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Ilesas HccaeAOBAHUA: U3YUYUTh BJINAHUE HH(PY3MOHHOU KOPPEKIUY TUII0BOJIEMUN MajIaTCoOepsKallliMU
TperapaTaMHy ¥ IOCJIeAyIoIel [ITyTaMIHOOOraneHHO HyTPUTUBHOH IOAIePSKKY Ha IO iepsKaHue 6aph-
€pHO (pyHKIIMM KUIIIeYHUKA U FUIIepTrUIpaTaLUIO y YKUBOTHBIX C OCTPOM MAaCCUBHOM KPOBOIIOTEPEH.

Marepuaibl 1 MeToabl. Y 100 KpBIC ITOC/Ie ocTpoii kKpoBomoTepH (30% OIIK) mpoBesin OakTepraTbHbIE
«I10CEeBbI» KPOBH, UCCJIeJOBaHUe JIMIIONO/INCAXapyuia U IIpeceliCiHa B KPOBU XBOCTOBOY U BOPOTHOU BEH,
CTPYKTYpPbI TOJICTOM KUIIIKYU U Beca KUBOTHBIX Yepe3 1 Jac, CyTKU U 3 CYTOK I10CJIe BOCIIOJIHEHUS TUII0BO-
Jemuu. B 1-i1 cepuu NpuMeHs1JId pacTBOp PuHrepa 1 cTaHiapTHYIO IUTaTe/IbHAsl CMeCh, BO 2-11 cepuu — Ma-
JlarcojepsKallluil pacTBOP U CTaHAAPTHYIO IIUTaTe/IbHasI CMECh, B 3-1 cepuy — MaJIaTCoiepsKalliii pac-TBOP
¥ UIyTaMUHOOO0TaIleHHYIO IUTAaTeIbHYI0 CMECH.

Pe3ynbraThbl. Y MHTAKTHBIX KUBOTHBIX B KDOBU BOPOTHOM BeHbI 3HAY€HUs 9HIOTOKCUHA COCTABJISIN
17,843,9 nr/mu1, npecencuna — 405,6+80,1 nir/mi. «[ToceBbl» KpOBU U3 XBOCTOBOM U BOPOTHOI BEeH Ha BCeX
9Ta-I1ax II0Ka3aJId OTCYTCTBHE OAKTEPHAIBLHOTO POCTA, YTO ITOATBEPIKIAET COXpAaHEeHNe KUIIIEYHOT0 bapbepa
JUIS1 JKUBBIX MUKPOOPraHu3MoB. Uepes 1 yac 1ocsie BOCIIOJIHEHUs TUII0BOJIeMUH U penH(py3uu KPOBU OT-
MedasIiu MHOIOKPATHBIM POCT 9HIOTOKCHUHA B KDOBU BOPOTHOU U XBOCTOBOU BEHBI C JOCTOBEPHBIM yBeJINYe-
HUEM YPOBHs IpecenicuHa. Uepea CyTKU IOCJIe KPOBOIIOTEPH BO 2-1 U 3-1i CEpPUSAX YKUBOTHBIX 3HAYEHUSI 9H-
JIOTOKCHUHA, IIPECENICHHA, OTeKa CAU3NCTON 000JI0YKHN U MOACTNU3NCTOTO0 IIPOCTPAHCTBA TOJICTON KUIIIKU
OBLTM MeHbIIle, 4eM B 1-i cepun. Yepes 3 CYyTOK ONpee/TAIN ITPENMYIIecTBa IyTAMITHCOEePsKaIlero -
TaHuUs B 3-1 cepUU 9KCIIepUMEHTa: Cllep>KUBaHKUe HapacTaHUs 9HJI0TOKCUHA U IIpecellCuHa B KPOBU BOPOT-
HOU ¥ XBOCTOBOU BE€HbI, UHTEPCTUIINATBHOT'O OTEKA TOJICTON KHUIIIKH, YBEJIMYEHHSI Beca JKUBOTHOTO.

3ak/rouenue. [[ppMeHeHe MaJIaTCoIepsKaIuX MH(PY3NOHHBIX ITPEapaToB v TyTaMIHOOOTalleHHOTO
MIUTAHUSA II0CJIE OCTPOI MaCCUBHON KPOBOIIOTEPH CIIOCOOCTBYET CHUKEHHIO BBIPAOOTKH IIpecerciHa B 0p-
raHax sKeJIyJoYHO-KUIIeYHOI'0 TPAKTA, TPAHCJIOKALNY 9HIO0TOKCHUHA B BOPOTHYIO BEHY U CUCTEMHBIN KpO-
BOTOK, YMEHBIIIEHUIO CTEIIEHN BEIPAYKEHHOCTH OTeKa CIU3UCTOH 000/I0YKH, ITOICAN3NCTOTO IIPOCTPAHCTBA
TOJICTOH KUIIIKY U HApACTaHUs BeCa YKUBOTHBIX.

Krtouesnte crosa: kposonomepsi; IUNONOAUCAXAPUOD; NPECENCUH; 2Ty MAMUH; MALA
Purpose of the study: to investigate the influence of hypovolemia correction by infusion of malate-con-

taining preparations and subsequent glutamine-enriched nutritional support on the maintenance of gut bar-
rier and overhydration in animals with acute massive blood loss.
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Materials and methods. Blood samples were harvested from the tail and portal veins of rats (n=100) at
different time points after the acute blood loss (>30% V/V) . Bacterial blood cultures for growth, lipopolysac-
charide and presepsin concentrations, colon structures and animal weight were analyzed in blood and plasma
specimens 1 hour, one day and 3 days after the hypovolemia correction. To correct the hypovolemia, in the 1%t
series of experiments, the Ringer’s solution and standard nutrient mixture were used; in the 2nd series malate-
containing solution and standard nutrient mixture were administered; in the 3rd series a malate-containing
solution and glutamine-enriched nutrient mixture were employed.

Results. In the portal vein blood of intact animals, endotoxin measurement was equal to 17.8+3.9 pg/ml,
that of presepsin — 405.6+80.1 pg/ml. At all stages, tail and portal blood bacterial cultures were negative
demonstrating an absence of bacterial growth and gut barrier intactness for live microorganisms. One hour
after hypovolemia correction and blood reinfusion, multifold increase in endotoxin concentration in the blood
from both portal and tail veins was accompanied by significant increase of presepsin concentration. 24 hours
after the blood loss, in the animals of the 2" and 3" series, the levels of endotoxin, presepsin, and edema of
the colon mucous membrane and submucosal space has become lower than those in the 1st series. Three days
later, the advantages of glutamine-containing nutrition in the 3 series of the experiment were determined
that revealed decreasing the endotoxin and presepsin concentrations in the portal and tail vein blood and di-
minishing the levels of interstitial edema of colon and animal weight growth.

Conclusion. Administration of malate-containing infusion preparations and glutamine-enriched nutrition
after an acute massive blood loss contributes to decreasing presepsin production in GIT organs, abrogating
endotoxin translocation into the portal vein and systemic circulation, lessening severity of edema of the mu-
cous membrane and submucosal space of the colon, and reducing the previously increased animal body mass.
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BBenenue

BosnuKkamye npu KpUTAYEeCKUX COCTOSTHUAX
HapyuieHus nep@y3uu KUIIIeUHNKA BbI3bIBAIOT €r0
uieMudeckue, pernep@ysnoHHbIE U B IIOCJIEAYIO-
1I1eM — BOCHaJIuTe JIbHbIe ITOBpeskaeHus. [IponoJ-
SKUTeJIbHOe HapylleHue OapbepHOil (yHKIIUU
KUIIIEYHUKA TpeOyeT pa3paboTKu 3(p(eKTUBHBIX
METOZ0B IIpeylpesKAeHNs TPaHCJIOKAUT MUKPO-
OpPraHU3MOB U OMOJIOTUYECKU aKTUBHBIX IPOIYK-
TOB UX ’KHU3HEJeATeJbHOCTH [1, 2]. Pe3auieHTHBIE
Makpogaru KUleqYHnKa MOTyT ObICTPO pearupo-
BaTh Ha AelCTBUE CTUMYJIOB OKpYysKalollleil cpenbl
[3]. AKTHBaIMsI MaKpO(daroB MIPUBOIUT K yBeJINUe-
HUIO BBIPAOOTKY UMU IUTOKUHOB, XEMOKHUHOB U
JpyTuX MeIuaTOpPOB BOCIIAJIeHUs, B TOM 4YHCJe U
IpeceriCUHA IPYU B3aUMOJEeUCTBUY C SKUBBIMU MUK-
poopranusMamu [4].

