTYN HEUTPODUIOB K 3TUM
yyacTkam aaresvu. OTTOpKeHUE ITIMKOKAIMKCa AeNaeT 3TU afre3noHHble 6enku 4oCTyNHbIMKU s
HeNTPOOUNOB, KAaTALMXCA NO NOBEPXHOCTM SHAOTENNA, A CBA3bIBAHME HENTPODUAbHBIX BE/KOB C
MOJIEKYITAMU aATe3UM IHAOTENUNA CTUMYIMPYET BbICBODOKAEHME BELLECTB, NMOBbILLAKOLLIMNX
npoHuuaemocTb. Cpeamn aTux Bewects — CAP37/a3ypoumamH, MOLWHbIN MeAnaTop, NOBbILLAOLLMNA
NPOHMLAEMOCTb M OTKPbIBAIOLWMIM S3HA0TENMANbHbIE COeAMHEHNA (NNOTHbIe KOHTaKTbI tight junctions)
[16].

TONWMHY FMMKOKAZIMKCA Ha 3/IEKTPOHHbIX MUKpodoTorpadusax npeacrtasaeHHbix Van Der Berg [13]u ¢
nomolLLbio GayopecLeHTHOM BU3yanm3saumm [20] TpyAHO cornacoBaTb C pasmepamm OTAe/bHbIX
KOMMOHEHTOB NPOTEOr/IMKaHa. CMHAEKaH-1, OCHOBHOWM KOMMOHEHT I/IMKOKA/IMKCa, 06/1a83eT OCHOBHbIM
6eKoM, KOTOPbI coaepKUT NPNBAU3UTENBHO 252 aMUHOKUCNOTbI BO BHEKNETOYHOM AOMEHE U UMeeT
rMMKO3aMUHOIIMKAHOBbIE Lienu, 0bblvHO cocTosAwme 13 100 aMcaxapunpos. BoicoTa ocHoBHOTO beska
CUHAeKaHa-1 coctasnneT meHee 100 HM, 1 Aaxe ecam Bbl FIMKO3aMUHOTIMKAHOBbIE Lienn 6bln
OPUEHTUPOBAHbI BEPTUKAIBHO, MM NPULWAOCL 6bl £06aBUTH ewe 50 HM, 4TObbI AOCTUYL 06LLLEN BbICOTbI
100-150 Hm. Coobuiaemble in vivo pazmepbl IIMKOKanuKca npnbansntenbHo ot 500 HM A0 2 MKM B
TO/ILMHY CNOXKHO 06BACHMTb; 3TO NoTpebosano bbl NoBepx cnosA cuHAeKaHa-1, abcopbumm cnos 6enka
KOTOPbIN 6b11 6bl KAK MUHUMYM B 4—8 pas ToJILLEe, YeM NerKallMii Noa HAM KapKac. [MKOKaanKc
BbicoTol 100 HMm, natoc ropasao 6osee TONCTbIN NPOTAKEHHbBIN NOBEPXHOCTHbIN CNOM



abcopbrpoBaHHbIX CbIBOPOTOUYHBIX 6€/IKOB YaCTO Ha3bIBAKOT 3HAOTEIMAbHBIM NMOBEPXHOCTHLIM C/I0EM
[17]. 91 pazanumna B yHKLMOHANbHbIX CI0AX M HOMEHK/IaType Pa3mbiBatoT pasanumne mexay
TIMKOKA/IMKCOM U cioem abcopbrpoBaHHbIX 6ENKOB M CO34at0T TPYAHOCTU B oNpeseneHnn Toro, 4To
MMEHHO ABNAETCA UCTUHHbBIM 6apbepPOoM NPOHMLLAEMOCTH.

dusnonornyeckas nepcnexkTmnsea

dur3nonormyeckne nccnefoBaHmA ex Vivo ¢ MCNob30BaHMEM MUKPOCOCYA0B OPbIXKENKN NAryLLEK
NO3BOJIU/IM NPEANONONKNUTb, YTO ITMKOKAIMKC (Ha3blBaeMblil BO BPEMA 3TUX UCCNEA0BaHUI MaTPUKCOM
BOJIOKOH) 3a4,eP*KMBasA CbIBOPOTOUHbIN aNbbyMUH y4acTByeT B CO34aHUN OCMOTUYECKOTO bapbepa ans
BoAbl [18]. BbiMmbiBaHWE 6€/1IKOB M3 INTIMKOKaMKCa C MomolLbto 6e3benkoBoro pactsopa PuHrepa
NPUBOAUNO K MHOFOKPaTHOMY yBeNnYeHuto npoHmuaemoctu gns sogpl (Lp) (Lp Hydraulic conductivity),
B TO BpeMms KaK penepdysuna pactBopom PuHrepa, cogeprkawmm anbbymumH, BOCCTaHaBIMBAIA 3HAYEH WA
NPOHMLLAEMOCTIN A0 HOPMasbHbIX (T.e. BOCCTaHaBAMBaNUCh bapbepHble GyHKUMK) [19, 20].
AHaNoOrMYHble UCCNe0BaHUA C UCMOIb30BaHMEM NOJIMMEPOB AEKCTPAHA U APYIMX CbIBOPOTOUHbIX
6en1KoB He BbIBUAN 3PPEKTA CHUKEHMA MPOHULAEMOCTHU, YTO CBUAETENLCTBYET O CneumMPpUYHOCTH
anbbyMnHa K MaTPUKCY BOJIOKOH U CBA3AHHOM C 3TUM BJIMSIHUM HA NPOHMLL@emMocCTb [21, 22].
INeKTPOHHbIe MUKpodoTOorpadmm B COMETAHMM C UCCAeA0BAHUAMM Nepdy3nn MUKPOCOCYA0B
NPOAEMOHCTPMPOBA/IU, YTO MEYEHbIN KaTUOHU3UPOBaHHbIN GEePPUTUH HE MPOHUKAET B HATUBHbIM
FNMKOKANMKC, HO KOraa aNbbyMUH BbIMbIBAETCA U3 I/IMKOKAIMKCa 6e36enkoBbIM Nepdy3aTom,
KAaTMOHWU3NPOBAHHbIN GEePPUTUH LEMOHCTPUPYET rNyBOKoe NPOHMKHOBEHME, BKAOYAA BE3UKYASPHOE
nornouieHue [6, 23].

B COBOKYMHOCTM 3TW pe3y/ibTaTbl NO3BOAUAN NPEANONOKUTL, YTO CbIBOPOTOYHbIE BEMKK, U, B YAaCTHOCTY,
anbbyMUH, yAEPKMBAIOTCA TNIMKOKAIMKCOM U YCUIMBAIOT 6apbepHYo GyHKLMIO, NPEenATCTBYSA
NeHeTpaunn Apyrmx CbiIBOPOTOUHbIX 6enKkoB. Tenepb Mbl 3HAaeM, YTO aIbOYMUH MOKET NEPEHOCUTD
CPUHrosnH-1-pocdat (S1P) mexay sapuTpoLuTaMm U SHAOTENUEM, YTO NPUBOAUT K YAYyYLIEHUIO
6apbepHoit yHKUMKU. CBA3bIBaHME S1P ¢ peuentopom S1P Ha sHAOTENMANbHBIX KNETKaxX 3anycKaeT
KacKag, CUrHaIbHbIX COBbITUIM, KOTOPbIE YCUANBAIOT KOPTUKAJIbHBIM aKTUH M YKPENAAIOT MEKKNETOYHblEe
KOHTaKTbI (NI0THbIE KOHTaKTbI tight junctions), 4To NpuBOAMUT K 6oN1€€ NNOTHOMY COEANHEHUIO U
CHUYKEHMIO NPOHNLLAEMOCTU coeanHeHus [24]. TakKe coobLanoch, 4To S1P 3awmLaeT rMnMKoKaamKe
nocpeacTBOM MHIMBUPOBAHUA METANIONPOTENHA3, KOTOpble depMEHTATMBHO pacLLennsatoT 6esKkosble
KOMMOHEHTbI IMIMKOKanuKkca [25].

Vink and Duling [26, 27] npeacTaBuaun nepsyto GYHKLMOHANbHYIO XapaKTePUCTMKY Npeanoiaraemblx
H6apbepHbIX CBOMCTB IMMKOKa/MKCa in vivo, npogaemoHcTpupoBaBs 30HY (red blood cell exclusion zone),
PacnoIoXKEHHYI0 MeXKAY NOBEPXHOCTbIO IHAOTENMA M TEKYLLMM CNOEM N1a3Mbl. B 3Ty 30Hy He nonaganu
AeKcTpaHbl 2 70 K[a (KpynHble oTpULaTEeIbHO 3apAKEHHbIE MOIEKY/Ibl), HO B 3Ty 30HY NPOHUKaNU
dbyopecueHTHO MeyeHHble 6enKkun 1 gekcTpaHbl < 70 ka (6onee menkme monekybl). OLEeHKN TONLWMHbI
TIMKOKAJIMKCa COCTaBUAN NpubamsutenbHo 0,5 MKkm. Mocneaytowme nccnesoBaHus € UCNO/Ib30BaHUEM
BpemeHHoN GiyopecLLeHTHOM BUAEOMMUKPOCKOMUN U3MEPAIN BPEMSA NPOHUKHOBEHWA ANA PA3/IUYHbIX
OEKCTPaAHOB U CbIBOPOTOYHbIX 6€/1KOB. HeiTpaibHble M aHMOHHbIEe AeKcTpaHbl = 70 K[a He NpoHMKanu B
rNIMKOKANUKC, B TO BPEMA KaK aHMOHHble AeKcTpaHbl MeHee 40 K[la mea/IeHHO NPOHUKanu B
rMMKOKanuKc. HeckonbKo 03afiaumBaolmm 66110 HabawaeHme, 4To anbbymuH (67 ka) n pubpuHoreH
(340 k@) NpOHMKanM B INIMKOKAJIMKC C O4MHAKOBOM CKOPOCTbIO, HECMOTPA Ha 3HAYUTE/IbHYIO PA3HULY B
MOJIEKYNAPHOM Macce. 3To HabatoAeHWe CTaBUT Noj, COMHEHME paspeLleHne U YyBCTBUTENbHOCTb
CUCTEMbI BU3YaNN3aLNN.

M3 UX faHHbIX BO3HMKAET TPYAHOOOBACHUMbIE Pe3ybTaTbl, - 3TO KO3IGPUUMEHT TPAHCIHAOTENMANBHON
npoHuuaemoctu (P) ansa anbbyMuHa, KOTOPbIM, Kak co0bLLaN0Ch B APYroM MecTe, coctasnseT P =107 -
108 cm/c [28]. P moskHO BbiBecTv u3 P = D/d, rae D - koaddpuumeHT anddysum B BogHom cybeTparte, a d -
ToNWwMHa cnoa. B skcnepmumenTax Vink and Duling d = 0,4 mkm 1 D = 8,5 x 107cm?/c [26], uTto paetP = 2,1



x 102 cm/c. 3TO 3HaUYeHMe ABHO HAMHOTO Bbille U3MepPeHHOro P ana anbbymmHa. AHaNOrMUYHbIM
obpasom, Gao and Lipowsky onpegenunnu D pasHbim 10%cm?/c ana pgekctpana 70 k[a BHYTpu
FNMKOKANMKCA KanMANApoB Kpbicbl [29]. Mcnonb3ya 3To 3Ha4YeHMe AN pacyeTa npoHuuaemoctu (P =
D/d), nonyyaem P = 107>cm/c, uTo Ha 3 nopagka npesbiwaeT KO3PPULMEHT MPOHMLLEAEMOCTH,
N3MepeHHbIN in vivo. MpocTan MHTepnpeTauma STUX AaHHbIX 3aK104HAETCA B TOM, YTO
TPaHCIHAOTEIMANbHAA NPOHMLAeMOCTb (P) onpeaenseTca He rIMKOKaIMKCOM, a, CKOpee BCEro,
MOJIEKYNISIPHBIMM KOMMJIEKCAMM, 06Pa3yHOLLMMM SHA0TENNA/IbHbIE COeAMHEHUS (N0THbIE KOHTAKTbI
tight junctions).

AnbbYMWH, KNETOYHDbIN KanbLMN U NPOHULLAEMOCTb

MOCKONbKY BTOPUYHbIE NOCPEAHMKN U CUTHA/IbHBIE MYTU CTA/IM BaXKHbIM HanpaBieHMem B 61onoruu
3HAO0TENUA, eCTECTBEHHbIM ObINI0 OLEHUTb BAUSAHME aNbbyMUHA Ha BHYTPUKAETOYHbIM Ca** n apyrue
BTOPUYHbIE NOCPEAHUKMN, MOBbILWAOWME NPOHULAEMOCTb. YAMBUTENBHO, HO YaaneHne anbbymuHa us
nepdysaTa cocygoB NPMBOAMT K YBENNYEHUIO BHYTPUIHAOTENManbHoro Ca*, B To Bpemsa KaK
penepdysns nepdysaTom, cogepalmm anbbyMuH, NPMBOAUT K HEMEANEHHOMY CHUMKEHUIO
BHYTPUKAeTOoYHOro Ca™. 3To yBesiMyeHme Kanbumsa Bblno CBA3AHO C yBE/IMYEHNEM SHAO0TENNAIbHOM
NPOHMLLAEMOCTUN, OLLEHUBAEMOM NYTEM U3MEPEHUA NPOHULLAEMOCTU ANA BOAb! (rMapaBaMYecKom
NPOBOAUMOCTM - NPOHMLL@eMOCTb ANs BoAbl - hydraulic conductivity) [30]. Takum o6pasom, Tenepb
MOXHO YTBEPKAaTb, YTO aNbOYMUH Hanpsamyo moaynanpyeT romeoctas Ca** U KOCBEHHO BMAET Ha
3HAO0TENMANbHYIO NPOHMLLAEMOCTb. ABTOPbI MPULLAK K BbIBOAY, YTO 3TU Pe3y/ibTaTbl HE COTNACYOTCA C
Mmozenblo abcopbuum anbbymmnHa Ha rMMKOKaAMKCe, Npea/IoKeHHOM paHee B UX bosiee paHHUX
ny6ankaymax [20]. MpaKTUyeckn Bceraa yBeiMyeHme LMToN1asmaTMyeckoro KaabLUns aHaoTenms
YyBE/IMYMBAET NMPOHNLLAEMOCTb NOCPEACTBOM COKPATUTENbHBIX MPOL,ECCOB, KOTOPbIE OTKPbLIBAIOT
MEKKNETOUYHble coeamMHeHMA (NNOTHbIe KOHTaKTbI tight junctions). TakMm obpa3om, HEBO3MOMKHO
pa3faenvTb Npsmoe AencTBME aibbyMUHA Ha IMKOKAIMKC M ero BAUSHME Ha MOAYNALMIO USMEHEHUI
NPOHULAEMOCTU MEXKKJIETOYHbIX COEANHEHMN, BbI3BaHHbIX Kasbuuem [31, 32].

