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B pesynbrari mpoBeneHNX AOCITIKEHb OTPHMAaHO HOBI HAayKOBi JaHI IOJ0 BIUIMBY ITHOOKOI 3arajbHOI TimoTepMii mIypiB Ha
YABTPACTPYKTYpPY KIIITHH SHIOTEIII0 CHHYCOIIB IE4iHKM, 004nCiIeHO MOp(O- Ta CTEPEOMETPUYHI XapaKTEePUCTHKH CYOKIII THHHUX
eJIeMeHTIB eHoTenionuTiB. [TokazaHo MiBHUINEHHS PEAKTUBHOCTI KIITHH CYIMHHOTO €HIOTEINiI0 MiKpOTeMOLIMPKYJISITOPHOTO pycia

MEYIHKH.

Kniouogi cnosa: ynstpacTpyKTypa, CHAOTENIH CHHYCOI/iB EYiHKH, KOMII I0TepHa MOPHOMETpis.

B pesynbrare MpoBeaeHHBIX HCCIIEI0BAaHNH ITOyYeHbI HOBBIE HAyYHbIE JaHHBIE O BIMSHUN ITy0O0KOH 001Iel THIIOTepMHHU KPBIC Ha
YABTPACTPYKTYPY KIETOK SHAOTEIHS CHHYCOUIOB IEICHH, BBIYUCIECHBI MOP(O- U CTEPEOMETPUIECKIE XapaKTEPUCTHKH CyOKIETOUHBIX
3JIEMEHTOB 3HIO0TEIHOLUTOB. [I0Ka3aHO MOBBIIIEHNE PEAaKTUBHOCTHU KIIETOK COCYAUCTOr0 3HIO0TEINSI MUKPOIeMOLIUPKYJIIPHOTO pyciia

IICUCHMU.

Kniouegvie cnosa: ynsTpacTpyKTypa, SHAOTEIHH CHHYCOUIOB NIEYEHH, KOMITBIOTEpHast MOp(oMeTpHsL.

As aresult of the investigations performed there were obtained the novel scientific data on the effect of deep total hypothermia in
rats on cell ultrastructure of liver sinusoids, as well as there have been calculated morpho- and stereometric characteristics of
subcellular elements of endotheliocytes. It was shown the rise of cell reactivity in vascular endothelium of liver microcirculatory

channel.
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JloCliIKeHHIO CTPYKTYpPHO-(QYHKI[IOHAIBEHOTO
CTaHy CyOWHHOTO €HJOTENII0 SK OCHOBHOI JIAHKH
ricroreMaTudyHuX Oap’epiB MpUCBSIUEHA BEIUKA
KUTBKICTB pOOIT BITYM3HSIHUX Ta 1HO3EMHHX CIIEITia-
JICTIB, 110 CBIAYUTH PO aKTYAIBHICTH Ii€] mpoOieMu
Ju1st Oiosorii Ta MemuIMHHA. BimoMa BaXkiuBa poih
MIEYiHKY B MiITPUMII TOMEOCTa3y OpPraHi3my, MPOBiIHE
3HauEHHS 11 y CHHTE31 Pi3HUX PEYOBHUH IS ITOTPEO yCixX
OpTaHiB 1 TKaHWH, y4aCTh Y PO3BUTKY peakiliit
opraHizaMy B yMOBax ctpecoBux BrumBiB [1,8,13].
BaratorpanHi QyHKIIi1 TKAHWHY TICUiHKH B PETYISIIT
OCHOBHHX JIAHOK MEXKYTOYHOT0 OOMiHY MOXJIMBI 32
YMOB 1HTEHCHBHOTO (DYHKIIOHYBaHHS MIKPOILMPKY-
JISTOPHOTO pycCia MEYiHKH 1, 30KpeMa, CYIHHHOTO
enyoTenito. TOHKI CTPYKTypHI epeOyqoBH B CYAHH-
HOMY €HOTellii, [0 CyTPOBOKYIOTHCS 3MIHOIO HOTO
IIPOHUKHOCTI JIst Pi310JIOTIYHO aJCKBATHHX 1 HEaIeK-
BaTHHX PEYOBHUH, CyTTEBO BIUTUBAIOTH HA MepeOir moin
y TKaHMHAX Opra”izMy mpH oxoiomxkenHi [1-3, 7,8].
JliTepaTypHi JaHi CBi4aTh PO T, IO OXOJIOHKSHHS
€H/IOTeJiaIbHAX KIIITHH BUKIIMKAE 3HAUHI CTPYKTYPHI
3MiHU [60,9,12], aje acmekTH, AKi CTOCYHOThCS
ocobnuBOCTed X yIbTPacTpyKTYpHOI oprasizanmii,
3aIUIIAIOThCA cynepeunuBumMu [16,17] i maiixke
HEIOCHIHKEHIMH, a KUTbKiCHI MOp(hOMETpHYIHI METOAN

