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U3MEHEHUS ®YHKLIMOHAJIbHBIX W JIABOPATOPHbIX NMOKA3ATEJEN
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MMNEPTOHU4YECKUM PACTBOPOM B 3SKCNEPUMEHTE
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2BoeHHO-MeauumHckasa akagemusa um. C.M. Kupoa (Poccus, CaHkT-IeTepbypr, yn. Akan. Jlebenesa, 4. 6)

AKTyasibHOCTb. V13BeCTHA BbiCOKast 3P OEKTUBHOCTb NMNEPTOHUNYECKUX (FTMMEPOCMONSPHBLIX) PACTBOPOB Npu
ocTpoi kpoeonoTepe. OgHako AaHHble 00 UBMEHEHUSIX B OpraHM3Me, Pa3BrBalOLLMXCS B pedynbraTe MHQY3un
Takmx NpenapaToB (B TOM YNCAE OXNXAEHHbIX) MPU OKa3aHUM MOMOLLM NOCE OCTPOM KPOBOMOTEPKU, OrpaHnye-
Hbl UM OTCYTCTBYIOT, YTO YC/IOXHAET pa3paboTky TakTUKMU X MPUMEHEHUS, OCOOEHHO B YCNTOBUSIX YPE3BbIYali-
HbIX CUTyaUuWi NPU HU3KMX TeMNepaTypax BO3ayxa.

Llenb — B onblTax Ha >XWBOTHbIX BbIIBUTb OCOOEHHOCTU PYHKLIMOHANBHbBIX 1 N1abopaTopHbIX nokasaTenei
B pesynbrate uHpy3um tennoro (+22 °C) nnm oxnaxaeHHoro (-3 °C) rmunepToHMYEeCcKoro pacTeopa Ha OCHOBe
rmapokcmaTuIkKpaxmana u Hatpus xnopuaa («fmnepXaac», MX) npu octpoii kpoeonotepe 50 % o6bema LMpKy-
nnpytowleii kposu (OLK).

MeTtoauka. XneoTHbiM (20 oBeL,-CaML0B) MOAENMPOBAIV KPOBOMOTEPIO, MOCSE YEro ux pacnpenensnm no
5 ocobeli Ha 2 onbITHbIE U 2 KOHTPOJIbHBIE rpynnbl. OBeL, B 1-11 onbITHOM rpynne Ha 15 MyUH nomeLLan B TepMo-
Kamepy c TemnepaTypoi Bo3ayxa —7 ‘C, nanee vm npu Tex Xe yCrnoBusix BHYTPUBEHHO YEPES SSIPEMHYIO BEHY Of1-
HOPa30BbIM LLNPULEM (06beM 20 M) paBHOMEPHO CO CKOPOCTbLIO 60 MJ1/MUH BIMBANU OXNTaXOeHHbI X B 1,03€e
4 Mn/Kr Macchl Tena 1 oCTaBfs/M B 3TOM Xe TepMokamepe A0 00Lero BpeMeHn HaxoxaeHus B Heit 1 4. Oco-
65M BO 2-14 ONbITHOW rpynne B COOTBETCTBYIOLLME NEPMObl IKCNEPUMEHTA NPU BHELLHEN TemnepaType +22 °C
BBOAMIN SKBMBANEHTHbI 00BbEM Tensioro npenapara. Yepea 1 4 nocne Havyana MHPY3nn BCEM XMBOTHBIM NpU
TemnepaType Bo3ayxa +22 °C BHyTPUBEHHO BAMBANU KONOUOHbIN PACTBOP HA OCHOBE MAPOKCUATUIIKpaxmana
(«Bontosen», BB). B TeyeHne 1 cyT oueHnBann gUHaMuKy pekTasbHOM TemnepaTypbl, apTepUanbHOro nasne-
HUS1, 4aCTOThl CEPAEYHbIX COKPALLEHUI, OCMONSIPHOCTA M1a3Mbl KPOBU, COOEPXAHUS B HE OCMOTUYECKN aK-
TUBHbIX KOMMOHEHTOB, KONIMYECTBEHHbIX MOKa3aTeseln KPaCHOM KPOBU.

Peaynbtatsl n nx aHaam3. )XMBOTHbIE, HAXoAMBLUMECS NPy Temnepatype +22 °C unn B TepMoKkamMepe npwu

-7 °C, nornénu yepes (82 + 3) u (70 £ 5) muH (p < 0,05) nocne Havyana akchy3nmn KPOBMU COOTBETCTBEHHO. BHY-
TPVBEHHbIE BNMBAHUS TEMIOro Unn oxnaxaeHHoro MNX obecneynnu Boixnsaemocts B 100 % cnyyaes. B pesynb-
TaTe KPoBOMOTEPU N MHDY3UM OxnaxaeHHOro X ¢ nocneaylowymM HaxoXAeHEM B TEPMOKaMepe pekTasibHasa
TemnepaTypa y oBew, cHudunack Ha 4,9 °C (14,2%, p < 0,05) OTHOCUTENBHO UCXOAHbLIX 3HAYeHWUn. Yepes 2
1 4 MWUH Nnocse NHPY3nmM OXNaXAEHHOro Uam Tennoro NX noBbIWanock CUCTOINYECKOE apTepuanbHOe AaBieHne
Ha 24,9 (p < 0,05)n 14,9% (p < 0,05) COOTBETCTBEHHO 1 BOCCTaHAB/MBAIOCh 40 MCXOAHOMO YPOBHS B TeYeHne
nocnenyowmx 40 muH. BnueaHue BB cnocob6cTBoBano crabunusaumm aptepnanbHOro AaBfeHus B TedeHue
1 cyT nocne nHoyanm MNX. Kposonotepsa B 2,1 pasza (p < 0,05) nosbiwana YCC, nHdysum MNX HE3HAYNTENBHO
YMEHbLUIANM BbIPpaXEHHOCTb Taxmkapauu. B TedeHne 10 MuH nocne BBeAeHUs oxnaxaeHHoro X auHamumka va-
CTOTbI CEPAEYHbIX COKPALLEHWI Bblna MeHee CTabunbHON. MHdy3usa Tennoro unuv oxnaxaeHHoro X noseiwana
OCMOSIPHOCTL Masmbl KpoBu Ha 9,5-9,9% (p < 0,05), 4To GbLIIO CBSA3AHO C YBENIMYEHMEM B KPOBU KOHLEH-
Tpaumun HaTpus 1 rMioko3bl. NHdy3na BB cHuxxana 0CMONSPHOCTL niia3Mbl KPOBU, KOTOpPasi K ncxody 1-x CyTok
nocne nHdysum N'X He oTAn4Yanacb OT UCXOLHbIX 3Ha4YeHnn. KposonoTteps, nHopysnsa 'X n BB ymeHbLuanu Kkonm-
YeCTBEHHbIE MOKa3aTem KPacHOM KPOBY B pedynbTaTe yaaleHst 3pUTPOLMTOB U3 COCYAMNCTOro Pycna, a Takxke
KOMMEHCaTOPHOWN N NOCTUHMY3MOHHOW reMOaUNIoLNA.

3aknodeHne. VIHpy3nsa TeNNOro Unm oxnaxaeHHoro runepToHMYeckoro pacteopa «fmnepXaac» obecneuyn-
BAET BbIKMBAHME IKCNEPUMEHTANbHbIX XMBOTHbLIX B MOCTreMopparnieckuii nepuog. NMonoxurensHbln addekT
npenapara CBs3aH C KOMMNEHCATOPHOM U NOCTUHDY3UOHHOM reMOANIIOLMEN (B TOM YMCIE 32 CHET NOBbILLEHUS
OCMOSPHOCTM NNa3Mbl KPOBU), @ TAKXKE C NMOBbILLUEHHBIM (QYHKLMOHUPOBAHVUEM CEPAEYHO-COCYANCTON CuUcTe-
Mbl. OCO6eHHOCTLIO 3P eKTOB oxNaxaeHHOro X aBnseTcs 6onee paHHUIA U BbIPAXEHHbI NOALEM apTepuarb-
HOro aaeneHusi. Hannume nameHeHuin GyHKUMOHaNbHbIX 1 nabopaTopHbIX NokasaTenel nocne MHPy3nm Tensno-
ro unu oxnaxaeHHoro MNX TpebyeT pa3paboTku HAAEXHOW CUCTEMBI 9BaKyaLMM PAHEHbIX N3 30HbI YPE3BbIYANHOM
cuTyaumn ans npoeeneHns 6osiee paHHero 1 NoJIHOro oobema nevyedHO-ANarHOCTUYECKMX MEPOMNPUATUIA.