AnbbyMUMH cam no cebe nmeeT oTpULATENbHbIN 3apAd, YTO 3aTPYAHAET NPOXOXKAEHNE B UHTEPCTULIUNA.
AnbﬁyMMH TaKXe o6nap,aeT MHOTMMUN HEOHKOTUYECKNMHU CBOVICTBaMM, KOTOpble MmOryT 6bITb NONE3HbIMMU
N OaXKe KNUHMYECKUX B CUTYaUUSAX, NPU SHAOTENNANBHON ANCOYHKLNN U NOBbILEHHOMW 3HAO0TEIMANbHOM
npoHuuaemoctu [33]. AnbOYMUH MOKET CHUXKATb aKTUBHOCTb CMHTa3bl OKCUAA a30Ta [34], KoTopas
ABNAETCA OCHOBHOM NPUYNHOM OKUCAUTENBHOTO CTPECCa NPU BOCNANIEHUN, YTO NPUBOANT K YBEANYEHUIO
NPOHMLLAEMOCTN MEXKKNETOUHbIX coeauHEeHMI (NI0THbIE KOHTaKThI tight junctions). OH Takke obnagaet
aHTMOKCUOAHTHBIMW CBOMCTBaMM Haarofaps cBoemy ocTaTKy cys34, KoTopblii npeacTasaseT coboi
camblit 6obLLOW NyN TUOOB B cocyancToin cucteme [35]. AnbbymMH OKasblBaeT
MMMYHOMOAYNMPYIOLLEe AEUCTBME, BKOUYAA CBA3bIBAHWE NIMNONOAMCAXapmaos [36] u
npeaoTBpaLLeHne agreann akTMBMPOBaAHHbIX NOMMOPGHOALEPHBIX IEMKOLMTOB Ha MOBEPXHOCTHU
aHgoTenus [37], KoTopble ABNAOTCA GaKTOPaMM, U3BECTHbIMM KaK OTKPbITble cCOeaMHEHNA
3HA0TENMANBHbIX KNETOK.

[MMKOKaAAMKC in VIiVO M NPOHULLAEMOCTb Y }UBOTHbIX

MepBble NpAMble A0KA3aTebCTBA PE3UCTEHTHOCTU IIMKOKA/IMKCA in ViVo K TpaHCIHAOTENNAAbHOMY
NOTOKY BoAbl 6binn nonyyeHbl Adamson et al [38], KoTopble MCNOb30BaAM NPOHA3Y, NPOTeasy
LUMPOKOTO CNeKTpa AeNcTBuA, ANA NepeBapuBaHna 3HAOTENaNbHOM NOBEPXHOCTU Nepdy3npyembix
MWKPOCOCYZL0B NIATYLWKN C OAHOBPEMEHHbBIM U3MEPEHNEM MPOHULL@EMOCTH Ana Boabl (Lp - hydraulic
conductivity - ruapaBnMyeckolt NPoBOAMMOCTH). Jerpasaumio rMMKOKaIMKCa OLLEeHUBANN NyTem
KO/IMYEeCTBEHHOIO onpeaeeHNa CBA3bIBAaHNA KaTMOHU3MPOBAHHOIO GEPPUTUHA C IHAOTENMNANbHOM
NoOBEPXHOCTbIO. MpoHasa yBennuneana Lp(npoHuuaemocTs 415 BOAbl) NPUMEPHO B 2,5 pasa U CHUXKasa
CBA3bIBaHME KaTUOHU3MPOBAHHOTO peppuTMHa Ha 50%. OgHaKo NpoHasa npeacTtasnseT coboit cmecb
NpoTeas WMPOKOTro CNeKTPa AEMCTBMA U, KaK OXKMAAETCA, pacllennseT 6e/Kn MeXKAeTOYHbIX



coeamHeHul (NaoTHble KOHTaKTbI tight junctions). ABTOpbI NPOBENN 3N1EKTPOHHO-MUKPOCKOMUYECKYHO
OUEHKY apXUTEKTYPbl MEXKIETOYHbIX COeANHEHUI (NNOTHbIE KOHTaKTbI tight junctions) u He cmoran
BbIABUTb U3MEHEHWI B COEANHEHUAX, COOTBETCTBYIOLLMX NOBbILEHMIO Lp. 3HauMTeIbHan Aerpagaums
rNIMKOKaNMKCA NPUBENa INLLb K yMEPEHHOMY YBEIMYEHMIO U3MEPEHHOW NPOHULAEMOCTH, O4HAKO
HeNb3A UCK0YaTb BANAHWE NPOHA3bl HA MPOXOAMMOCTb MEKKAETOYHbIX COEANHEHWNI (NNOTHbIE
KOHTaKTbI tight junctions).

Huxley and Williams [39] coobwwnnun, uto gerpaaauma rMKOKaAMKCca CBMHbIX KOPOHAPHbIX apTepuon
NpoHa3oM MK renapMHasol yasausana KoapdpuumeHT npoHuuaemoctn (PS) ana anbbymnHa u
NakTanbbymuHa. OgHaKo UX Nocieayowmii aHauM3 He CMOT NPOAEMOHCTPMPOBATL OXKNUAAEeMble

3¢ deKTbl U3MEHEeHMUI NPOHMULLAEMOCTH, BbI3BaHHbIX pepMeHTaMK, NPU NOAroHKe noa moae b
nocsen0BaTe/IbHO COeAMHEHHbIX PE3UCTOPOB (F/TIMKOKANNKC, IHA0TEINaIbHbIE KNETKK, CTEHKA
apTepuon). BKpaTtue, moaenb nocneaoBaTe/IbHOro pe3ncropa, npeanoxeHHas Huxley et al, 6bina:
Rtotal = Rglycocalyx + Rarterial CTEHKM. CornacHo metogam ctatbu Huxley et al, npoHuuaemocts (P) B
HeobpaboTaHHbIX cocyaax byaeT onpeaenatbcs Kak (Piotal)—1 = (Pgycocalyx)—1 + (Pwan)—1. U3mepss
NPOHULLAEMOCTb HeobpaboTaHHbIX M 06paboTaHHbIX PepMEHTOM COCY0B, MOXKHO HbIN0 onpeaennTb
NPOHMULLAEMOCTb IIMKOKaNUKca. Mcnosb3ya nonyyeHHble AaHHble, aBTOPbl NPUXOAAT K BbIBOAY, YTO
«JIorMYecKme npeackasaHmua Moaenu ¢ NocneoBaTe/IbHbIM PE3NCTOPOM HE CMOTIN 06 BbACHUTL AaHHble
HacToAwero uccnegosaHua». (MoapobHee cm. ccbinky 38.) ABTOpbl NpeacTaBMAN anbTepHaTUBHbIE
06bsAcCHeHUA, B TOm umncne: (1) npoHasa B/MANA KaK Ha MPOHMLLAEMOCTb MEXKKJETOUYHOTO COeANHEH S
(nnoTHble KOHTaKTbI tight junctions), Tak U Ha FIMKOKanMKc, U (2) moaenb ¢ UCNOb30BaHUEM
nocnenoBaTebHbIX Pe3ncTopos bbina oWMBOUYHON. K 3TUM anbTepHaTUBHbBIM 06BACHEHUAM MOXKHO
006aBUTb, YTO MIMKOKAJIMKC, BO3MOXHO, HE AABNAETCA OCHOBHbIM KOMMNOHeHTOM 6apbepa
NPOHULLAEMOCTHU.

3To NOABOAMT HAC K CYyTU apryMeHTa NPOTUB TOro, YTOObI FIMKOKAIMKC Bbl/1 OCHOBHbIM KOMMOHEHTOM
6apbepa NPoHULAEMOCTU. EAMHCTBEHHAA YacTb FIMKOKaAMKCa, CNocobHas BAUATbL HA NPOHULLAEMOCTb,
— 370 dpaKuUmA, MOKPbIBAKOLLAA OTBEPCTUE MEXKKIETOYHOrO COeAMHEHMA. ITO OCHOBAHO Ha C/ieaytoLLem
pa3MbILLNEHNN: OCHOBHOM NyTb Yepes SHAOTENNIN ANA TPAHCNOPTA BOAbI M PACTBOPEHHbIX BELLECTB
NIEXUT Yepes sHAO0TeNNANIbHOE coeaNHEHME (NOTHbIE KOHTAKTbI tight junctions). ConpoTueneHue
OBUXKEHMIO XKUAKOCTU U PaCTBOPEHHbIX BELLECTB YEPE3 LLLe/Ib MEXKKIETOYHOIO COeANHEHMA CO34at0T
NMOKPbLIBAIOLLMIA TIMKOKANIMKC U BEIKN COeANHEHNA BHYTPU LWLEN, KOTOPbIE YAEPKMBAIOT ABE cOCeaHUE
SHAOTENMAbHbIE KNETKM B TECHOM KOHTaKTe Apyr ¢ apyrom. OCHOBbIBAACH Ha AeTa/lbHbIX U3MEPEHUAX
pa3mepoB CoeanHEeHUA U U3MepeHHbIX KoadduumeHTax npoHmnuaemoctm, Weinbaum et al. [40] npuwnm
K BbIBOAY, YTO FNIMKOKANMKC HaZ OTBEPCTUEM COEANHEHMUA AOMKEH OTCYTCTBOBATbL MW CTPYKTYPHO
OT/IMYATLCA OT TOICTOrO C10A, 0OHAPYKEHHOTO HAZ TEZIOM KNETKM, YTOObI 06 BACHNTL U3MEpPEHHble
napameTpbl TpaHcnopTa.

Michel and Curry [3] npoBenn KoAnYecTBeHHbIA aHaNN3 40N NAOWAAN MEKKNETOUYHOIO COeANHEHNSA B
npoueHTax oT obLlel naowaan NoBepxXHOCTU KaNnUANapoB, KoTopas coctasuna 0,2—0,4%. Mbl cuntaem,
YTO MUCCNEeA0BaHMA, OLEHMBAOLINE NPOHUKHOBEHNE MevyeHOoro 6esika nau AeKcTpaHa B IIMKOKaIMKC
yepes Teso KNETKM [26, 27], He UMEIOT OTHOLWEHWA K TPAHCIHAOTE/IMaNbHON MPOHULAEMOCTH.

B noaaep»KKy Hawel runoTesbl Curry and Adamson ony61vMkosanu 0630p s3HAOTENMANbHOTO
rMMKOKaNMKCa Kak bapbepa NPOHULAEMOCTU U MexaHoceHcopa [41]. B cBoém aHanM3e 3aBUCUMOCTU
TO/LWMHbI T/IMKOKA/IMKCa OT 6apbepHOMN GYHKLUKM C YHETOM KaK U3MEPEHHbIX, TaK U CMOAENIMPOBAHHbIX
3HauYeHui NpoHnuaemocTn gns Boabl (Lp - hydraulic conductivity - ruapasnanyeckoit npoBogMMOCTH)
aBToOpbl yTBEPXKAAOT: «Taknum obpasom, Kak yTeepaatotT Weinbaum u konneru [40], uamepeHHble
3HaYeHUA CHUXeHMA Lp (NPOHNLAEMOCTb AN BOAbI) CBA3bLIBAIOTCA C TO/LLMHON NOBEPXHOCTHOIO CN0A
OTHOCUTE/IbHO Y3KOW nonochbl, 6an3koi K 100—150 HM» 1 AenatoT BbIBOA, YTO «...NO KpaiHeih mepe YacTb
CTPYKTYPbl MOBEPXHOCTHOIO CNOA BOAN3N MEMKKNETOUHbIX COeANHEHUI (MNOTHbIE KOHTaKTbI tight



jUﬂCtiOﬂS), KOTOpble ABNAKTCA OCHOBHbIMU BOAHbIMU NYTAMU, OTINHAETCA OT TakoBOW Ha 6osblueit
4YaCT NOBEPXHOCTUN saHAOTENNAN.

3T0 03HAYaeT, YTO MMMKOKANMKC, MOKPbLIBAIOLLMI LLENb MEXKNETOUYHOIO coeanHeHnA, TMbo OTCyTCTBYET,
B0 CTPYKTYPHO N GYHKLMOHANbHO CUABbHO OTAIMYAETCA OT FIMKOKANMKCA, MOKPbIBAOLLErO HONbLUYIO
YacTb NOBEPXHOCTM KNETKM (puc. 1). 3TOT BbIBOA TaK}Ke CTaBUT NOA COMHEHUe NepecMOTPEeHHbI
npuHuun CrapauHra (Revised Starling Principle, RSP). RSP onucbiBaeT mosieKyasipHblit GunbTp,
KOTOpblii B 06/1aCT NoA, rNMKOKaIMKCOM Npoun3BoauT 6e36enkoBbiit GuUabTpaT, YTO CyLEeCcTBEeHHO
OrpaHMYUBaET ABUXKEHUE }KUAKOCTU U3 TKaHU B nnasmy [42]. dusmonornyeckne gaHHble, CTaBaLLmne
noJg, COMHeHMe nepecMoTpeHHbIN npuHumn CtapauHra (Revised Starling Principle), BkntoyatoT xopoLuo
OOKYMEHTUPOBAHHbIN NPOLECC TPAHCKANUANAPHOIO BOCNONHEHMA [43] 1 TOT $GaKT, YTO OHKOTUYECKNE
cBoiicTBa 20% anbbymuHa AeCTBUTEIbHO NPUBIEKAIOT BHECOCYANCTYIO XUAKOCTb B cocya [44,45,46].