A huge amount of Ukrainian and foreign works is
dedicated to the investigation of structurally functional
state of vascular endothelium, that testifies to the
actuality of this problem for current biology and
medicine. Liver role is known to be important in an
organism homeostasis maintenance, as well as its
leading place in the synthesis of various substances
for the needs of all the organs and tissues, participation
in the development of organism responses under stress
effects [1, 8, 13]. Such combined functions of liver
tissue in the regulation of main metabolism links are
possible under the conditions of an intensive functioning
of liver microcirculatory channel and, in particular, of
vascular endothelium. Fine structural rearrangements
in vascular endothelium, accompanied by its permeabi-
lity alterations for physiologically adequate and non-
adequate substances, significantly affect the course
of'events in an organism tissues during cooling [1-3, 7,
8]. The literature data testify that endothelial cells
cooling causes significant structural changes [6, 9, 12]
but the aspects related to the peculiarities of their
ultrastructural organization are still contradictory [16,
17] and practically absent. Taking into consideration
all the mentioned above, the actuality of further
investigation of endothelial liver cell ultrastructure when
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aHaJi3y MPaKTUYHO BiACYTHI. Buxonsuum 3 Buie-
BUKJIAJICHOTO, CTA€ OYEBUIHOK aKTyaJlbHICTh
MOIAIBIIIOTO BUBYEHHS YIBTPACTPYKTYPU €HIOTE-
JMiadbHUX KIITHH TMEUYiHKW MPH OXOJIOJDKEHHI 3a
JIOTIOMOTOI0 CYYacHHX METOMIIB MOP(POMETPUIHOTO
aHaJi3y.

Martepiaan i mertoam

ExcrnepuMeHTH TpoBeIeHO Ha OiMuX mIypax-
camirx Macoro 180-220 r. 1y 0X0m0KeHHS TBApUH
BHKOpHCTaHO MeTox AHmkyca [5,10]. Temmeparypy
BHMIPIOBAIH €IEKTPOHHUM TepMmomeTpom CT3-18.
TBapuH po3TaIIOBYBaJIH B CKISTHOMY TIeHAJi 006’ €MOM
2 J 3 TEPMETUYHOIO IUIACTUKOBOIO KPHIIKOIO i
MEPEHOCUIIM B XOJIONOBY KaMmepy 3 TEeMIEpaTyporo
cepenosua 0°C. Yepes 2 rox pekraiabHa TeMIepa-
Typa IMX TBapuH focdarana 15 °C, mpu 1ibOMy BOHHU
pearyBaiy Ha MOJIPa3HUKHU, ajie BXKE HE MOIIH
pyxarucs. Yacrora cepueBux ckopoueHs — 60 ynapis
3a XBIUJIMHY. Binirpis TBapuH 10 peKTanpHOI TeMIepa-
Typu HOpMH TpuBaB 90 xB. KoHTposiem Oyiu iHTaKTHI
TBapuHH. Beporo Bukopuctano 12 mrypis, mo 6 TBapuH
y KOHTPOJNBHINA Ta eKCIepUMEHTaJIbHIA Irpymax.
TxkaHWHY MEYiHKH AJIS eIeKTPOHHO-MIKPOCKOTIIYHAX
JOCITIPKEHB Opalin 0e31ocepeIHbBO Micist 3aKiHISHHSI
BiZIrpiBy, (hikCyBanu 3aHypIOBaHHAM y 3%-i1 TiryTap-
anpaerig Ha 0,1M kakogunarHoMy Oydepi 1 qodik-
coByBanu 1%-M ocMieBUM (pikcaropoM Ha TOMY XK
oydepi. Ilicnsa 06e3BOJHEHHS B €TaHOII 3pOCTau0l
koHueHnrpaii (50, 70, 90, 100%) ta abcomoTHOMY
anetoHi (Tpuyi o 10 XB) 3pa3Kku Ne4iHKK 3aIUBaJIU B
CYMIII eIIOKCHIHMX CMOJI eNoH-apanauT. HamiBToHki
(0,3 MKM) Ta ynpTpaTOHKi 3pi3M BUTOTOBIISLIM 32
JIOTIOMOTOI0 yibTpamikporoma Y MTII-6. HamiBToHKI
3pi3u, hapOoBaHi METHJICHOBUM CHHIM, aHAJII3yBaJIH 1
(hororpadysanu B ONTHIHOMY MiKpockori “bionam”™.
YIbTpaToOHKI 3pi3u KOHTPACTYBAIH yYpaHiIaleTaToM i
LHUTPATOM CBHUHIIO, meperaian i ¢pororpadyBaHHS
3A1MCHIOBATH B TPAHCMICIHHOMY €JIEKTPOHHOMY
mikpockorti [IEM-125K (SELMI) 3a npuckopiorouoro
Hanpyrowo 75 kB. Mopdomerpuunuii i crepeo-
METPUYHHUN aHai3U €JIEKTPOHHO-MIKPOCKOMIYHUX
300paXeHb €HJOTENIalbHUX KIITHH CHUHYCOIIiB
MIPOBOJMIIN 32 JIOTIOMOT'OI0 KOMII IOTEPHOI CHCTEMH
aHaJi3y MaKpo- MIKPOCKOIIYHUX Ta E€JIEKTPOHHO-
MIKPOCKOIIIYHUX CTPYKTYp Oi0JOTiYHHUX 00’ EKTIB
MORPHO-TOOLS [2,13]. Cuctema MORPHO-
TOOLS ckiamgaersesi 3 KOMIUICKCY TEXHIYHUX 3aCO-
0iB, a TaKOX MPOTPaMHOTO 3a0€3MEUYCHHS IS BBE-
JeHHsI 300paKeHb B 1HTEPAKTUBHOMY PEXUMI, 1X
00pOOKH, CTBOPEHHS Ta MATPUMKH 0a3H JaHUX.