KnioueBble cnoBa: 4ypesBblualiHas cUTyaLms, OCTpas KpoBOMoTeps, NHPY3US, OXIXKAEHHbIA TMNEepPTOHU-
4YeCKnin pacTBop, OBLLbI.
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CHANGE OF FUNCTIONAL AND LABORATORY PARAMETERS
AFTER COMPENSATION OF ACUTE BLOOD LOSS
WITH COOLED HYPERTONIC SOLUTION IN EXPERIMENT

' State Scientific Research Testing Institute of the Military Medicine
(4 Lesoparkovaja Str., St. Petersburg, 195043, Russia);
2Kirov Military Medical Academy (6 Academic Lebedeva Str., S. Petersburg, 194044, Russia)

Relevance. High efficiency of hypertonic (hyperosmolar) solutions in acute blood loss is known. However,
data on changes in the body, developing as a result of infusion of such drugs (including cooled) in the providing
of care after acute blood loss is limited or absent. This fact complicates the development of tactics in their use,
especially in emergency situations at low temperatures.

Intention. To reveal features of functional and laboratory indicators In experiments on animals as a result of
infusion of warm (+22 °C) or the cooled (-3 °C) hypertonic solution based on hydroxyethyl starch and sodium
chloride (HyperHAES, further — HHES) at the acute blood loss of 50 % of blood volume (BV).

Methodology. Animals (20 male sheep) with modeled blood loss were distributed into 2 experimental and
2 control groups of 5 animals each. Sheep in the 15t experimental group were placed in the heat chamber with
temperature -7 °C for 15 min. Then they underwent the intravenous infusion of a cooled HHES at a dose of 4
ml/kg of weight through the jugular vein with a disposable syringe (volume 20 ml) evenly with a speed of 60
ml per minute. After that they were left in the heat chamber until the time of 1 hour in total. Individuals in the
2nd experimental group were injected with an equivalent volume of warm solution during the corresponding
periods of the experiment at an external temperature of +22 °C. 1 hour after beginning of the infusion all animals
were intravenously injected with colloidal solution based on hydroxyethyl starch (“Voluven”) at an external
temperature of +22 °C. During 1 day the dynamics of rectal temperature, arterial pressure, heart rate and
respiratory movements, osmolarity of blood plasma and content of osmotically active components, quantitative
indicators of red blood were evaluated.

Results. Animals at a temperature of +22 °C or at a temperature of -7 °C died in (82 = 3) min and (70 = 5) min
(p < 0.05) respectively after the start of exfusion. Intravenous fluids (warm or cooled HHES) ensured the survival
in 100 % of cases. As a result of blood loss, subsequent infusion of cooled HHES and following presence in the
heat chamber, rectal temperature in sheep decreased by 4.9 °C (14.2%, p < 0.05) relative to the initial values.
Two and 4 min after infusion of cooled or warm HHES systolic blood pressure increased by 24.9 % (p < 0.05)
and 14.9 % (p < 0.05), respectively, and were restored to the normal level during the following 40 min. Infusion
of “Voluven” contributed to the stabilization of blood pressure within 1 day after infusion of HHES. Blood loss
led to increased heart rate by 2.1 times (p < 0.05), infusion of HHES slightly reduced the severity of tachycardia.
Within 10 minutes after the introduction of cooled HHES, dynamics of heart rate was less stable. Infusion of
warm or cooled HHES increased osmolarity of blood plasma by 9.5-9.9 % (p < 0.05), which was associated with
an increase of sodium and glucose concentrations in blood. Infusion of “Voluven” reduced osmolarity of blood
plasma, which became similar to initial values at the end of Day 1 after infusion of HHES. Blood loss, infusion
of HHES and “Voluven” decreased quantitative indicators of red blood via removal of red blood cells from the
bloodstream, as well as compensatory and post-transfusion hemodilution.

Conclusion. The infusion of warm or cold hypertonic saline (HyperHAES) ensures the survival of experimental
animals in post-hemorrhagic period. The positive effect of the drug is associated with compensatory
haemodilution (including increased osmolarity of blood plasma), as well as with better functioning of the
cardiovascular system. Specific cooled HHES effects include an earlier and pronounced rise in blood pressure.
Considering changes in functional and laboratory parameters after infusion of warm or cooled HHES, a reliable
system should be developed to remove casualties from emergency areas and to take earlier and complete
diagnostic and treatment measures.

Keywords: emergency, acute blood loss, infusion, cooled hypertonic solution, sheep.
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BeepeHune

OOHOM M3 BaXXHEWLLMX rOCYOapPCTBEHHbLIX 3agad
ABNAETCS CHUXEHne HeoOOCHOBAHHOW CMEepTHOCTU
npu 4pesBblyarHbix cutyaumsax (YC) B cBasu C He-
CBOEBPEMEHHbIM OKa3aHMEM MeOULMHCKON MOMO-
WM M3HAYaNbHO BrOJIHE >XWU3HECMOCOOHbLIM NOASM
¢ paHeHunsamu [2, 3]. Mo gaHHbIM CTaTUCTUKK, 80 25 %
noctpagasLlumx B HC coCTaBnsOT paHEHbIE C OCTPON
MacCUBHOM KpoBonoTepen [15-17].

[nsa BocnonHeHnsa obbemMa LMpKYInMpyoLein Kpo-
Bu (OLK) npn ocTpoi KkpoBonoTepe Ha MeCcTe Nponuc-
LLIEeCTBUS UCMONb3YIOT KpUcTaylonaHble U KOosuionsa-
Hble MHPY3UOHHbIE Npenapartbl reMOANHAMUYECKOrO
nencTeusa: n3oToHndyeckuri pacteop (0,9%) HaTpus
xnopuga, pactsop PuHrepa, peononuriokuH, npe-
napaTtbl Ha OCHOBE rMOpPOKCUITUNKpaxmana. B yc-
nosuax YC, ocobeHHO B apKTUHECKOM PErvoHe nin
B XOJI0QHOE BPeMS rofa, okadaHue HeOT/IOKHON Me-
OWNUMHCKOM MOMOLLM MOXET ObITb 3aTPYyAHEHO, Y4TO
00ycnoBneHo knMmaToreorpapuyeckumMm, opraHu-
3aUMOHHBIMU, MeaMKO-TEXHUYECKUMWN, MeauKo-61o-
nornyeckmummn daktopamu [9]. BmecTte ¢ TEM, BAU-
BaHMEe X0N04HbIX PACTBOPOB B ycnoBusax HC B cBA3U
C OTCYTCTBMEM COOTBETCTBYIOLLMX TEMMEPATYPHbIX
YCNOBUIA A1 OKa3aHUs MeOULMHCKOW NMOMOLUY MO-
>KET CYLLLECTBEHHO OTPa3nTLCH Ha TeMnepartype Tena
1 ycyrybutb COCTOsSIHME NOCTpagaBLUero.