Hebonblwas naowanb MeXKAeToOYHOoro coegmHeHun (NA0THble KOHTAKTI tight junctions) Takke nmeet
3HayeHue AnA uccaenoBaHUmn, nsydatolmx copacbiBaHne ranMKokaamnkca. 061acTb KNETKU BHe
MEK3IHAO0TENMMANbHbIX COeAMHEHUN cocTaBnaeT Ao 99,6-99,8% oT obuielt naowaam NoBEPXHOCTHU.
Takum obpasom, B UccnegoBaHMAX, U3MepsoWmMX cbpacbiBaHne BMOMapKepoB INIMKOKaAMKCa B N1asmy
[47], nogasnawowee 60AbWIMHCTBO cOpacbiBaeMbIXx BUOMAPKEPOB AO/IKHO MPOUCXOAUTb C MOBEPXHOCTU
3HAO0TENNANbHbIX KNETOK BHE MEX3HA0TENNANbHbIX COEAUHEHUI W, CNef0BaTeNbHO, BPAL U
CNOCOBCTBYET USMEHEHUIO NPOHMLL@EMOCTU. B npaMmom noaTteepaeHMm sTon naem, Ince et al.
NPOAEMOHCTPMPOBAJIU, YTO 3HAYUTENIbHOE YBENNYEHNE BMOMapPKEPOB IMIMKOKANMKCa B N1a3me He 6bi1o
CBA3aHO C YBE/IMYEHMEM NPOHNLAEMOCTM COCYA0B. B Moaenn HeTpaBMaTUYECKOTO reMopparn4yeckoro
LIOKa Habsloganoch yBennyeHue renapaHcyibdarta, cMHaeKkaHa-1 v rmanypoHoBoi Kucnotsl [48].
OaHaKo, HeCMOTpPA Ha UCMOJ1Ib30BaHNE MMM YeTbIPEX HE3aBMCUMbIX aHAIM30B COCYAMUCTOM
npoHuMuaemocTu (bayopecueHTHble AEKCTPAHOBbIE MapKepbl pacnaaa naasmbl; noTepa anbbymuHa ¢
CUHMM DBAHCOM; COOTHOLLEHWNE BIaXKHOMN/CyX0O MacChl TKaHEN; U MPUMKU3HEHHAA MUKPOCKOMNNA), OHK
He 0BHapyXWIM YBENMYEHNA SHAOTENNANBHOMN NPOHULLAEMOCTHU.

B nocneaytolem nccnefoBaHUM 0CTpPaa reMoguiouns rmapoKCUITUAKpPaxmanom, cbanaHcMpoBaHHbIM
KpMCTannonaom unm GpuanonormyeckMm pacTBopom 6bisa cBsizaHa C NOCTENEHHbIM YBE/IMYEHNEM
KOHLLeHTPaLMnN cnHaeKkaHa-1 B nnasme [49]. B aTux uccnefoBaHusax He 6blJ10 U3MEPUMOTO yBEINYEHMUA
COCYAUCTOM yTeuKkn anbbymmHa nnm gekcrpara (500 kKa) no cpaBHEHUIO C KOHTPO/IbHOM rpynnoi. B
COBOKYMHOCTW 3TW ABa UCCAeA0BaAHUA, C UCMO/Ib30BaHNEM ABYX COBEPLUEHHO Pa3HbIX YC/IOBUN,
npeaocTaBanAtoT ybeamTebHble f0Ka3aTeIbCTBa TOro, YTO AerpaAauma MUKOKaIMKCa He CBAiI3aHa C
U3MEHEHUAMM COCYAUCTON NPOHMLLAEeMOCTU. Mbl 06HAPYKNAN TONBKO OAHO UCCNeA0BaHME Ha Kpbicax,
roe nocsefoBaTelbHOCTU COBbITUI (LUOK, MOBbILLEHHOE CYLMBAHWE NPOAYKTOB IMMKOKA/MKCa,
YMeHbLUEHWE TOLLMHbBI [TIMKOKa/IMKCa, MOBbILEHHasA KanuanspHas yTeuka) KoppeampoBau
cornacoBaHHbIM 06pa3zom [50]. OgHaKO BAMAHUE reMOpPPaArnMYeckoro WokKa Ha NPOHNLAEMOCTb
MEMKKIETOYHbIX COeANHEHUI B 3TOM UCC/IeA0BaHUN HE PACCMATPUBANOCh, MO3TOMY MyTb, CBA3AHHbIM C
N3MEPEHHbIM YBEIMYEHUEM YTEUKM albbyMUHA, HEe MOT BbITb OnNpeaeseH.

HakoHeu, nocnegHve gaHHbIe CBMAETENLCTBYIOT O TOM, YTO MPOAYKTbI pacnaja rMKOKaIMKea
061a4at0T 6HUONOrMYECKON aKTUBHOCTBIO NMPW BOCNAIUTENbHbIX COCTOAHMUAX. Yuan 1 ero Kosneru
NPOAEMOHCTPMPOBAJIM, YTO NPOAYKTbI Pacllen/ieHna CMHAEKaHa-3 U CMHAEeKaHa-4, reHepupyemblie
TPOMBMHOM, YBENNYMBAOT MUKPOCOCYANCTYIO SKCTPaBa3aLmMio anbbymmHa B NErknx moiweit [51].
XopoLo n3BECTHO, YTO dparmeHTbl renapaHcyibdaTta CBA3bIBAKOTCA C MONEKYAAPHBIMU NAaTTEPHAMMU,
accouMmpoBaHHbIMK ¢ onacHocTbio (danger-associated molecular patterns DAMP), ycunusas
BocnaneHue [52]. Takum obpasom, ntoboe ncciefoBaHUE, MHAYLMPYIOLWEE AErPajaLmio INIMKOKAIMKC],
MOMET reHepupoBaTb OMOOrMYECKN aKTUBHbIE COEAUHEHMS, MOBbILLAOWME NPOHNLAEMOCTD
MEKKNETOUYHbIX COEAUHEHUA.



NMKOKaNuKc n NMPOHNLUAEMOCTb KAalNMNNApPOB y Ye/N0OBEKA

MmetoTcA HEMHOTOYNC/IEHHbIE AaHHbIE O TOM, YTO NOBPEXAEHME IMIMKOKANNKCA YBENNYMBAET
NPOHULLAEMOCTb KanWANAPOB AN MAaKPOMOAEKYA Y YeNnoBeKa. s n3y4eHna sToro Bonpoca
MCMNONb30BaINCh PA3NNYHbIE MOAXOAbI, HO KaXKAbl U3 HUX MMEET OrpaHnYeHunA B LEMOHCTPaL MM
NPUYNHHO-CNEeACTBEHHON CBA3W.

1. Ony6/mMKoBaHbl COTHU UCCAEA0BAHNM, B KOTOPbIX pparmeHTbl KOMNOHEHTOB IIMKOKAANKCA, TaKME KaK
cuHAeKaH-1 1 renapaHcyabdaT, Usmepaamcb B nepudepmyeckon Kposu, U Ux NOBbIWEHHAA
KOHLEHTpaLMA B NJ1a3Me paccMaTpmMBaNach Kak CBUAETENLCTBO NOBPeXAeHUA sHaoTenus [47]. 3Tu
6enKM MoryT 06pa30BbIBATLCA HE TONIbKO B COCYANCTOM 3HA0TENNMU, HO U BO MHOTUX APYrnX TKaHAX [53].
UccnenoBaHUs X NPOUCXOXKAEHWUA NPU NOABAEHUMN B BbICOKMX KOHLEHTPALMAX B Na3me NOCAe TPAaBM U
XMPYPruyecknx BMeLaTeNbCTB A0 CUX NOP HEe NPOBOANANCH. KOHUEHTPaLMA STUX GparMeHTOB B Naasme
OoTpakaeT 06LLy0 KAapPTUHY NOBPEKAEHNA U UCXOAbI, HO CBA3b MEXAY CNYLLMBAHMEM FNTIMKOKAIMKCA U
NPOHULLAEMOCTbIO, NO-BUANUMOMY, chabas.

2. CTpYKTypHble U3MEPEHUA TINKOKAZIMKCA MOTYT BbITb MPOAEMOHCTPUPOBAHbI MyTEM BU3Yann3aLmnm
MMKPOLUMPKYAALMU, KaK NPaBUIO, B NOAbA3bIYHOM o6aacTu [54]. AnA 3TOM uenm Kommepyeckm
LOCTYMHbI NOPTAaTUBHbIE CUCTEMBI BU3yanm3aumn. OHU N3MeEPALOT CMELLEHME SPUTPOLUTOB K LLEHTPY
KanuANapoB U OnpeaensatoT 30Hy UCKAtoUYeHMA, HasbiBaemyto «perfused boundary region», 30Ha Kyza He
3aX04AT 3PUTPOLMTBI, KOTOPAA NPeACTaBAsET cOB0M TONWMHY FMKOKaAnKca. Mbl coobuanu, 4to
60bLUMHCTBO MUCCNef0BaHUI anabeTa 1 Bce UCCef0BaHNA KPYMHbIX XUPYPrUYecKMX BMELIATebCTB
MOKa3bIBalOT MCTOHYEHME C/I0A [NIMKOKA/IMKCa KaK CBUAETE/IbCTBO NOBPEKAEHUA IMKOKAINKCA.
MATHaaLaTb CCNea0BaHWUIA U3MEPAIN KaK TONLLMHY TMKOKANMKCA C NOMOLLbI0 MUKPOBU3YansaLumu,
TaK U UMpKyAnpytowme GparmeHTbl I/IMKOKAIMKCa B Nia3me, HO ToIbKO 9 13 Hux (60%) nokasanu
KOPPENALMIO MEXAY STUMUN ABYMSA NepemMeHHbIMU [47]. ITO HEHAMHOTO NyYLle, YeM CYHaUHOCTb.

3. ®yHKUMOHANbHbIE NCCNeA0BAHNA KOIMYECTBEHHO OLEHWIN KaNUANAPHYIO YTEYKY MaKPOMOAEKY U
BHYTPUCOCYANCTOM XUAKOCTU B YC/IOBMAX, KOrAa NpeanoaaraeTca Uanm U3BecTHO, YTO MIMKOKAINKC
nospexaeH. Ecnv rankokanuke GyHKUMOHUPYET Kak Bapbep NPOHULAEMOCTU, TO MOXKHO Bb110 bbl
0XXMAATb, YTO BHYTPUCOCYAMUCTbIV NEPUOA NOYBbIBEAEHMA SK30reHHOr0 anbbymuHa, npu nHdysmm 20%
aNbbyMuHa, byaeT CoKpalleH B pesyabTaTe XMPYPrMYeckoro BMeLlaTenbCcTBa M BocnaneHus. OgHaKko y
NocneonepaLmMoHHbIX MALLMEHTOB M NALMEHTOB C 0OXXOraMU C YMEPEHHO BblpaXKEHHbIM BOCMANeHMEM
(ypoBeHb C-peaktnsHoro 6enka B nnasme 60—80 mr/n), a TakxKe y NaLMeHTOB, NepeHecLlMX onepaLmio C
HebOo/IblUMM KPOBOTEYEHMEM, NEPUOL NONYBbIBEAEHNS IK30rEHHOIo anbbyMMHaA Obl/l TAKMM Ke, Kak Ny
34,0p0BbIX 4,06p0BObLEB [55]. Y NaLMEHTOB € OXKOramu, KOTopbiM BBOAUAN 20% anbbyMuH, faxe
Haboganack HoOpManbHasa KanuAapHas yTeuyka aibbyMnHa U 3KUAKOCTM, HECMOTPA Ha 3HaUNTENbHOEe
nosblleHune, BnaoTb A0 100-KpaTHOro, YpOBHSA CMHAEKaHa-1 B nnasme [56].

NccneposaHus, obecneunsatoline M3bbiToK anbbymuHa, 3aTPyAHEHbI B CBA3K C TEM, YTO MOBbILLEHNE
YPOBHSA anbbyMnHa B Naasme 610KMPYET KanuANAPHYIO YTEUYKY, YTO 6bl10 NPeaNoKeHO ANA HKUBOTHbIX
[57]. Margarson and Soni, UICNoib3ys U3BMEHEHMA reMor106uHa, NoKasanu, 4To 79% macchbl BBEAEHHOIO
anbbymurHa ocTaBanoch B KpoBM Yepes 4 yaca y 406poBObLEB, B TO BPEMA KaK COOTBETCTBYIOLLEe
KOJIMYECTBO Y NALMEHTOB C CeNcUCcOoM cocTaBnano 69% [44]. OgHaKo yaABOeHME KOHLEHTPaLMUM
anbbymumHa B Nia3me y NaLUMeHTOB C rMnoanbbymmHeMmen n cenTUYECKUM LLOKOM He U3MEHMAO
CKOPOCTb KanuANAPHOMN YTEUYKN PagMOaKTUBHO MeYeHoro afbbymmHa, KoTopas ocTaBasacb HOPMaabHOM
n coctaBnana 6,5% ot obuiero o6bema nnasmobl B Yac [58].