B aTHUX yCJIOBUAX MOJIOMKUTEJNBHOE IIOCTO-
SIHHOE BJIMSTHHE HU3KUX KOHIIEHTPaIUil 9HA0TOK-
crHa Ha (PYHKI[MOHUPOBAHNE UIMMYHHOU CHCTEMBbI
3JI0POBBIX JIIOEl CMEHsIeTCsT Pe3K0 YBeJINYNBalo-
IIUMCS IIOTOKOM TPAaHCJIOLPYEeMOr0 JIUIIOIIOJICa-
xapuna (JITIC) rpaMoTpuIiaTeIbHBIX OAKTepUid B
HacceitH BOPOTHO BEHBI C ITOCIIEAYIOTIIM TI0TTa1a-
HUEM B CUCTEMHBIN KPOBOTOK, YTO MOJKeT aKTUBHO
BJIMSITH KaK Ha TSIPKECTh Pa3BUBAIOIIEN CSI ITOJTUOP-
FaHHON MUCHYHKIWU, TaK UM Ha Ja00paTOpPHYIO
OIIEHKY BBISIBJIEHHBIX HAPYIIIEHUI C Pa3padOTKOMI
MEPONPUATUH, BJHUSIOMIUX HA MeXaHU3MbI
BBIsSIBJIEHHBIX HapymeHui [5-7]. PagBuBaroniasics
IIpY IIOBPEKAEHUN U BOCIAJIeHUU I1OBBIILIEHHAsA
NIPOHUIIAEMOCTh KHUIIIEYHOro Oapbepa MOYKeT
OTpHUIIaTeJIbHO OTPAa3WUThCA HA OUHAMHUKE SKUJ-
KOCTHOTO OaJlaHca ¥ TUTlepruiparaiii He TOJIbKO

Introduction

Gut perfusion alterations occurring during
critical conditions cause ischemia, reperfusion, and
later — inflammatory damage. Prolonged gut bar-
rier dysfunction requires development of effective
methods of preventing the translocation of mi-
croorganisms and biologically active products of
their vital activity into the circulation[1, 2]. Resident
macrophages of the gut might respond fast to the
effects of environmental stimuli [3]. Following in-
teractions with live microorganisms, activation of
macrophages leads to increased production cy-
tokines, chemokines and other mediators of in-
flammation, including presepsin [4].

Under these circumstances, the positive im-
munostimulating effect of low concentrations of
endotoxin on immune system in healthy people is
changing, due to drastically increased flow of
translocated lipopolysaccharide (LPS) of gram-neg-
ative bacteria into the portal vein and systemic cir-
culation, to overhelming concentration of endo-
toxin. That may intensively affect both the severity
of multiple organ dysfunction and the laboratory
assessment of consequences of increased endo-
toxin concentration [5-7]. Increased gut barrier
permeability during damage and inflammation
might adversely affect the fluid balance dynamics
and overhydration not only in the gut but in other
vital organs as well. Preventing acute intestinal fail-
ure and endotoxemia in experimental animals after
an acute massive bleeding seems highly promising
in increasing surviving following blood loss..

Purpose of the study: to investigate the influ-
ence of correction of hypovolemia using infusion of
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B KHIIIEYHUKE, HO U B APYTUX KU3HEHHO Ba’KHBIX
OpraHax.

B cBsA3M C 9TUM IIpeICTABJSETCS MEePCIeK-
TUBHBIM ITOMCK HOBBIX HAaITPaBJIEHUH ITPETYTIPEsK-
JIeHUsI OCTPOM KHUIIIEYHOUW HEeJOCTAaTOYHOCTHA U
9HJIOTOKCEMUH Y 9KCIIEPUMEHTATbHBIX JKIBOTHBIX
IT0CJIe OCTPOU MaCCUBHOHN KPOBOTIOTEPH.

Iless wccieloBaHUA — M3YYUTh BJIUSHUE
MH(PY3NOHHON KOPPEKITUY TUTIOBOJIEMHUH MaJiart-
Collep KaIMMH TIperapaTaMi U TOCJIenyIomiei
[JTyTaMHUHOOOTAIEHHON HYTPUTHUBHOM MO/ IEPSK-
KM Ha TmofajaepskaHue OapbepHOU (GYHKIIUA
KUIIEYHUKA ¥ TUTIEPTUAPATAINIO y S KUBOTHBIX C
OCTPOM MacCUBHOU KPOBOIIOTEPEA.

MarepuaJa u MeToabI

IkcriepuMeHTsI poBoawu B LIHWJI ®I'BOY BITO
«TpUBOJIPKCKUM HMCC/I€0BATETbCKUN MEIUITMHCKUN
yHuUBepcuTeT» Ha 100 m0JI0BO3peJIbIX KphICax caMIiax
suanu Wistar, maccoit 220-250 r. CofepskaHue sKUBOT-
HBIX, OIlepaTBHbIe BMeIIaTeIbCTBA U 9BTAHA3UIO OCY-
1IeCTBJISVIM B COOTBETCTBUU C HOPMaTUBaMU, TaHHBIM
B pykoBozacTse Guide for care and use of laboratory ani-
mals. ILAR publication, 1996, National Academy Press. u
c TpeboBanusmu [Tpukasza Munanpasa Poccum Ne 267
ot 19.06.2003 «O6 yTBep KIeHIH IIPaBUJI JaO0paTOPHON
npaktuku B Poccuiickoii ®enepanumn». Hapkos ocy-
IIEeCTBJISI/I BHYTPHUOPIOIINHHBIM BBeIeHUEM HEeMOY-
Tasa B 103e 45 Mr/Kr. C 11eJ1bI0 UHBAa3UBHOI'O KOHTPOJISA
reMOIMHAMUKY, 3ab0pa 1 penH(pY3UH KPOBHY, BBEIEHUS
uccieayeMbIX NH(Y3UOHHBIX pACTBOPOB B HayaJle 9KC-
IepuMeHTa KaTeTepu3upoBaJjIi XBOCTOBYIO apTepUIO U
BeHy. KaTeTepusanuio oCcyliecTBJIs/IN II0CJIe Bblesie-
HHsI COCyJUCTOrO ITyYKa U NOABEJeHUs JIUraTyp Bblllle
U HUKe MecTa IIpeIiosiaraeMoii kareTeprusanuu. Bee-
JneHue karerepoB 30 G B BeHy U apTepUIO IPOBOLUIN
110cJle pacceyeHusl CTEHKU COCyia C IOMOIIBIO COCYIU-
CTBIX HOSKHUII. YCTAQHOBJIEHHBIH KaTeTep ejkedacHO
NIPOMBIBAJIM € ToMo111b10 0,1 MJI pacTBopa HeppaKIUo-
HUpoBaHHOrO renapuHa (50 EJI/Mu1). BeiOpaHHast akc-
IepuMeHTaJsbHasi MOJeJlb OCTPOH (PUKCUPOBAHHOM 110
006beMy KPOBOIIOTEPH ITO3BOJISIJIA OIEHUTH KaK [TUHA-
MHKY IIOCTTeMOPPArn4ecKuX IIOBPesKIeHU BHyTPEH-
HUX OPraHoB, TaK U 9(P(PeKTUBHOCTb IPUMEHSIEMBbIX
KOMIIOHEHTOB JieueHus (8, 9].

IKCIIepUMEHT IIPOBOAU/IN B HECKOJIBKO 9TAIlOB!

1. Hcxognoe cocrossuue. [IpoBoau/iyu B3BelIUBa-
HHeE U HapKOTHU3al1Io JKUBOTHOI'0, KaTeTepU3alHIo CO-
CYZIOB IIOJl MeCTHOH aHecTe3uel 0,5% pacTBOPOM HOBO-
kawHa 10 0,5 M1 11 3a00p KPOBU Ha HCC/IelOBaHUE U3
XBOCTOBOMU BeHbI. [Tocsie HapkoTuaanuu y 10 s9KUBOTHBIX
IocJie JIaapoTOMHUM W3 BOPOTHOM BEHBI 3abmpann
KpOBBb Ha UCCJIelOBaHUeE.

2. ITpoBonuiau puKCHpOBaHHOE KPOBOITyCKAHUE
3 XBOCTOBOM apTepuu B o0bemMe 30% OLIK co ckopo-
cThio 2 MJ1/MuH. OLIK KpBICHI pacCUYUTHIBAIN KaK 6,5%
oT Maccel TeJsia. KpoBs 3abmpastu B MIIPHUII, COTepsKa-
muii 0,5 M1 pacTBopa renapuna (50 EJI/mat) ais nocoe-
nyioleii peuHQy3uu.

3. Ilepuopn rumnoBoJsieMud IpOAoOJBKaJICSA 1 gac
TI0CJIe KPOBOIIOTEPH. BRIOpaHHBIH 00 BEM KPOBOTIOTEPH,
ee CKOPOCTh U JJIUTEJIbHOCTD JI0 Hadasia Jede0HbIX Me-
PpOIpUATHUI CO3NAIOT KPUTUUECKU 3HAYUMYIO TUII0BOJIe-

malate-containing preparations and subsequent
glutamine-enriched nutritional support on the
maintenance of gut barrier and overhydration in
animals with acute massive blood loss.

Materials and Methods

The experiments were carried out at the Central Re-
search Laboratory of Federal State Budgetary Educa-
tional Institution of Higher Professional Education, The
Volga Research Medical University using 100 adult Wistar
male rats weighing 220-250 g. The animal husbandry, op-
erative interventions and euthanasia were performed ac-
cording to the norms given in the Guide for Care and Use
of Laboratory Animals. ILAR publication, 1996, National
Academy Press, and requirements of Order No. 267 of the
Russian Ministry of Health dated 19.06.2003 «On Ap-
proval of the Laboratory Practice Rules in the Russian
Federation». Animals were anesthetized by intraperi-
toneal administration of Nembutal at a dose of 45 mg/kg.
For the purpose of invasive monitoring of hemodynam-
ics, blood sampling and reinfusion, administration of in-
fusion solutions under study, tail artery and vein
catheterization were performed at the beginning of the
experiment. The catheterization was carried out after the
vascular bundle had been singled out and ligatures had
been placed above and below the point of contemplated
catheterization. 30 G catheters were placed in the vein
and artery after the vessel wall had been cut with the help
of vessels scissors. The placed catheter was washed every
hour with 0.1 ml of non-fractionated heparin solution (50
U/ml). The selected experimental model of a volume-
limited acute blood loss allowed evaluating both the dy-
namics of post-hemorrhagic damages of internal organs
and the efficacy of the therapeutic components [8, 9].