PelieHnem paHHOW NpobnemMbl MOXET CIYXMUTb
MCMNOMb30BaHNE OOCTMXKEHUIA peaHMMaLMOHHONW Mo-
MOLLM Ha AOrOCnMTaNbHOM 3Tane, B TOM YUChe UHPY-
3MOHHOW Tepanuu rmnepToOHNYEeCcKMMN pacTBopamu
[2, 10]. B akcnepuMeHTax Ha MOAENN OCTPON KpO-
BOMOTEPWU B YCJ/IOBUSX OTPMLATENIbHOW Temnepary-
pbl ObII0 JOKa3aHO NPENUMYLLLECTBO Maslo0ObeEMHOA
MHO)Y3MOHHON Tepannum B acrekTe COXpaHeHUs1 TeM-
nepaTypHOro pexunma opraHnama [9]. B goctynHom
nutepaTtype npencTaBl/ieHbl CBEOEHUA O BbICOKOWN
3OPEKTUBHOCTU TMNEPTOHUYECKNX (TMMNEepPOoCMONdap-
HbIX) PACTBOPOB MPY KPUTUYECKNX COCTOSAHMUSX [6, 11,
19, 20]. OgHako gaHHble 006 N3MEHEHUSIX B OpPraHna-
Me, Pa3BMBaOLLMXCHA B pedyfbrate UHPY3UM Takmx
npenapaTos (B TOM 4YMCIe OXJIaXOeHHbIX) Npu okasa-
HUN HEOTSIOXHOM MOMOLLM MOociie OCTPOMN KPOBOMO-
Tepwn, OrpaHuyeHbl UNU OTCYTCTBYIOT, YTO YCJIOXHS-
eT pa3paboTKy TaKTUKN UX NMPUMEHEHMUS, 0COBEHHO
B ycnoBusix HC npu HU3KMX TeMnepaTtypax BO3ayxa.

Llenb mnccnepoBaHust — BbIIBUTb OCOOEHHOCTU
dYHKUMOHaNbHbLIX 1 NabopaTopHbIX MnokasaTenemn
Yy 3KCNEepUMEHTaSIbHbIX XUBOTHbIX B pe3yfibTaTe WH-
dy3umM rvnepToHMYECKOro pacTteopa npu OCTPOoM
KPOBOMNOTEPE, B TOM YUCJIE OXJIAXOEHHOTO.

Matepuan n metogabl
MaTepmanOM mnccecnengoBaHund CIyXunnm AaH-
Hble, MnoJlydeHHble B pe3yJibTaTte 3KCNnepunmMmeHTOB
Ha OBLUAX-CaMuax POMAaHOBCKOM MOpOoAbl Maccon

Introduction

One of the most important tasks of the
state is to reduce unreasonable mortality
in emergency situations (ES) due to the
untimely provision of medical care to initially
quite viable people with wounds [2, 3].
According to statistics, up to 25 % of victims
in emergency situations have acute massive
blood loss [15-17].

To replenish the blood volume (BV)
in acute blood loss, crystalloid and colloid
solutions are used atthe scene: normal saline
(0.9%), Ringer’s solution, rheopolyglukin,
drugs based on hydroxyethyl starch. In
emergency situations, especially in the
Arctic region or during cold seasons, the
provision of emergency medical care may
be difficult, due to climatic, geographical,
organizational, medico-technical, medico-
biological factors [9]. However, the infusion
of cold solutions in emergency situations
due to the lack of appropriate temperature
conditions for medical care can significantly
affect the body temperature and aggravate
the condition of the victim. To overcome
this, achievements of emergency care at
the prehospital stage can be used including
infusion therapy with hypertonic solutions
[2, 10]. In experiments on the model of
acute blood loss in conditions of negative
temperature, the advantage of low-volume
infusion therapy was proved in the aspect
of maintaining the temperature balance of
the organism [9]. The available literature
provides information on the high efficiency
of hypertonic solutions in critical conditions
[6, 11, 19, 20]. However, data on changes
in the body, as a result of infusion of such
drugs (including cooled) in the provision
of emergency care after acute blood loss
is limited or absent, which complicates
the development of tactics of their use,
especially in emergency situations at low air
temperatures.

The purpose of this study was to identify
the features of functional and laboratory
parameters in experimental animals as a
result of infusion of hypertonic solution,
including cooled, in acute blood loss.

Material and methods
The data obtained as a result of
experiments on sheep of the Romanov breed
weighing 30-35 kg, which modeled acute
blood loss with subsequent replenishment
with warm (+22 °C) or cooled (-3 °C)
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30-35 Kr;, y KOTOPbIX MOAENNPOBANM OCTPYI KPOBO-
NnOTEPIO C MOCNEAYIOLLMM BOCMOIHEHNEM TEMJbIM
(+22 °C) vnm oxnaxaeHHbiM (-3 °C) MHDY3NOHHBIM
pacTtBopom «[mnepXasc» (X, per. Ne JIC-001399
ot 10.06.2011r.). MNpenapat npeacTtaBnaeT CcoO-
OO rMNEepPTOHNYECKUA KOMOWHMPOBAHHLIM pac-
TBOP 4191 BHYTPMBEHHOIO BBEAEHUS, COAEPXALLMN
HaTpua xnopup, (7,2%), rmMopoKCuUaTUIKpaxman
(6 %) n BOAY 0N IHBEKLMIA, UMEET OCMOJISIPHOCTb
2464 mocmonb/n, pH 3,5-6,0.

OKCNeEPUMEHTLI MPOBENM B COOTBETCTBUN C TPE
OOBaHUAMM NIOKANIBHOrO 3TMYECKOro KOMUTETA.
OcTpyto KPOBONOTEPKD MOAENMPOBANN B YCIOBUSIX
OMepauMoHHOM Npu TemnepaTtype OKpyXaloLlen
cpeapl +22 °C npu obuem 06e36onmBaHnm nyTem
BHYTPMMBILLEYHOrO BBEAEHUS MpenapatoB «30-
netun 100» n «KecunasumHa» (2% pacTtBop) B COOT-
HoweHun 1:5 n3 pacyeta 0,01 mn/kr maccel Tena.
OKChyYy3M0 KPOBM OCYLLECTBASAN U3 KATETEPU3U-
poBaHHOW GenpeHHol apTepun annapaTHbIM Ccro-
cobomM c nomollplo Npubdopa ans nnasmadepesa
«[emma» (Poccus) co ckopocTtblo 35-40 mi/MUH
B o6beme 50% pacyeTtHoro OLK, paBHOro okono
7% OT Macchbl Tena XXmMBOTHOrO [4].

B xope akcnepumeHTta dopmmpoBanu 2 OnbiT-
Hble rPyNMbl U 2 KOHTPOJIbHbLIE FPYMMbl Mo 5 ocober
B KaXJ0W. B KOHTPOJIbHBIX Fpyrnax nocsne akcdysnu
KPOBW BHYTPUBEHHO BNMBanu Terblii (1-g onbiTHas
rpynna — MNX-T) nnm oxnaxaeHHbIn (2-9 OnbITHAs
rpynna — M'X-X) 'X B cooTHoweHun o6bLeMOB BOC-
NoNHeHMsa u kposonoTepwu, pasHom 0,1:1,0 [16].
Temnepatypy oxnaxgeHHoro X nogbupanu onbiT-
HbIM NMYTEM, YYNTbIBAS TOUYKY €ro 3aMep3aHus.

Mo oOkKOH4YaHMM 3KCHY3UU KPOBU KUBOTHBIX
2- onbITHOWM rpynnbl HA 15 MWH NoMeLwann B Tep-
MoKamMepy ¢ TeMmnepartypor Bo3ayxa —7 ‘C, panee
MM NP TEX XE YCTOBUSAX BHYTPUBEHHO YEPES APEM-
Hyl0O BEHY OZIHOPA30BbIM LINPULEM (06bemM 20 mn)
PaBHOMEPHO CO CKOPOCTbo 60 MA/MWH BAMBaNU
'X-X. lNocne nHpy3nm XUBOTHLIX OCTaBNANN B 3TOM
Xe TepMokamepe 40 06L,ero BpeMeHN HaxoXAeHS
B Hel 14. Ocobu BO 1-11 ONbITHOM rpynne B COOTBET-
CTBYIOLLME MNEepuoabl SKCNEPUMEHTa HaxOOWIUChb
B YCJIOBUSIX OMEPALMOHHOW Npu TemMnepaType BO3-
ayxa +22 °C.