Mcnonb3oBaHMe anbbyMmnHa B KayecTBe bMOMapKepa KanuaiapHOM yTEeUYKN NOLBEPHKEHO OWNOKam B
CNOXKHbIX KIMHUYECKUX cUTyaumax [55], Ho 60nbLIOE KOIMYECTBO AaHHbIX MOATBEPKAAET, YTO KaK
NPOAYKTbI pacnaga rMMKoKanukca [59], Tak U KanunnapHana yTeyka anbbymunHa u kmngroctu [60, 61]
yBEeANYMBAOTCA Y NaumeHToB ¢ cencucom. Fleck et al. aaxke coobwmnm o YeTblipexkpaTHOM yBEIMYEHUU



CKOPOCTU KanUANAPHOW YTEYKN Y NaLMEHTOB C CENTUYECKUM LIOKOM [62]. OaHaKo Bce eLle TPYAHO
onpeaenunTb PoJib INIMKOKA/MKCa B 3TOM NpoLecce, MOCKOJbKY <1% rMMKOKaMKca NoKpbiBaeT
3HAOTeNMaNbHblEe COeANHEHUA, Yepes KOTopble, BEPOATHO, NPOXOAUT anbbyMUH. ANbTepHaTUBHON
BO3MOXHOCTbIO ABAETCA pacliensieHme Apyrux 6enkos, cneunduyeck pacnosioXKeHHbIX B 3TUX
coeinHeHuax [63].

KanunnnapHasa yteuka anbbymnHa BO BpeMs 06LIMPHbIX XMPYPrMYecknMx BMeLlaTenbCTB MOXKeET ObITb KaK
ycuneHHow [64], Tak n HopmasbHOM [65], o4HaKO U3MepeHusa, NpoBeAeHHbIe Noc/e onepauuu, B
OCHOBHOM NMOKa3blBalOT HOPMabHble 3HayeHuA [66,67,68]. AnbOyMUHYpPUA BO3HUKAET B TeYeHue 2—3
YyacoB nocne onepaunm [69], 4To cBMAETENBCTBYET O NOBbLILEHHON NPOHNLAEMOCTM KNYBOUYKOB; 04HAKO
HEeACHO, CBA3aHO /1M 3TO C NoTepei rMKokanmkea. Ho, xpoHnuyeckaa anbbymrHypus y KpbIC COYETaeTcs C
noTtepemn ramMkokanumkca [70].

B Tpéx uccnefoBaHUAX C UCNOb30BAHMEM 06BbEMHO-KMHETUYECKOTO aHaM3a bbl1a KOIMYECTBEHHO
oueHeHa KanuaaapHana yTedka anbbymmHa u/mam BHYTPMCOCYAMUCTOMN KUAKOCTU B 3aBUCUMOCTM OT
KOHLEHTpaLMM cMHAEeKaHa-1 B Naasme U/MAKN KOHLEHTpaunun renapaHcyabdarta B OpraHM3me YyesoBeKa.
Bce Tpu uUccnef0BaHMA ONPOBEPTatoOT YTBEPKAEHME O TOM, YTO KanNUANAPHAA YTeUYKa yBE/IMYMBAETCA NpU
MOBbILLEHMM YPOBHA NPOAYKTOB PAacCLLEnieHWA INIMKOKaAMKca B naasme. OHM NpeanonaratoT, Yto
Koppenauma mexay KanuanapHol yTeukoi 1 NpoayKTamm pacnaga riMKoKaaukca obpaTHas, Toraa Kak
€C/IN pacLLenieHne YBeIMYNBAET MPOHNLLAEMOCTb OXMUAAETCA NOOKUTENbHAA Koppenauwms. Nepsble
OBa UCCNeaoBaHUA BKAOYann MHOY3MIO pacTBopa PMHrepa y NoXKuabix My»KuuH [71] (puc. 2A) ny
NauMeHTOB C BOCNafieHNEM, BbI3BAaHHbIM XONELMCTUTOM W anneHanumnTom [72].

B TpeTbem nccnegoBaHMM NAUMEHTAM C OXKOramMM, Y KOTOpbIX Habatoaanocb peskoe NoBbiWeHne
KOHLEHTpaLMm cuHAeKaHa-1 1 renapaHcynbdaTa B nnasme Kposu, BBoanan 20% pactsop anbbymuHa
[56] (puc. 2B). MpnunHa obpaTHOI Koppenaunmn HeacHa. MNpeanonaraetcs, 4To 6onee BbICOKME
KOHUEHTpaLmMmn GparmMeHTOB IIMKOKaIMKCa CBA3aHbl ¢ 60/1ee MHTEHCMBHbIM BbICBOBOKAEHNEM
BOCMaINTEIbHbIX BUOMaPKEPOB, YTO NMOBbIWAET OHKOTUYECKoe gaBneHue [73]. Henb3a nckaounTb
dapmaKonornueckunii apdeKT BblAENAIOLLNXCA BELLECTB, XOTS APpYrMe UCCaef0BaHUA NPeanoaaratT, YTo
3TV PpparmeHTbI, CKOpee, yBEeNNYMBAIOT NPOHMULLAEMOCTb Kanuanapos [51, 52].
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Plasma syndecan-1 concentration (ng/mL)

Inverse relationship between the plasma syndecan-1 concentration and the rate constant for capillary leakage of A infused fluid when 1.5 L of crystalloid
solution was administered to males with a mean age of 72 years, and B albumin when 3 mL/kg of 20% albumin was infused in post-burn patients. Each point
represents one infusion experiment. The kinetic constants (k,, and k;,) were generated by volume kinetic analysis. Subplot A is derived from Reference [71],
and subplot B was created based on data published in Reference [56]. Regressions were based on square-root-transformed plasma syndecan-1

concentrations measured (by the same laboratory) just before the infusions were initiated. Note the logarithmic scale in subplot B

lModnuce Noo pucyHKom




ObpaTHas 3aBMCMMOCTb MeXKAY KOHLUEHTpaumnen cMHaekaHa-1 B ni1asme M KOHCTAHTOM CKOPOCTU KanuansapHom
YTEYKMN MHOY3NMOHHOM KmnaKocTn A npu BBegeHUn 1,5 1 KPUCTaNNOMAHOrO PacTBOpa MyKUYMHAM CO CPELHUM
Bo3pacTom 72 roga u anbbymuHa B npu sBegeHumn 3 ma/kr 20% anbbymuHa naumeHTam c oxoramu. Kaxkgasa Touka
npeacTaBAAeT 04MH SKCnepumeHT ¢ nHby3unen. KuHetnyeckme KoHcTaHTbl (k12 1 kb) Bbiam nonyyeHbl ¢ NOMOLLbIO
06bEMHOTrO KMHETUYECKOro aHanm3a. MNoayyacTok A noayyeH ns pabotol [71], a nogyvacTok B — Ha ocHoBe
OaHHbIX, onyb/MKoBaHHbIX B paboTe [56]. Perpeccmu 6b11n ocHOBaHbl Ha Npeobpa3oBaHHbIX B KBaApaTHbIM KOPeHb
3HaYEeHUAX KOHLLEHTPALMK CUHAEKaHa-1 B Nna3me, U3MepeHHbIX (B TOM e nabopatopmm) HenocpeacTBEHHO
nepeg Ha4anom nHoysmm. O6paTnTe BHUMaHME Ha IOrapUMUYECKYHO LKAy NoAydacTKa B.

3aKkno4yeHune

Taknum 06pa3om, Mbl 0606LLMAM pe3yNbTaTbl AOKJAMHUYECKMX UCCNEA0BaHWIA, KOTOPbIE erN B OCHOBY
COBpPEMEHHOT0 NPeACTaBAeHNA O IMIMKOKAIMKCHOM C/10€e KaK bapbepe NpoHULaeMocTu. B atom
OTHOLLIEHUM HaM C/I03KHO Pa3rPaHUYUTb POb MUKOKAINMKCA U SHA0TEIMANbHbIX coegnMHeHn. Boibpoc
dparmeHTOB rMMKOKANMKCA B N1a3My OTPaXKaeT XapaKTep NoBpeXKAeHUsA U ero ncxod, Ho
[0Ka3aTeIbCTBa MX PO/ B MPOHMLAEMOCTUN KanuaApoB y YenoBeKa ciabbl.

Abbreviations (cokpalueHus)

AJ: Adherens junction mexaHaoTennanbHble coeanHEeHNs

Lp : Hydraulic conductivity npoHnyaemocTtb ans soabl

P : Transendothelial permeability coefficient KoaddbumumeHT TpaHCIHAOTENMANBHOM NPOHULLAEMOCTH

PV1: Plasmalemmal vesicle-associated protein-1 (a caveolae diaphragm protein)

References

1. Lampugnani MG, Dejana E, Giampietro C. Vascular endothelial (VE)-cadherin, endothelial
adherens junctions and vascular disease. Cold Spring Harb Perspect Biol.
2018;10:a029322. https://doi.org/10.1101/cshperspect.a029322.

Article CAS PubMed PubMed Central Google Scholar

2. Jones JH, Minshall RD. Endothelial transcytosis in acute lung injury: emerging mechanisms and
therapeutic approaches. Front Physiol.
2022;13:828093. https://doi.org/10.3389/fphys.2022.828093.

Article PubMed PubMed Central Google Scholar

3. Michel CC, Curry FR. Microvascular permeability. Physiol Rev. 1999;79(3):703—-
61. https://doi.org/10.1152/physrev.1999.79.3.703.

Article CAS PubMed Google Scholar

4. Michel CC. Starling: the formulation of his hypothesis of microvascular fluid exchange and its
significance after 100 years. Exp Physiol. 1997;82:1-30.

Article CAS PubMed Google Scholar

5. Clough G. Relationship between microvascular permeability and ultrastructure. Prog Biophys
Mol Biol. 1991;55(1):47-69. https://doi.org/10.1016/0079-6107(91)90011-g.

Article CAS PubMed Google Scholar



https://doi.org/10.1101/cshperspect.a029322
https://doi.org/10.1101%2Fcshperspect.a029322
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC1MXhvFWgu7jM
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=28851747
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6169812
http://scholar.google.com/scholar_lookup?&title=Vascular%20endothelial%20%28VE%29-cadherin%2C%20endothelial%20adherens%20junctions%20and%20vascular%20disease&journal=Cold%20Spring%20Harb%20Perspect%20Biol&doi=10.1101%2Fcshperspect.a029322&volume=10&publication_year=2018&author=Lampugnani%2CMG&author=Dejana%2CE&author=Giampietro%2CC
https://doi.org/10.3389/fphys.2022.828093
https://doi.org/10.3389%2Ffphys.2022.828093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35431977
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9008570
http://scholar.google.com/scholar_lookup?&title=Endothelial%20transcytosis%20in%20acute%20lung%20injury%3A%20emerging%20mechanisms%20and%20therapeutic%20approaches&journal=Front%20Physiol&doi=10.3389%2Ffphys.2022.828093&volume=13&publication_year=2022&author=Jones%2CJH&author=Minshall%2CRD
https://doi.org/10.1152/physrev.1999.79.3.703
https://doi.org/10.1152%2Fphysrev.1999.79.3.703
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DyaK1MXksFemtr0%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10390517
http://scholar.google.com/scholar_lookup?&title=Microvascular%20permeability&journal=Physiol%20Rev&doi=10.1152%2Fphysrev.1999.79.3.703&volume=79&issue=3&pages=703-761&publication_year=1999&author=Michel%2CCC&author=Curry%2CFR
https://doi.org/10.1113%2Fexpphysiol.1997.sp004000
https://ccforum.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaK2s7nsF2huw%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9023503
http://scholar.google.com/scholar_lookup?&title=Starling%3A%20the%20formulation%20of%20his%20hypothesis%20of%20microvascular%20fluid%20exchange%20and%20its%20significance%20after%20100%20years&journal=Exp%20Physiol&doi=10.1113%2Fexpphysiol.1997.sp004000&volume=82&pages=1-30&publication_year=1997&author=Michel%2CCC
https://doi.org/10.1016/0079-6107(91)90011-g
https://doi.org/10.1016%2F0079-6107%2891%2990011-g
https://ccforum.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaK3M3nvF2rtA%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2057577
http://scholar.google.com/scholar_lookup?&title=Relationship%20between%20microvascular%20permeability%20and%20ultrastructure&journal=Prog%20Biophys%20Mol%20Biol&doi=10.1016%2F0079-6107%2891%2990011-g&volume=55&issue=1&pages=47-69&publication_year=1991&author=Clough%2CG

6. Clough G, Michel CC. The role of vesicles in the transport of ferritin through frog endothelium. J
Physiol. 1981;315:127-42. https://doi.org/10.1113/jphysiol.1981.sp013737.

Article CAS PubMed PubMed Central Google Scholar

7. Jones JH, Friedrich E, Hong Z, Minshall RD, Malik AB. PVI in caveolae controls of lung endothelial
permeability. Am J Respir Cell Mol Biol. 2020;63(4):531-9. https://doi.org/10.1165/rcmb.2020-
01020C.

Article CAS PubMed PubMed Central Google Scholar

8. Rostgaard J, Qvortrup L. Electron microscopic demonstration of filamentous molecular sieve
plugs in capillary fenestrae. Microvasc Res. 1997;53:1—
13. https://doi.org/10.1006/mvre.1996.1987.

Article CAS PubMed Google Scholar

9. Luft JH. Fine structure of capillary and endocapillary layer revealed by ruthenium. Fed Proc.
1966;25:1773-83.

CAS PubMed Google Scholar

10. Okada H, Takemura G, Suzuki K, Oda K, Takada C, Hotta Y, Miyazaki N, Tsujimoto A, Muraki |,
Ando Y, Zaikokuji R, Matsumoto A, Kitagaki H, Tamaoki Y, Usui T, Doi T, Yoshida T, Yoshida S,
Ushikoshi H, Toyoda I, Ogura S. Three-dimensional ultrastructure of capillary endothelial
glycocalyx under normal and experimental endotoxemic conditions. Crit Care.
2017;2017(21):261.

Article Google Scholar

11. Levick JR, Smaje LH. An analysis of permeability of a fenestra. Microvasc Res. 1987;33:233-56.

Article CAS PubMed Google Scholar

12. Gamble J. Fluid flux across the microvascular endothelium. In: Kox W, Bihari D, editors. Shock
and the adult respiratory distress syndrome. London: Springer; 1988.

Google Scholar

13. Van den Berg BM, Vink H, Spaan JA. The endothelial glycocalyx prevents against myocardial
edema. Circ Res. 2003;92:592—4. https://doi.org/10.1161/01.RES.0000065917.53950.75.