The experiments were carried out in several stages:

1. Baseline. The animal was weighted and anes-
thetized, catheterization of vessels was carried out under
topical anesthesia with 0.5% Novocain solution up to 0.5
ml, and blood was sampled from the tail vein for analysis.
After anesthetization, in 10 post-laparotomy animals,
blood was sampled for analysis.

2. Limited blood loss by harvesting the 30% blood
(V/V) from the tail artery at a rate of 2 ml/min was im-
plemented. The rat circulation volume was calculated as
6.5% of the body weight. Blood was taken into a syringe
containing 0.5 ml of heparin solution (50 U/ml) for sub-
sequent reinfusion.

3. The period of hypovolemia lasted for 1 hour
after the blood loss. The chosen blood loss volume, its
speed and duration before commencement of therapeu-
tic measures create a critically significant hypovolemia
suitable for developing irreversible ischemic damages
and reperfusion alterations later during hypovolemia re-
placement [8, 9].

4. The period of hypovolemia correction. In the 1¢
series of experiments (30 rats), hypovolemia correction
was performed using the Ringer’s solution (Biokhimik,
Russia) in a volume equal to 2X of blood loss as follows:
. of the calculated dose of Ringer’s solution was admin-
istered as a bolus within 5 minutes using an infusion
pump, thereafter, the remainder of the calculated dose of
the preparation was administered within 55 minutes. In
the 2nd and 3rd series (30 rats in each), hypovolemia re-
placement was performed using a malate-containing so-
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MHUIO JJIsI pa3BUTHs HEOOPATHUMBIX WIIIEMUYECKUX I10-
Bpe)KIEeHUH, a B I0C/IeAyI0IeM IIPYU BOCIIOJTHEHUY T'UII0-
BoJIeMUU — pernepdy3UOHHBIX IOBPeskAeHuH (8, 9].

4. Tlepuop KOpperIUM THUIOBoOJeMuu. B 1-i
CepuM 9KCIIepUMEHTOB (30 KpbIC) KOPPEKIIUIO TUII0BO-
JIleMUH NPOBOAUJIU pacTBOpoM Punrepa (Buoxumuk,
Poccus) B o0beMe 200% OT KPOBOIIOTEPH CJIEYIOIIUM
o6pasom: Y2 4acTh pacyeTHOU 03bI pacTBopa PuHrepa
BBOJIMJIA C TIOMOIIIBI0 MH(Y30MaTa 60II0CHO B TEUEHHE
5 MUHYT, 3aTeM 3a 55 MUHYT BBOJUJIM OCTaBIIYIOCA I10-
JIOBHHY pacueTHOH 103kl Ipemnapara. Bo 2-ii u 3-i ce-
pusax (1o 30 KpbIC B KaKA01) BOCIIOJIHEHUE TUIIOBOJIE-
MHH IIPOBOJWJM C IIOMOUIBIO MaJsaTCoAepsKallero
pactBopa («CrepodyHnnn nsoronndecknii», 000 «Te-
Marek», Poccusi) o cxeme, ipuMeHsieMoil B 1-ii cepuu
akcriepuMeHTa. O6'beM, CKOPOCTH MHQPY3UHN U HUCIOJTh-
30BaHUe TOJIBKO KPUCTAJVIOUIHBIX KpOBe3aMeHUuTe el
BBIOPAJIA UCXOJIST U3 pEKOMEH IAIni, (POPMUPYIOIIIXCS
10 Mepe HAKOIIJIeHUsI TPOBepEeHHON nH(popMaIuu 06
apdexTrBHOCTH U 6E30MTACHOCTH TPUMEHAEMOH TaK-
THUKH BOCIOJIHEHUSA runoBoJiemMun (10, 11].

5. Ilepuon penH(py3un KPOBU HAUUHAJICA C MO-
MeHTa OKOHYaHUs BBeJleHUsI pacTBopa Punrepa u npo-
JoJpkascs B TedeHue 1 yaca. C 11eJ1bI0 COXpaHeHUsI yMe-
PEHHOM TreMOOWJIIOIUM B IOCTTeMOpParuyecKoM
nepuone pemHQy3us cocraBaAna 70% oT oObema
KpOBH, 3a0paHHOH Ha 2-M JTale dKCcIepuMeHTa. Yepes
1 yac mocje OKOHYaHUs penH(py3nu U 3abopa KPOBU
JJIs1 1ab0opaTOpHOTO aHAIM3a XBOCTOBYIO apTepHI0 U
BeHy IlepeBA3bIBAJ/IM, PaHy XBOCTA yIIMBaJIaIU y3J10-
BbIMHM IIBaMM (KanpoH Nel). Ilocsie mamaporomuu B
KXo cepud ¥ 10 YKMBOTHBIX, OTOOPAHHBIX C TIOMO-
IIIHI0 METO/1a <KOHBEPTOB», IPOBOININ 3a00P KPOBU U3
BOPOTHOU BEHBI C IIOCIEAYIOIINM BbIBEIeHuEeM U3 9KC-
nepuMeHTa. OCTaBIINXCS YKUBOTHBIX IIOMeIIlaIU B OT-
JIeJIbHYTO KJIETKY 10/ HabJTiojeHue.

6. Tlepmon HYTpUTUBHOU mopaepskku. Yepes 8
YacoB IOCJI€ KPOBOIIOTEPH OCYIIECTBJISIN CBOOOTHBIH
JIOCTYTI ;JKUBOTHBIX K €]ie ¥ Bojie. B 1-11 u 2-1i cepusix aKc-
IepuMeHTa KMBOTHBIE CAMOCTOSTEIbHO IIUTAJINCH HYT-
PUTUBHBIM IIpernaparom « HyTprKOMII CTaHJapT JTUKBUI»
(Bbraun, I'epmanwusi), B 3-i cepuu — IyTaMUHOOOTAITEH-
HBIM HyTPUTUBHBIM IIpeniapaToM «HyTpHUKOMI UMMYHH
JIMKBUy (Bbraun, lepmanmis). Be16op skuaKoi muraTesin-
HOH cMecH ObLT 00yCIOBIEH HEOOXOIMMOCTHIO PaHHETO
OIJHOBPEMEHHOI'0 BOCCTAHOBJIEHUS] pesKUMaA IUThS U
eJlbl, OIITUMAJIBHOU OCMOJIIDHOCTBIO CMECH, a TaKKe
npeaynpeskIeHuss MeXaHU4eCKOro MOBPeKIeHUsA Ku-
IIeYHUKa CyXOH IUTaTesJbHOH cMechlo. [IpoBopuin
B3BeILINBaHUe KUBOTHBIX, a TAKKE OILIEHKY KOJIMYeCTBa
noTpebJ/IeHHOH UIIY, 9HEPrOeMKOCTb KOTOPOH BO BCEX
CepusIX SKUBOTHBIX CTaTUCTUYECKU He 0TInYasiach 1 co-
craBuJjia B cpenHeM 309 KKaJl 3a 3 CyTOK UCC/IeIOBAHUSA.

7. BbIBefeHUe U3 9KCIIEPUMEHTA OCYILeCTBIISIIIN
yepes 4 yaca, 1 1 3 CyTOK 11ocjie KpoBOIIOTEPU C IIOMO-
IbI0 BHYTPUBEHHOTO BBEIeHN A HeMOyTasa B 1o3e 150
MT/KT TTocjIe 3abopa KpOBH Ha 1ab0paTOpPHEIN aHAIHS.
dran 3abopa KpOBH Ha HCCIel0BaHUe depes 4 daca
1ocJje KPOBOIIOTEPU BBIIENUIN JJIs1 OLeHKU s dek-
TUBHOCTHU IIPUMeEHsIeMbIX IIperiapaToB B paHHEM peliep-
¢y3MOHHOM IOCTreMopparnyeckom repuoje. Ha kasx-
JIOM 9Talle UCCJIeJOBAaHUA U3 9KCIIePUMEHTA BBIBOAMUIIN
110 10 YKUBOTHBIX.

PacnipesiesieHne sKMBOTHBIX 110 CepUsIM IIpesCcTa-
BWJIH B TA0OJI. 1.

lution (Sterofundin Isotonic, Hematek LLC, Russia) ac-
cording to the regimen as described for the 1st series of
experiment. The volume, infusion speed and utilization
of crystalloid blood substitutes were chosen based on ex-
isted recommendations on the efficacy and safety of hy-
povolemia replacement management accumulated in re-
centyears [10,11].

