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Iesb vccne10BaHus — OLEHUTD BJAMSHUE KOJJIOUAHBIX KPOBE3aMeHUTe el Ha )KUPOBbIE IJI00YJIbl B KPOBU OOJIb-
HBIX C TSKEJTON cOueTaHHOW TPaBMOH in vitro.

Marepuasst 1 MeToabl. [lepdropan, 5% pacTBop anbOymuta, gekcrpan-40, nekcrpat-60, MoauduIMpoOBaHHbII
skesathH, ruapokcuatiakpaxmaist 200,/0,5 1 130/0,42 BHocnin B KpoBb 19 TOCTPaIaBINTNX € TSLKETOH COUCTAHHOM
TpaBmoil B coorromrernu 1:20, 1:10, 1:5 u 1:3, uto coorBercTBOBaNO K0GaBAeHUO K 0,3 M1 KpoBU B ipobupke 0,015
M, 0,03 ma, 0,06 mu, 0,1 Mor u3ygaemoro kpoBesaMmeHuTe 1. MUKPOCKOTTPOBaHNE ITPETTapaToB € OTIEHKOH KoJImde-
CTBA ¥ TIJIOTIAJIN KUPOBBIX TI00YIT TPOBOMIIH C TIOMOIIIBIO MUKPOBH30Pa METUIINHCKOTO TIPOXO/ISTIIETO cBeTa mVizo-
101 (JIOMO, Poccus) uepes 30 MUHYT 2CTIO3UIINT KPOBU 1 KPOBE3AMEHUTEJIS U TIOCIIEYIONIe OKPACKY TIpenapara
cyaanom IV. O6paboTKy pesyJIbTaToB OCYLIECTBIISIN C TIOMOIIbIO KOMIIbIOTEPHOI iporpammbl JMicroVision 1.2.7.

Pesyasratel. [[ekctpan-60, ruppokcmaruiakpaxmaist 200,/0,5  130/0,42 in vitro TpUBOIAT K CHUYKEHHIO KOJIH-
YeCcTBa JKMPOBBIX TJ100YJ1 B KPOBU MOCTPAAABIINX C TSIZKEJION COUETaHHOI TPaBMOIi IPONOPIMOHANBHO CTEIIEHH Pa3-
Begenust. MoandunmpoBanublii skesatu, aexcrpan-40, 5% pactBop ampOymuua u nepdropat 006IaLal0T
BBIPAKEHHBIM JIOTIOJHUTEIbHBIM 9MYJIbIUPYIOIMM JAeiiCTBUEM Ha KUPOBbIe TJI00YJIbl. MaKkcHMaIbHbIA 9MYJIbIU-
pytomuii apdekt nonyuen npu gobasaeHnn B Kposb Ilepdropana.

3akmouenue. [ToryueHHble B 9KCIIEPUMEHTE JAHHbIE O BJIUSHUK 5% PacTBOPa aibOyMUHA, MOAN(DHUIIUPOBAHHOTO
sKeJTaTuHa, ekcrpana-40 u [lepdropata Ha sKMPOBbIE TTI00YJIbl OTKPBIBAIOT HEPCIIEKTUBY /IS UX AabHENIIEro KJu-
HIYECKOTO IPUMEHEHHUST ISt TIPODUIAKTUKN U JIEYEeHUST SKUPOBOI 9MOOJIHH,

Kantouesvte caoea: scuposast am00.1ust; duposvie 2100y.nvl; neppmopan; oexcmpan-40; dexmparn-60; moduduiu-
posarmvlil gceramum; arvoymun; zudpoxcusmunkpaxmar 200/0,5 u 130,/0,42

The purpose of the study is to assess in vitro the effect of colloidal blood substitutes on fat globules in the blood
of patients with severe polytrauma.

Materials and methods. Perftoran, 5% albumin solution, dextran-40, dextran-60, modified gelatin, hydroxyethyl
starches 200/0.5 and 130,/0.42 were added to the blood of 19 patients with severe polytrauma at ratios 1:20, 1:10, 1:5 and
1:3, respectively, which corresponded to the addition of 0.015 ml, 0.03 ml, 0.06 ml, 0.1 ml of the blood substitute under test
to 0.3 ml of blood in a tube. Microscopy of the samples with assessment of the number and area of fat globules was carried
out using a transmitted-light medical microvisor mVizo-101 (LOMO, Russia) 30 minutes after the blood and blood sub-
stitute exposure and subsequent staining with Sudan I'V. The findings were processed using JMicroVision 1.2.7 software.

Results. Dextran-60, hydroxyethyl starch 200,/0.5 and 130,/0.42 in vitro lead to a decrease in fat globules in the
blood of patients with severe polytrauma in proportion to the dilution degree. Modified gelatin, dextran-40, 5% al-
bumin solution and Perftoran have a significant additional emulsifying effect on the fat globules. The maximum
emulsifying effect was obtained after addition of Perftoran to the blood.

Conclusion. The experimental data on the effect of 5% albumin solution, modified gelatin, dextran-40, and
Perftoran on fat globules justify the prospect for their further clinical application for prevention and treatment of
fat embolism in an extended clinical trials.

Keywords: fat embolism; fat globules; Perftoran; dextran-40; dextran-60; modified gelatin; albumin; hydroxyethy!
starch 200/0.5 and 130,/0.42.
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BBenenne

JKuposas am6osns (JKO) kinHuueckoe cocros-
HUE, KOTOPOEe XapaKTepu3yercs HapylieHneM (hyHK-
IIUH JIETKUX U [IEHTPATTbHON HEPBHON CUCTEMbI BCJIE] -
cTBUE  OOTypalMu  MHKPOCOCYAOB  KPYIHBIMU
rJ00yTaMu JKHUpPa, HaCTyTaolee IPEUMYIeCTBEHHO
HOCJIE TSKEJIBIX TPABM € TIePeJIOMaMI JTHHHBIX TPY6-
YaTBIX KOCTeN MM KocTel Tasa [ 1, 2], Ho, BcTpeuaeto-
Ieecst TakKe W IPH APYTUX 3aboseBanusx [3—5].