BpaxoByroun ckmagHy CTpyKTYpHY OpraHi3auiro
CHJOTEIiaJbHUX KIIITHH, @ TAKOXK IOBUIBHY IIPOCTOPOBY
Opi€HTAIliI0 TX B yIBTPATOHKOMY 3pi3i, Ipu BUOOPI Ta
aHaizi Mop(oMEeTpUYHNX MapaMeTpiB BijTaBanacs
repeBara BiJIHOCHUM ITOKa3HUKaM: BiIHOLICHHIO IJIOLI
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cooling using the up-to-date methods of morphometric
analysis is obvious.

Materials and methods

The experiments were carried out in white male
rats with the mass of 180-220g. To cool the animals
we used the Andjus method [5, 10]. The temperature
was measured by STZ-18 electron thermometer. The
animals were located in 2 liter glass container with
hermetical plastic lid and transferred into a cooling-
chamber with the temperature of 0°C. In two hours
rectal temperature of these animals reached 15°C, they
responded to the excitation agents, but could not move.
The rate of heart beats was 60 beats/min. Warming of
animals up to normal rectal temperature lasted 90 min.
Intact animals served as the control. In general we
used 12 animals, 6 ones in each group, in the control
and experimental one. Liver tissue for electron
microscopic investigations was taken already following
thawing, fixed by immersion into 3% glutaraldehyde
on 0.1M cocodylate buffer and additionally fixed by
1% osmium fixing agent on the same buffer. Following
the dehydration in ethanol with growing concentration
(50, 70, 90, 100%) and an absolute acetone (3 times
for 10min) liver samples were poured into a mixture
of epoxy resins. Semi-fine (0.3pum) and ultra-fine
sections were prepared using the UMTP-6 ultra-
microtome. Semi-fine sections stained by methylene
blue were analyzed and recorded with “Biolam” optic
microscope. Ultra-fine sections were contrasted with
uranylacetate and lead citrate, viewing and making
pictures were performed using transmission electron
microscopy PEM-125K (SELMI) with accelerating
density of 75kW. Morphometric and stereometric
analyses of electron-microscopic images of endothelial
sinusoids cells were accomplished using computer
analysis MORPHO-TOOLS system of macro- and
microscopic and electron-microscopic structures of
biological objects [2, 13]. MORPHO-TOOLS
SYSTEM is composed of the complex of technical
means and software for using the images in interactive
regimen, their processing, designing and data base
support.

Considering the complete structural organization of
endothelial cells, as well as free environmental
orientation of those in an ultra-fine section, during the
selection and analysis of morphometric parameters we
favored the relative indices: the ratio of areas and
perimeters of certain structures, the calculations per
unit of a cross area of a cell and its cytoplasm (density
of the surfaces), of the volume (volumetric parts).
There were also determined the absolute indices of
cell structural characteristics, which had the sizes of
microns, square ones etc. Standard error of the analysis
of morphometric parameters does not exceed 5%. In
the MORPHO-TOOLS data base there is the
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1 IepuMeTpiB MEBHUX CTPYKTYp, PO3paxyHKaM Ha
OJIMHUIIIO TUTOIIII TIEPETUHY KIITHHH Ta 11 MU TOTUIa3MH
(IIIBHICTH MTOBEPXOHB), 00°eMy (00’ €MHI YacTKH,
Touio). BusHavyanucst Takok aOCONIIOTHI MOKAa3HUKH
CTPYKTYPHHUX XapaKTEPUCTHK KIITHH, 110 MAJIX PO3Mip-
HIiCTb MiKpPOHIB, MiKPOHIB KBaJIpaTHHX Ta iH. 3arajibHa
noxuOKa aHasizy MOPQOMETPUUHUX MapaMeTpiB He
nepesuiye 5%. ¥V 6a3i nanux MORPHO-TOOLS
MICTUTBCS IHPOPMAITisl PO TaKi EPBUHHI MOPHOMET-
pHUYHI TapaMeTpH, SK TUIOINA, TIEPHUMETP, MaKCHUMabHI
1 MiHIMaJIBHI pO3MipH, TpoeKIii Ha Bici X 1Y, a Takoxk
¢daxropu dhopmu (F1; F2; F3), mo xapakTepusyroTthb
pizHi okazHuku Gopmu o0’exta (F1 — BigHOMIEHHS
MaKCHMAaJILHOTO JliaMeTpa 10 MiHIMaJIbHOTO — CTYTIiHb
oKpymiocTi cTpykTypH, F2 1 F3 — pi3ni cTyneni 3piza-
HOCTI KOHTYPiB [2,13]). 3a pe3ynpraramu aHamisy He
MeHIe 5K 10 BUMiIpIOBaHb Ha Pi3HUX KIITHHAX OyiaH
pO3paxoBaHi cepesiHi aHi: 00’ €MHa YacTKa, CyMapHa
LIJIBHICTH HOBEPXOHD 1 MUTOMA MOBEPXHSI CyOKIITHH-
HUX €JIEMEHTIB €HIOTEIIIOIUATIB.