5. The blood reinfusion period commenced from
the end of Ringer’s solution administration and contin-
ued for 1 hour. To maintain moderate hemodilution dur-
ing the post-hemorrhagic period, the reinfusion equaled
to 70% of the blood volume was undertaken at the 24
stage of the experiment. 1 hour before the end of reinfu-
sion and blood sampling for the laboratory analysis, the
tail artery and vein were dressed and the tail wound was
sealed with interrupted sutures (Capron No.1). After la-
parotomy, in each series, in 10 animals selected using the
‘envelope’ method, blood was taken from the portal vein,
and the animals were subsequently withdrawn from the
experiment. The remaining animals were put in a sepa-
rate cage for monitoring.

6. The nutritive support period. 8 hours after the
blood loss, the animals were allowed free access to food
and water. In the 15t and 27 series of the experiment, the
animals fed themselves with a nutrient mixture ‘Nutri-
comp standard liquid’ (Bbraun, Germany), in the 3% se-
ries animals were fed with glutamine-enriched nutrient
mixture ‘Nutricomp immune liquid’ (Bbraun, Germany).
The liquid nutrient mixture was chosen because of the
necessity to restore simultaneously the pattern of drink-
ing and eating, the optimal osmolality of the mixture, and
prevention of mechanical damage to the gut caused by a
dry nutrient mixture. Animal weighing was carried out as
well as assessment of the quantity of food consumed, the
energy of which did not differ statistically between all an-
imals and amounted to 309 kcal on average for the 3 days
of the study.

7. Withdrawal from the experiment was done 4
hours, 1 and 3 days after the blood loss using intravenous
Nembutal at a dose of 150 mg/kg after the blood sam-
pling for the laboratory analysis. The stage of blood sam-
pling for analysis 4 hours after blood loss was selected for
evaluating the efficacy of preparations administered dur-
ing the early reperfusion post-hemorrhagic period. 10
animals were withdrawn at each stage of the experiment.

Distribution of animals by series of experiments is
shown in table 1.

Blood harvested from tail and poertal veins was an-
alyzed for for content of LPS of gram-negative bacteria
(endotoxin) at the premises of Clinical Laboratory De-
partment of Nizhny Novgorod Regional Clinical Hospital
named after N. A. Semashko uisng diagnostic kit ‘MACH-
endotox.spp.test’ manufactured by ROKHAT Research &
Production Company, LLC, jointly with A. N. Bakulev Re-
search Center of Cardiovascular Surgery (Russia). Pre-
sepsin, a soluble marker of bacterial phagocytosis cells,
was determined by PATHFAST Presepsin kit (Mitsubishi
Chemical Medience Corporation, Japan). At all stages, tail
and portal vein blood cultures for bacteria were analyzed.

Specimens for light-optical microscopy were pre-
pared after 24-72 hrs. of fixation in 10% neutral buffered
formalin solution, desiccation in alcohols of ascending
concentrations, and paraffin embedding. 7um-thick
slices were made using microtome Leica SM 2000R and
stained with hematoxylin-eosin. Histological specimens
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Tabsuna 1. PacnipeiesieHre ;JKUBOTHBIX IO CEPUSIM.
Table 1. Distribution of animals by series.

Experiment series

Preparations

for hypovolemia replacement

for nutritive support

st Ringer’s solution

Nutricomp standard liquid

2nd

Sterofundin Isotonic

Nutricomp standard liquid

3rd

Sterofundin Isotonic

Nutricomp immune liquid

ITpumeuanwue. Experiment series — cepus onsITOB; preparations — npemnaparsr; for hypovolemia replacement — 151 BocmoJr-
HeHUs runoBoJieMuy; for nutritive support — A1 HyTpUTUBHOU oA AepskKuU. [l Taba1. 1, 2: Ringer’s solution — pactsop Pun-
repa; Sterofundin isotonic — Crepodynaun nzoronnyeckuit; Nutricomp standard/immune liquid — Hyrpukomn cranjgapr

/AMMYHH JTUKBHU/L.

B kauecTBe MEKPOOHOTO MapKepa 9HJ0TOKCUKO3a
Y KPBIC B KDOBY XBOCTOBOI X BOPOTHOU BEHBI B OT/ieJIe-
HHUH KINHUKO-TaboparopHoi quarHoctuky ['BY3 HO
«Hwmskeropopckas obJ1acTHasI KIMHUYECKas 00IbHATIA
uM. H. A. Cemamko» ucciaenosanu JII1IC rpamorpuna-
TeJIbHBIX OaKTEPHH (9HTOTOKCHUH) C ITOMOIILIO JHATrHO-
cTrdeckoro Habopa «MAY-endotox.Spp.TeCT», BBIYC-
raemoro OO0 HIT® «POXAT» coBmectHO ¢ [OY «HIICCX
uM. A.H. bakyneBa» (Poccus). [IpecenicuH, kak Mapkep
AKTUBHOCTH (haroIurosa B OTHOIIEHWN OaKTepwHi,
oTpeJesIsH ¢ ToMoIrbio Habopa «PATHFAST Presepsin»
(Mitsubishi Chemical Medience Corporation, fImonwus).
Ha Bcex aramax mpoBOIUJIN «[T0CEB» KPOBU M3 XBOCTOBOM
¥ BOPOTHBIX BeH Ha OaKTepHUaIbHBIN aHAINS.

[Ipemnaparsl JIs1 CBETOOIITUYECKON MUKPOCKOIINHI
MIPUTOTaBJAMBAJIN TIocye 24-72 4 ¢pukcanuu B 10% pac-
TBOpe HeUTpaJbHOTO (hopMaInHa, 00€3BOKMBAHNUS B
CIIUPTaxX BOCXOAAIIEH KOHIIEeHTPAalluy U 3aJIMBKU B I1a-
padun. Cpesbl TOMIUHON B 7 MKM M3TrOTaBJIUBAIA HA
mukporome Leica SM 2000R 1 okpalmBa/i reMaToOKCH -
JINH-303UHOM. [IpOCMOTp IruCTOJIOrNYeCKUX IIpenapa-
TOB, PETUCTPAIHIO N300pakeHn 1 IIoficyeT MopgoMeT-
puYecKux IokKasarejieil IpOBOIUIN HA MUKPOBU30pe
uVizo-103 (JIOMO, Poccus).

CrarucTrdeckylo 00pabOoTKy pe3y/IsTaToB Hcce-
JIOBAHUS OCYLIECTBJISJIU C IOMOIIBIO ITaKeTa IPUKJIA-
HbIX nporpaMm Microsoft Exel 2007 u StatSoft Statistica
6.0. B craTucTU4ecKoM aHa/IM3€e UCII0JIb30BAIU Hella-
pameTpuyecKye MeTOo/ibl CpaBHeHUs1 MaHHa—-YUTHU U
YHAJIKOKCOHA. 3HAYEHUs CYUTAJIA JOCTOBEPHBIMHA IIPHA
3alaHHOM KpuTepuu BepoaTHocTU p<0,05.

Pe3ynbTaThl ¥ 00CYK/IEHHE

B3asAThIe HAa OaKTEpUATBHBIN «IIOCEB» MTPOOKI
KPOBH M3 XBOCTOBOU 1 BOPOTHOM BEHBI IOKA3aI1
OTpHULIaTeIbHBIN Pe3yJIbTaT Y BCeX SKUBOTHBIX, UTO
CBUJIETEILCTBOBAJIO 00 OTCYTCTBUSI MUKPOOHOM
TPAHCJIOKAIlUY B BOPOTHYIO BEHY U CUCTEMHBIHI
KPOBOTOK [JII MUKPO(JIOPhl KUIIEUYHUKA IIPU
kposonorepe 1o 30% OLK. Ilo surepaTypHBIM
MaHHBIM V1T HApylmieHus1 6apbepHOi (QyHKINU
KHIIIEYHUKA B OTHOIICHUU >KMBBIX MUKPOOpTa-
HU3MOB TpebyeTcs 6osiee AIUTETHHOE UJTH MHTEH -
CHUBHOE BO3[IeliCTBU e MOBPEKIAIOIINUX (DAKTOPOB,
4YeM BhIOpaHHBIE HAMU B 9KCIlepuMenTe [12-14].

1o kpoBonotepu 3HaveHwus JII1C u npecern-
CHHA B KPOBU M3 XBOCTOBOI BEHbI COOTBETCTBOBA-
JIV YPOBHIO JOJIKHBIX BEJIMYUH Y JIIoiel], HO Ipu
9TOM 3HA4YCHU:A 9HIOTOKCHHA B KDOBU U3 BOPOT-

were viewed, images were recorded, and morphometric
parameters were counted with the aid of microvisor
uVizo-103 (LOMO, Russia).

Statistical treatment of the data was performed
using software packages Microsoft Exel 2007 and StatSoft
Statistica 6.0 to calculate medians and significance by
Mann-Whitney-Wilcoxon nonparametric tests. Differ-
ences between groups were considered significant at
P<0.05.

Results and Discussion

Blood samples taken from the tail and portal
veins for bacterial culture showed absence of
growth in all specimens, which evidenced absence
of microbial translocation into the portal vein and
systemic circulation for intestinal microflora in
case of blood loss up to 30% of the circulation vol-
ume. According to literature, gut barrier dysfunc-
tion in respect of live microorganisms requires a
longer or more intensive impact of damaging fac-
tors than chosen in our experiment [12-14].