HecMoTpst Ha TOT (hakT, 9TO TIepBbIe YIIOMUHA-
HIISI O HAJIMYKY JKUPA B KaIMJLISIPaX JIETKUX TTOTHOIIe-
ro OT TOPaKoabJOMUHAIBHOI TPaBMbI JaTHPYIOTCS
cepennnoit XIX Beka, BOIIPOC 9THOJIOTHH, TATOTEHE3a,
JIeYeHUs U TPOMUIAKTHKHI JKUPOBOH 9MOOIUH 10 CUX
1I0p ocTaeTcsl OTKPLIThIM [6]. BesencrBue toro, uro
TMIOKa eI1le OCTAETCS HEN3BECTHBIM OCHOBHOM UCTOUHUK
HOSIBJICHUSI B KPOBH JKUPOBBIX TJIOOYJI IPU TAKETON
COYETAaHHOH TpaBMe, HapsIy C MEXaHUYEeCKOU Teopueit
1o cepenuubl X X Beka OBLIO MPEITOKEHO HECKOTBKO
teopuii pazsuTus JRI. OiHa U3 HUX CBA3BIBAET HAPY-
meHre CTabUIbHOCTH 9MYJIBCUN DHIOTEHHBIX JKUPOB
B KPOBH C PE3KUM H3MEHEHHEeM ee KOJJIOUHOTO
COCTaBa, B TOM YKCJIE U 3 CUeT [oTepu anbOymuHa [7].

PesyJibraThl KIMHUYECKOTO TIPUMEHEHNsT Y GOJTb-
HBIX C TSKEJION COYeTaHHON TPaBMON C HEJbIo TPodu-
JarTUKY 7K TIIIOKOKOPTUKOCTEPOU/IOB, FeTIAPIHA, 9TH-
JIOBOTO CITMPTa, JIUITOCTA0W/Ia, SCCEHITHAE, TIPEapaToB
JUIST TAPEHTEPATLHOTO MIUTAHUS C PA3BETBIEHHBIMU AMU-
HOKHUCJIOTaMH, JiekcTpana-40 1 Ipyrux npenaparoB He
JIATOT OJIHO3HAYHOTO OTBeTa 00 a(h(heKTax n MeXaHU3MaxX
JIeNiCTBYS TIPUMEHSIEMbIX TIPETTapaToB Ha JKUPOBBIE TJI0-
Gyt [8—11]. [ToaToMy 10 CHX TTOP HET YETKUX PEKOMEH-
JIATA 110 JIEKAPCTBEHHON Tepanuy 1 TPOMUIAKTIKA
K9 [12]. Undysuonnbie mpernapaTsl IUPOKO MTPIMe-
HSTIOTCS HA JIOTOCTTUTAJILHOM W PAHHEM TOCTTUTAJIbHOM
JTarax OKa3aHUs MOMOIIU TOCTPAIABIINM C TSIKEJIOM
coueTaHHOI TpaBMOIL. ITpu BEIOOpE MH(Y3HOHHOTO KOJI-
JIOWTHOTO TIperapara JIJisi KOPPEKIINHI TUITOBOJIEMUH ITPU
TPaBMaTHUYECKOM IITOKE BPa4X B TIEPBYIO OUYEPEb OPH-
€HTHPOBAHBI HA OHKOTHYECKHE XapaKTEPUCTUKN KPOBe-
3aMEHUTEJIST, €TO BIIHSHIE HAa CHCTEMY TeMOCTa3a U KI3-
HEHHO BasKHbIe OpraHbl (€3 ydera BOBJAEHCTBUS Ha
[UPKYJIUPYIOIIHe KUpoBbie T100yJibl [ 13]. PaHee HamMu
OBLJIO IPOBEICHO MUIOTHOE 9KCIIEPUMEHTAIBHOE HCCIIe-
posanue sausHus 0,9% pacrsopa NaCl, mogudurimpo-
BAHHOTO JKeJIATHHA, 6% PacTBOPa r’MPOKCUITUIIKPAXMA-
sa 130/0,42, nexcrpana 40 n nexkcrpana 60 Ha JKUpOBbIe
106y TBI B cOOTHOTIEHMH 1M KpoBH : 0,5 MJT riccienye-
Moro kpoBe3amenuTesist [ 14]. [Tosryuennblie pe3yasraTh
MOCTTY;KUJIA OCHOBAHUEM [IJISI JIETATbHOTO U3YYeHUS
BIIMSTHUS KOJLTOM/THBIX KPOBE3aMEHUTEJIeiH Ha JKUPOBbIE
r7100YJIbl B COOTHOIIEHUSX, MTO3BOJISIOIINX TPUMEHSITh
HCCTelyeMble PACTBOPBI B KJIMHUKE 0€3 MTPEeBbIIIeHIs
IIpe/iesIbHON CyTOUHOM JI03UPOBKU.

[lenb uccieioBaHUs — OTIEHUTH BIAUSHUE KOJI-
JIOUTHBIX KPOBE3aMEHUTEIEH Ha JKIUPOBBIE TTI00YJIBI B
KPOBU MOCTPAJABIIUX C TSKEJIONH COUETAaHHOM TpaB-
MO in vitro.

Introduction

Fat embolism (FE) syndrome is a clinical condi-
tion characterized by impaired lung and central nerv-
ous system functions due to obturation of microvessels
by large fat globules; it develops mainly after severe
injuries with fractures of long tubular bones or pelvic
bones [1, 2], but also develops in other diseases and
conditions [3-5].

Despite the fact that the first mentioning of the
presence of fat in the lung capillaries of the deceased
from thoracoabdominal trauma dates back to the mid-
dle of the XIX century, the question of etiology, patho-
genesis, treatment and prevention of fat embolism still
remains open [6]. Since the main source of fat globules
in the blood after severe polytrauma is still unknown,
several concepts of the FE have been proposed by the
middle of the XX century in addition to the mechan-
ical theory. One of them links the instability of the
emulsion of endogenous blood fats with a sharp
change in its colloidal composition, including that due
to the loss of albumin [7].