Pe3yAabTatn Ta 0OrosopeHHs

[Ipu mocnimkeHHI YABTPACTPYKTYPH CYJHHHOTO
SHJIOTEJIII0 MIEYIHKH 32 YMOB 3aTraJIbHOTO OXOJIOKEHHS
rypiB (Temreparypa siapa tiia 15°C) O0ys10 BCTaHOB-
JICHO, 110 CHJIOTENIOUTH MalOTh JEdKi XapaKTepHi
pucH, npuTaMaHHI HOpManbHIA TKaHuHi (puc.l).
Ennoreniit cuHycoiniB NEYiHKY LIypiB HAJIEKUTH 10
CHUHYCOIgHOTO ab0 BEJIMKOTO MOPUCTOTO THIy. B
CHIOTETIOUTAX YiTKO BHUABJSIOTHCA AJepHA 30HA i
JoBri nepudepuyHi gyxe BUTOHUYEHI 00JIACTI LUTO-
IU1a3MHU. SJepHa 30Ha KIITHH Majlo BUCTYIIA€ B MIPO-
cBiT cynuHH. JItoMiHaJIbHA HOBEPXHS KITITHH B 001aCTi
[IEPUKAPIOHY Ma€ HEBEJIMKI IHBArIHALIIT 1 MIKPOBOPCHUHKH
1 HaBITh BIAPOCTKU. AOJIFOMiHAIbHA TIOBEPXHS CHI0-
TEJTIOLUTIB MA€ HEBEJIMKY KiJIbKICTh IHBAriHaIliH 1 CKJ1a-
IUHOK. binbla yacTuHa opraHes po3TamoBaHa B
SIICPHIM 30H1 €HIOTEJIOMMTIB: BEJIMKI OBaJIbHI MITO-

Puc.1. YusTpacTpykTypa NmepuHyKJIeapHOI YaCTUHHU
SHIOTETIOUTA CHHYCOI/Ia MEYiHKH IIypa IIPH 3aTaTbHOMY
oxonomkerHi. X17000.

Fig. 1. Ultrastructure of perinuclear part of sinusoid
endotheliocyte of rat liver under general cooling. x17000.
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information on such primary morphometric parameters
as the area, perimeter, maximum and minimum sizes,
projections on X and Y axis, as well as the factors of
the object shape (F1, F2, F3), characterizing various
indices of the object shape (F1 as the ratio of the
maximum diameter to the minimum one made the
extent of the structure rounded shape, F2 and F3 as
the different extent of cutting rate of the contours [2,
13]). According to the analysis results for not less than
10 measurings at different cells there were calculated
the mean values: volumetric part, total density of the
surfaces and specific surface of sub-cellular elements
of'endotheliocytes.