Before the blood loss, the values of LPS and
presepsin concentration in the tail vein blood was
within the norm values; however, the endotoxin
values of the portal vein blood were 2.6 higher than
those of the tail vein blood (table 2). This supports
the essential detoxifying function of the liver,
specifically, by Kupffer cells, in respect to LPS me-
tabolism [15, 16]. There was no statistical difference
in blood presepsin concentration between tail and
portal veins, which indirectly proved an absence of
baseline activation of tissue macrophages located
in the abdominal cavity by intestinal microflora.

However, 1 hour after blood reinfusion in the
1st series animals, LPS in blood from the tail vein
and portal vein exceeded the baseline figures 20.6
and 32.8 times, respectively. The correlation be-
tween the significantly different content of LPS in
the portal and tail veins grew from baseline 2.6 to
4.6 times.

Mean presepsin in blood of the portal and tail
veins increased vs. baseline by 266% and 135%, cor-
respondingly. The significant difference in the pre-
sepsin content between the portal and systemic cir-
culation was equal to 84.6%.

In the 2 and 3™ series of experiments, during
the early post-hemorrhagic period, similar dynam-
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Tabauna 2. Junamuka JIIIC u npecencuna (M+0).
Table 2. LPS and presepsin dynamics (MzJd).

Indexes Blood Index values at study stages

sampling point Baseline 1 hr. after 24 hrs. after 3 days after

blood reinfusion blood loss blood loss

1t series (Ringer’s solution + Nutricomp standard liquid)

LPS, pg/ml Portal vein 17.84£3.9 583.5+£107.4% 206.4+23.1% 254.3+31.0%
Tail vein 6.8+1.8%* 140.0+44.7## 72.3+24.0%# 94.1+29.7##

Presepsin, pg/ml Portal vein 405.6+80.1 1484.7+196.1% 651.4+66.27 697.6+63.2%
Tail vein 342.1+31.2 804.4+74.3## 483.6+59.5%## 579.2+50.6%#

2nd series (Sterofundin Isotonic + Nutricomp standard liquid)

LPS, pg/ml Portal vein 18.5+4.1 489.3+113.2* 124.2+21.5% 128.0+24.5%*
Tail vein 6.7+1.5" 112.1+33.0%# 38.0+12.1###* 41.6£10.3##*

Presepsin, pg/ml Portal vein 402.9+£74.0 1195.3+202.9# 467.4+60.8%* 513.3+52.1#*
Tail vein 355.8+25.4 771.6+80.5" 415.3+53.5%* 431.8+40.6"#*

3 series (Sterofundin Isotonic + Nutricomp immune liquid)

LPS, pg/ml Portal vein 16.9+3.7 492.4+93.7% 109.8+22.6** 79.7+20.2%% %%
Tail vein 6.2+1.7% 105.6+37.0%# 35.5+10.3%##* 2769555 %

Presepsin, pg/ml Portal vein 397.5+65.4 1253.5+152.7* 484.1+82.0%* 408.3+42.7#%**
Tail vein 339.3+£39.7 759.2+68.4%# 383.8+40.5%#* 363.14£32.9%## % %%

Note. * — significance of differences vs. baseline; #* — significance of differences vs. venous blood from the portal veil at the same
stages of the study; * — significance of differences vs. the 1 series; ** — significance of differences vs. the 27 series.

ITpumeuanwue. [I71s TabJr. 2, puc.: Indexes — nmokasaresn; values at experimental stages — 3HaueHHUA Ha aTanax UCCIe[0Ba-
HuUs; Baseline — ucxonable 3HaueHus; after — depes; blood reinfusion — peundysuu kposy; blood loss — kposonorepy;
hrs./days — 4acoB/cyTok; blood sampling point — mecrto 3a6opa kposu; LPS — JITIC; Presepsin — IIpecerncus; vein — BeHa;
portal, tail - BopoTHas/xBocToBasA. ¥ — crarucTUYecKass 3HAYUMOCTh PA3IMYNNA OTHOCHUTEJBHO UCXOIHBIX 3HAUYeHUN; # —
CTaTUCTUYECKasA 3HAUUMOCTD PA3JIMYNI OTHOCUTEIbHO 3HAUeHUY BEHO3HOU KPOBU 13 BOPOTHOH BeHBI HA ONMHAKOBBIX 3Ta-
Iax UCCJIe0BAHMSA; ¥ — CTATUCTUYECKasi 3HAUMMOCTh PA3/IMYMi OTHOCUTE/ILHOM 3HAUEHUN 1-11 cepu; ** — cTaTUCTUYecKast

3HAYMMOCTD Pa3JIMYNI OTHOCUTEIbHOU 3HAYEHNUH 2-1 CEpUM.

HOU BeHBI ObLIM B 2,6 pa3a BBIIIE TAKOBBIX B
KpOBU U3 XBOCTOBOU BeHHI (TabJ1. 2). Tem camMbIiM
MOATBEP KIAETCSI BasKHeUIasi MeTOKCUIUPYIO-
I1as1 poJib TIeYeHN U B YaCTHOCTHU KJiIeTok Kymidepa
B otHouteHuwm JIIIC [15, 16]. 3HaueHud npecerncu-
Ha B KPOBU XBOCTOBOW M BOPOTHOU BEHBI He
UMeJIN CTaTUCTUYECKUX Pa3JIMIUH, YTO CIYKUIO
KOCBEHHBIM [ OKa3areJbCTBOM OTCYTCTBUA B
MCXOOHOM COCTOSHHM aKTUBAIlMM KUIIEYHOM
MUKPO}JIOpO TKAHEBBIX MAKPO(AroB, PacIIOJIo-
SKEHHBIX B OPIOIITHOM MTOJIOCTH.

Opuako uepes3 1 yac mocse penHPy3UU
KPOBH Y SKUBOTHBIX 1-i1 cepun conepskanue JITIC
B KPOBU U3 XBOCTOBOU BEHBI I BOPOTHOU BEHBI
IIPEBBIIIAI0 UCXOAHbIE 3HAYEHUS COOTBETCTBEH-
HO B 20,6 u 32,8 pasda. CoOTHOIIIEHHEe MeXKIy CTa-
TUCTUYECKU pa3JU4YHBIM conepskaHuem JIIIC B
BOPOTHOM M XBOCTOBOM BeHax HapocJo ¢ 2,6 B
HUCXOIHOM COCTOSAHUU 10 4, 6 pas.

CpenHue 3HaueHHs IpecelcruHa B KPOBU
BOPOTHOM W XBOCTOBOU BEHBI OTHOCUTEJHHO
HCXOIHBIX 3HAUYeHUN YBETMYMINCH COOTBETCTBEH-
HO Ha 266 1 135%. CTarucTU4ecKy 3HaYUMas1 pas-
HUIA COAEPsKaHUA IIpecerCruHa B IIOPTaJAbHOM U
CHCTEMHOU KPOBOTOKe cocTaBua 84,6%.

Bo 2-i1 u 3-fi cepusx OMBITOB B pPaHHEM
IIOCTreMOpparundyecKoM Iepruoje oOTMevasu aHa-
Jgorununymwo guaamury JII1C u npecencuna. Caeny-
€T OTMETUTBH, YTO Y5KE Ha 9TOM 3Talre BeJTUYNHBI
M3y4YyaeMbIX IoKasaTesiell ObIIM HE3HAYUTEIHHO
HIKe, YeM B 1-1 cepuu, YTO MOYKET OBITh CBSI3aHO

C HavaJiOM pea/jm3alu IPOTEKTUBHOTO ,I(efICTBPIH

ics of LPS and presepsin were observed. It should
be noted that already at this stage, the figures of in-
dices under study were insignificantly lower than
in the 1st series, which might be related to onset of
protective effect of the malate-containing solution
used, which we had described earlier [17].

The main mechanism of LPS increase is appar-
ently the endotoxin translocation into vasculature
from the intestinal lumen and failure of the detoxi-
fying function of the liver in preventing its penetra-
tion into systemic circulation. The second mecha-
nism is mediated, in our opinion, by the increased
fraction of the porta-caval shunt in the case of alter-
ations of intrahepatic microcirculation due to hypo-
volemia and reperfusion. The third mechanism is
the transfer of substances under study into the sys-
temic circulation and Kupfer cells of the liver via
lymph, directly or with the aid of exosomes [18, 19].

All this might lead in future to early manifes-
tation of endotoxin aggression, infectious compli-
cations, additional damages of the liver, kidneys,
and gram-negative sepsis [20, 21].