Results of the clinical use of glucocorticos-
teroids, heparin, ethanol, Lipostabil, Essentiale, drugs
for parenteral nutrition with branched-chain amino
acids, dextran-40 and other drugs in patients with se-
vere polytrauma for prevention of FE did not provide
a clear answer about their effects and mechanisms of
action on fat globules [8—11]. Therefore, there are still
no clear recommendations on the drug treatment and
prevention of FE [12]. Infusion drugs are widely used
at prehospital and early hospital stages of care for pa-
tients with severe polytrauma. When choosing an in-
fusion colloidal drug to correct hypovolemia in
traumatic shock, doctors are primarily focused on the
oncotic characteristics of the blood substitute, its ef-
fect on the hemostatic system and vital organs without
taking into account the impact on circulating fat glob-
ules [13]. Previously, we conducted a pilot experimen-
tal study of the effect of 0.9% NaCl solution, modified
gelatin, 6% hydroxyethyl starch solution 130/0.42,
dextran-40 and dextran-60 on fat globules at a ratio of
1ml of blood: 0.5 ml of the blood substitute under test
[14]. The obtained results became the basis for a de-
tailed study of the effect of colloidal blood substitutes
on fat globules at ratios that allow the use of the tested
solutions in the clinical practice without exceeding
the maximum daily dosage.

The purpose of the study is to assess in vitro the
effect of colloidal blood substitutes on fat globules in
the blood of patients with severe polytrauma.

Materials and Methods

A prospective, randomized, limited clinical study was
conducted on 665 specimens obtained from the blood of 19
patients with severe polytrauma. A day after the trauma, 15
ml of blood was sampled from the central vein into vacuum
BD Vacutainer tubes (Becton Dickinsonand Company,
USA) with 3.2% sodium citrate. 7 series of 7 tubes was
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Marepuan u MeTO/Ibl

ITpocrieKTUBHOE PAHIOMU3UPOBAHHOE UCCIEI0OBAHNE
mpoBes Ha 665 TpenapaTax, moIyd4eHHbIX u3 Kposu 19 mo-
CTPaIaBIINX C TSKEJIOHN coueTaHHOI TpaBMoii. Hepes cyTKu
ocJjie TpaBMbl KPOBb B KosinuectBe 15 mu 3abupanu u3
IeHTPaJIbHOIT BEeHBI B BakyyMHble Tpobupku BD Vacutainer
(Becton Dickinsonand Company, CIIIA) ¢ 3,2 % uurparom
Harpust. Bouio copmuposano 7 cepuii o 7 npoOUpOK, B
KaKayIo 13 KOTOpbIX A00asasan mo 0,3 ma kposu. B 1-ii
cepuu B KPOBb 100aBJIsiiiu penapar MoAu(pUIuPOBAHHOTO
skenmaruna («lenodysuny», B.Braun, lepmanus), Bo 2-it
cepun — npenapar gexkcrpana-40 («/lexcrpan 40», «Hcr-
dbapm», Poccus), B 3-ii cepun — npernapat gekcrpana-60
(«Ilonurmoxkuny, «buoxumuk», Poccus), B 4-it cepun —
npemapat 6% ruapokcusTuikpaxmaita (IFOK) 130/0,42
(«Benodyumuuy», B.Braun, lemanus), B 5-it cepuut — Tpe-
mapar 6% I'9K 200/0,5 («Temoxec», B.Braun, Tepmanust), B
6-ii cepuu — 5% pactBop anbOymuta («Mukporesns, Poc-
cust), B 7-it cepun — niepdropan (HITD «Ilepdropams», Poc-
cust). B kas 100l cepun B KPOBb J06ABJISIIA UCCIIELyEMbIe
TIperapaThl B caeayomux coornormennsix: 1:20,1:10, 1:5, 1:3,
4TO COOTBETCTBOBAMO H0OaBaeHUIO K 0,3 MJI KPOBU B IIPO-
6upke 0,015 mu, 0,03 mit, 0,06 mir, 0,1 M1 U3yUaeMoro Kpo-
Be3aMenuTess. [IpemapaT i KPOBDb MEPEMENTUBAIN MTYTEM
MATUKPATHOTO [IePEBOPAYUBAHUS TIPOOUPKU. DKCIIO3UIIHS
KPOBHU U BBEJIEHHOTO Mperapara B mpoOupke cocrassiaa 30
MmunyT. [Tocse atoro kpoBs B Teuenne 10 MunyT renTpudy-
rupoBasu 1pu 2 Teic. 060potax. 13 caMoro nmoBepxXHOCTHOTO
CJI0sI MUKPOITMIIETKOH 3a6upanu 50 MKJI T1a3Mbl 1 BHOCUJIN
ee B 1pobupky ¢ 50 Mk kpacuresnst cyaan V. ITpoBoauiu
CMEIINBaHUE TJIa3Mbl 1 KPACUTEJIA TPEXKPATHBIM II€PEBO-
paunBaHueM 11pobupku. Yepes 1 MUHYTY U3 TOJTyYEHHOI
cMecu 3abupasu 10 MKJI, HAHOCHJIU Ha MPEAMETHOE CTEKJIO
U UCCJIEIOBANIN TIPETTApaT MOl MUKPOCKOTIOM B JIyY€ JHEB-
noro cgeta. [Ipn yBesmuenuu B 100 pa3 1aHHOE KOJINYECTBO
npenapara obpasyer B cpeaHeM 16 noseii spenus. st Muk-
POCKOTINYECKOTO MCCIET0BAHIIS TIPOBOIIIHN TIH(HPOBOE MUK-
podororpadupoBanrie BCcexX MOJeil 3PeHUsT C MOMOIILIO
MUKPOBHU30pa MeIUIIMHCKOTO IIPOXO/sIiero csera mVizo-
101 (JIOMO, Poccust) ¢ 06paboTKOil Pe3yJIbraToB ¢ IIOMO-
IbI0 KOMITBIOTEPHOIT 1Tporpammbr JMicroVision 1.2.7.

IIpoBoAM/IU TIOACYET BCEX KUPOBBIX 100y pasme-
pom Gostee 1 MkM, auddepeHIMPOBAHHbII T10/ICUeT TI00YJI
pasmepom 1—7 mkm, 8—20 MM, 21—-50 MM u Gostee 50 MKM.
OTe/bHO TIPOBOIMIIN MOZCYET 3MOOJIOOMACHBIX TI00YI
pasmepom Gosiee 7 MKM, & TAKKe CyMMapHOU MLJIOMIA/N KU~
POBBIX 71001 pazmepom GoJiee 1 MKM.