Article CAS PubMed Google Scholar

14. Schmidt EP, Yang Y, Janssen WJ, Gandjeva A, Perez MJ, Barthel L, Zemans RL, Bowman JC,
Koyanagi DE, Yunt ZX, Smith LP, Cheng SS, Overdier KH, Thompson KR, Geraci MW, Douglas IS,
Pearse DB, Tuder RM. The pulmonary endothelial glycocalyx regulates neutrophil adhesion and
lung injury during experimental sepsis. Nat Med. 2012;18:1217-23.

Article CAS PubMed Google Scholar

15. Lipowsky HH. Role of the glycocalyx as a barrier to leukocyte-endothelium adhesion. Adv Exp
Med Biol. 2018;1097:51-68.

Article CAS PubMed Google Scholar

16. Gautam N, Olofsson AM, Herwald H, Iversen LF, Lundgren-Akerlund E, Hedqvist P, Arfors KE,
Flodgaard H, Lindbom L. Heparin-binding protein (HBP/CAP37): a missing link in neutrophil-
evoked alteration of vascular permeability. Nat Med. 2001;7:1123-7.


https://doi.org/10.1113/jphysiol.1981.sp013737
https://doi.org/10.1113%2Fjphysiol.1981.sp013737
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DyaL3MXksFyktL0%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6975816
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1249372
http://scholar.google.com/scholar_lookup?&title=The%20role%20of%20vesicles%20in%20the%20transport%20of%20ferritin%20through%20frog%20endothelium&journal=J%20Physiol&doi=10.1113%2Fjphysiol.1981.sp013737&volume=315&pages=127-142&publication_year=1981&author=Clough%2CG&author=Michel%2CCC
https://doi.org/10.1165/rcmb.2020-01020C
https://doi.org/10.1165/rcmb.2020-01020C
https://doi.org/10.1165%2Frcmb.2020-01020C
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BB3cXitF2gtrjF
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32663411
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7528930
http://scholar.google.com/scholar_lookup?&title=PVI%20in%20caveolae%20controls%20of%20lung%20endothelial%20permeability&journal=Am%20J%20Respir%20Cell%20Mol%20Biol&doi=10.1165%2Frcmb.2020-01020C&volume=63&issue=4&pages=531-539&publication_year=2020&author=Jones%2CJH&author=Friedrich%2CE&author=Hong%2CZ&author=Minshall%2CRD&author=Malik%2CAB
https://doi.org/10.1006/mvre.1996.1987
https://doi.org/10.1006%2Fmvre.1996.1987
https://ccforum.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaK2s3gvFGgtA%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9056471
http://scholar.google.com/scholar_lookup?&title=Electron%20microscopic%20demonstration%20of%20filamentous%20molecular%20sieve%20plugs%20in%20capillary%20fenestrae&journal=Microvasc%20Res&doi=10.1006%2Fmvre.1996.1987&volume=53&pages=1-13&publication_year=1997&author=Rostgaard%2CJ&author=Qvortrup%2CL
https://ccforum.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaF2s%2FltFGhuw%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5927412
http://scholar.google.com/scholar_lookup?&title=Fine%20structure%20of%20capillary%20and%20endocapillary%20layer%20revealed%20by%20ruthenium&journal=Fed%20Proc&volume=25&pages=1773-1783&publication_year=1966&author=Luft%2CJH
https://link.springer.com/doi/10.1186/s13054-017-1841-8
http://scholar.google.com/scholar_lookup?&title=Three-dimensional%20ultrastructure%20of%20capillary%20endothelial%20glycocalyx%20under%20normal%20and%20experimental%20endotoxemic%20conditions&journal=Crit%20Care&doi=10.1186%2Fs13054-017-1841-8&volume=2017&issue=21&publication_year=2017&author=Okada%2CH&author=Takemura%2CG&author=Suzuki%2CK&author=Oda%2CK&author=Takada%2CC&author=Hotta%2CY&author=Miyazaki%2CN&author=Tsujimoto%2CA&author=Muraki%2CI&author=Ando%2CY&author=Zaikokuji%2CR&author=Matsumoto%2CA&author=Kitagaki%2CH&author=Tamaoki%2CY&author=Usui%2CT&author=Doi%2CT&author=Yoshida%2CT&author=Yoshida%2CS&author=Ushikoshi%2CH&author=Toyoda%2CI&author=Ogura%2CS
https://doi.org/10.1016%2F0026-2862%2887%2990020-3
https://ccforum.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaL2s3ivVektA%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3587078
http://scholar.google.com/scholar_lookup?&title=An%20analysis%20of%20permeability%20of%20a%20fenestra&journal=Microvasc%20Res&doi=10.1016%2F0026-2862%2887%2990020-3&volume=33&pages=233-256&publication_year=1987&author=Levick%2CJR&author=Smaje%2CLH
http://scholar.google.com/scholar_lookup?&title=Fluid%20flux%20across%20the%20microvascular%20endothelium&publication_year=1988&author=Gamble%2CJ
https://doi.org/10.1161/01.RES.0000065917.53950.75
https://doi.org/10.1161%2F01.RES.0000065917.53950.75
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BD3sXitlKntrk%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12637366
http://scholar.google.com/scholar_lookup?&title=The%20endothelial%20glycocalyx%20prevents%20against%20myocardial%20edema&journal=Circ%20Res&doi=10.1161%2F01.RES.0000065917.53950.75&volume=92&pages=592-594&publication_year=2003&author=Berg%2CBM&author=Vink%2CH&author=Spaan%2CJA
https://doi.org/10.1038%2Fnm.2843
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC38XhtVKntLjI
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22820644
http://scholar.google.com/scholar_lookup?&title=The%20pulmonary%20endothelial%20glycocalyx%20regulates%20neutrophil%20adhesion%20and%20lung%20injury%20during%20experimental%20sepsis&journal=Nat%20Med&doi=10.1038%2Fnm.2843&volume=18&pages=1217-1223&publication_year=2012&author=Schmidt%2CEP&author=Yang%2CY&author=Janssen%2CWJ&author=Gandjeva%2CA&author=Perez%2CMJ&author=Barthel%2CL&author=Zemans%2CRL&author=Bowman%2CJC&author=Koyanagi%2CDE&author=Yunt%2CZX&author=Smith%2CLP&author=Cheng%2CSS&author=Overdier%2CKH&author=Thompson%2CKR&author=Geraci%2CMW&author=Douglas%2CIS&author=Pearse%2CDB&author=Tuder%2CRM
https://link.springer.com/doi/10.1007/978-3-319-96445-4_3
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC1MXhslGrt7rE
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=30315539
http://scholar.google.com/scholar_lookup?&title=Role%20of%20the%20glycocalyx%20as%20a%20barrier%20to%20leukocyte-endothelium%20adhesion&journal=Adv%20Exp%20Med%20Biol&doi=10.1007%2F978-3-319-96445-4_3&volume=1097&pages=51-68&publication_year=2018&author=Lipowsky%2CHH

Article CAS PubMed Google Scholar

17. Pries AR, Secomb TW, Jacobs H, Sperandio M, Osterloh K, Gaehtgens P. Microvascular blood
flow resistance: role of the endothelial surface layer. Am J Physiol. 1997;273(5):H2272-
2279. https://doi.org/10.1152/ajpheart.1997.273.5.H2272.

Article CAS PubMed Google Scholar

18. Curry FE, Michel CC. A fiber matrix model of capillary permeability. Microvasc Res. 1980;20:96—
9. https://doi.org/10.1016/0026-2862(80)90024-2.

Article CAS PubMed Google Scholar

19. Adamson RH, Clough G. Plasma proteins modify the endothelial cell glycocalyx of frog
mesenteric microvessels. J Physiol. 1992;445:473—
86. https://doi.org/10.1113/jphysiol.1992.sp018934.

Article CAS PubMed PubMed Central Google Scholar

20. Huxley VH, Curry FE. Aloumin modulation of capillary permeability: test of an adsorption
mechanism. Am J Physiol. 1985;248(2Pt2):H264-
273. https://doi.org/10.1152/ajpheart.1985.248.2.H264.

Article CAS PubMed Google Scholar

21. Michel CC, Phillips ME. The effects of Ficoll 70 on bovine serum albumin on the permeability of
individually perfused frog mesenteric capillaries. J Physiol. 1979;291:39P.

CAS PubMed Google Scholar

22. Mason JC, Curry FE, Michel CC. The effects of proteins upon the filtration coefficient of
individually perfused frog mesenteric capillaries. Microvasc Res. 1977;13(2):185-
202. https://doi.org/10.1016/0026-2862(77)90084-x.

Article CAS PubMed Google Scholar

23. Michel CC, Phillips ME. The effects of bovine serum albumin and a form of cationized ferritin
upon the molecular selectivity of the walls of single frog capillaries. Microvasc Res.
1985;29(2):190-203. https://doi.org/10.1016/0026-2862(85)90016-0.

Article CAS PubMed Google Scholar

24. McVerry BJ, Garcia JG. Endothelial cell barrier regulation by sphingisine-1-phosphate. J Cell
Biochem. 2004;92:1075-85. https://doi.org/10.1002/jcb.20088.

Article CAS PubMed Google Scholar

25. Zhang L, Zeng M, Fan J, Tarbell JM, Curry FR, Fu BM. Sphingosine-1-phosphate maintains normal
vascular permeability by preserving endothelial surface glycocalyx in intact microvessels.
Microcirculation. 2016;23:301-10.

Article CAS PubMed PubMed Central Google Scholar

26. Vink H, Duling BR. identification of distinct luminal domains for macromolecules, erythrocytes
and leukocytes with mammalian capillaries. Circ Res. 1996;79(3):581—
9. https://doi.org/10.1161/01.res.79.3.581.

Article CAS PubMed Google Scholar



https://doi.org/10.1038%2Fnm1001-1123
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BD3MXns12kt70%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11590435
http://scholar.google.com/scholar_lookup?&title=Heparin-binding%20protein%20%28HBP%2FCAP37%29%3A%20a%20missing%20link%20in%20neutrophil-evoked%20alteration%20of%20vascular%20permeability&journal=Nat%20Med&doi=10.1038%2Fnm1001-1123&volume=7&pages=1123-1127&publication_year=2001&author=Gautam%2CN&author=Olofsson%2CAM&author=Herwald%2CH&author=Iversen%2CLF&author=Lundgren-Akerlund%2CE&author=Hedqvist%2CP&author=Arfors%2CKE&author=Flodgaard%2CH&author=Lindbom%2CL
https://doi.org/10.1152/ajpheart.1997.273.5.H2272
https://doi.org/10.1152%2Fajpheart.1997.273.5.H2272
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DyaK2sXnsVGht70%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9374763
http://scholar.google.com/scholar_lookup?&title=Microvascular%20blood%20flow%20resistance%3A%20role%20of%20the%20endothelial%20surface%20layer&journal=Am%20J%20Physiol&doi=10.1152%2Fajpheart.1997.273.5.H2272&volume=273&issue=5&pages=H2272-2279&publication_year=1997&author=Pries%2CAR&author=Secomb%2CTW&author=Jacobs%2CH&author=Sperandio%2CM&author=Osterloh%2CK&author=Gaehtgens%2CP
https://doi.org/10.1016/0026-2862(80)90024-2
https://doi.org/10.1016%2F0026-2862%2880%2990024-2
https://ccforum.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaL3M%2FhtFCrsA%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7412590
http://scholar.google.com/scholar_lookup?&title=A%20fiber%20matrix%20model%20of%20capillary%20permeability&journal=Microvasc%20Res&doi=10.1016%2F0026-2862%2880%2990024-2&volume=20&pages=96-99&publication_year=1980&author=Curry%2CFE&author=Michel%2CCC
https://doi.org/10.1113/jphysiol.1992.sp018934
https://doi.org/10.1113%2Fjphysiol.1992.sp018934
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DyaK38XjvFOm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1501143
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1179992
http://scholar.google.com/scholar_lookup?&title=Plasma%20proteins%20modify%20the%20endothelial%20cell%20glycocalyx%20of%20frog%20mesenteric%20microvessels&journal=J%20Physiol&doi=10.1113%2Fjphysiol.1992.sp018934&volume=445&pages=473-486&publication_year=1992&author=Adamson%2CRH&author=Clough%2CG
https://doi.org/10.1152/ajpheart.1985.248.2.H264
https://doi.org/10.1152%2Fajpheart.1985.248.2.H264
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DyaL2MXhtFSntLc%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3871592
http://scholar.google.com/scholar_lookup?&title=Albumin%20modulation%20of%20capillary%20permeability%3A%20test%20of%20an%20adsorption%20mechanism&journal=Am%20J%20Physiol&doi=10.1152%2Fajpheart.1985.248.2.H264&volume=248&issue=2Pt2&pages=H264-273&publication_year=1985&author=Huxley%2CVH&author=Curry%2CFE
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DyaE1MXls12itLo%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=480229
http://scholar.google.com/scholar_lookup?&title=The%20effects%20of%20Ficoll%2070%20on%20bovine%20serum%20albumin%20on%20the%20permeability%20of%20individually%20perfused%20frog%20mesenteric%20capillaries&journal=J%20Physiol&volume=291&publication_year=1979&author=Michel%2CCC&author=Phillips%2CME
https://doi.org/10.1016/0026-2862(77)90084-x
https://doi.org/10.1016%2F0026-2862%2877%2990084-x
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DyaE2sXktlKhs74%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=69248
http://scholar.google.com/scholar_lookup?&title=The%20effects%20of%20proteins%20upon%20the%20filtration%20coefficient%20of%20individually%20perfused%20frog%20mesenteric%20capillaries&journal=Microvasc%20Res&doi=10.1016%2F0026-2862%2877%2990084-x&volume=13&issue=2&pages=185-202&publication_year=1977&author=Mason%2CJC&author=Curry%2CFE&author=Michel%2CCC
https://doi.org/10.1016/0026-2862(85)90016-0
https://doi.org/10.1016%2F0026-2862%2885%2990016-0
https://ccforum.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaL2M7oslKitg%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3872988
http://scholar.google.com/scholar_lookup?&title=The%20effects%20of%20bovine%20serum%20albumin%20and%20a%20form%20of%20cationized%20ferritin%20upon%20the%20molecular%20selectivity%20of%20the%20walls%20of%20single%20frog%20capillaries&journal=Microvasc%20Res&doi=10.1016%2F0026-2862%2885%2990016-0&volume=29&issue=2&pages=190-203&publication_year=1985&author=Michel%2CCC&author=Phillips%2CME
https://doi.org/10.1002/jcb.20088
https://doi.org/10.1002%2Fjcb.20088
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BD2cXmsFCitL4%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15258893
http://scholar.google.com/scholar_lookup?&title=Endothelial%20cell%20barrier%20regulation%20by%20sphingisine-1-phosphate&journal=J%20Cell%20Biochem&doi=10.1002%2Fjcb.20088&volume=92&pages=1075-1085&publication_year=2004&author=McVerry%2CBJ&author=Garcia%2CJG
https://doi.org/10.1111%2Fmicc.12278
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC28XntlSksbc%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27015105
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4866498
http://scholar.google.com/scholar_lookup?&title=Sphingosine-1-phosphate%20maintains%20normal%20vascular%20permeability%20by%20preserving%20endothelial%20surface%20glycocalyx%20in%20intact%20microvessels&journal=Microcirculation&doi=10.1111%2Fmicc.12278&volume=23&pages=301-310&publication_year=2016&author=Zhang%2CL&author=Zeng%2CM&author=Fan%2CJ&author=Tarbell%2CJM&author=Curry%2CFR&author=Fu%2CBM
https://doi.org/10.1161/01.res.79.3.581
https://doi.org/10.1161%2F01.res.79.3.581
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DyaK28XlsVOns78%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8781491
http://scholar.google.com/scholar_lookup?&title=identification%20of%20distinct%20luminal%20domains%20for%20macromolecules%2C%20erythrocytes%20and%20leukocytes%20with%20mammalian%20capillaries&journal=Circ%20Res&doi=10.1161%2F01.res.79.3.581&volume=79&issue=3&pages=581-589&publication_year=1996&author=Vink%2CH&author=Duling%2CBR