Results and discussion

When studying the ultrastructure of liver vascular
endothelium under the conditions of total cooling of
rats (the nucleus body temperature is 15°C) it has been
found that endotheliocytes have some characteristic
signs of normal tissue (Fig. 1). Endothelium of rat liver
sinusoids is of sinusoidal or large pore type. In
endotheliocytes the nuclear zone and long peripheric
thinned cytoplasm sites are clearly expressed. Cellular
nuclear zone is a little bit approaching into a vessel
lumen. Cell luminal surface in pericarion site has slight
invaginations and microvilli, and even outgrowings.
Abluminal surface of endotheliocytes has a slight
amount of invaginations and folds. The major part of
organelles is located in a nuclear zone of endothelio-
cytes: large oval mitochondria, cisterns of endoplas-
matic reticulum (EPR), free ribosomes, Golgi complex.
Lysosomes are found in all the cell parts. In peripheric
compartments the organelles amount is reduced,
mitochondria are small, round, there are the fragments
of endoplasmatic network, ribosomes. Along a luminal
surface of peripheric endotheliocytes parts there are
observed some micropinocytosis vesicles. The
characteristic for liver sinusoid endotheliocytes is the
presence of the diaphragmed fenestrae, as well as the
opened ones (pores). The amount of fenestrae depends
upon the functional state of endotheliocytes. In
peripheric parts of cells the amount of opened pores
and diaphragmed fenestrae is higher than in a nuclear
zone. The opened fenestrae are of the size from 100
to 150nm up to 3um and look like oval membrane-
closed apertures. The opened oval fenestrae are
located inside a cell and connected with the Disset
environment, filled with glycocalix, which also covers
the entire abluminal surface of endotheliocyte. The
amount and sizes of opened pores are stipulated by
the state of receptor-skeletal complex of endothelial
cells and depolymerization extent of microfilaments in
a cytoplasm [6]. The number of fenestrations depends
upon the contacts of endotheliocytes and Kuppfer cells
(star-like reticuloendotheliocytes), the amount of those
makes almost 40% of the sinusoid endothelium [15].
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XOHJIPii, HUCTEPHH SHAOIIA3MATUIHOTO PETUKYITYMY
(EIIP), BinbHI puOocomu, komruieke Lompmxki. Jlizo-
COMH 3YCTPIYarOTHCS B YCIX YaCTUHAX KJIITHH. Y MEpH-
(epuyHNX BiAAinax KiIbKiCTh OpraHesl 3MEHIICHA,
MITOXOHApIi MpiOHI, MarOTh Kpyrty (opmy, € ¢par-
MEHTH €HJIOIIa3MaTUYHOI CITKH, puOOCOMU. Y3I0BK
JIOMiHAJIBbHOI MOBEPXHi epu(epUYHUX YaCTUH HIO-
TEIOLUTIB CIIOCTEPIraloThcs MiKPOMIHOLUTO3H] Be3U-
KyJH. XapaKTEePHOIO 03HAKOIO CHIOTETIONNTIB CHHY-
coiniB me4iHky € aiagparmMoBaHi heHEeCTpH, a TAKOK
Bigkputi Gpernectpu (nopu). KinbkicTs Gpenectp 3aie-
JKUTH BiJl QYHKIIOHATBHOTO CTaHy €HIOTETIOIUTIB. Y
nepruepUIHUX YaCTHHAX KJIITHH BIIKPUTHX ITOD 1 Tia-
(dbparmoBanux ¢eHecTp OiIbIIE, HIXK B SACPHINA 30HI.
Binkpuri dhenectpu matots po3mipu Big 100-150 am
0 3 MKM i MarmOTh BHIJISJ OBAJILHUX OTBOPIB, SIKi
3aKkpuTi MeMOpaHoro. Binkputi oBanbHi peHecTpH po3-
TaIlOBaHi B CEPEIMHI KIITHHU i 3B’ s13aHi 3 IPOCTOPOM
Hicce, 110 3ar10BHEHUH TITIKOKATIKCOM, IKUM BKPHUTA 1
Bcst abMIOMiHaIbHA TIOBEPXHS eHpoTenionuTa. Kinb-
KICTh 1 pO3MipH BIJKPUTHX MOP 3YMOBIIOIOTHCS CTa-
HOM PELENTOPHO-CKEIETHOTO KOMIUIEKCY KJIITHH
EHJIOTEIIII0 1 CTYTIEHEeM JenoiMepu3arii Mikpodina-
MeHTIB y nurtomutasMmi [6]. Kinbkicts ¢enectpamint
3aI€KUTh BiJ KOHTAKTIB €HJOTEIIOMUTIB 1 KIITHH
Kyndepa (3ipuacTux peTHKYIOSHIOTEIIOUTIB), OIS
SIKUX cKitafae Mavike 40% Bif €HIOTENi 0 CHHYCOIIiB
[15]. EnpoTemniii CHHYCOITiB IE4iHKH HE Ma€ TUITOBOL
0a3zanbHOT MeMOpaHu. JIuie KIiTHHY, pO3TalllOBaHi B
LEHTPi Me4iHKOBOI YacTOUKH 1 Ha ii mepudepii, mic-
TATHbCA Ha 0a3aibHIl MeMOpaHi, siKa € IPOAOBXKEHHIM
0a3zanpHOi MeMOpaHM LEHTPalIbHOI BEHH 1 MiX-
JOJIBKOBOI T'iJIKM BOpOTHOI BeHH. KoHTakTH eHpore-
JMaNbHUX KIITAH MK COO0F0 MArOTh BUIVISII MIKKITITHH-
HUX QeHecTp abo JIFOKIB (IO TIB) — I1e MIUPOKI MIXKKITi-
TUHHI UIITAHA [4], — a TAaKOXK BYy3bKHX MDKKIIITHHHHIX
e po3mipom 10-25 HM 1 IIiTbHUX KOHTAKTIB [15].
Mu criocTepirany HastBHICTh TEPEBAKHO BITHOCHO IITH-
POKUX IILTMH MK €HIOTEIIOIIUTAMHU.