Craructiyeckyro 06paboTKY TIOJYYEHHBIX Pe3yJIbra-
TOB TIPOBOJIMJIK C TOMOIIbIO mporpamm Microsoft Exel u
Statistica 6.0 mo kpuTepusiM HellapaMeTpUUECKOil CTaTH-
CTUKH, UCTOJIB3YsT KpuTepuil cpaBHenusd [llanupo Yumika.
Pa3uuily cantanu cTaTuctudecku 3nadnmoit mpu p<0,05.

PesyabraTsl 1 00Cy KI€HIE

[TpoBeeHHbBIE UCCIEIOBAHNS TIOKA3JIN, YTO TIPU
J00aBIEHUN B KPOBb OOJILHBIX IIPENapaTOB AEKCTPAH-
60, '9K 200/0,5 u I'OK 130/0,42 Tponcxoamaio cHI-
JKeHHUE KOJIMYECTBa JKUPOBBIX TJI00YJI TOJBKO POIIOP-
[MOHAJIBHO BO3HUKaOMIeH reMoauroruu (tabar. 1).

ClreioBatesIbHO, MOKHO CJI€IaTh BHIBOJ 00 OTCYT-
CTBHH JIOTIOJTHUTENIHLHOTO dMYJIBTUPYIOIIETO BJIUSTHUST
ATHX IMPENApPaToB HA JKUPOBYIO TJIOOYJIEMUIO U TIep-
CTIEKTHWB WX TeJIEHATIPABICHHOTO UCTIOJIb30BAHUS JIJIST

formed; 0.3 ml of blood was added to each of them. In the 1%
series, a modified gelatin preparation was added to blood
(«Gelofusine», B. Braun, Germany); in the 2" series, dex-
tran-40 («Dextran 40», «East Pharm», Russia); in the 3rd
series, a dextran-60 preparation («Polyglucin», «Biokhimiks,
Russia); in the 4 series, 6% hydroxyethyl starch (HES)
130/0.42 («Venofundin», B. Braun, Germany); in the 5 se-
ries, 6% HES 200/0.5 («<Hemohes», B. Braun, Germany); in
the 6th series, 5% albumin solution («Microgen», Russia);
and in the 7% series, Perftoran was added (NPF «Perftoran»,
Russia). In each series, the drugs under test were added to
the blood at the following ratios: 1:20, 1:10, 1:5 and 1:3, re-
spectively, which corresponded to the addition of 0.015 ml,
0.03 ml, 0.06 ml, 0.1 ml of the blood substitute under test to
0.3 ml of blood in a tube. The drug and blood were mixed by
a five-fold inversion of the tube. The exposure of blood and
the introduced drug in the test tube was 30 minutes. After
that, the blood was centrifuged for 10 minutes at 2 thousand
rpm. 50 pl of plasma was taken from the surface layer with a
micropipette and introduced into a test tube with 50 pl of
Sudan IV. The plasma was mixed with the stain by a three-
fold inversion of the tube. 10 ul of the obtained mixture was
taken in a minute, then it was applied onto a slide, and the
specimen was examined by a microscope in a beam of day-
light. This amount of the drug forms an average of 16 fields
of vision at the 100-fold magnification. Digital microphotog-
raphy of all fields of vision was carried out for microscopic
examination using a medical transmitted-light microvisor
mVizo-101 (LOMO, Russia) with subsequent processing of
the findings using JMicroVision 1.2.7 software.

All fat globules larger than 1 pm were counted; dif-
ferential count of globules with a size of 1-7 pm, 8-20 um,
21-50 pm and 50 um was carried out. Globules with em-
bolic potential larger than 7 pm and the total area of fat
globules larger than 1 pm were calculated separately.

The statistical processing of the findings was per-
formed by means of Microsoft Excel and Statistica 6.0 soft-
ware by non-parametric statistics criteria using Shapiro
Wilk test. Differences were considered to be statistically sig-
nificant at P<0.05.

Results and Discussion

Studies have shown that the addition of dextran-
60, HES 200,/0.5 and HES 130,/0.42 to patient's blood
resulted in a decrease in the number of fat globules
only in proportion to the hemodilution (table ).

Therefore, it can be concluded that there is no
additional emulsifying effect of these drugs on fat
globulemia and there are no prospects of their targeted
use for the prevention and treatment of fat embolism
in severe polytrauma, because the daily dosage of these
drugs permitted in the clinic is less than the ratio of
1:3 studied in the experiment.

After in vitro addition of modified gelatin, dex-
tran-40 and 5% albumin solution to the blood, we ob-
served approximately the same effect on reduction of
the number of large globules larger than 50 um and 21-
50 um. A decrease in the number of globules larger
than 50 pm after introduction of modified gelatin to
the blood at a ratio of 1: 3 was equal to 79%, after ad-
dition of dextran-40 and 5% albumin solution it was
85.7% and 79.7%, respectively. At that, the number of
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Biusinue uudy3HOHHBIX CPEl HA COCTOSTHUE KMPOBBIX II00Y.1 in vitro.
The effect of infusion media on the state of fat globules in vitro.

Series Infusion drug

Values of parameters

Baseline Infusion drug:blood ratio
1:20 1:10 1:5 1:3

The number of globules larger than 1 pm in the sample, pcs.
1 Modified gelatin 105.6+£11.6 111.3+14.5347 116.7£10.5%457 149.8+16.8%3457 183.2+20.2%v
2 Dextran-40 104.7£10.5 116.4+14.0°47 123.0+11.1%3457 151.0£18.1*3457 179.8+18.0*3457
3 Dextran-60 106.5+7.5 101.2+10.11267 95.9+8.6*1267 85.2+8.5%1267 74.6%5.2%1267
4 HES 130/0.42 102.8+13.4 97.7+12.71%67 92.5+8.3%1267 82.2+1(.7%1267 72.0+9.4%1267
5 HES 200/0.5 103.8£12.5 98.6+7.91267 93.4+8.41267 83.0+6.6%1267 72.7+8.7%1267
6 5% albumin solution 106.8+13.9 110.7+13.33%7 119.8+10.23457 141.3£17.0%3467 155.8+2(.3%3457
7 Perftoran 103.1+13.4 190.5£17.1%123456  27(.3+24.3%123156 471542 .4%123156 605.2+£78.7%123456