27. Vink H, Duling BR. Capillary endothelial surface layer selectively reduces plasma solute
distribution volume. Am J Physiol Heart Circ Physiol. 2000;278(1):H285-
289. https://doi.org/10.1152/ajpheart.2000.278.1.H285.

Article CAS PubMed Google Scholar

28. Michel CC. Transport of macromolecules through the microvascular walls. Cardiovasc Res.
1996;32:644-53.

Article CAS PubMed Google Scholar

29. Gao L, Lipowsky HH. Composition of the endothelial glycocalyx and its relation to its thickness
and diffusion of small solutes. Microvasc Res. 2010;80:394—
401. https://doi.org/10.1016/j.mvr.2010.06.005.

Article CAS PubMed PubMed Central Google Scholar

30. He P, Curry FE. Albumin modulation of capillary permeability: role of endothelial cell [Ca2+]. Am
J Physiol. 1993;265(1pt2):H74-82. https://doi.org/10.1152/ajpheart.1993.265.1.H74.

Article CAS PubMed Google Scholar

31. Dalal PJ, Muller WA, Sullivan DP. Endothelial cell calcium signaling during barrier function and
inflammation. Am J Pathol. 2020;190(3):535-42. https://doi.org/10.1016/j.ajpath.2019.11.004.

Article CAS PubMed PubMed Central Google Scholar

32. Komarova YA, Kruse K, Mehta D, Malik AB. Protein interactions at endothelial junctions and
signaling mechanisms regulating endothelial permeability. Circ Res. 2017;120:179-206.

Article CAS PubMed PubMed Central Google Scholar

33. Ferrer R, Mateu X, Maseda E, Yébenes JC, Aldecoa C, De Haro C, Ruiz-Rodriguez JC, Garnacho-
Montero J. Non-oncotic properties of albumin. A multidisciplinary vision about the implications
for critically ill patients. Non-oncotic properties of albumin. A multidisciplinary vision about the
implications for critically ill patients. Exp Rev Clin Pharm. 2018;11:125-37.

Article CAS Google Scholar

34. Kremer H, Baron-Menguy C, Tesse A, Gallois Y, Mercat A, Henrion D, Andriantsitohaina R, Asfar
P, Meziani F. Human serum albumin improves endothelial dysfunction and survival during
experimental endotoxemia: concentration-dependent properties. Crit Care Med. 2011;39:1414—
20.

Article CAS PubMed Google Scholar

35. Roche M, Rondeau P, Singh NR, Tarnus E, Bourdon E. The antioxidant properties of serum
albumin. FEBS Lett. 2008;582:1783-7.

Article CAS PubMed Google Scholar

36. Jurgens G, Miller M, Garidel P, Koch MH, Nakakubo H, Blume A, Brandenburg K. Investigation
into the interaction of recombinant human serum albumin with Re-lipopolysaccharide and lipid
A.J Endotoxin Res. 2002;8:115-26.

Article PubMed Google Scholar



https://doi.org/10.1152/ajpheart.2000.278.1.H285
https://doi.org/10.1152%2Fajpheart.2000.278.1.H285
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BD3cXht1Ghu74%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10644610
http://scholar.google.com/scholar_lookup?&title=Capillary%20endothelial%20surface%20layer%20selectively%20reduces%20plasma%20solute%20distribution%20volume&journal=Am%20J%20Physiol%20Heart%20Circ%20Physiol&doi=10.1152%2Fajpheart.2000.278.1.H285&volume=278&issue=1&pages=H285-289&publication_year=2000&author=Vink%2CH&author=Duling%2CBR
https://doi.org/10.1016%2FS0008-6363%2896%2900064-8
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DyaK28XmvFKgsLg%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8915183
http://scholar.google.com/scholar_lookup?&title=Transport%20of%20macromolecules%20through%20the%20microvascular%20walls&journal=Cardiovasc%20Res&doi=10.1016%2FS0008-6363%2896%2900064-8&volume=32&pages=644-653&publication_year=1996&author=Michel%2CCC
https://doi.org/10.1016/j.mvr.2010.06.005
https://doi.org/10.1016%2Fj.mvr.2010.06.005
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC3cXhsVWmtbbM
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20600162
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2962421
http://scholar.google.com/scholar_lookup?&title=Composition%20of%20the%20endothelial%20glycocalyx%20and%20its%20relation%20to%20its%20thickness%20and%20diffusion%20of%20small%20solutes&journal=Microvasc%20Res&doi=10.1016%2Fj.mvr.2010.06.005&volume=80&pages=394-401&publication_year=2010&author=Gao%2CL&author=Lipowsky%2CHH
https://doi.org/10.1152/ajpheart.1993.265.1.H74
https://doi.org/10.1152%2Fajpheart.1993.265.1.H74
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DyaK3sXmtVSjs7Y%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8342667
http://scholar.google.com/scholar_lookup?&title=Albumin%20modulation%20of%20capillary%20permeability%3A%20role%20of%20endothelial%20cell%20%5BCa2%2B%5D&journal=Am%20J%20Physiol&doi=10.1152%2Fajpheart.1993.265.1.H74&volume=265&issue=1pt2&pages=H74-82&publication_year=1993&author=He%2CP&author=Curry%2CFE
https://doi.org/10.1016/j.ajpath.2019.11.004
https://doi.org/10.1016%2Fj.ajpath.2019.11.004
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BB3cXhtF2iu70%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=31866349
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7074364
http://scholar.google.com/scholar_lookup?&title=Endothelial%20cell%20calcium%20signaling%20during%20barrier%20function%20and%20inflammation&journal=Am%20J%20Pathol&doi=10.1016%2Fj.ajpath.2019.11.004&volume=190&issue=3&pages=535-542&publication_year=2020&author=Dalal%2CPJ&author=Muller%2CWA&author=Sullivan%2CDP
https://doi.org/10.1161%2FCIRCRESAHA.116.306534
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC2sXjsFyltw%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=28057793
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5225667
http://scholar.google.com/scholar_lookup?&title=Protein%20interactions%20at%20endothelial%20junctions%20and%20signaling%20mechanisms%20regulating%20endothelial%20permeability&journal=Circ%20Res&doi=10.1161%2FCIRCRESAHA.116.306534&volume=120&pages=179-206&publication_year=2017&author=Komarova%2CYA&author=Kruse%2CK&author=Mehta%2CD&author=Malik%2CAB
https://doi.org/10.1080%2F17512433.2018.1412827
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC2sXhvFCqs7fF
http://scholar.google.com/scholar_lookup?&title=Non-oncotic%20properties%20of%20albumin.%20A%20multidisciplinary%20vision%20about%20the%20implications%20for%20critically%20ill%20patients.%20Non-oncotic%20properties%20of%20albumin.%20A%20multidisciplinary%20vision%20about%20the%20implications%20for%20critically%20ill%20patients&journal=Exp%20Rev%20Clin%20Pharm&doi=10.1080%2F17512433.2018.1412827&volume=11&pages=125-137&publication_year=2018&author=Ferrer%2CR&author=Mateu%2CX&author=Maseda%2CE&author=Y%C3%A9benes%2CJC&author=Aldecoa%2CC&author=Haro%2CC&author=Ruiz-Rodriguez%2CJC&author=Garnacho-Montero%2CJ
https://doi.org/10.1097%2FCCM.0b013e318211ff6e
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC3MXmt1ylsLc%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21336119
http://scholar.google.com/scholar_lookup?&title=Human%20serum%20albumin%20improves%20endothelial%20dysfunction%20and%20survival%20during%20experimental%20endotoxemia%3A%20concentration-dependent%20properties&journal=Crit%20Care%20Med&doi=10.1097%2FCCM.0b013e318211ff6e&volume=39&pages=1414-1420&publication_year=2011&author=Kremer%2CH&author=Baron-Menguy%2CC&author=Tesse%2CA&author=Gallois%2CY&author=Mercat%2CA&author=Henrion%2CD&author=Andriantsitohaina%2CR&author=Asfar%2CP&author=Meziani%2CF
https://doi.org/10.1016%2Fj.febslet.2008.04.057
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BD1cXms1Witrk%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18474236
http://scholar.google.com/scholar_lookup?&title=The%20antioxidant%20properties%20of%20serum%20albumin&journal=FEBS%20Lett&doi=10.1016%2Fj.febslet.2008.04.057&volume=582&pages=1783-1787&publication_year=2008&author=Roche%2CM&author=Rondeau%2CP&author=Singh%2CNR&author=Tarnus%2CE&author=Bourdon%2CE
https://doi.org/10.1177%2F09680519020080020501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12028751
http://scholar.google.com/scholar_lookup?&title=Investigation%20into%20the%20interaction%20of%20recombinant%20human%20serum%20albumin%20with%20Re-lipopolysaccharide%20and%20lipid%20A&journal=J%20Endotoxin%20Res&doi=10.1177%2F09680519020080020501&volume=8&pages=115-126&publication_year=2002&author=J%C3%BCrgens%2CG&author=M%C3%BCller%2CM&author=Garidel%2CP&author=Koch%2CMH&author=Nakakubo%2CH&author=Blume%2CA&author=Brandenburg%2CK

37. Lang JD Jr, Figueroa M, Chumley P, Aslan M, Hurt J, Tarpey MM, Alvarez B, Radi R, Freeman BA.
Albumin and hydroxyethyl starch modulate oxidative inflammatory injury to vascular
endothelium. Anesthesiology. 2004;100:51-8.

Article CAS PubMed Google Scholar

38. Adamson RH. Permeability of frog mesenteric capillaries after partial pronase digestion of the
endothelial glycocalyx. J Physiol. 1990;428:1-13.

Article CAS PubMed PubMed Central Google Scholar

39. Huxley VH, Williams DA. Role of a glycocalyx on coronary arteriole permeability to proteins:
evidence from enzyme treatment. Am J Physiol Heart Circ Physiol. 2000;278(4):H1177-
1185. https://doi.org/10.1152/ajpheart.2000.278.4.H1177.

Article CAS PubMed Google Scholar

40. Weinbaum S, Tarbell JM, Damiano ER. The structure and function of the endothelial glycocalyx
layer. Ann Rev Biomed Eng. 2007;9:121-67.

Article CAS Google Scholar

41. Curry FE, Adamson RH. Endothelial glycocalyx: permeability barrier and a mechanosensory. Ann
Biomed Eng. 2012;40:828-39. https://doi.org/10.1007/s10439-011-0429-8.

Article CAS PubMed Google Scholar

42. Levick JR, Michel CC. Microvascular fluid exchange and the revised Starling principle. Cardiovasc
Res. 2010;87:198-210.

Article CAS PubMed Google Scholar

43. Dull RO, Hahn RG. Transcapillary refill: the physiology underlying fluid reabsorption. J Trauma
Acute Care Surg. 2021;90:e31-9.

Article CAS PubMed Google Scholar

44. Margarson MP, Soni NC. Changes in serum albumin concentration and volume expanding effects
following a bolus of albumin 20% in septic patients. BrJ Anesth. 2004;92:821-6.

Article CAS Google Scholar

45. Zdolsek M, Hahn RG, Sjoberg F, Zdolsek J. Plasma volume expansion and capillary leakage of
20% albumin in burned patients and volunteers. Crit Care. 2020;24:191.

Article PubMed PubMed Central Google Scholar

46. Zdolsek M, Hahn RG. Kinetics of 5% and 20% albumin: A controlled crossover trial in volunteers.
Acta Anaesthesiol Scand. 2022;66:847-58.

Article CAS PubMed PubMed Central Google Scholar

47. Patel V, Dull RO, Hahn RG. Human glycocalyx shedding: systematic review and critical appraisal.
Acta Anaesthesiol Scand. 2021;65:590-606.