lemarounTy B 3a51€XKHOCTI BijI CBOTO MiCIIs pO3Ta-
LIyBaHHs B NEYiHKOBIM 4acTOUL XapaKTePU3YIOThCS
pi3HUM piBHEM (QYHKLUIOHAIBbHOI aKTMBHOCTI, LIO
BiIOMBa€ETHCA 1 B IX yABTPaMiKpOCKOIIYHIN OpraHi3arii.
Mae miciie i reTeporeHHiCTh y Oy/I0Bi €HAO0TEIIONHUTIB
Y3JI0BK OJTHOTO CHHYcoina. BiaMiHHICTE IOB’s3aHa 3
PI3HUM CTyIIEHEM TPOHUKHOCTI KIITHH €HIO0TEIIII0, 110
B1IOMBAETHCS B Pi3HIM KUILKOCTI 1 po3Mipax (peHecTp
SIK BIJKPUTHX 1 liaparMoBaHUX, TaK 1 MIXKKIJII THHHHX.
HiadparmoBani (eHecTpH 37e01IbIIOT0 XapaKTepHi
JUTst iepruepUIHUX BiUIUTIB CHHYCOI/a, @ TAKOXK IS
LIEHTPAJILHOI 30HH, JIe KOHTAKTH MK KJIITHHAMHU O1LIBIII
urineHi. Ha 90% Bciel noBxuHU CHHYCOina eHIoTe-
JOIUTH MAIOTh 3HAYHY KUTBKICTh BETUKUX BIIKPUTHX
BHYTPIIIHBOKIITHHHHUX ()eHECTP, KIIITHHU PO3/ILICHI B
EH/IOTEeNi MHUPOKUMH HITHHAMH po3mipom 200-250
MKkM.BBaxkaeTbes, mo Qenectpa (Kpyriuii oTBip B
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Endothelium of liver sinusoids does not have a typical
basal membrane. Only the cells located in the center
of liver part and on its periphery are located on a basal
membrane, which is the continuation of a basal
membrane of the central vein and interlobal branch of
a portal vein. The contacts between endothelial cells
look like intercellular fenestrae or hatches, those are
broad intercellular fissures [4], as well as 10-25 nm
thin intercellular fissures and dense contacts [15]. We
predominantly observed the presence of relatively wide
fissures between endotheliocytes.

Hepatocytes depending upon the place of their
location in liver site are characterized by a different
stage of functional activity, that manifested in their
ultramicroscopic organization. Heterogeneity is also
present in endotheliocytes structure along one of the
sinusoids. The difference is bound to the various degree
of endothelial cells permeability, that manifested in a
different amount and sizes of fenestrae, of both opened,
diaphragmed, and the intercellular ones. Diaphragmed
fenestrae are mostly characteristic for peripheric sites
of sinusoids, as well as for the central zone, where the
intercellular contacts were dense. Along the 90% of
all the sinusoid length the endotheliocytes have a
significant number of open intracellular fenestrae, the
cells are divided in an endothelium by wide 200-250pum
fissures. It is considered that the fenestra (a round
aperture in an endotheliocyte cytoplasm, covered with
an elementary membrane) is formed by the reduction
from transendothelial channel [3], but the opened
fenestrae (pores) are formed during the diaphragm
reduction in the diaphragmed fenestrae. Diaphragm
has a complete organization and is formed as a result
of the fusion of two cytolemmas. In the center of
diaphragm there is revealed the thickenning of 10-20
nm diameter, from which the fibrillary bands outgrow
to the walls. They known to be formed of glycosamino-
glycans molecules of various polymerization degree,
forming the molecular sieve, preventing the macro-
molecules passing through [11].

Peripheric zones of endotheliocytes are mainly
characterized by the presence of open fenestrae and
practically absent diaphragmed ones.

The amount of these trans-endothelial commu-
nications is increased. Intercellular distance is
significantly widened. However the vesicles formation
in endothelium is known as a temperature dependent
process [3, 14]. Vesiculation of endotheliocytes cyto-
plasm is suppressed under the temperature decrease,
under our experiments conditions the reduction of the
volumetric part and total density of the vesicles surfaces
testify to this fact. The outgrowings of Kuppfer cells
have a certain effect on the fenestrations formation,
and activation of these cells under cooling conditions
may affect the endothelium reactivity of sinusoids. The
amount of Kuppfer cells in a sinusoid wall is augmented
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OHUTOTIIAa3M1 €HAOTEIIOMNUTa, TPUKPUTHH €IeMEH-
TapHOI0 MEMOPAHOI0) YTBOPIOETHCA 3 TPAHCEHIIO-
TEJNiaNbHOTO KaHAITy IIUISIXOM penykii [3], a BiakpuTi
(enectpu (IopH) —pu peayKuii aiadpparmu y giadpar-
MoBaHUX (penectp. [liadparma mae cknagHy oprasiza-
LiI0 1 YTBOPIOETHCS B PE3YJbTATI 3MUTTS ABOX LIUTO-
neM. Y UeHTpi niadparMu BUSBISETHCS YTOBIICHHS
niamerpom 10-20 HM, B SKOTO O CTIHOK BiIXOAATH
¢iopinspHi Tsoki. Bimomo, o0 BOHM CKIIaNarOThCs 3
MOJIEKYJI TIIKO3aMiHOTJIIKaHIB Pi3HOTO CTYIIEHS ITOJTi-
Mepu3allii, yTBOPIOOYH MOJIEKYIISIPHE CUTO, IO Iiepe-
ITKOJKA€E TTPOXOIKEHHIO MakpoMoieky [11].