MpunoepxmBascb pekomeHpgauun [16], 4epes
1 4 nocne nHpysnm 'X BCEM XMBOTHLIM B OMbITHbIX
rpynnax B yCNOBUSAX OMNEPALMOHHON BAVBaNW Ten-
nein (+22 °C) konnougHblli pacTeBop «BonoBeH»
(BB) (per. NeM1N011337/01 ot 30.01.2012r.) B CO-
OTHOLIEHNN 0O LEMOB KPOBOMOTEPS U BOCMNOJIHEHWE,
paBHoM 1:1. OCMONAPHOCTL NpenapaTta COCTaBs-
na 308 mocmonb/n.

MNMocne npoBeneHUss MHPY3MOHHBIX MEPOMNPUS-
TUI XNBOTHbIE HAXOOUNNCL Nog, HabMIOAEHVEM B yC-
NIOBUSIX BUBaApUs Mpu TeEMMepatype OkpyXaioLler

solution “HyperHAES” (HHES) (reg. No:
LS-001399 from 10.06.2011). The drug is a
combined hypertonic solution for intravenous
infusion, containing sodium chloride (7.2 %),
hydroxyethyl starch (6%) and water for
injection, has an osmolarity of 2464 mOsmol/L,
pH - 3.5-6.0.

The experiments were conducted in
accordance with the requirements of the
local ethics committee. Acute blood loss
was simulated in the operating room at a
temperature of +22 °C with general anesthesia
by intramuscular injection of Zolletil 100
and xylazine (2% solution) in a ratio of 1:5,
calculated at 0.01 ml/kg of body weight.
Blood exfusion was performed from the
catheterized femoral artery by means of a
device for plasmapheresis “Gemma” (Russia)
at the rate of 35-40 ml/min in a volume of
50% of the calculated BV, equal to about
7% of the animal’s weight [4]. In the course
of the experiment, 2 experimental groups
of 5 animals were formed, each of which
was intravenously infused with warm (1st
test group — HHES-W) or cooled (2nd test
group — HHES-C) HHES in the ratio of the
replenishment volume of blood loss, equal
to 0.1:1 [16]. The temperature of the cooled
HHES was selected experimentally, taking
into account its freezing point.

Atthe end of the blood exfusion, the animals
of the HHES-C group were placed in a heat
chamber with an air temperature of -7 °C for
15 minutes, then, under the same conditions,
a cooled HHES was infused uniformly at a rate
of 60 ml per minute intravenously through
the jugular vein with a disposable syringe
(volume 20 ml). After the infusion, the animals
were left in the same heat chamber until the
time of 1 hour in total. Individuals in the 1st
experimental group were in the operating
conditions at a temperature of +22 °C during
the corresponding periods of the experiment.

Adhering to the recommendations [16],
1 hour after infusion of HHES all animals
in experimental groups in the operating
conditions poured warm (+22 °C) colloid
solution “Voluven” (reg.No: P N011337 / 01
from 30.01.2012) in the ratio of blood “loss:
replenishment”, equal to 1:1. Osmolarity of
the drug is 308 mOsm/L.

After carrying out the infusion measures,
the animals were left under observation in
vivarium conditions at a temperature of +22 °C
until 1 day from the moment of the end of the
HHES infusion in free access to feed and water.
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cpenbl +22 °C oo 1 cyT OT MOMEHTa OKOHYaHWS BNN- Sheep in the control groups after the blood
BaHua X npu cBoOOgHOM OOCTYyne K KopMy 1 Boge. exfusion were under the appropriate operating
OBUbI B KOHTPOJbHBIX Fpynnax nocne akchysum  conditions (group C-W) or thermal chambers
KPOBU HaxoamMnnucb B COOTBETCTBYIOLWMX ycnoBusax (group C-C). Blood loss in them was not
onepauyioHHon (rpynna K-T) wnn Tepmokamepbl replenished.
(rpynna K-X), npy 3TOM KPOBOMOTEPKD Y HUX HE In the course of the study, the heart rate
BOCMOJHSAN. (HR, beats/min), systolic (SBP, mmHg) and
B xome wuccnepoBaHus ¢ nomouwbio BeTepu- diastolic blood pressure (DBP, mmHg), the
HapHoro moHmntTopa ZooMed «IM-10» (Poccus) pe- rectal temperature (°C) were recorded by
rMCTPUPOBANM 4YacTOTy CepAedHblx cokpaweHuii means of the ZooMed veterinary monitor
(HCC, ya/muH), cuctonuyeckoe (CAL, mm pT. cT.) “IM-10" (Russia). Time indicators, including
M guactonnyeckoe aptepuanbHoe gasnenue (JAL, duration of infusion, were recorded using an
MM PT. CT.), pektanbHyto Temnepartypy (‘C). Bpe- electronic stopwatch “Q & QHS-43” (China).
MEHHbIEe nokasaTtenun, B TOM Ymcne npogomkutens- In addition, blood samples were taken to
HOCTb WH(Y3UM, perucTpmpoBanu ¢ nomowbio determine the amount of erythrocytes (RBCs,
3NeKTPoOHHOro cekyHgomepa «Q&QHS-43» (Ku- Er, x10'2/n), hemoglobin concentration
Tan). JdononHutenbHo nposoaunn otoop kpoBu (Hb, g/L), hematocrit (Hct,%), electrolyte
Ons onpeneneHvs: Konuyectsa aputpountoB (Er, composition (concentration of sodium and
x10'2/n), kKoHueHTpauum remornobunHa (Hb, r/n), potassium ions, mmol/L), plasma osmolarity
rematokputa (Hct,%), anextponutHoro coctaBa (mOsm/L), glucose concentration (mmol/L).

(KOHUEHTpaLnUa NOHOB HATPUSA N Kanug, MMOb/N), Statistical processing of results was carried
OCMOJIAPHOCTK Niia3dMbl (MOCMOJb/N), KOHUEHTpa- out by methods of variation statistics using
LMW [TIIOKO3bl (MMOJb/). the program Statistica 10. The differences

Cratuctnyeckyto o6paboTKy pesynbtaToB Oocy- between the samples were estimated by the
LLeCTBNAIN MeTogamm BapuaunoHHonm ctatuctukn — Wilcoxon—-Mann-Whitney  U-criterion,  the
C npuMeHeHremM nporpammbl Statistica 10.0 Pa3- accuracy of the differences was considered at
muns mexay Belbopkamn oueHmnBanu no U-kpute- p < 0.05. The tables present numerical results
puio BunkokcoHa—MaHHa-YuUTHU, OOCTOBEPHOCTbL as M=o, where “M” is the average value, “c” is
pasnuunin cumtanu npu p < 0,05. B Tabnuuax umc- the standard deviation.