Article PubMed Google Scholar

48. Guerci P, Ergin B, Uz Z, Ince Y, Westphal M, Heger M, Ince C. Glycocalyx degradation is
independent of vascular barrier permeability increase in non-traumatic hemorrhagic shock in
rats. Anesth Analg. 2018;129:598-607. https://doi.org/10.1213/ANE.0000000000003918.



https://doi.org/10.1097%2F00000542-200401000-00012
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BD3sXhtVWhtb7L
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14695724
http://scholar.google.com/scholar_lookup?&title=Albumin%20and%20hydroxyethyl%20starch%20modulate%20oxidative%20inflammatory%20injury%20to%20vascular%20endothelium&journal=Anesthesiology&doi=10.1097%2F00000542-200401000-00012&volume=100&pages=51-58&publication_year=2004&author=Lang%2CJD&author=Figueroa%2CM&author=Chumley%2CP&author=Aslan%2CM&author=Hurt%2CJ&author=Tarpey%2CMM&author=Alvarez%2CB&author=Radi%2CR&author=Freeman%2CBA
https://doi.org/10.1113%2Fjphysiol.1990.sp018197
https://ccforum.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaK3M%2FjvVykuw%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2231409
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1181632
http://scholar.google.com/scholar_lookup?&title=Permeability%20of%20frog%20mesenteric%20capillaries%20after%20partial%20pronase%20digestion%20of%20the%20endothelial%20glycocalyx&journal=J%20Physiol&doi=10.1113%2Fjphysiol.1990.sp018197&volume=428&pages=1-13&publication_year=1990&author=Adamson%2CRH
https://doi.org/10.1152/ajpheart.2000.278.4.H1177
https://doi.org/10.1152%2Fajpheart.2000.278.4.H1177
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BD3cXislSlurs%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10749712
http://scholar.google.com/scholar_lookup?&title=Role%20of%20a%20glycocalyx%20on%20coronary%20arteriole%20permeability%20to%20proteins%3A%20evidence%20from%20enzyme%20treatment&journal=Am%20J%20Physiol%20Heart%20Circ%20Physiol&doi=10.1152%2Fajpheart.2000.278.4.H1177&volume=278&issue=4&pages=H1177-1185&publication_year=2000&author=Huxley%2CVH&author=Williams%2CDA
https://doi.org/10.1146%2Fannurev.bioeng.9.060906.151959
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BD2sXhtVehtLbO
http://scholar.google.com/scholar_lookup?&title=The%20structure%20and%20function%20of%20the%20endothelial%20glycocalyx%20layer&journal=Ann%20Rev%20Biomed%20Eng&doi=10.1146%2Fannurev.bioeng.9.060906.151959&volume=9&pages=121-167&publication_year=2007&author=Weinbaum%2CS&author=Tarbell%2CJM&author=Damiano%2CER
https://doi.org/10.1007/s10439-011-0429-8
https://link.springer.com/doi/10.1007/s10439-011-0429-8
https://ccforum.biomedcentral.com/articles/cas-redirect/1:STN:280:DC%2BC38zms1agtw%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22009311
http://scholar.google.com/scholar_lookup?&title=Endothelial%20glycocalyx%3A%20permeability%20barrier%20and%20a%20mechanosensory&journal=Ann%20Biomed%20Eng&doi=10.1007%2Fs10439-011-0429-8&volume=40&pages=828-839&publication_year=2012&author=Curry%2CFE&author=Adamson%2CRH
https://doi.org/10.1093%2Fcvr%2Fcvq062
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC3cXotlChtL8%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20200043
http://scholar.google.com/scholar_lookup?&title=Microvascular%20fluid%20exchange%20and%20the%20revised%20Starling%20principle&journal=Cardiovasc%20Res&doi=10.1093%2Fcvr%2Fcvq062&volume=87&pages=198-210&publication_year=2010&author=Levick%2CJR&author=Michel%2CCC
https://doi.org/10.1097%2FTA.0000000000003013
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BB3MXmt12rsL8%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=33491937
http://scholar.google.com/scholar_lookup?&title=Transcapillary%20refill%3A%20the%20physiology%20underlying%20fluid%20reabsorption&journal=J%20Trauma%20Acute%20Care%20Surg&doi=10.1097%2FTA.0000000000003013&volume=90&pages=e31-e39&publication_year=2021&author=Dull%2CRO&author=Hahn%2CRG
https://doi.org/10.1093%2Fbja%2Faeh111
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BD2cXktVaitbk%3D
http://scholar.google.com/scholar_lookup?&title=Changes%20in%20serum%20albumin%20concentration%20and%20volume%20expanding%20effects%20following%20a%20bolus%20of%20albumin%2020%25%20in%20septic%20patients&journal=Br%20J%20Anesth&doi=10.1093%2Fbja%2Faeh111&volume=92&pages=821-826&publication_year=2004&author=Margarson%2CMP&author=Soni%2CNC
https://link.springer.com/doi/10.1186/s13054-020-02855-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32366324
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7199306
http://scholar.google.com/scholar_lookup?&title=Plasma%20volume%20expansion%20and%20capillary%20leakage%20of%2020%25%20albumin%20in%20burned%20patients%20and%20volunteers&journal=Crit%20Care&doi=10.1186%2Fs13054-020-02855-0&volume=24&publication_year=2020&author=Zdolsek%2CM&author=Hahn%2CRG&author=Sj%C3%B6berg%2CF&author=Zdolsek%2CJ
https://doi.org/10.1111%2Faas.14074
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BB38XhsVansLrI
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35491239
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9541965
http://scholar.google.com/scholar_lookup?&title=Kinetics%20of%205%25%20and%2020%25%20albumin%3A%20A%20controlled%20crossover%20trial%20in%20volunteers&journal=Acta%20Anaesthesiol%20Scand&doi=10.1111%2Faas.14074&volume=66&pages=847-858&publication_year=2022&author=Zdolsek%2CM&author=Hahn%2CRG
https://doi.org/10.1111%2Faas.13797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=33595101
http://scholar.google.com/scholar_lookup?&title=Human%20glycocalyx%20shedding%3A%20systematic%20review%20and%20critical%20appraisal&journal=Acta%20Anaesthesiol%20Scand&doi=10.1111%2Faas.13797&volume=65&pages=590-606&publication_year=2021&author=Patel%2CV&author=Dull%2CRO&author=Hahn%2CRG
https://doi.org/10.1213/ANE.0000000000003918

Article CAS Google Scholar

49. Ergin B, Guerci P, Uz Z, Westphal M, Ince Y, HiltyM IC. Hemodilution causes glycocalyx shedding
without affecting vascular endothelial barrier permeability in rats. J Clin Transl Res. 2020;5:243—
52.

CAS PubMed PubMed Central Google Scholar

50. Torres Filho IP, Torres LN, Salgado C, Dubick MA. Plasma syndecan-1 and heparan sulfate
correlate with microvascular glycocalyx degradation in hemorrhaged rates after different
resuscitation fluids. Am J Physiol Heart Circ Physiol. 2016;310:H1468-78.

Article PubMed Google Scholar

51. Jannaway M, Yang X, Meegan JE, Coleman DC, Yuan SY. Thrombin-cleaved syndecan-3/-4
ectodomain fragments mediate endothelial barrier dysfunction. PLoS ONE. 2019;14:e0214737.

Article CAS PubMed PubMed Central Google Scholar

52. Villalba N, Baby S, Yuan SY. The endothelial glycocalyx as a double-edged sword in microvascular
homeostasis and pathogenesis. Front Cell Dev Biol. 2021;14(9):711003.

Article Google Scholar

53. The Human Protein Atlas, sdc-1 and heparan sulfate. http://proteinatlas.org. Assessed May 13
2022.

54. Lee DH, Dane MJ, van den Berg BM, Boels MG, van Teeffelen JW, de Mutsert R, den Heijer M,
Rosendaal FR, van der Vlag J, van Zonneveld AJ, Vink H, Rabelink TJ, NEO study group. Deeper
penetration of erythrocytes into the endothelial glycocalyx is associated with impaired
microvascular perfusion. PLoS ONE. 2014;9:e96477.

Article PubMed PubMed Central Google Scholar

55. Zdolsek M, Wuethrich PY, Gunnstréom M, Zdolsek JH, Hasselgren E, Beilstein CM, Engel D, Hahn
RG. Plasma disappearance rate of albumin when infused as a 20% solution. Crit Care.
2022;26:104. https://doi.org/10.1186/s13054-022-03979-1.

Article PubMed PubMed Central Google Scholar

56. Hahn RG, Zdolsek M, Krizhanovskii C, Ntika S, Zdolsek J. Elevated plasma concentrations of
syndecan-1 do not correlate with the capillary leakage of 20% albumin. Anesth Analg.
2021;132:856-65.

Article CAS PubMed Google Scholar

57. Aldecoa C, Llau JV, Nuvials X, Artigas A. Role of albumin in the preservation of endothelial
glycocalyx integrity and the microcirculation: a review. Ann Intensive Care.
2020;10:85. https://doi.org/10.1186/s13613-020-00697-1.

Article CAS PubMed PubMed Central Google Scholar

58. Margarson MP, Soni NC. Effects of albumin supplementation on microvascular permeability in
septic patients. J Appl Physiol. 2002;92:2139-45.

Article CAS PubMed Google Scholar

59. Hippensteel JA, Uchimido R, Tyler PD, Burke RC, Han X, Zhang F, McMurtry SA, Colbert JF,
Lindsell CJ, Angus DC, Kellum JA, Yealy DM, Linhardt RJ, Shapiro NI, Schmidt EP. Intravenous fluid


https://doi.org/10.1213%2FANE.0000000000003918
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC1MXhsVWqtbbM
http://scholar.google.com/scholar_lookup?&title=Glycocalyx%20degradation%20is%20independent%20of%20vascular%20barrier%20permeability%20increase%20in%20non-traumatic%20hemorrhagic%20shock%20in%20rats&journal=Anesth%20Analg&doi=10.1213%2FANE.0000000000003918&volume=129&pages=598-607&publication_year=2018&author=Guerci%2CP&author=Ergin%2CB&author=Uz%2CZ&author=Ince%2CY&author=Westphal%2CM&author=Heger%2CM&author=Ince%2CC
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BB38XovFCrtLg%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32875133
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7453805
http://scholar.google.com/scholar_lookup?&title=Hemodilution%20causes%20glycocalyx%20shedding%20without%20affecting%20vascular%20endothelial%20barrier%20permeability%20in%20rats&journal=J%20Clin%20Transl%20Res&volume=5&pages=243-252&publication_year=2020&author=Ergin%2CB&author=Guerci%2CP&author=Uz%2CZ&author=Westphal%2CM&author=Ince%2CY&author=HiltyM%2CIC
https://doi.org/10.1152%2Fajpheart.00006.2016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27037369
http://scholar.google.com/scholar_lookup?&title=Plasma%20syndecan-1%20and%20heparan%20sulfate%20correlate%20with%20microvascular%20glycocalyx%20degradation%20in%20hemorrhaged%20rates%20after%20different%20resuscitation%20fluids&journal=Am%20J%20Physiol%20Heart%20Circ%20Physiol&doi=10.1152%2Fajpheart.00006.2016&volume=310&pages=H1468-78&publication_year=2016&author=Torres%20Filho%2CIP&author=Torres%2CLN&author=Salgado%2CC&author=Dubick%2CMA
https://doi.org/10.1371%2Fjournal.pone.0214737
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC1MXht1SmtbfM
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=31091226
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6519803
http://scholar.google.com/scholar_lookup?&title=Thrombin-cleaved%20syndecan-3%2F-4%20ectodomain%20fragments%20mediate%20endothelial%20barrier%20dysfunction&journal=PLoS%20ONE&doi=10.1371%2Fjournal.pone.0214737&volume=14&publication_year=2019&author=Jannaway%2CM&author=Yang%2CX&author=Meegan%2CJE&author=Coleman%2CDC&author=Yuan%2CSY
https://doi.org/10.3389%2Ffcell.2021.711003
http://scholar.google.com/scholar_lookup?&title=The%20endothelial%20glycocalyx%20as%20a%20double-edged%20sword%20in%20microvascular%20homeostasis%20and%20pathogenesis&journal=Front%20Cell%20Dev%20Biol&doi=10.3389%2Ffcell.2021.711003&volume=14&issue=9&publication_year=2021&author=Villalba%2CN&author=Baby%2CS&author=Yuan%2CSY
http://proteinatlas.org/
https://doi.org/10.1371%2Fjournal.pone.0096477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24816787
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4015985
http://scholar.google.com/scholar_lookup?&title=Deeper%20penetration%20of%20erythrocytes%20into%20the%20endothelial%20glycocalyx%20is%20associated%20with%20impaired%20microvascular%20perfusion&journal=PLoS%20ONE&doi=10.1371%2Fjournal.pone.0096477&volume=9&publication_year=2014&author=Lee%2CDH&author=Dane%2CMJ&author=Berg%2CBM&author=Boels%2CMG&author=Teeffelen%2CJW&author=Mutsert%2CR&author=Heijer%2CM&author=Rosendaal%2CFR&author=Vlag%2CJ&author=Zonneveld%2CAJ&author=Vink%2CH&author=Rabelink%2CTJ
https://doi.org/10.1186/s13054-022-03979-1
https://link.springer.com/doi/10.1186/s13054-022-03979-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35410365
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9003982
http://scholar.google.com/scholar_lookup?&title=Plasma%20disappearance%20rate%20of%20albumin%20when%20infused%20as%20a%2020%25%20solution&journal=Crit%20Care&doi=10.1186%2Fs13054-022-03979-1&volume=26&publication_year=2022&author=Zdolsek%2CM&author=Wuethrich%2CPY&author=Gunnstr%C3%B6m%2CM&author=Zdolsek%2CJH&author=Hasselgren%2CE&author=Beilstein%2CCM&author=Engel%2CD&author=Hahn%2CRG
https://doi.org/10.1213%2FANE.0000000000005315
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BB3MXhtVSmu73F
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=33350618
http://scholar.google.com/scholar_lookup?&title=Elevated%20plasma%20concentrations%20of%20syndecan-1%20do%20not%20correlate%20with%20the%20capillary%20leakage%20of%2020%25%20albumin&journal=Anesth%20Analg&doi=10.1213%2FANE.0000000000005315&volume=132&pages=856-865&publication_year=2021&author=Hahn%2CRG&author=Zdolsek%2CM&author=Krizhanovskii%2CC&author=Ntika%2CS&author=Zdolsek%2CJ
https://doi.org/10.1186/s13613-020-00697-1
https://link.springer.com/doi/10.1186/s13613-020-00697-1
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BB3cXht1WltLrK
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32572647
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7310051
http://scholar.google.com/scholar_lookup?&title=Role%20of%20albumin%20in%20the%20preservation%20of%20endothelial%20glycocalyx%20integrity%20and%20the%20microcirculation%3A%20a%20review&journal=Ann%20Intensive%20Care&doi=10.1186%2Fs13613-020-00697-1&volume=10&publication_year=2020&author=Aldecoa%2CC&author=Llau%2CJV&author=Nuvials%2CX&author=Artigas%2CA
https://doi.org/10.1152%2Fjapplphysiol.00201.2001
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BD38XjvFersr0%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11960967
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20albumin%20supplementation%20on%20microvascular%20permeability%20in%20septic%20patients&journal=J%20Appl%20Physiol&doi=10.1152%2Fjapplphysiol.00201.2001&volume=92&pages=2139-2145&publication_year=2002&author=Margarson%2CMP&author=Soni%2CNC

resuscitation is associated with septic endothelial glycocalyx degradation. Crit Care.
2019;23:259.