The increasing concentration of presepsin in
the portal vein in the absence of bacterial growth in
blood cultures, might evidence penetration of mi-
croorganisms into the interstitial space of the gut
and their complete absorption by macrophages, i.e.
competence of the local cell immunity. Hence, al-
ready at the level of gut microcirculation, antimi-
crobial preservation remained competent at that
and subsequent stages of the early post-hemor-
rhagic period. However, it should be taken into ac-
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HCII0JIb3yEeMOI0 MaJjaTcoiepsKallero pacrsopa,
ONMCAaHHOI'0 HaMu paHee [17].
OCHOBHBIM ME€XaHM3MOM HapacTaHUsA 3Ha4e-
Huil JITIC, no-BuguMoMy, sIBJISIETCS [Tepexo 9HI0-
TOKCHHA B COCYAMCTOU PYCJI0 U3 IPOCBETA KUIIIEY-
HHUKAa U HECOCTOSITEeJbHOCTh eTOKCULIUPYIOIIeN
(pyHKIMU TIeYeHU B MpenylpeskIeHUn ero Ipo-
HUKHOBEHUSI B CUCTEMHBI KpPOBOTOK. BTOpoi
MeXaHM3M, Ha Halll B3IAL, peajlns3yeTrcs depes
yBeJIM4eHue J0JIU IIOPTOKaBaJIbHOIO ITyHTUPOBa-
HUsI B YCJIOBUSAX TUIIOBOJIEMUU U peniepdy3noH-
HbBIX HApyIIeHU BHYTPUIIEYEHOYHOU MUKPOLIMP-
KyJAnuu. TpeTbuUM MeXaHU3MOM SABJISIETCA
IIepeHoC U3y4yaeMblIX BellecTB ¢ JUM@Oii, B TOM
4KCJie U C 9K30COMAaMHM, B CUCTEMHBIN KPOBOTOK,
Takke MUHYs KieTku Kyndepa neyenu (18, 19].
Bce aro B nnocsenyomem MosKeT IPUBOJUTh
K paHHel MaHu@ecTaruu 3SHAOTOKCUHOBOU
arpeccuy, WHMEKIMOHHBIM  OCJIOKHEHUSM,
JIOTIOJTHUTEJIbHBIM ~ TIOBPEKIEHUAM IIeYeHHU,
II0YEeK U rpaMoTpULiaTeIbHOMY cercucy [20, 21].
Poct mpecerichHa B BOpPOTHOU BeHE IIpU
OTCYTCTBHY MOJIOKUTEJBHBIX PE3yJIbTaTOB I10Ce-
BOB KPOBU MOJKET CBUAETEJILCTBOBATH O MPOHUK-
HOBEHUU MUKPOOPTAHU3MOB B MHTEPCTUIAATb-
HO€e TMPOCTPAHCTBO KHUIIIEYHWKA U WX ITOJHOTO
MOWIOIeHNsI Makpodaramu, T. €. 0 COCTOSITEJIbHO-
CTH MECTHOTI'0 KJICTOYHOr0 uMMyHuTeTa. CiienoBa-
TeJIbHO, aHTHMOAKTepuas bHas 3alydTa y>Ke Ha
YPOBHE MUKPOUUPKYISINN KUIIEYHON TPYOKU
0CTaBaJIach JIeeClIOCOOHO Ha 3TOM U TOCJIEAYIO-
IIMX JTallaX pPaHHEro MNOCTreMOPParunvecKoro
nepuona. Ho ciaenyer yuuTbIBaTh, 4YTO IOBPEKIL-
HUsI KUIIeYHUKa NIpU penepdysuu NpUBOIAT K
POCTY ero NpOHUIAeMOCTH, aKTUBHOCTH TPAHC-
[IeJUTIOJIIPHON MUTpAIuy 6aKTepUi ¢ 3aXBaTOM
WX Cy0amuTeTMaTbHBIMA MakpodaramM 1 JIJIH-
TeJIbHO MPOTEKAIOITHX BOCIIAJINTE/ILHBIX PeaKIINi
B KUINIEUYHUKe [22, 23]. 3HaUeHUsI IIpeceliChHa B
KPOBU U3 XBOCTOBOH BEHBI OBLTU CTATUCTUYECKU
3HAYMMO HUKE, YeM B KPOBU M3 BOPOTHOU BEHBI.
BsanMocBsi3p HapylmieHW MeTaboar3Ma B
CTEeHKe KUIIIeYHUKA, TPAHCJOKAIIUU, 9HTOTOKCH-
K03a U pPa3BUTHS OPTaHHBIX MOBPEKIEHUN TIPU
kpoBoroTepe 6osiee 30% OIIK B HacTosiIIiee BpeMst
MMOTBEPSKIAIOT ONpefeseHre KUIIeYHUKA, KaK
«aBurareJsiss uau moropa IT1OH» [24, 25], yTto mog-
YEepKUBAET BAKHOCTh CBOEBPEMEHHOTO IIPHUMeHe-
HUSI MeTab0JTMYEeCKH OPUEHTHPOBAHHON TEPATTHH.
Uepes CyTKHU MOCJIe OCTPOH KpPOBOIIOTEPHU
OTMEeYaJIoCh CHU)KeHWEe MapKepOB MUKPOOHOTO
9HJIOTOKCUKO3a B KPOBU M3 MOPTATBLHOMN U XBOCTO-
BOM BEeH, HO IPU 9TOM OHH OCTaBAJ/IVCh ITOBBIIIIEH-
HBIMH OTHOCHTEJILHO MCXOOHBIX 3HaUeHul. B 1-1
cepum onbITOB BeanunHsbl JIIIC 1 nmpecerncuHa B
XBOCTOBOM BeHe MPEBBIIIAINA UCXOIHbIE 3HAYEHUST
B 10,6 pasa u Ha 41,2% cooTBeTcTBeHO. Conepska-
HMe€ 9HJOTOKCHUHA U TIpecericiHa B BOPDOTHOM BeHe
npessbIIano Ha 186% u 34,8% COOTBETCTBEHHO €10

count that intestinal damage during reperfusion in-
creases intestinal permeability, and transcellularly
migrating bacteria might be captured by sub-ep-
ithelial macrophages that leads to prolonged in-
flammatory responses in the bowels [22, 23]. In-
deed, the presepsin values in the tail vein blood
were significantly lower than those in the portal
vein blood.

The relation between disturbed metabolism in
the intestinal wall, translocation, endotoxicosis and
development of organ damages in case of blood
loss exceeding 30% of the circulation volume is cur-
rently confirm the intestine definition as ‘the en-
gine or motor of multiple organ failure’ [24, 25],
which underlines the importance of timely use of a
metabolically oriented therapy.

24 hours after an acute blood loss, decrease of
microbial endotoxicosis markers in blood from the
portal and tail veins was noted; however, they re-
mained increased vs. baseline figures. In the 1 se-
ries of experiments, tail vein LPS and presepsin were
higher than the baseline figures 10.6-fold and by
41.2%, respectively. Portal vein endotoxin and pre-
sepsin were higher than in the blood taken from the
tail vein by 186% and 34.8%, respectively. In the 24
series, the tail vein endotoxin and presepsin were
higher than the baseline 5.7-fold and by 16.9%, and
in the portal vein — 6.7-fold and by 16.1%, respec-
tively. In the 3 series, the figures of indices under
study had no statistically significant difference from
the figures of the 2n series of experiments.

The peak of values of indices under study,
which was observed at the previous stage of inves-
tigation during early reperfusion, might be repre-
sentative of the fact of massive «washing» into the
hepatic and systemic blood flow of LPS and pre-
sepsin accumulated during ischemia in the intes-
tinal microcirculation system. It is known that
blood loss is associated with reduced perfusion of
the gastrointestinal tract accompanied with vaso-
constriction of mesenterial arterioles and de-
creased microvascular blood flow during several
hours after hypovolemia replacement and blood re-
infusion [26, 27]. Intensified adhesion and extrava-
sation of neutrophil leukocytes and macrophages
is an additional long-acting factor of damage dur-
ing the post-hemorrhagic period [28]. That could
also affect the peak and persistent later high pre-
sepsin values in the blood of portal and tail veins
because presepsin production is related to the in-
tensity of phagocytosis in macrophages of the bow-
els, blood circulation and lymphatic systems of the
abdominal cavity [29-31].

Endotoxemia, in turn, might render an inde-
pendent influence on the intestinal microcircula-
tion, portal hypertension, reducing the portal blood
flow to form vicious circle: intestine damage — en-
dotoxemia — intestine damage. The administration

of a balanced malate-containing solution to replace
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3Ha4YeHHUs B KPOBH, B3SITON M3 XBOCTOBOM BEHHBI.
Bo 2-ii cepunm — B XBOCTOBOU BeHe 3HAYEHUS
9HJIOTOKCHHA U TpecercruHa ObIJIU BIIIE UCXOT-
HBIX B 5,7 pa3a u Ha 16,9%, a B BOPOTHOU BeHe —
COOTBETCTBEHHO B 6,7 pasa u Ha 16,1%. B 3-i
cepum — 3HA4YEeHUs1 UCCIeAyeMbIX ITI0Ka3areJsiel He
MMeJIN CTaTUCTUYECKU 3HAYMMBIX OTIMYHHA OT
TaKOBBIX BO 2-U CEpPUHU 9KCIIEPUMEHTOB.