The number of globules larger than 50 pm in the sample, pcs.
1 Modified gelatin 11.4+1.1 9.9+1.2#3457 8.4%0.8*347 4.8+0.6*3% 2.4%0.2#36
2 Dextran-40 12.9+0.9 10.5+1.1%3457 9.0+0.8%3457 5.1£0.5%345 2.1+0.1%34
3 Dextran-60 12.6+1.6 12.0+£1.41267 11.3+£1.01267 10.1+£1.3%1267 8.8+1.1%1267
4 HES 130/0.42 13.1£1.6 12.4+1.01267 11.8+1.11267 10.5+0.8*1267 9.2+1,1%1267
5 HES 200/0.5 11.4+1.5 10.8+1.31267 10.3£0.91%67 9.1+1.1%1267 8.0+0.8%1267
6 5% albumin solution 12.3+£1.6 10.7+1.0%347 9.1+0.8*3457 4.9+0.4%36 2.5+(.3%345
7 Perftoran 11.5%1.3 5.1£0.7%123156 1.3+0.1#123456 — —

The number of 21-50 um globules in the sample, pcs.
1 Modified gelatin 14.3+£1.0 12.8+1.33%7 11.3+1.0%347 6.5£0.6%3157 3.1£0.2%3457
2 Dextran-40 14.9+1.9 13.4+1.7°457 11.9+1.1#3457 7.5%1.3*%367 4.,3+1,1%3457
3 Dextran-60 15.7+1.8 14.9+1.21267 14.1+1.31%67 12.6£1.0%1267 11.0£1.3%1267
4 HES 130/0.42 15.4%£2.0 14.6+1.81267 13.9+£1.2%1267 12.3+1.5%1267 10.8+£1.4%1267
5 HES 200/0.5 15.9+2.1 15.1£1.41267 14.3+1.3%1267 12.7+1.1%1267 11 1£1.4%1267
6 5% albumin solution 15.2+1.7 13.7+1.8%47 10.9+1.1#3457 7.7£1.0%3457 4.5£().4%3457
7 Perftoran 14.4+1.4 10.141.2%123456 4.5+().4%123456 1.7+0.2%123456 0.520.1%123456
The number of 8—20 um globules in the sample, pcs.
1 Modified gelatin 25.6+3.3 24.5+3.2* 23.4+2.1% 21.2+2.8* 19.0+2.5*
2 Dextran-40 25.9+3.1 24.5+2.0* 23.1+2.1* 20.3+1.6* 17.5+2.1*
3 Dextran-60 26.1+3.4 24.8+3.0* 23.5+2.1* 20.9+2.5* 18.3+2.4*
4 HES 130/0.42 26.4+3.4 25.1+2.3* 23.8+2.1%* 21.1+1.9* 18.5+2.4*
5 HES 200/0.5 26.8+2.9 25.5+3.3* 24.1+2.2% 21.4+2.8% 18.8+2.1*
6 5% albumin solution 27.1+2.8 26.0+3.1* 24.9+2.2* 22.7+2.7* 20.5+2.1*
7 Perftoran 25.7+2.8 35.0+3.5%123456 41.4+3.7%123156 22.1+2.2*% 15.2+1.1%123456
The number of 1-7 um globules in the sample, pcs.

1 Modified gelatin 54.3+6.5 64.1+5.1%3457 73.6£6.6*3157 117.3£9.4*3457 158.7+19.0%3457
2 Dextran-40 51.0£6.6 68.0+8.2%3157 79.0+7.1%3457 118.1+14.2%3457 155.9417.1%3457
3 Dextran-60 52.1%£6.8 49.5+4.5%1267 46.9+4.2%1267 41.7+3.8%1267 36.5+4.7%1267
4 HES 130/0.42 47.9%5.3 45.5+5.9%1267 43.13.9*1267 38.3+5.0%1267 33.543.3*1267
5 HES 200/0.5 49.7£5.0 47.2+5.7%1267 44.7+4.0%1267 39.8+4.8%1267 34.8+3.4%1267
6 5% albumin solution 52.2+3.9 60.3£6.0%3457 79.6£6.2%3457 106.0£10.1*3457 128.3+10.0*3457
7 Perftoran 51.5%6.7 124.3£16.2%123456 190,517 1*123456 417 3+54.2%123456 573 7+74,6%123456

The number of globules larger than 7 um in the sample, pcs.
1 Modified gelatin 51.3£6.7 47.2+5.7 43.1£3.9%3% 32.5+3.9%3457 24.5+3,2%3457
2 Dextran-40 53.7£7.0 48.4+4.4 44.0%4,0%345 32.9+3.0*367 23.943.1#3657
3 Dextran-60 54.4%6.0 51.7+6.7 49.0+4.8*1267 43.5+5.7%1267 38.1+4.0%1267
4 HES 130/0.42 54.9£5.5 52.2%6.3 49.4+4.6%1267 43.9+5.3%1267 38.4+3.8%1267
5 HES 200/0.5 54.1£3.8 51.4%5.1 48.7+4.5%1267 43.3+4,3%1267 37.7+3.7%1267
6 5% albumin solution 54.6£7.1 50.4%6.6 42.4%5.5%34% 35.3%4.6%3457 27.5%2.9%3457
7 Perftoran 51.6%6.2 50.2%4.0 38.4+4.6*%1234 23.8+1.9%123456 15.7+1.9*123456

Note. * — statistical significance in relation to the baseline; 1234567 — statistical significance in relation to the corresponding experimental

series at the same study stages.

IIpumeuanue. [[us Tabi. u puc.: Series — cepuu; Infusion drug — undysuonusiii npenapatr; Baseline — ucxoanpie snauenust; blood —
KpOBb; ratio — coornomenue; Values of parameters — snauenus napamerpos; The number of globules ... in the sample, pcs. — komdectso
r100yJ1 pa3MepoM ... B ipenapare, mt.; larger than — 6osee uem; Modified gelatin — moguduinposanHblii skenaTuH. * — crarucTHUecKast
3HAYUMOCTDH OTHOCUTEILHO UCXOIHOTO COCTOsIHUSE; 1234987 — crartueTuyeckas 3Ha4MMOCTh OTHOCUTEILHO COOTBETCTBYIONIEH cepun aKe-

TiepuMenTa Ha O/IMHAKOBBIX 3TallaX NCCJIeI0OBaHNA.