NIOBble peaysnbTaThl NpencTaBfeHsl B Buge M + o,

rae M — cpefHee 3HauyeHue, 6 — CTaHOapPTHOE OT- Results and analysis
KJIOHEHME. As a result of the experiment, all the animals
in the control groups died. Simultaneously,
PesynbTatbl M X aHanu3 the animals that were in the thermal chamber

B pes3ynbrate akcnepumMeHTOB Bce XMBOTHble at —7 °C died at a later time in comparison with
B KOHTPOJIbHbIX rpynnax nornénu. MNpu atom xun- the animals observed in the operating room
BOTHbIE, HAXOAMBLUMECSH B TepMokamMepe npu —7 °C, at a temperature of +22 °C: (82 + 3) min and
norndanu B 6onee no3gHue cpoku no cpaBHeHnio (70 = 5) min (p < 0.05) after the beginning of
C XMBOTHbIMMK, HabnwgaBwMMUCS B ornepaumoH- blood exfusion respectively. Carrying outinfusion
HOI Npu TeMNepaType okpyxatoLlen cpeabl +22 °C: measures, including the use of cooled to -3 °C
yepesd (82 = 3) n (70 = 5) muH (p < 0,05) nocne Ha- HHES, ensured survival in 100 % of cases.
Yana 9Kchy3mMm KpPOBM COOTBETCTBEHHO. [lpoBe- Blood loss caused a decrease in rectal
neHne NHPY3MOHHBLIX MeponpuaTuii, B ToM yncne temperature by an average of 0.8 °C (p < 0.05).
C npuMeHeHnem oxnaxaeHHoro oo -3 ‘C I'X, obe- Subsequently, at a temperature of +22 °C, the
cneynno BebkneaemocTtb B 100 % cnyyaes. rectal temperature of the animals in the control

KpoBonoTeps Bbi3biBana CHMXXeHne pektanbHom  group (C-W) still decreased by an average of
Temnepatypbl Tena B cpegHem Ha 0,8 °C (p < 0,05). (1.1 £ 0.2) °C. The infusion of warm HHES did
B nocnenywowem npu Temneparype +22 °‘C pek- not affect this indicator. Animals in the control
TanbHas TemnepaTtypa Tena y XmBOTHbIX B rpynne  group (C-C) by the time of death in the thermal
K-T ewe cHmamnacek B cpegHem Ha (1,1 = 0,2) °C. chamberhadadecreasingofrectaltemperature
BeeneHuve Tennoro N'X He BNMANO Ha OaHHbIM noka- by an average of (2.2 = 0.2) °C (p < 0.05).
3artesnb. Y XMBOTHbIX B rpynne K-X K MomeHTy rmbe- Finally it was (3.0 £ 0.3) °C less relative to the
N B TepMOKamMepe pekTanbHasa Temneparypa tena initial (before blood loss) values. One day after
CHu3unack B cpegHem Ha (2,2 = 0,2) °C (p < 0,05) the infusion of HHES, this indicator in animals
1 6bina Ha (3,0 £ 0,3) °C meHbLUue oTHocuTenbHO Uc- in all experimental groups did not differ from
X04HbIX (00 KpoBonoTepu) 3HadveHuin. Hepes 1 cyt the initial mean statistical values (Table 1).
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Ta6nuua 1
KOHUEeHTpauus 9N1eKTPpoNMTOB U ITIOKO3bI B M1a3Me KPOBU Y OBELL MPY KPOBOMOTEPE
1 nocne ee BOCMNOSIHEHNSA MHPY3NOHHBIMU pacTBopamu (M £ )
Table 1. Concentration of electrolytes and glucose in blood plasma in sheep
with blood loss and after its replenishment (M % )
Temnepatypa Cpok nccneposanus Research terms
BJIMBAEMOr0 Mokasaren, nocne akcpysum nocne nocne 1 cyT nocne
Mpynna . MMOSb/N .
pacteopa, ‘C MICXOAHbIN KpOBU nHoy3nm X nHoy3nn BB nHoy3nm NX
Groups ., | Parameters, »
The solution S mmol/L Initial After the blood After the  |After the “Voluven”| 1 day :gfter _the
temperature, °C exfusion HHES infusion infusion HHES infusion
X-T +22 Na* 144.1£2.2 142.2+2.1 147.1£2.2 147.2+1.4 148.4+2.1
HHES-W K 4.4%0.2 6.2+0.2* 3.5+0.2* 3.0+0.1* 41+0.1
niokoza 5.8+0.1 7.6+0.1* 6.3+0.1* 6.2+0.1* 9.1+0.1*
Glucose
X-X -3 Na* 143.2+£2.8 141.4£2.2 146.6 1.8 146.3+1.7 148.0+2.2
HHES-C K* 43+0.3 6.1+£0.1* 3.4+£0.1* 2.9+0.2* 40+0.1
[Mioko3a 5.8+0.1 7.5%£0.1* 6.4+0.1* 6.0+0.1* 9.0+£0.2*
Glucose
K-T Na* 145.7+ 21 145.4+2.4 146.1+2.3
C-w K 46+0.2 6.6 +0.3* 6.5+0.2*
niokoza 5.9+0.2 7.4%0.2* 7.8+0.3*
Glucose
K-X Na* 144.9+2.4 143.2+2.1 146.6 £2.0
c-C K* 4.4+0.3 6.3+0.2* 6.4+0.2
Mniokosa 5.8+0.3 7.6+0.4* 7.7%+0.4*
Glucose

* Paznuuns npu p < 0,05 0THOCUTENIBHO COOTBETCTBYHIOLLMX UCXOOHBIX 3HAYEHWI (0,0 KPOBOMOTEPHN).
* Statistically significant differences (p <0.05) relative to the corresponding values of the initial (before blood loss).

nocne BnmeBaHus X OaHHbIM nokasaTesb Yy XUBOT-
HbIX BO BCEX OMbITHbIX FPYyNnax He OT/In4asncs OT UC-
XOOHbIX CpeaHECTAaTUCTUYECKMX 3HaYeHMI (Tabn. 1).

B uenom, BnvBaHue oxnaxaeHHoro X ycyry6-
NAN0 CHMXEHME PEeKTaslbHOW Temnepartypbl Tena
Y XXVUBOTHBbIX, HAXOAVBLUMXCS NOL BHELLUHUM BO34EN-
CTBMEM HU3KOW TeMnepaTypbl: 3a BPEMS HaxoXae-
HUA B TEPMOKaMepe Y XMBOTHLIX C HEBOCMOJIHEH-
HOWM KPOBOMOTEPEN OHa CHU3WIACb B CPeAHEM Ha
2,2°C (5,3%, p <0,05), a nocne BBegeHusa X — Ha
4,9 °C (14,2%, p < 0,05) OTHOCUTENBHO NCXOOHbIX
3HAYEHUN.

Bmecte ¢ Tem, abconoTHas BbIKMBAEMOCTb
XMBOTHbIX C OCTPOW KPOBOMOTEPEN U U3BECTHbIN
MexaH13M OeNCTBUSA MMNepPTOHNYECKOro pacTeopa
KOCBEHHO CBMAETENIbCTBOBA/IM O BOCCTAHOBJIEHUN
CUCTEMHOM reMoaMHaMUKN B pe3ynbTaTe MHPy3nn
X, 4TO NnoATBEPAMIOCH AAHHLIMY MOHUTOPUHIA.

Okcdy3ms KPOBM Yy OBEL, Bbi3blBana rMnoTo-
HMIO: MO CPaBHEHUIO C UCXOLHbIMW NOoKa3aTensiMm
cHmxanucb CAL n OAL B cpegHem Ha 56 n 65,1 %
(p < 0,05) cooTBeTCTBEHHO. B X00€ 3KCNEepnMeHTa
Y XMBOTHbIX B KOHTPOJIbHbIX rpynnax nokasaresnmu
Al octaBanuck CTabuiibHO HU3KUMU C TEHAEHLMEN
K YMEHbLLEHUIO HE3AaBNCUMO OT BHELLUHUX TeMNepa-
TYPHbIX yCnoBun (puc. 1).

MHpyaunsa X nosbiwana AL, npy 3TOM AnHaMmKa
CAln ee BbIp@XEHHOCTb 3aBMCENN OT TEMMNEPATYPbI
pacTBopa. Yxe yepes 2 v 4 MUH Nocne MHPy3um Ox-

In general, the infusion of cooled HHES ex-
acerbated the decrease in rectal temperature
in animals exposed to external low tempera-
ture: for the period of presence in the heat
chamber in animals with non-compensat-
ed blood loss, it decreased by an average of
2.2°C (5.3%, p < 0.05), and after the infusion
of HHES - by 4.9 °C (14.2%, p < 0.05) relative
to the initial values.

At the same time, the absolute survival rate
of animals with acute blood loss and the known
mechanism of hypertonic solution action
indirectly indicated the restoration of systemic
hemodynamics as a result of HHES infusion,
which was confirmed by monitoring data.