Article PubMed PubMed Central Google Scholar

60. Joffre J, Hellman J, Ince C, Ait-Oufella H. Endothelial responses in sepsis. Am J Respir Crit Care
Med. 2020;202:361-70.

Article CAS PubMed Google Scholar

61. Chandra J, Armengol de la Hoz MA, Lee G, Lee A, Thoral P, Elbers P, Lee HC, Munger JS, Celi LA,
Kaufman DA. A novel Vascular Leak Index identifies sepsis patients with a higher risk for in-
hospital death and fluid accumulation. Crit Care. 2022;26:103.

Article PubMed PubMed Central Google Scholar

62. Fleck A, Hawker F, Wallace PI, Raines G, Trotter J, Ledingham IM, Calman KC. Increased vascular
permeability: a major cause of hypoalbuminaemia indisease and injury. Lancet. 1985;325:781-4.

Article Google Scholar

63. Bannerman DD, Sathyamoorthy M, Goldblum SE. Bacterial lipopolysaccharide disrupts
endothelial monolayer integrity and survival signaling events through caspase cleavage of
adherens junction proteins. J Biol Chem. 1998;273:35371-80.

Article CAS PubMed Google Scholar

64. Komaromi A, Esteberg U, Hammarqvist F, Rooyackers O, Wernerman J, Norberg A. Simultaneous
assessment of the synthesis rate and transcapillary escape rate of albumin in inflammation and
surgery. Crit Care. 2016;20:370.

Article PubMed PubMed Central Google Scholar

65. Norberg A, Rooyackers O, Segersvird R, Wernerman J. Leakage of albumin in major abdominal
surgery. Crit Care. 2016;20:113.

Article PubMed PubMed Central Google Scholar

66. Norberg A, Rooyackers O, Segersvird R, Wernerman J. Albumin kinetics in patients undergoing
major abdominal surgery. PlosOne. 2015;10: e0136371.

Article Google Scholar

67. Karanko MS, Laaksonen VO, Meretoja OA. Effects of concentrated albumin treatment after
aortocoronary bypass surgery. Crit Care Med. 1987;15:737-42.

Article CAS PubMed Google Scholar

68. Statkevicius S, Bonnevier J, Fisher J, Bark BP, Larsson E, Oberg CM, Kannisto P, Tingstedt B,
Bentzer P. Albumin infusion rate and plasma volume expansion: a randomized clinical trial in
postoperative patients after major surgery. Crit Care. 2019;23:191.

Article PubMed PubMed Central Google Scholar

69. Gosling P, Shearman CP, Gwynn BR, Simms MH, Bainbridge ET. Microproteinuria: response to
operation. Br Med J. 1988;96:338-9.

Article Google Scholar



https://link.springer.com/doi/10.1186/s13054-019-2534-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=31337421
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6652002
http://scholar.google.com/scholar_lookup?&title=Intravenous%20fluid%20resuscitation%20is%20associated%20with%20septic%20endothelial%20glycocalyx%20degradation&journal=Crit%20Care&doi=10.1186%2Fs13054-019-2534-2&volume=23&publication_year=2019&author=Hippensteel%2CJA&author=Uchimido%2CR&author=Tyler%2CPD&author=Burke%2CRC&author=Han%2CX&author=Zhang%2CF&author=McMurtry%2CSA&author=Colbert%2CJF&author=Lindsell%2CCJ&author=Angus%2CDC&author=Kellum%2CJA&author=Yealy%2CDM&author=Linhardt%2CRJ&author=Shapiro%2CNI&author=Schmidt%2CEP
https://doi.org/10.1164%2Frccm.201910-1911TR
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BB3cXitVyksrbN
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32101446
http://scholar.google.com/scholar_lookup?&title=Endothelial%20responses%20in%20sepsis&journal=Am%20J%20Respir%20Crit%20Care%20Med&doi=10.1164%2Frccm.201910-1911TR&volume=202&pages=361-370&publication_year=2020&author=Joffre%2CJ&author=Hellman%2CJ&author=Ince%2CC&author=Ait-Oufella%2CH
https://link.springer.com/doi/10.1186/s13054-022-03968-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35410278
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9003991
http://scholar.google.com/scholar_lookup?&title=A%20novel%20Vascular%20Leak%20Index%20identifies%20sepsis%20patients%20with%20a%20higher%20risk%20for%20in-hospital%20death%20and%20fluid%20accumulation&journal=Crit%20Care&doi=10.1186%2Fs13054-022-03968-4&volume=26&publication_year=2022&author=Chandra%2CJ&author=Armengol%20de%20la%20Hoz%2CMA&author=Lee%2CG&author=Lee%2CA&author=Thoral%2CP&author=Elbers%2CP&author=Lee%2CHC&author=Munger%2CJS&author=Celi%2CLA&author=Kaufman%2CDA
https://doi.org/10.1016%2FS0140-6736%2885%2991447-3
http://scholar.google.com/scholar_lookup?&title=Increased%20vascular%20permeability%3A%20a%20major%20cause%20of%20hypoalbuminaemia%20indisease%20and%20injury&journal=Lancet&doi=10.1016%2FS0140-6736%2885%2991447-3&volume=325&pages=781-784&publication_year=1985&author=Fleck%2CA&author=Hawker%2CF&author=Wallace%2CPI&author=Raines%2CG&author=Trotter%2CJ&author=Ledingham%2CIM&author=Calman%2CKC
https://doi.org/10.1074%2Fjbc.273.52.35371
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DyaK1MXisFamtg%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9857080
http://scholar.google.com/scholar_lookup?&title=Bacterial%20lipopolysaccharide%20disrupts%20endothelial%20monolayer%20integrity%20and%20survival%20signaling%20events%20through%20caspase%20cleavage%20of%20adherens%20junction%20proteins&journal=J%20Biol%20Chem&doi=10.1074%2Fjbc.273.52.35371&volume=273&pages=35371-35380&publication_year=1998&author=Bannerman%2CDD&author=Sathyamoorthy%2CM&author=Goldblum%2CSE
https://link.springer.com/doi/10.1186/s13054-016-1536-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27846908
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5111293
http://scholar.google.com/scholar_lookup?&title=Simultaneous%20assessment%20of%20the%20synthesis%20rate%20and%20transcapillary%20escape%20rate%20of%20albumin%20in%20inflammation%20and%20surgery&journal=Crit%20Care&doi=10.1186%2Fs13054-016-1536-6&volume=20&publication_year=2016&author=Kom%C3%A1romi%2CA&author=Esteberg%2CU&author=Hammarqvist%2CF&author=Rooyackers%2CO&author=Wernerman%2CJ&author=Norberg%2C%C3%85
https://link.springer.com/doi/10.1186/s13054-016-1283-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27117323
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4845320
http://scholar.google.com/scholar_lookup?&title=Leakage%20of%20albumin%20in%20major%20abdominal%20surgery&journal=Crit%20Care&doi=10.1186%2Fs13054-016-1283-8&volume=20&publication_year=2016&author=Norberg%2C%C3%85&author=Rooyackers%2CO&author=Segersv%C3%A4rd%2CR&author=Wernerman%2CJ
https://doi.org/10.1371%2Fjournal.pone.0136371
http://scholar.google.com/scholar_lookup?&title=Albumin%20kinetics%20in%20patients%20undergoing%20major%20abdominal%20surgery&journal=PlosOne&doi=10.1371%2Fjournal.pone.0136371&volume=10&publication_year=2015&author=Norberg%2C%C3%85&author=Rooyackers%2CO&author=Segersv%C3%A4rd%2CR&author=Wernerman%2CJ
https://doi.org/10.1097%2F00003246-198708000-00005
https://ccforum.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaL2s3nsFSisw%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3497011
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20concentrated%20albumin%20treatment%20after%20aortocoronary%20bypass%20surgery&journal=Crit%20Care%20Med&doi=10.1097%2F00003246-198708000-00005&volume=15&pages=737-742&publication_year=1987&author=Karanko%2CMS&author=Laaksonen%2CVO&author=Meretoja%2COA
https://link.springer.com/doi/10.1186/s13054-019-2477-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=31138247
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6537197
http://scholar.google.com/scholar_lookup?&title=Albumin%20infusion%20rate%20and%20plasma%20volume%20expansion%3A%20a%20randomized%20clinical%20trial%20in%20postoperative%20patients%20after%20major%20surgery&journal=Crit%20Care&doi=10.1186%2Fs13054-019-2477-7&volume=23&publication_year=2019&author=Statkevicius%2CS&author=Bonnevier%2CJ&author=Fisher%2CJ&author=Bark%2CBP&author=Larsson%2CE&author=%C3%96berg%2CCM&author=Kannisto%2CP&author=Tingstedt%2CB&author=Bentzer%2CP
https://doi.org/10.1136%2Fbmj.296.6618.338
http://scholar.google.com/scholar_lookup?&title=Microproteinuria%3A%20response%20to%20operation&journal=Br%20Med%20J&doi=10.1136%2Fbmj.296.6618.338&volume=96&pages=338-339&publication_year=1988&author=Gosling%2CP&author=Shearman%2CCP&author=Gwynn%2CBR&author=Simms%2CMH&author=Bainbridge%2CET

70. Salmon AH, Ferguson JK, Burford JL, Gevorgyan H, Nakano D, Harper SJ, Bates DO, Peti-Peterdi J.
Loss of the endothelial glycocalyx links albuminuria and vascular dysfunction. J Am Soc Nephrol.
2012;23:1339-50.

Article CAS PubMed PubMed Central Google Scholar

71. Hahn RG. Renal water conservation and the volume kinetics of fluid-induced diuresis; a
retrospective analysis of two cohorts of elderly men. Clin Exp Pharm Physiol. 2021;48:310-7.

Article CAS Google Scholar

72. LiV,YiS, ZhuY, Hahn RG. Volume kinetics of Ringer’s lactate solution in acute inflammatory
disease. Br J Anaesth. 2018;121:574-80.

Article CAS PubMed Google Scholar

73. Michelis R, Sela S, Zeitun T, Geron R, Kristal B. Unexpected normal colloid osmotic pressure in
clinical states with low serum albumin. PLoS ONE. 2016;11:e0159839.

Article PubMed PubMed Central Google Scholar



https://doi.org/10.1681%2FASN.2012010017
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC38Xht12ms7rN
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22797190
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3402289
http://scholar.google.com/scholar_lookup?&title=Loss%20of%20the%20endothelial%20glycocalyx%20links%20albuminuria%20and%20vascular%20dysfunction&journal=J%20Am%20Soc%20Nephrol&doi=10.1681%2FASN.2012010017&volume=23&pages=1339-1350&publication_year=2012&author=Salmon%2CAH&author=Ferguson%2CJK&author=Burford%2CJL&author=Gevorgyan%2CH&author=Nakano%2CD&author=Harper%2CSJ&author=Bates%2CDO&author=Peti-Peterdi%2CJ
https://doi.org/10.1111%2F1440-1681.13439
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BB3cXisVOks7zJ
http://scholar.google.com/scholar_lookup?&title=Renal%20water%20conservation%20and%20the%20volume%20kinetics%20of%20fluid-induced%20diuresis%3B%20a%20retrospective%20analysis%20of%20two%20cohorts%20of%20elderly%20men&journal=Clin%20Exp%20Pharm%20Physiol&doi=10.1111%2F1440-1681.13439&volume=48&pages=310-317&publication_year=2021&author=Hahn%2CRG
https://doi.org/10.1016%2Fj.bja.2018.04.023
https://ccforum.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC1MXkvVGisw%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=30115255
http://scholar.google.com/scholar_lookup?&title=Volume%20kinetics%20of%20Ringer%C2%B4s%20lactate%20solution%20in%20acute%20inflammatory%20disease&journal=Br%20J%20Anaesth&doi=10.1016%2Fj.bja.2018.04.023&volume=121&pages=574-580&publication_year=2018&author=Li%2CY&author=Yi%2CS&author=Zhu%2CY&author=Hahn%2CRG
https://doi.org/10.1371%2Fjournal.pone.0159839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27453993
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4959682
http://scholar.google.com/scholar_lookup?&title=Unexpected%20normal%20colloid%20osmotic%20pressure%20in%20clinical%20states%20with%20low%20serum%20albumin&journal=PLoS%20ONE&doi=10.1371%2Fjournal.pone.0159839&volume=11&publication_year=2016&author=Michelis%2CR&author=Sela%2CS&author=Zeitun%2CT&author=Geron%2CR&author=Kristal%2CB