NpOGUIAKTUKA U JIeYeHUs KUPOBOi aMOOJUK TIPU
TSIKEJION COUeTaHHOM TpaBMe, TaK Kak pa3pelnieHHbIe B
KJIMHUKE CyTOYHbIE I03UPOBKU HTUX ITPEMAPATOB MEHb-
11Ie U3y4aeMoro cootHolenust 1:3 B akcriepruMenTe.
[Ipu goGaBieHuu in vitro B KpOBb IIperapara
MOZM(UITTPOBAHHOTO JKeJIaTHHA, AeKcTpana-40 5%

globules larger than 1 um increased by 73.5%, 71.7%
and 45.9%, respectively. The growth in the number of
globules was due to an increase in the number of small
globules ranging in size from 1 to 7 pm, which confirms
the emulsifying effect of the studied drugs. The number
of globules with embolic potential larger than 7 um de-
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pacTBopa aibOyMUHA HAMU OTMEYEHO IIPUMEPHO O/[H-
HAKOBOE BJIMSTHUE HA CHIDKEHIE KOJTMIeCTBA KPYITHBIX
rio6y pasmepom 6osiee 50 MM u 21-50 mxMm. Ilpu
BBeJIEHUN ITperapata MoIUupUIITPOBAHHOTO XKeJIaTHHA
B KPOBb B COOTHOIIIEHNN 1:3 CHUKEHUE KOJIMYeCTBA
rio6ya pasmepom Gosee 50 MKM coctaBusio 79%,
nekcrpana-40 — 85,7 u 5% pactBopa anbOymMuHa —
79,7%. IIpu aToM KoJIm4ecTBO 106yl pazmepom Hosiee
1 MKM yBesnuuioch Ha 73,5, 71,7 u 45,9% coorBer-
crBerno. Poct uwnciia riobyst mpousolies 3a cuet yBe-
JIMYEHMST KOJIMYECTBA MEJIKUX TJI06YJI pasMepom ot 1
[0 7 MKM, 4TO TIOATBEPIKAAET IMYJIbTUPYIOIIEee Jeii-
CTBUE U3y4YaeMbIX MperapaToB. KomdyecTBo noTeHim-
anbHO HMO0JI00TACHBIX 06y pazmepom Gosee 7
MKM ITPU 06ABICHUN MOAUDUITMPOBAHHOTO JKEIATH-
Ha B KPOBb B COOTHOIIEHWU 1:3 yMEHBIINJIOCh HA
52,3%, nekcrpana-40 — Ha 55,5 1 5% pacTBopa anb0y-
MuHa — Ha 49,7%. YuuTbiBasi, 4TO IpU H0OABICHUN B
KPOBb IIpenapara MoAudUIIMPOBAHHOIO JKeJaTHHA
o6Imast cyMMapHast M0 b JKUPOBBIX TI00YJI pa3me-
pom OoJiee 7 MKM B TIpeliapate cHU3UJIACH Ha 75,3%,
MOJKHO YTBEPIK/IATh, YTO KOJUUYECTBO IMOOTO0NACHO-
r0 JKMpa B KPOBU YMEHBIIMJIOCH COOTBETCTBEHHO
noJydeHHOMY pe3yJibraty. CXOMHYIO IUHAMUKY TIO0JTY-
YU TIpu 06aBJIEHUY B KPOBb JAekcTpaHa-40 u 5%
pacTBopa abOyMUHA.

OcHoBHOE JielicTBIE Ha JKUPOBbIE TJI0OYJIBI TIpe-
napaTta MoaubUIINPOBAHHOTO JKeJIATUHA, IeKCTPaHa-
40 1 5% pactBopa anbOyMUHA BO3MOXKHO OCHOBAHO Ha
CBSI3BIBAHUY JOMEHAMU JKEJIATUHA, I€KCTPAHA U AJTh-
GymMuHa CBOOOAHBIX JKMPHBIX KUCJOT, BXOJAINUX B
COCTaB JKUPOBBIX TJI00YJI U YYACTBYIOIIUX B CIUSTHUN
00y ¢ yBenndyeHneM ux pasmepa [15]. AnbOyMun
YYaCTBYIOT B MUIIEJIIPHOM KaTaJn3€e Ba30AKTUBHBIX
dhopm okcua azora. Karamurnueckast cmocoOHOCTD
abOYMUHA TIPU CBSI3BIBAHUU CO CBOOOTHBIMU KU PHBI-
MU KUCJIOTAMU CHUKAeTCs1. B pesysibraTe 9TOro yMeHb-
IIAETCS KOJMYECTBO HU3KOMOJIEKYISIPHBIX S-HUTPO30-
THOJIOB, YTO MOXKET TIPUBOJAUTH K YCYrybIeHUIO
HapyleHni MUKPOIIMPKYJIaIiuu B Kannuke [16, 17].

IIpu pobasaenunu in vitro Ilepdropana B KpoBb
B coOTHOIIeHNH 1:3 HAMM OTMeYeHO CHUIKEHUE KOJIH-
yecTBa 7100y pasmepom Oostee 7 MxM Ha 69,6%. [Tpu
cootHotenuu 1:10 KOIUYECTBO KPYITHBIX TI00YJI pas-
MepoM Gosiee 50 MKM yMEHBIMIIOCh Ha 88,5%, a 1pu
YBEJIUYEHUH COOTHOIIEHS TPENapaT:KpoBb — Hanbo-
Jiee OTacHble B OTHOIIEHUU 9MOOJIIH aPTEPUOJ CUCTE-
MBI MUKDPOIUPKYJISIIIUN KPYIIHbIE TI00YJIIbI HE OIpe-
JIeJISLTCh. OMyJibrupyioiiee jgeiictBue [lepdropana
Ha JKUPOBbBIE TJIOOYJIBI i Vitro MHOTOKPATHO MTPEBHI-
CUJIO TaKoBOe y Tpenapara MOAUGUINPOBAHHOTO
JKeaTuHa, iekcTpaHa-40 1 5% pacTBopa anbOyMuHa.
KosnmuectBo o6yt pasmepom Gosiee 1 MKM yBeTnum-
Jioch B 2,6 pasa 3a cueT MpoIOPIUOHAIBHOTO CHIKE-
HUST KOJIMYECTBa TI00YJI pasMepoM GoJiee 7 MKM, C
peskuM yBesmdyenueM o6y pasmepom ot 1 10 7
MKM. CHUKeHUE CyMMapHOI IOy KPYITHBIX IJI0-
Gy ocaie obasyenust [lepdropaHa B KpoBb B COOT-
HomreHuu 1:10 ObLIO COMOCTABUMO C Pe3yJIbTaTaMuy,