Blood exfusion in sheep caused hypo-
tension: in comparison with initial parame-
ters, SBP and DBP decreased on average by
56.0% and 65.1% (p < 0.05), respectively. In
the course of the experiment, blood pressure
remained steadily low with a tendency to de-
crease in animals in control groups regardless
of external temperature conditions (Fig. 1).

Infusion of HHES increased BP, while the
dynamics of SBP and its severity depended
on the temperature of the solution. Systolic
blood pressure increased by 22.9% (p < 0.05)
already in 2 min after infusion of cooled HHES,
while it increased by 24.9% (p < 0.05) in 4 min
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CALl, MM pT. €T.
CBP, mm Hg
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—— X-T HHES-W
160 —m— [X-X HHES-C
i K-T c-w
—= K-X C-C

140 ﬁ\—
120

100 \
80 \

60 i‘ T £ 1 1 1 : T
40
20 ‘ T T T .
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Bkcdyamna Bpemsa nocne Havyana uHgpysum X, MUH WHdpyaua 1 day
Init. = After Time after the start of infusion HHES, min BB atter
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Puc. 1. CAly oBeL, npu kpoBonoTepe B pacyeTHoM o6beme 50 % OLIK
1 Nnocne ee BOCMNOJIHEHNS NHPY3MOHHBIMU PacTBOPaMMU.

Fig. 1. Systolic blood pressure (SBP) in sheep with blood loss in the calculated volume of 50 % BV
and after its replenishment with solutions.

naxaeHHoro unu tennoro X noebitwanock CALL Ha  after infusion of warm HHES. In both cases
22,9 (p<0,05)n 24,9% (p < 0,05) cootBetctBeHHO  SBP recovered to the lower limits of the initial
M BOCCTaHaBMMBAJIOCh [0 HWXHUX npenenoB mc- values for the next 40 minutes. The dynamics
XOOHOro ypoBHs B TeuyeHue nocnenyowmx 40 muH.  of DBP had unidirectional character. Infusion of
OunHamuka OAL vimena ogHoHanpaBfeHHbIn xapak- “Voluven” contributed to complete stabilization of
Tep. BnueaHne BB cnocobcTBoBano crabmnmnzaumm  blood pressure within 1 day after HHES infusion.
ALl B TedyeHue 1 cyT nocne nuopysum MX. Hypotension in sheep was accompanied by a

MnoToHmnsa y oBeL, conpoBOXAasacb KOMMeH- compensatory increase in heart rate, which ap-
catopHbiM yBenudeHnem HYCC, koTopas npeBbilwa- peared to be 2.1 times higher than baseline val-
na ncxopHble nokaszarenu B cpegHem B 2,1 pasa ues (p < 0.05) with baseline values within (75.5
(p < 0,05) npn ucxoaHbIx 3Ha4YeHUsIX B npefenax =+ 2.2) heart beats per minute. During the exper-
(75,5 = 2,2) yo/MuH. B xope akcnepumeHTa y Xxu- iment, heart rate in the animals from the control
BOTHbIX B KOHTPOJIbHLIX rpynnax YCC octaBanacb groups remained consistently high regardless of
CcTabunbHO BbLICOKOIM He3aBMCMMO OT BHelwHux external temperature conditions. Replenishment
TemneparypHbix ycnosuii. BocnonHenne OLK co- of the BV was accompanied by a moderate de-
NPOBOXAAN0Ch ymepeHHbIM ymeHblieHnem YCC, crease in heart rate, the dynamics of which var-
OnHamMmmka KOTopon pasnuyanach B 3aBucumocTtu ied depending on the temperature of the solution.
OT TemMnepartypbl pactBopa. B otnnume ot paBHO- Incontrastto the steady heart rate curve after the
MepHon kpmeon YCC nocne nHoysum tennoro X  infusion of warm HHES, infusion of the cooled
BIMBaHVE OXJI@XOAEHHOro rnpenapara Bbi3biBasio  solution caused a two-phase dynamics of heart
nByxdasHyio auHammky HYCC, xapaktepusyloulyto- rate, characterized by a change in the decrease/
CSl CMEHOW CHUXEHWS/NOBbLILLEHWSI MOKa3aTend Ha  increase in the parameter on the 4th and 10th
4-1i n 10-11 MnHyTE Nocne Havana nHdysum. K ncxo- minutes after the beginning of infusion. By the
oy 1-x cytok nocne BnmBaHus X'y xmBoTHbIX B 06e- end of 1 day after infusion of HHES, tachycardia
VX OMbITHBIX FPyMMNax COXpaHsiacb Taxmkapaus. persisted in both experimental groups.

KposonoTtepsa 50% OLK Bbi3biBana noBbille- Blood loss of 50 % BCC caused an increase
HME OCMOJIIPHOCTM Nna3Mbl KPOBU B cpeaHeM Ha  in osmolarity of blood plasma by an average of
2,7% (p < 0,05) no cpaBHeHMIO € ncxodHbiMu 3Ha- 2.7 % (p < 0.05) compared to the initial values
4yeHnsmMu (puc. 2). (Fig. 2).

YuuTtblBasi, 4TO OCMOJISIPHOCTb MJia3Mbl KPOBWU Considering that the osmolarity of blood
obycnoBneHa cogepxxaHuem oko3bl, 6enka, mMo- plasma is caused by the content of glucose,
YeBUHbI, MOHOB HaTpus, Kanus, xjopa v Opyrux  protein, urea, sodium ions, potassium, chlorine
OCMOTUMYECKMX KOMMOHeHTOB [12], noebiweHne and other osmotic components [12], the
OCMONIFIPHOCTW NNa3mbl B paHHWUI nepuog nocne increase of plasma osmolarity in the early period
KPOBOMOTEPU MPU HaNM4um TeHaeHummn K passutuio  after blood loss in the presence of a tendency to
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Puc. 2. OcMonsipHOCTb Nia3Mbl KPOBKM Y OBELL NP KPOBOMOTepe B pacieTHOM ob6beme 50 % OLIK
1 nocne ee BOCMNOJIHEHNS MHPY3MOHHbBIMW PacTBOPaMMU.

Fig. 2. Osmolarity of blood plasma (mOsm/L) in sheep with blood loss in the calculated volume of 50 % BV
and after its replenishment with solutions.

rMNOHaATPUEMUN OOBSICHAETCS YBESIMYEHNEM KOH-
LLeHTpauum B KPOBW JHOKO3bl M MOHOB Kanus (CM.
Tabn. 1). B ocHoBe M3MeEHEHWI coaepXXaHUs ToKO-
3bl B KPOBU Y XXUBOTHbIX NOCJIE KPOBOMOTEPU NEXNUT
CTpeccoBas rmneprimkeMms — OTJIMYUTENbHbIN KIn-
HUYECKUI NPUSHAK KPUTUHECKNX COCTOSIHUI [21].

B ovHamuke HabMOOEHUS Y XXMBOTHbIX B KOH-
TPOJbHbIX rpynnax (6e3 socnonHeHus OLIK) ocmo-
NAPHOCTb Na3Mbl 4EMOHCTPMPOBAsa TEHAEHLUNIO
K MOBbILWEHVIO U He 3aBucena OT BO3LEeNCTBUSA
BHELLUHEro Xxonogosoro @akrtopa. Y >XMBOTHbIX
B OMbITHbIX rpynnax nocne WHQY3nUu Tensaoro
UM oxnaxgeHHoro X gaHHbIM nokasaTtesnb Obin
MOBbILLIEH OTHOCUTEJIbHO WCXOLHOro (40 KPOBO-
notepwn) B cpegHeM Ha 9,5 1 9,9% (p < 0,05) co-
OTBETCTBEHHO, 4YTO 0OBLSACHAETCS BbICOKMM COAEP-
XaHMEM OCMOTUYECKM aKTUBHbIX KOMMOHEHTOB,
B TOM 4uCrie B pe3dynbrate MHQY3um ['X ¢ BbICOKMM
coaepxaHnem Hatpusa xnopuga. Madysna BB cno-
co6CTBOBasIA CHUXKEHWIO OCMOJIIPHOCTU MJia3Mbl
KpPOBW, KOTOpas K Mcxony nepuopa HabnoaeHus
(1 cyt nocne nHdy3nu X) He oTarMyanacb OT UC-
XOOHbIX 3HAYEHWU. Y4nTbIiBas, YTO B JAHHbIN MNepun-
0o, nccnefoBaHus B KPOBU Y XXMBOTHBIX PErNCTPU-
poBaiCA BbICOKUI YPOBEHb [MOKO3bl U HATpU4,
HOpManM3aums OCMOJIIPHOCTU J1a3Mbl  MOXET
ObITb CBSI3aHa C OUCNPOTEMHEMUEN B pe3ynbrarte
OCTPOIro rmrnoKCMYeCKOro CoOCTosHuA [7].