ITepudeprnuni 30HM SHIOTENIONUTIB XapaKTEPH-
3YIOThCS HASIBHICTIO B OCHOBHOMY BIJIKPUTHX 1 Maiike
BIZICYTHICTIO AiadparmoBanux eHectp. KinbkicTs 1ux
TpaHCEHAOTEeTialbHIX KOMYHIKalii 30iIblIeHa, 1110
MOXe€ TOSICHIOBATHCh THM, LI0 YTBOPEHHS BE3HKYI 1
TpaHCEHOTeNalbHUX KaHalliB B €HIOTENil — 1e
TeMIeparypo3anexuuii nmpouec [3, 14]. Besukynsitis
LUTOIUIa3MH €HAOTETIONUTIB NPUTHIUYETHCA TPH
3HIDKEHHI TeMIIepaTypH, B yMOBaX HAIIOTO eKcIie-
PHMEHTY TIPO 1€ CBiTYUTH 3MEHILICHHS 00’ €MHOT yacT-
KU Be3ukyis. Bigpoctku kinitun Kymndepa maroTh
MIEBHUI BIUIMB Ha QOpMyBaHHS (eHecTpalliil, i akTu-
Bi3allis IUX KJITHH 3a YMOB OXOJIOPKCHHS MOXKeE
BIUIMBATH HA PEAKTUBHICTh €HIOTEJII0 CUHYCOIIB.
Kinekicts knitun Kyndepa B cunycoinnii criHumi 3011b-
oIeHa 3a YMOB LbOTO €KCIIEPpHUMEHTY. 3ipdacTi
€HJIOTEJTIOUUTH BUABIISIIOTH O3HAKH aKTUBHOT'O CTaHY:
PO3LIUPEHHS SIIEPHUX TOP, aKTHBI3alisl KOMILIEKCY
Tone i, miHOIUTO3Y, paroquTosy (puc.2).

[Ipu mpoBeaeHHi MOPPOMETPUUHOrO aHANI3y Ha
yIBTPAaTOHKHUX 3pi3ax CHHYCOIJiB MEYiHKH LIYpiB
BU3HAYAJIUCS MMapaMeTPH CHAOTEIIAbHUX KIITUH
CHHYCOI/IiB, 8 TAKOK BHY TPIIITHBOKJTITHHHUX OPTaHOIIiB.
Tak, siapa eHIoTeNiadbHUX KIITHH Y HOPMI MalOTh
10Uy TMEepeTuHy B Mexax Bim 4,8 mo 9,7 Mm>.
ITepumerp sapa — 9,6-13,6 mkm. MakcumanbHHI
po3mip nepeTuny sapa— 3,5-5,5 MkM, MiHIMaTbHAN -
1,3-2,4 MxM. 3Ha4eHHS IEpUMETPa eHAO0TeNianbHUX
KJIITUH 3HaX0OAThcsa B Mexi 13,4-19.4 mxm. Makcu-
MalbHUH TiHIKHUHA po3Mip — 10 6,5 MKM, a MiHIMalb-
Hu# — 1,7 mxM. [1noma nepeTrHy eHA0TENOUTIB Ha
YJIBTPATOHKHUX 3pi3aX KOJMMBAETHCS Bint 5,7 10 23,3 MKM?.
[Ipu oxonomKeHHI KIITUHU MAlOTh MJIOLLY MEPETUHY
EHJIOTeNiallbHUX KIITHH, BKJIIOYAIOUH 1 KynQepoBi
KITiTHHH, B Mexkax 8,1-53,1 mxm?. Tlepumerp KIiTHH
BapitoBaB Bix 14,7 no 38 mxm. MopdomerpuuHi Ta
CTepEeOMETPHUYHI MMapaMeTpH sjipa Ta eHAOTelNialb-
HHUX KJIITHH TpuBeAeHi Ha puc.3. Ha puc.4 momano
pe3yiabTard MOpGOMETPUYHOIO aHaji3y OpPraHoiIiB
LUTOIIa3MH €HA0TENIaATBbHUX KIITHH IIPU OXOJI0KEHHI,
K1 XapaKTepu3yloTh 00’€MHI 4aCTKH, CyMapHy
LITBHICTD MOBEPXOHB 1 CEPENHIO TUTOMY ITIOBEPXHIO
opraHoiniB (MiToxoHzpii, mizocom, EINP i Be3ukyn).
OTtpumani MophOMETpUYIHI TapaMeTPH TOTIOBHIOIOTh
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Puc.2. Knituna Kyndepa B kaminspHiid CTiHII CHHYcOiga
MEeYiHKH IIypa [Py 3aralibHOMY 0XoJomkeHHi. X14000.