creased by 52.3% after addition of modified gelatin to
the blood at a ratio of 1:3, by 55.5% after addition of
dextran-40 and by 49.7% after 5% albumin solution.
Since the total area of fat globules larger than 7 um in
the specimen decreased by 75.3 % after addition of
modified gelatin to the blood, it can be concluded that
the number fat with the embolic potential in the blood
decreased in accordance with the obtained result. Sim-
ilar dynamics was obtained after adding dextran-40
and 5% albumin solution to the blood.

The main effect of modified gelatin, dextran-40
and 5% albumin solution on fat globules is possibly
based on the binding of free fatty acids (that are part
of the fat globules and involved in merging of globules
with a subsequent increase in their size) by gelatin,
dextran and albumin domains [15]. Albumin is in-
volved in the micellar catalysis of vasoactive forms of
nitric oxide. The catalytic ability of albumin is re-
duced while binding to free fatty acids. As a result, the
amount of low molecular weight S-nitrosothiols de-
creases that can worsen microcirculatory disorders in
the clinical practice [16, 17].

When Perftoran is in vitro added to the blood at
a ratio of 1: 3, we observed a 69.6% decrease in the
number of globules larger than 7 pm. At a ratio of 1:10,
the number of large globules larger than 50 um de-
creased by 88.5%; and with an increase in the
drug:blood ratio, large globules which were the most
dangerous ones for the embolism of the arterioles of
the microcirculation system were not determined. The
emulsifying effect of Perftorane on fat globules in vitro
exceeded that of modified gelatin, dextran-40, and 5%
albumin solution manyfold. The number of globules
larger than 1 pm increased 2.6-fold due to a propor-
tional decrease in the number of globules larger than
7 um, with a sharp increase in globules ranging in size
from 1 to 7 um. The decrease in the total area of large
globules after the addition of Perftoran to the blood
at a ratio of 1:10 was comparable to the results ob-
tained with the introduction of modified gelatin, dex-
tran-40 and 5% albumin solution in the blood at a
ratio of 1:3.

The effect of colloidal preparations on the total
area off fat globules is presented in the figure.

A significantly more pronounced emulsifying ef-
fect of Perftoran found in the study can be associated
not only with the binding of free fatty acids, but also
with the presence of the superficially active substance
proxanol-286 in the drug forrmulation [18]. In addi-
tion to the basic oxygen-transport properties of per-
fluorocarbon compounds, their corrective action on
RBC membranes is known, thus preventing the devel-
opment of the hypercoagulation phase of DIC syn-
drome [19, 20]. The reduction of the total area of fat
globules after addition of modified gelatin, dextran-
40, 5% albumin solution, and especially of Perftoran
is a direct evidence of the reduction of the amount of
fat with embolic potential in the blood, despite the in-
crease in the number of globules larger than 1 pm.
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The effect of colloidal preparations on the total area off fat globules in a sample, um?.
Note. * — statistical significance in relation to the baseline; 1234567 — statistical significance in relation to the corresponding experimental

series at the same study stages.

ITpumeuanue. Total area of fat globules, pm? — cymmapnast moma/b KUPOBLIX r100YII, MKM2 * — CTaTHCTHYECKAst 3HAYUMOCTD OTHOCH-
TEJbHO NCXOIHOTO COCTOSAHUS; 124567 — craTneTrueckas 3Ha4MMOCTH OTHOCUTENBHO COOTBETCTBYIONIEH CepUM HKCIIEPUMEHTA Ha OITHAKO-

BBIX 9TallaX NUCCJIeI0BaHmd.

MOJIYYEeHHBIMY TIPU BBEJIEHUH MOIUDUIIPOBAHHOTO
JKeaTHa, JekcTpana-40 u 5% pacTBopa aqbOyMuHa
B KPOBb B cooTHOIIeHNN 1:3.

BrusHue KOIOUIHBIX TIPEIIapaToB HAa CyMMap-
HYIO TJIOTIA/b JKUPOBBIX TIOOYJI B TIpernapare mpe/-
CTaBJIEHO HA PUCYHKE.

O6HapyKeHHBII T0CTOBEPHO GoJiee BhIPasKEH-
HbIIl amysibrupyionuii addexr IlepdTopana mosxker
GBITH CBS3AH HE TOJBKO CO CBSI3BIBAHUEM CBOOOHBIX
SKUPHBIX KUCJIOT, HO ¥ C HAJTMYUEM B COCTaBe IMpera-
para moBEPXHOCTHO AKTUBHOTO BETIECTBA TPOKCAHOJI-
286 [18]. [lToMrMMO OCHOBHBIX KHCJIOPOJHOTPAHCIIOPT-
HBIX CBOUCTB TephTOPYTIEPOJHBIX COEIUHEHUN
M3BECTHO WX KOPPUTUPYIOIIEE JAeHCTBIE Ha MEMOPAHbI
IPUTPOIIUTOB, TIPETIITCTBYIONIEE PA3BUTUIO THIIEPKOA-
ryasimnonnoit daswt JIBC-cunapoma [19, 20]. Ymens-
IeHue CyMMapHOT TIIOMIAN JKUPOBBIX TIOOYJI TIPH
nobaBIeHNH TIpernapata MoANMUIIMPOBAHHOTO JKeJa-
THHA, AekcTpana-40, 5% pacTBopa arb0yMUHa U 0CO-
6enno Ilepdropana siBsIeTCS PSIMBIM CBU/ICTEIb-
CTBOM YMEHBIIEHUS KOJMYECTBA ITOTEHIIMAIBHO
HMO0JI00TIACHOTO JKUPA B KPOBHU, HECMOTPSI Ha yBe-
JIMYEHIE KOJMYECTBA III00y1 pazmepoM Gosee 1 MKM.
B nporuoctudeckoM TIaHe AaHHAS CUTYAIUST IOTEH-
[MATEHO HAMHOTO GJIATOTTPUATHEE JITIsT TOCTPAIABIIIX

From the prognostic point of view, this situation is po-
tentially much more favorable for patients with severe
polytrauma and other conditions dangerous for the
development of fat embolism. When using colloidal
drugs for the prevention and treatment of fat em-
bolism, it is necessary to take into account not only
the possibility of their potential impact on fat globules,
but also the impact on systemic hemodynamics, hemo-
stasis, organ dysfunction and the maximum permitted
dosage of blood substitutes in the clinical practice.