HabuiromaemMblii Ha TpPeABIAYIIEM IJTame
HCcJIelOBaHUsI BO BpeMsl paHHell penepdysuu
MK 3HAYEeHUU U3ydyaeMbIX II0Ka3aTesaei MosKeT
CJYKUTh NONTBepsKAeHueM (aKTa OCHOBHOTO
BBIMBIBAHUSA B IE€Y€HOYHbBIN U CUCTEMHBIN KPOBO-
ToK JIIIC 1 mpecencrHa, HAKONIMBIINXCA 32 BpeMs
HWIIEMHUHU B CUCTEMe MUKPOUUPKY/IALUY KUIIeY-
HUKa. FI3BeCTHO, YTO IPU KPOBOMIOTEPE CHUKAET-
cs1 nepdysus sKeJyJOYHO-KUIIIeYHOr0 TPaKTa C
BA30KOHCTPUKIIMEN Me3eHTepUATbHBIX APTEPUOJI
Y CHUKEHHEM KPOBOTOKA B MUKPOLMPKYJIATOP-
HOM pyCJie B Te4eHHEe HECKOJIbKO 4acOB II0CJje
BOCIIOJIHEHNsI TUTIOBOJIEMUU U pernH(y3UH KPOBU
(26, 27]. lOTIOJTHUTEIBHBIM IJIUTEJIBHO JeHCTBYIO-
UM (PaKTOPOM TIOBPEYKIEHUS B TOCTTeMOpparu-
YeCcKUU MepuoJ, sIBJISAETCs yCUJIeHue aare3uu u
9KCTpaBasaluu HEUTPODUIbHBIX JIEWKOIIUTOB U
Makpo@aros [28]. ITO Tak)ke MOTJIO TOBJUATH Ha
IIMKOBbIE U COXPAHAIOIIMECA B IIOCJIeRyolIeM
BBICOKHE 3HAYEeHUs NpeCcerncruHa B KPOBU TOP-
TaJbHON U XBOCTOBOH BEHBI, TAK KaK IPOAYKIIUSI
IIpecericiHa NpsAMO MPONOPIIMOHA/JIbHA WHTEH-
CUBHOCTH (paronmuro3a B Makpodarax KUIeyHmn-
Ka, KPOBEHOCHOU " JMM@aTUIECKON CUCTEM
OprorrHO TToJstocTH [29-31].

B cBOI0 04epenb 9HAOTOKCEMUS MOKET CaAMO-
CTOATEJIBHO BJIUATH HAa KAIIEYHYIO MUKPOLIUPKY-
JIAIINAIO, IOPTAJIbHYIO THIIEPTEeH3UI0, CHUAYKAS ITOP-
TaJbHBIE  KPOBOTOK C  (opMHUpOBAHUEM
IIOPOYHOI'0 KpyTra «II0BpesKAeHNe KUIIeYHUKa —
39HJIOTOKCEMUS — MOBpEKIeHNEe KUIIIeYHUKA».
[TpuMeHeHue cOaTaHCUPOBAHHOTO MaJIaTCOIEDP-
sKalllero pacTBOpa IJs1 BOCIIOJTHEHUS TUIOBOJIe-
MHHM CIIOCOOCTBOBAIO CHUKEHUIO IUPKYIAIAN
JITIC, oT KOTOPO¥ 3aBUCUT HEKPO3 U AIIOITO3 KJIe-
TOK OPraHOB MMMYHHOU CUCTeMBbI OpTaHU3Ma, a
TaK>Ke BBIXKMBAEMOCTD IPU Pa3JINYHBIX KPUTHUYe-
CKHX COCTOSIHUSAX [32-36].

Uepes 3 CyTOK B XBOCTOBOI BeHe 5KMBOTHBIX
1-#1 cepum perucTpupoBaJi BO3pacTaHUEe 9HJI0-
TOKCEMUH U [IPeCerICHa OTHOCUTEJIBHO IIPeIbITy-
IIero arama MHCCAeSOBaHusA, YTO MOKeT ObIThb
00yCJIOBJIEHO CAMOCTOSITETLHBIM BO3/IEHICTBHEM
JITIC Ha IPOHUIIAeMOCTh KUIIIEYHOTO Oapbepa, C
pas3BUTHEM MECTHOTO BOCITAJIEHUSI U THTEPCTHUI-
aJIbHOrO OoTeKa [37]. B mopTasmbHON KPOBU CO/lEP-
skanue JII1C u npecerncuHa ocTaBajJoOCh Ha ypOBHE
NpenpIoyliero arama uccaenoBaHusa. Ha aTtom
aTare UCCcjeoBaHUs OTMeYaJnd CTaTUCTUYECKU
3HAUMMble IIPEMMYIEeCTBA MaJaTcolepsKallen
nH(QY3Uu BO 2-1 CEpHUU ONBITOB U JONOJIHUTEb-

hypovolemia contributes to lessening the LPS cir-
culation thus decreasing the necrosis and apoptosis
of cells of different organs including the immune
system cells and enchancing surviving in critical ill-
nesses [32-36].

After 3 days, in the tail vein of animals of the
1st series, increased endotoxemia and presepsin vs.
the previous stage of the study were recorded,
which might be caused by an independent effect of
LPS on the gut barrier permeability accompanied
by development of local inflammation and intersti-
tial edema [37]. In the portal blood, the content of
LPS and presepsin remained at the level of the pre-
vious stage of the study. At this stage of the study,
statistically significant advantages of the malate-
containing infusion during the 274 series of experi-
ments and additional positive effects of the gluta-
mine-enriched feeding with Nutricomp immune
mixture during the 3" series of experiments were
observed. In the 3" series, the portal and tail vein
LPS content was lower than the LPS values of the
1st series by 68.5% and 71.2%, respectively, and pre-
sepsin values were decterased by 41.4% and 37.3%.

It is known that metabolism of anti-inflamma-
tory activated M2 macrophages is maintained
thanks to oxidative phosphorylation, therefore,
supplementary administration of malate and glut-
amine could affect their responses by restoring the
altered polarization parameters including signaling
cascades and epigenetic reprogramming of M2
macrophages. Energy deficit replenishment via
compensation by hypercatabolic processes in in-
testinal tissues is, in turn, accompanied by normal-
ization of the amino acid balance of the portal and
venous blood, which allows suppressing the in-
flammatory response in the bowels, support the
barrier function of interstitial macrophages in re-
spect to microorganisms penetrating into the intes-
tinal microcirculatory system, and reduce the in-
flammatory response to lipopolysaccharide or live
microorganisms in the interstitial space of the
colon [38, 39].

Morphometric investigations of the colon mu-
cous membrane and submucosal space 1 and 3
days after the acute blood loss demonstrated sta-
tistically significant differences between the series
of experiments (table 3), which testified on the in-
fluence of the preparations under study on severity
of their edema.

On the 1%t day after blood loss, in animals of
the 2n and 3" series, these indices were signifi-
cantly lower than the values of the 1st series of an-
imals by 40% on average.

After 3 days, statistically significant advan-
tages of glutamine-containing feeding were deter-
mined: the mucous membrane and submucosal
space thickness in animals of the 3 series was less
than that of animals of the 2" series by 17.1% and
26.2%, respectively.
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Tabauiia 3. MopcgomeTpruuecKkue MoKa3aTeJ M TOJICTON
Table 3. Morphometric indices of the colon (M+J).

KUIIKHA (M#0).

Indexes

Index values after blood loss

15t Day 3 Day
1t Series 2nd Series 3r! Series 1t Series 2nd Series 3rdSeries
Mucous membrane thickness, um 44.3+3.7 26.5+3.0* 25.4+4.3 50.6+4.3 31.4+3.5* 26.0+3.1*
Submucosal space thickness, um 18.5+2.0 10.1+1.3* 10.8+2.1 20.1+3.5 12.6+1.6* 9.3+1.7%

Note. * — significance of difference vs. the 1stseries at the same stages of the study; * — significance of difference vs. the 2nd

series at the same stages of the study.
IIpumeuanue. Indexes — nmokasaresu; values after blood loss —

3Ha4YeHHs 1ocje KpoBonoTepy; day — cyTky; thickness — tos-

IIyUHa;, mucous membrane — CIU3UCTON 060JIO‘IKI/I; submucosal Space — IIoACN3UCTOro IPOCTPAHCTBA. * — cTaTuCTUYeCcKas
3HAYMMOCTb pasnnqm‘/i OTHOCHUTEJIbHO 1-# CepuU Ha OAUMHAKOBBIX 3TallaX MCCJIeJOBAaHUHA; # — cTaTUCTHUYeCKasi 3HAYMMOCThb
pa3JII/I‘{I/Iﬁ OTHOCHUTEJIBHO 2-1 CE€pHH Ha OAUMHAKOBBIX 9Tanax uCCJIeJOBaHUSA.

HbIE IOJIOKUTEbHBIE (P PEeKThI TyTaMuHOOOTa-
IIIEHHOT0 MTUTAHUSA CMeChIo « HyTpHKOMI IMMYHH»
B 3-1i cepuu. B 3-i1 cepuu — 3nauvenus JIIIC B
BOPOTHOM ¥ XBOCTOBOI BEHe OBITH HIYKE TAKOBBIX
B 1-i1 cepun Ha 68,5 u 71,2% COOTBETCTBEHHO, a
npecericuia —Ha 41,4 1 37,3%

W3BecTHO, YTO META00/IM3M ITPOTUBOBOCIIA-
JINTEJIbHBIX aKTUBHUPOBAHHBIX M2 Makpodaros
MOAIEPSKUBAETCS 32 CUEeT OKUCJIUTEJIBHOrO (poc-
¢ opunmpoBanus, I03TOMY JOIOJHUTEIbHOE BBe-
JleHre MaJiaTa ¥ IJTyTaMUHAa MOIJIO IIOBJIUATh HAa UX
peakuy, BOCCTaHABJIMBAas HapyIlleHHble HACTPOi-
KU TIPOIECCOB MOJIAPU3alliy, BKJII0YAsA CUTHAJIb-
HbIe KacCKaJbl U 3NIUTeHeTUYecKoe Iepernporpam-
MupoBanue M2 makpodaroB. B cBoio odepens,
BOCIIOJTHEHUE 9HEProiepUIInTa ¢ KoMIeHcaren
MPOIIECCOB THIEPKaTab0I3Ma B TKAHAX KUAIITKHA
COIIPOBOSKIAETCSI HOpMa/IU3anueil aMUHOKUCIIOT-

In animals of the 1¢ series, the severity of
edema within the submucosal space and mucous
membrane increased which might be probably re-
lated not only to ischemic damage during blood loss
but also to the persistent disturbance of colon me-
tabolism during reperfusion and growing influence
of inflammatory damage of the bowels [40, 41].