Fig. 2. Kupffer cell in a capillary wall of rat liver sinusoid
under general cooling.x14000.

under the experiment conditions. Star-like endo-
theliocytes manifest the signs of an active state: wide-
ning of nuclear pores, activization of Golgi complex,
pinocytosis, phagocytosis (Fig. 2).

During morphometric analysis in ultra-fine sections
of rat liver sinusoids there were determined the
parameters of endothelial cells of sinusoids, as well as
of intracellular organoids. The endothelial cell nuclei
in the norm have the cross area within the limits from
4.8 to 9.7um. The perimeter of nucleus made 9.6 to
13.6 pm. The maximum size of the nucleus cross area
made 3.5 to 5.5 pm, the minimum one was 1.3 to 2.4
pm. The perimeter values of endothelial cells are within
the limit of 13.4 to 19.4pum. The maximum linear
dimension is up to 6.5 pm, and the minimum one makes
1.7um. The cross area of endotheliocytes on ultra-
fine sections fluctuates from 5.7 to 23.3 pm?. During
cooling the cells have the cross area of endothelial
cells, including also the Kuppfer cells, within the limits
of 8.1 to 53.1um?. Cell perimeter varied from 14.7 to
38um. Morphometric and stereometric nucleus para-
meters and of endothelial cells are given in Fig. 3. In
Fig.4 there were presented the results of morphometric
analysis of cytoplasm organoids of endothelial cells
during cooling, which characterize the volumetric
particles, total density of the surfaces and the mean
specific surface of organoids (mitochondria, lysosomes,
EPR and vesicles). Morphometrical parameters
obtained are convincing to the described earlier data
of a visual analysis of the structural rearrangement
state in endothelial cells of sinusoidal liver capillaries
during cooling towards endothelium activization as the
tissue, providing the metabolism between blood and
liver working elements.
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a — [l - 00’ emHa YacTka sapa (BinH. ox.); [ — 00’ eMHA YacTKa KOMIIAKTHOTO XpOMAaTHHY (BiIH. 011.); ] — 00’ eMHa yacTKa

nudysHoro xpomatuny (BigH. ox.); [0 — cepenns muroma nosepxHs siapa (1/mMxm); [0 — cepeHs nmuToma ITOBEPXHS

KOMITAKTHOTO XpoMatuny (1/Mkm). 6 — dakropu Gopmu siipa engorenianbunx kiitiH: ll—F15, @ - F251, O- F351; dpakropu

¢opmu ennotenianpaux krituH: B — F1K, B — F2K, 0 - F3K. H.Ean. — engoremonutu npu HopMmoTepMii; Ox.Exg. —

SHJoTeliabHI KIITHHH Hicis oxonomkeHns; H. Kynd. — xmituau Kyndepa npu Hopmorepwmii; Ox. Kynd. —xkmituau Kyndepa

TICJISt OXOJIODKEHHSL.

Fig. 3. Morphometric and stereometric parameters of endothelial cells and their nuclei under cooling.

a — [l — volumetric part of the nucleus (relative units); [ —volumetric part of compact chromatin (relative units); B —

volumetric part of diffuse chromatin (relative units); [0 — the mean specific surface of the nucleus (1/um); [J— the mean

specific surface of compact chromatin (1/um). b — factors of the nucleus shape of endothelial cells -l -F1N, EH-F2N, 0

F3N; factors of endothelial cells shape — E —F1C, B —F2C, [0 — F3C. NE — endotheliocytes under normothermia; CE —

endotheliocytes following cooling; NK — Kuppfer cells under normothermia; CK — Kuppfer cells following cooling.

OnucaHi BUIIE JaHi Bi3yalbHOro aHali3y CTaHy 350
CTPYKTYPHUX IMepeOynoB eHI0TeNiallbHUX KIITUH
CHHYCOTTHUX KaJIAPIB IIEYiHKK MPH OXOJIOKEHH] B 300 1
HaIpsMKy aKTHBi3alii €HJ0TeNi0 K TKaHWHH, 10
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mitochondria — M; lysosomes — L; endoplasmatic
reticulum — EPR; vesicles — V; ll— volumetric part; [ — total
density of surfaces; [1— mean specific surface.
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Conclusions
The investigations performed for the tissue

ultrastructure, which forms the microcirculatory link
in rat liver, testify to the presence of rearrangements
of the reactive character in the major part of
endotheliocytes and Kupffer cells under the total
cooling of animals.
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