Conclusion

Dextran-60, hydroxyethyl starch 200/0.5 and
130/0.42 in vitro lead to a decrease in fat globules in
the blood of patients with severe polytrauma in pro-
portion to the dilution degree. Modified gelatin, dex-
tran-40, 5% albumin solution and Perftpran have a
pronounced additional emulsifying effect on the fat
globules. Addition of 5% albumin solution, modified
gelatin and dextran-40 to the blood at a ratio of 1: 3
leads to a decrease in the number of fat globules with
embolic potential larger than 7 pm by 52.3%, 55.5%
and 49.7%, respectively, which opens up prospects for
the use of these colloidal blood substitutes for the
early prevention of fat embolism in patients with se-
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C TSXKeJION cOueTaHHOIN TPaBMOU U IPYTUMU COCTOS-
HUAMM, OITACHBIMU B OTHOILIEHUH Pa3BUTHS *KMUPOBOI
ambosuu. TIpu UCTIOMB30BAHUT KOJUIOUHBIX TIPEra-
paToB /I TIPEAYIPEXRACHUS U JIeYeHUs] KUPOBOM
aMO0JIN HEOOXOMMO YUUTBIBATH HE TOJILKO BO3MOJK-
HOCTD UX ITOTEHIINAJIbHOTO BO3/IeHCTBUS HA JKUPOBbIE
7100y JIbl, HO ¥ BO3/IEHCTBIE HA CUCTEMHYIO FeMO/IU-
HAMUKY, TeMOCTa3, OPraHHy10 AUChHYHKIIUIO U MAKCH-
MaJIbHO paspelieHHble B KINHUKE J03UPOBKU KPOBe-
3aMeHuTesel.

3akjaoyeHue

[Tpenaparst gexcrpan-60, TOK 200/0,5 u TOK
130/0,42 in vitro NTPUBOJAT K CHUKEHUIO KOJUYECTBA
JKMPOBBIX TJI00YJI B KPOBU TIOCTPAJABIIHX C TSIKETON
COYETAHHOMW TPABMOM TIPOITOPITMOHAJILHO CTETICHH Pa3-
Beztenus. MomuduinpoBaHHbIi )KeaThH, iekcTpan-40,
5% pacTBop anbOyMuHa 1 iephTopan 06JIaIaI0T BbIpa-
SKEHHBIM JIOTIOJTHUTEJIbHBIM AMYJIbIUPYIONTNM ICHCTBU-
eM Ha KUpOoBbIe TI00yIbL. [lobaBierue 5% pacTBopa
anbOyMUHA, MOAU(DUIUPOBAHHOTO JKeJaTHHA U JICKC-
Tpana-40 B KpoBb B cOOTHOIIeHUU 1:3 IPUBOAUT K CHU-
JKEHUIO KOJIMYECTBA MOTEHIIUATBHO 9MOOJIOMACHBIX
JKUPOBBIX TI06YJ pasMepoM GoJiee 7 MKM COOTBET-
crBeHHo Ha 52,3, 55,5 1 49,7%, 4T0 OTKpbHIBAET MEPCIIEeK-
TUBBI IIPUMEHEHUS 9TUX KOJIIOMIHBIX KPOBE3aMeHHTe-
JIell ¢ 11eJbl0  paHHell MPOGUIAKTUKYA KUPOBOU
HMO0IK Y GOJIBHBIX € TSKEJIOH COUueTaHHOI TPaBMOI ¢
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vere polytrauma, taking into account the maximum
permitted daily dosage of the drug. Among the studied
drugs, in vitro Perftoran has the maximum emulsifying
effect, reducing the amount of fat globules larger than
7 um by 69.6% when added to the blood at a ratio of
1:3 and completely emulsifying globules larger than 50
um, which allows to continue the research on the clin-
ical efficacy of this drug not only for the prevention of
fat embolism, but also for its treatment.

The obtained results open up new opportunities
for targeted use of infusion drugs in patients with se-
vere polytrauma.

YYETOM MAKCHUMAJIbHO Pa3pelieHHOll CyTOUHOI 1031-
poBku tipenapara. [lepdropan obragaer MaKCUMATb-
HBIM 9MYJIBIUPYIONINM JeHiCTBIEM CPEIU U3y4eHHBIX
NPETapaToB in vitro, CHUKAS KOJIMIECTBO JKUPOBBIX 710~
6yJ1 pasMepoM Oosiee 7 MKM Iy 100ABIEHUE B KPOBb B
coorHomernu 1:3 Ha 69,6%, MOJHOCTBIO OMYJIBIUPYSI
r7106yJ1bI pazmepoM Gosiee 50 MKM, 4TO TTO3BOJISIET [PO-
JOJIKUTD UCCIIEIOBAHUS KJIUMHITYeCKOH a(hDeKTUBHOCTI
JTOTO TIPernapaTa He TOJBKO C IETbI0 TPODUTAKTHKI
JKUPOBOIT 9MOOJIUH, HO U JIJISE €€ JICUCHVIS.

[Tosryuenuble pe3yabTaThl OTKPBIBAIOT HOBBIE
BO3MOJKHOCTU  II€JIEHAIIPABJIEHHOTO IPUMEHEHUS
MHGY3NOHHBIX [TPENAPATOB Y IOCTPAJABIINX C TSKe-
JIOI coueTaHHo TpaBMO.
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