[Mocne akchy3nm B KPOBU Y XXMBOTHbIX MO CPaB-
HEHWIO C UCXOL4HbIMM NOKa3aTeNsiM1 YyMEeHbLUIANNCh
konunyecTso Er (Ha 8,9 %, p <0,05), Hb (Ha 28,3 %,
p < 0,05), Hct (Ha 14,9%, p < 0,05) (Tabn. 2).
B xone akcnepumeHTa y oBel, 6e3 BOCMNOJIHEHMS
KPOBOMNOTEPU NIYHEHHbIE MoKasaTenu He nperep-
neBasnu 3Ha4MMbIX U3MEHEHUNIA U OblNM BHE 3aBU-
CMMOCTU OT BHELLHEr0 X01040B0ro pakropa.

the development of hyponatremia was explained
by an increase the glucose concentration and
potassium ions in blood (table. 1). The basis of
changes in the glucose content in the blood of
animals after blood loss is stress hyperglycemia —
a distinctive clinical sign of critical states [21].

In the dynamics of observation in animals
from control groups (without replenishment of
BV), the osmolarity of plasmashowedatendency
to increase and did not depend on the influence
of the external cold factor. This parameter was
increased in animals in experimental groups
after infusion of warm or cooled HHES, relative
to the initial (before blood loss) by an average
of 9.5% and 9.9% (p < 0.05), respectively,
due to the high content of osmotically active
components, including as a result of infusion
of HHES with a high content of sodium chloride.
Infusion of “Voluven” contributed to a decrease
in osmolarity of blood plasma, which at the end
of the observation period (1 day after HHES
infusion) did not differ from the initial values.
Taking into account the high level of glucose and
sodium, the normalization of osmolality of blood
plasma can be associated with dysproteinemia
as a result of an acute hypoxic condition [7].

After the blood exfusion, the number of
erythrocytes decreased (by 8.9 %, p<0.05), Hb
(by 28.3%, p < 0.05), Hct (by 14.9%, p < 0.05)
in comparison with initial values (Table 2). In the
course of the experiment, the studied param-
eters did not undergo significant changes and
did hot depend on the external cold factor in
sheep without replenishment of blood loss.

Infusion of HHES caused a further reduction
in the quantitative indicators of red blood cells,
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MHdy3na X Bbi3biBana pgajbHEWLLEE CHU-
XEHNE KOJNIMYECTBEHHbIX rokasaTesiel KpacCHOM
KPOBU, 4TO OOBLACHSIETCSH OTCYTCTBMEM B COCTaBe
npenapaTta remMornobuH-cogepXalmx  KOMIMo-
HeHTOB. [locne BnuBaHna BB (B pamkax BTOPOro
atana BocnonHeHns OLK) remogunioums, KOH-
CTaTMPOBaHHasA N0 U3MEHEHUIO KOJINYECTBEHHbIX
rnokasarenen KpacHowW KpoBu, Nporpeccuposana,
HE MMes CTaTUCTUYECKM 3HAYMMOro MeXrpynro-
BOro pasnuyus: konuyectso Er, Hb n Hct B kpoBu
Y XVBOTHbIX CHUXanocb Ha 43,2-49,1, 52,5-56,3
1n 49,8-51,1% npu p < 0,05 OTHOCUTENBHO UCXOA-
HOro (40 KPOBOMOTEPU) YPOBHA COOTBETCTBEHHO.
K okoHuyaHuio nepuoga HabNOeHUs y BCEX XU-
BOTHbIX PErMCTPUPOBAIUCH MPU3HAKMU KOMIMEHCca-
TOPHOr0 MOCTYIMJIEHUS 3PUTPOLIUTOB M3 Aero (ce-
neseHka, KOCTHbI Mo3r) [13] (cm. Tabn. 2).

AHanmaupys nosy4yeHHole AaHHblE, MOXHO che-
natb psg, BbIBOOOB U MPeAnosioxXeHnn. Tak, name-
HEHME OCMOJIAPHOCTN, 3JIEKTPOJIMTHONO COCTasa
naasmbl N KOJIMYECTBEHHBIX NOKa3aTesie KPacHOM
KPOBW Y 9KCMepUMEHTaSIbHBIX XXUBOTHbIX OblIN CBSI-
3aHbl C KOMIMEHCATOPHON reMmoaunoumen B OTBeT
Ha OCTpPYylD kpoBonoTepto [6] n MHPY3NOHHBIMU
mMeponpuatuamn [5, 14]. N3BeCTHO, 4YTO remoam-
nouys npu ymeHslieHn OUK npoucxognt B pe-
3ynbraTte akTMBauMm KOMIeKca KOMIMeHCcaTop-
HbIX MEXaHU3MOB, OOWH M3 KOTOPbIX — CeKkpeund
Ba3onpeccuHa (aHTUANYPETUYECKOro rOPMOHA).
BazonpeccuH - HaHonenTug, ob6pa3sylolmincs
B rurnotasiamyce 1 CEKPETUPYEMbIN 3a4HEN JoNen
runopusa. Ero ¢pusuonornyeckas posis CBOANTCH

due to the absence of hemoglobin-containing
components in the composition of the drug.
After the infusion of “Voluven” (as a part of the
second stage of BV replenishment), haemodi-
lution, established by changes in red blood cell
count, progressed without a statistically signifi-
cant intergroup difference: the amount of RBC,
Hb and Hct in the blood of animals decreased
by 43.2-49.1%, 52.5-56.3% and 49.8-51.1%
with a statistical difference (p <0.05) relative to
the initial (before blood loss) level, respective-
ly. By the end of the observation period, all the
animals showed signs of compensatory intake
of red blood cells from the depot (spleen, bone
marrow) [13] (table. 2).

Analyzing the obtained data, it is possible to
draw a number of conclusions and assumptions.
Thus, the changes in osmolality, electrolyte com-
position of the plasma, and quantitative indica-
tors of red blood cells in experimental animals
were associated with compensatory haemodi-
lution in response to acute blood loss [6] and
infusion measures [5, 14]. It is known that hae-
modilution with decreasing BV occurs as a result
of activation of compensatory mechanisms, one
of which is the secretion of vasopressin (antidi-
uretic hormone). Vasopressin is a nanopeptide
produced in the hypothalamus and secreted
by the posterior lobe of the pituitary gland. Its
physiological role is reduced to maintaining
blood pressure by regulating the reabsorption
of water in the renal tubules and the tone of the

Ta6bnuua 2

KonvnyecTBeHHble NokasaTenun KpacHOW KPOBW Y OBELL MPY KPOBOMOTEPE
1 nocne ee BOCMNOJIHEHNS MHPY3MOHHbBIMKU pacTBopamu (M + G)

Table 2. Quantitative indicators of red blood cells in sheep with blood loss and after its replenishment (M + o)