Colon edema was accompanied by the in-
creased weight of experimental animals, which in-
directly reflected overhydration and post-hypoxic
interstitial edema of tissues during the post-hem-
orrhagic period [42].

The amount of calories consumed with the
nutrient mixture remained the same, by day 3 the
mean weight of animals increased in all series: to a
greater degree, in the 1st series, and significantly
less in animals that received the supplementary
balanced malate-containing solution for hypov-

265
=&— 1stseries =i~ 2"series == 3dseries .
260 /
255
w . / .
- 250
=
o *#
]
240 -
235
230 | | T )
Baseline 1 hr. after blood 1 day after blood 3 days after
reinfusion loss blood loss
Index Series Index values at study stages
Baseline 1 hr. after blood reinfusion 1 day after blood loss 3 days after blood loss
1st 237.2+14.1 244.3+18.7 249.5+20.7* 259.3+16.3*
Weight, g 2nd 235.1+12.2 242.4+16.1 245.9+17.0 249.8+14.5*
3rd 234.3%£10.7 240.3%£13.5 243.4+15.3 244.0+12.1%

JIlnHaMHKa Beca }JKHBOTHBIX Ha 3Tallax HCcCaexoBanusA, I (M+0).

Animal weight dynamics at study stages, g (M+0).

Note. * — significance of difference vs. baseline; ¥ — significance of difference vs. 1% series at the same study stages.
IIpumevaHue. * — CTATUCTUYECKAS] 3HAYNMOCTD Pa3IN4Mii OTHOCUTEIbHO UCXOIHBIX 3HAYEHUH; ¥ — CTaTHCTUYECKasi 3HAYU-
MOCTb Pa3JIN4YMil OTHOCUTEJILHO 3HAUEeHU! 1-11 CEpUH Ha OAMHAKOBBIX TAlIaxX UCCIIeJOBAHMUS.
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HOTO OaJlaHca MOPTaJTbHON U BEHO3HOH KPOBH, YTO
MO3BOJISIET CHU3UTh aKTUBHOCTH BOCITAJIUTEIHHO-
T'O OTBETa B KUIIIEYHUKE, ITOIJIEPKATh DapbepHYI0
(PYHKIMIO UHTECTUHAIBHBIX MAKPO(daros B OTHO-
IIEHUW MUKPOOPTraHM3MOB, NPOHUKAIOIINX B
CUCTEMY MUKPOLMPKY/IANUNA KUIIEYHUKA U CHU-
3UTh 9KCHPECCUIO BOCIAJIUTEJHHOTO OTBETA Ha
KOHTAKT C JIUIIONOJIMCAXapUIOM HWUJHA KUBBIMU
MHUKPOOPraHU3MaMU B UHTEPCTULMAIBLHOM IIPO-
CTPaHCTBE TOJICTOU KUIITKY [38, 39].
MopdomeTpuyeckre UCCaeIOBaHUsA CIIN3U-
CTOIT 00OJIOUKH W TMOJCIU3UCTOrO IMMPOCTPAHCTBA
TOJICTOU KUIIIKU Yepe3 1 U 3 CYTOK II0cjie OCTPOi
KPOBOIIOTEPU ITIOKA3AJIN CTATUCTUYECKHU 3HAUNMbIe
pasamYus MEXIY CEepUAMU KUBOTHBIX (TAbJI. 3),
4YTO CBUJETEJIHCTBOBAJIO O BJIMSAHUYU UCCIEAyeMbIX
MpernaparoB Ha BBIPAKEHHOCTD MX OTeKa.

3HaueHusI 9TUX IOKa3aTeJsiel Yy JKUBOTHBIX 2-1
u 3-i cepuil B l-e CyTKU IIOCJIE KPOBOIIOTEPU
OBLTM CTaTUCTUYECKH 3HAYNMO MEHBIIIE B CPe/I-
HeM Ha 40% OTHOCUTEJIbHO 3HAaYEHUH Y JKUBOTHBIX
1-1 cepum.

UYepes 3 CyTOK OIlpenesisan CTaTUCTUYEeCKA
3HaYMMbIe IIPEUMYIIeCTBa [NIyTaMUHCOAepsKale-
ro IMUTAHUSA: TOJIIMHA CJIU3UCTOH O0O0JIOUKH U
MO CJIM3UCTOTO IPOCTPAHCTBA Y SKUBOTHBIX 3-U
cepyu OBLIM MEHBIIIE, YeM Y SKUBOTHBIX 2-11 CEPUH,
COOTBETCTBeHHO Ha 17,1 u 26,2%.

Y SKUBOTHBIX 1-i cepum CTereHb BhIpaskeH-
HOCTHA OTeKa IMOJCJIU3UCTOr0 NPOCTPAHCTBA U
CJIM3UCTON 000JI0YKU HapacTaJsa, YTO BepOSITHO
CBSI3aHO He TOJIbKO C UIIIEMUYECKUMU ITOBPEKIE-
HUSIMU BO BpeMs KPOBOIIOTEPH, HO U C IPOJOJI-
SKAIOIIIUMICS HApYIIEHUsIMA METa00JIM3Ma B TOJI-
CTOH KHIIIKe B Hepuoj penepdysuu, a TakKe
YBEJIMUMUBAIOMIENCS POJIBI0  BOCIHAJUTEJIBHBIX
MOBpesKIeHNH kuievynnka (40, 41].

OTek TOJICTOU KUIIKU COIIPOBOYKIATICS YBe-
JUYEeHHUEeM Beca dKCIIEPUMEHTATbHBIX YKUBOTHBIX,
4TO ABUJIOCh KOCBEHHBIM OTPasKeHWeM TUIepTi/I-
paTtanyn U MOCTTUTTOKCUYEeCKOTO MHTEPCTUITNAb-
HOTO OTeKa TKaHel B IMOCTTeMOpparudeckom
nepuoze [42].
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olemia replacement and glutamine-enriched feed-
ing (fig.). Hence, the glutamine-enriched diet
helped reducing not only the interstitial edema of
colon but animal overhydration as well, which was
indirectly assessed by animal weighing [43].

Conclusion

Use of malate-containing infusion prepara-
tion and a glutamine-enriched diet after an acute
massive blood loss contributes to reducing pre-
sepsin production in GIT organs, diminishing the
endotoxin translocation to the portal vein and sys-
temic circulation, abating the severity of edema
within the mucous membrane and submucosal
space of the colon, and lessening animal weight
growth.

ITpu oqHAKOBOM KOJIMYECTBE IIOTPeOJIEHHBIX
KaJIOpU{ C IHUTaTeJbHOH CMeChI0 K 3-M CyTKaM
CpelHUN BeC SKUBOTHBIX YBEJUYHUJICS BO BCEX
cepusax: B OoJIblieli cTerieHu B 1-1 cepuu U JOCTo-
BEpPHO MEeHBIIIEe Y SKMBOTHBIX, TOTIOJTHUTE/IBHO ITOJTy-
YaBIUX COATAaHCUPOBAHHBLIN MaJIaTCoIeP KTl
PpacTBOP AJIs1 BOCIIOJIEHUS TUIIOBOJIEMUN U [Ty TAMH-
HoOoraIieHHoe nuTanye (pucyHok). CiiegoBare)ib-
HO, INIyTaMUHOOOTaIlleHHas IieTa CIoCOOCTBOBAJIA
CHIPKEHUIO He TOJIbKO UHTepCTUIIMAIBHOIO OTeKa
TOJICTOH KUIIIKY, HO ¥ TUIIEPTHUIpaTaIii ;KUBOTHO-
TO, JI7IsI KOCBEHHOU OIIEHKU KOTOPOH MCIOJIB3YIOT
B3BelIuBaHue [43].

3akJrouenue

[TpuMeHeHVe MaTaTCoMEPIKAIITIX MH(PY3UOH-
HBIX ITpeIiapaToB U IyTaMHUHOOOraIlieHHOT O ITUTa-
HUSI TI0CJIE OCTPOM MAaCCUBHOU KPOBOTIOTEPH CITO-
COOCTBYeT CHH)KEHUIO BBIPAOOTKY IpecericuHa B
OpraHax >KeJyIOYHO-KUIIeYHOTO TPaKTa, TPAHC-
JIOKAIIUM 9HJIOTOKCMHA B BOPOTHYIO BEHy W
CHCTEMHBIH KPOBOTOK, YMEHBIIIEHUIO CTEMEHU
BBIPAYKEHHOCTHU OTeKa CIM3UCTOIN 000JI0UKY, TTOJT-
CJVBUCTOTO IMPOCTPAHCTBA TOJICTOM KUIIKU U
HapacTaHus Beca SKUBOTHBIX.
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