Temneparypa Cpok nccnegosarus Research terms
B/IMBAEMOr0
fpynna pacteopa, ‘C Mokasarens NCXOAHbIN nocnisggfyaww MH(E?:SS? X VIHC]I;I;/);;I-IV?BB ;HC%;;V?:?;
Groups - Parameters .
The solution’s Initial After the blood Afterthe  |After the “Voluven”| 1 day after the
temperature, °C exfusion HHES infusion infusion HHES infusion
X-T +22 Er, x10'2/L 9.2+0.2 8.3+0.1 7.2+0.2* 5.2+0.2* 5.8+0.3*
HHES-W Hb, g/L 128.5+25 90.3+1.6* 83.1%1.1* 61.0+1.3* 69.5+3.5*
Hct, % 30.9+0.9 26.2+0.3 23.4+0.5* 15.2+0.3* 18.1 £0.5*
'X-X -3 Er, x10%2/L 9.9+0.2 9.2+0.1 8.9 +0.2** 5.0+0.2* 6.0+0.2*
HHES-C Hb, g/L 129.1£2.7 91.8+2.1* 81.3+1.8* 56.4+2.1* 69.3 £2.8*
Hct, % 31.6+0.9 28.4+0.5 24.5+0.8*" 15.9+0.2* 17.9+0.3*
K-T Er, x10%?/L 9.3+0.1 8.4+0.1 7.6%0.2
C-w Hb, g/L 128.0£2.3 | 93.0+3.2* 98.6+1.4
Hct,% 31.2+0.6 25.3+£1.6 24.1+1.3
K-X Er, x10'2/L 9.8+0.2 8.9+0.11 7.7%0.1
C-C Hb, g/L 127.8 £2.1 92.9+1.8 96.7 £ 2.1
Hct,% 32.1+0.4 27.1+1.6 26.3+£0.8

*/+ Pasnunuus npu p < 0,05 0oTHOCUTENBHO COOTBETCTBYIOLLMX 3HAYEHNIN MCXOAHBIX (.0 KPOBOMNOTEPW) / B KOHTPOSILHOM Fpymnne.
*/+ Statistically significant differences (p <0.05) relative to the corresponding values of the initial (before blood loss)/in the

control group.
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K NoAnepXaHuio apTepuanbHOro AasfieHnd 3a
cyet perynsumm peabcopbumn BoObl B MOYeu-
HbIX KaHanbLax 1 TOHyCa Maakom MyCKynaTypbl
aptepun [1, 18]. B cBA3M ¢ 3TUM, y4nTbiBas no-
BblLLIEHNE OCMOJISIPHOCTU MJia3Mbl KPOBU Yy 3KC-
nepuMeHTaIbHbIX XMBOTHbLIX Nocne nHopysum MX,
MOXHO MPEeAnonoXunTb, 4TO ObICTPLIN NOALEM ap-
TepuanbHOro AaBneHnss oOyCnoBEH YCUIEHEM
cekpeLmn Ba3ornpeccuHa. 10 AOMNOJHSET Ba30-
MPECCOpPHbIN 3pPEKT cuMnaTUKo-aapeHanoBom
CUCTEMBbI, aKTUBUPOBAHHOW B pe3y/ibtaTe OCTPOoM
KpOBOMOTEPU. 3aNOSHEHNE KPOBEHOCHOIO pycna
3a CYeT BNMBaeMoro npenapara 1 nepemeLLeHmnd
BHEKJIETOYHOM XUOKOCTU peann3oBasio reMoam-
HamMmn4yeckuin addekT rmnepocMosIIPHOro pac-
TBOPAQ, YTO SABASIETCH BaXHbIM YCIOBUEM [J151 BOC-
CTaHOBJIEHUSI MUKPOLMPKYTISLMN U KYNMMPOBAHUS
TMMOKCNYECKOW CUTyaL M B OpraHn3me.

3aknioueHue

Takum 06pa3oM, NHPY3USa TErIoro UIn Ox-
NaXOEHHOro  rMnepToHMYEecKOro  pacrteopa
«MnepXaac» obecneyMBaeT BbIXMBAHWE 3KC-
NepMMEHTasIbHbIX XMBOTHbBIX B MOCTreMopparu-
yeckuin nepno. HecMoTpsa Ha MeEHee BblpaXeH-
Hble MPU3HAKN FrEMOAVIOLMM MO noKasaTensam
KOHLIEHTPaLMN B KPOBU remMornobuHa, apuTpo-
LMTOB W remMaTokpuTa, XUBOTHble 6e3 BOCMOJI-
HeHnsi o0bema LIMPKYINPYIOLLE KPOBU NOrvbnu,
4YTO CBMOETENbCTBYET O HANMNYMM FEMOAVNHAMMU-
yeckoro adpdekrta y MHPY3NOHHOrO pactBopa
«[mnepXasc» HE3aBMCUMO OT €ro Temnepartypbl
B MOMEHT nHOY3un. MonoxutensHoln addekT
npernapara CBA3aH C KOMIMEHCATOPHOM U No-
CTUHQY3NOHHON reMoaunnioumen (B TOM 4uchne
3a CYeT yBEeJINYEHUS OCMOJIIPHOCTU B Mniasme
KPOBU), @ TaKXXe C NOBbILIEHHbIM QYHKLUNOHUPO-
BaHVeM CepaevyHO-COCYANCTON CUCTEMBI.

OCOOeHHOCTbIO 3P PEKTOB  OXJIAXKAEHHOIO
MHOY3MOHHOro pacteopa «mnepXaac» ABnseT-
csl 6bonee paHHUIA N BblpaXeHHLIM NogbeM apTe-
pranbHOro faBneHus.

B coBokynHoCT\ C nocnegylowym BrMBa-
HMEeM M300CMOJIIPHOro pacTeopa (npenapart
«BontoBeH») faHHasi cxema MOXeT ObITb NpuMe-
HMMa B YCIIOBUSAX YPE3BbIYANHON CUTYaLMN Npu
HEBO3MOXHOCTU obecrnevyeHnss KOMMOPTHbIX
YCNOBUIA AN OKa3aHUS HEOTIOXKHON UHPY3UNOH-
HOW NOMOLLM NPW OCTPOW KpoBornoTepe. BmecTe
C TeM, Hanmyme U3MEHEHUN QYHKUMOHANbHbIX
1 nabopaTopHbIX Nokasartesnel nocne NHy3um
pacTtBopa «[MnepXaac» TpebyeT pa3padboTkm Ha-
OEXHOWM CUCTEMbI 9BaKyaLMn PaHEHbIX N3 30HbI
4ypes3BblYaliHOW cuUTyauuu Ons nposeneHust 60-
fiee paHHero 1 nosiHoro obbema nevyebHo-gua-
FHOCTUYECKNX MEPOMPUATUIA.

smooth muscles in arteries [1, 18]. In this regard,
considering the increase in the osmolarity of blood
plasma in experimental animals after infusion of
HHES, we can assume that the rapid rise in blood
pressure due to increased secretion of vasopres-
sin. This supplements the vasopressor effect of the
sympathoadrenal system, activated as a result of
acute blood loss. Filling the bloodstream by means
of the drug infusion and the movement of extracel-
lular fluid realized the hemodynamic effect of hy-
pertonic solution, which is an important condition
for the restoration of microcirculation and relief of
the hypoxic situation in the body.

Conclusion

In this way, the infusion of warm or cold hyper-
tonic saline (HyperHAES) ensures the survival of
experimental animals in post-hemorrhagic peri-
od. The positive effect of the drug is associated
with compensatory haemodilution (including by
increasing the osmolarity of blood plasma), as
well as with the increased functioning of the car-
diovascular system. A feature of the effects of
cooled HHES is an earlier and pronounced rise in
blood pressure. Significant changes in functional
and laboratory parameters after infusion of warm
or cooled HHES require development of an appro-
priate system of evacuation from the emergency
zone for an earlier and complete volume of diag-
nostic and treatment measures. In conjunction
with the subsequent infusion of an isotionic solu-
tion (“Voluven”), this scheme can be applied in
emergency situations if it is impossible to ensure
comfortable conditions for the provision of emer-
gency infusion care in acute blood loss.
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