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Pe3rome

Iless uccaexoBaHuA. BeisiBiIeHNe TPEKOHANIIMOHUpPYIOMEro adderTa ceBodrypaHa Ha CJIU3UCTYIO
000JI09KY TOHKOH KUIITKY IPA TeMOPParndeckoi TUIIOTEH3UHU B 9KCIIEpUMEHTe.

MarepuaJs 1 MeTOAbI HcciexoBanuA. ObcsieqoBanu 106 KpbIC-CaMIIOB, paclpe/eeHHbIX Ha 2 TPYIIIBL:
1-s rpynmna — c npuMeHeHueM adupa (n=40) u 2-4 rpynna — c npuMeHeHneM ceBodypana (n=40). B 2 koHT-
pOJIbHBIE IPYIIIBI BXOAWU/IN UHTAKTHBIE )KUBOTHBIE: 10 KpbIC HApKOTHU3UpPOBaH acdupomM, 10 — ceBorio-
paHOM. 6 )KUBOTHBIX IOTUOJIN KO 2-My 9acy reMopparudeckoi TUIoTeH3un Ha oHe a(pHOro HapKo3a.
VcciiegoBarebCKIe TOUKH TeMOPPAarndeckoy rTunoTeH3uu — 15 MuH., 30 MUH., 1 94 1 2 9. AMUJIOTUTUYECKYIO
AKTUBHOCTbH CJIU3UCTON 000/I0YKY TOHKOH KUIIIKY OTIpeesisiyii MeTogamu J. A. 3abesimHcKoro, B. W. Smith
u 1. M. Roe B Mmonudukannu A. M. YroJieBa. Pe3yiasrarsl 06paboTaiv CTaTUCTUYECKN HellapaMeTPUIeCKUM
MeTogoM MaHHa—YUTHHU.

Peaynprarel. Ha 15-11 MUH reMOpparuiecKkoi ruImoTeH3NHU BO BCEX OT/Ae1aX TOHKON KUIIKY aKTUBHOCTD
¢paxuii aMuIa3sl Bo 2-1 Ipymie sKUBOTHBIX OblyIa 3HAYMMO HIKe, 4eM B 1-1 rpynme. K 30-i MuH. reMop-
parnyeckoi TUIIOTEH3UHU BO BCEX OT/iesIaX TOHKOH KUIITKY aKTUBHOCTE (PpaKInuil (pepmeHTa BO 2-1 Tpymme
oCTaBaJlach 3HAYMMO HIKe, 4eM B 1-ii rpymme, ¢ pasHuiel, B cpegHem, oT 2 10 9 pas (p=0,01; p<0,001), a
4yepes 1 4 reMopparnyecKkoil rTMIoTeH3NN — HUKE, B CpeiHeM, B 2 1 4 pasa (p=0,02; p<0,001). Ko 2-my gacy
reMopparnyecKoi FUIOTeH3UN B IBeHAAIATUIIEPCTHON KUIIIKe aKTUBHOCTD ITPAKTUYECKH BCeX (hpaKIIUH
aMMJIa3bl BO 2-H TPYIIe JKUBOTHBIX OCTaBajach 3HAYMMO HIKe B 3—4 pasa I10 CpaBHEHMUIO C 1-If TpyIIIoii.
OnHaKo B TOIIEH ¥ TOAB3IOITHON KUIIIKe HA0JTI0a/Ii 3HAYMMO 00JIee BBICOKYIO aKTUBHOCTD TPYHO JIECOP-
6mpyeMol 1 BHYTPUKJIETOYHON (DpaKIMHI aMUJIa3bl 10 CPABHEHUIO C KOHTPOJIEM.

3akirouenue. [1pu MpoBeJeHNN aHeCTe3N0JOTNYeCKOro Iocobusa ceBodIIopaHoM Ha (poHe reMoppa-
TUYEeCKON TUIIOTEH3UHU B TeueHUe 1 yaca aKCIepuMeHTa BBISIBUJIN CHUPKEHNE 9KCKPETOPHOH (DyHKINH IO -
SKeJTyTOYHOH SKeJsie3bl, CTAa0MIN3aIUI0 eTOYHON KaiiMbl CTM3UCTON OOOJIOUKM BCEX OT/EJ0B TOHKOM
KUIITKY, B TOM 9HCJIe, 1 MeMOpaH 9HTePOIUTOB. Yepes 2 yaca ocjie KpOBOIIOTePH BBIABUIIN OMOXUMIYECKIE
MIPU3HAKY MOBPEKIEHUS IIETOYHON KAalMBI B TOII[EM U MTOJIB3/I0IIHOM OT/€JIaX TOHKON KHUIITKY.

Karouesvte crosa: cesodrypar; npekoHOULUOHUPOBAHUE; 2eMOPPAUUeCKULL ULOK; KPbLCbL
Konduaukr naTepecoB. KOHDINKT HHTEPECOB OTCYTCTBYET.

Summary

Aim of the study. To investigate the preconditioning effect of sevoflurane on small intestinal mucosa in ex-
perimental hemorrhagic hypotension.

Material and methods. The study was performed on a cohort of 106 male rats that included two experi-
mental groups: one exposed to ether (Group 1, n=40) and another one exposed to sevoflurane (Group 2, n=40);
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two control groups included 20 intact animals, of which 10 were anesthetized with ether and 10 with sevoflu-
rane. Six animals were excluded from the study because they died by the 2" hour of hemorrhagic hypotension
under ether anesthesia. The study parameters were measured at 15 min, 30 min, 1 h, and 2 h of hemorrhagic
hypotension. Amylolytic activity of the small intestine mucosa was determined by E. A. Zabelinsky, B. W. Smith
and I. M. Roe technique modified by A. M. Ugolev. The data were statistically analyzed using the nonparametric
Mann-Whitney method.

Results. By 15 min of hemorrhagic hypotension, the activity of amylase fractions in all small intestine re-
gions in Group 2 animals was significantly lower vs the Group 1 rats. By 30 min of hemorrhagic hypotension,
the activity of the enzyme fractions in all small intestine regions in Group 2 animals remained significantly
lower than in Group 1, by an average of 2 to 9 times (P=0.01; P<0.001), and after 1 h of hemorrhagic hypoten-
sion, it was 2 and 4 times lower (P=0.02; P<0.001). By the 2nd hour of hemorrhagic hypotension, the activity of
nearly all duodenal amylase fractions in the Group 2 animals remained 3—-4 times lower compared to Group 1.
Meanwhile, a significantly higher activity of slowly desorbing and intracellular amylase fractions vs the control
group was observed in jejunum and ileum.

Conclusion. In hemorrhagic hypotension under sevoflurane anesthesia, a decrease of the pancreas excre-
tory function, stabilization of the brush border of the mucosa of all small intestine regions, including enterocyte
membranes, was found during the first hour of experiment. Two hours after the hemorrhage, the biochemical

46

evidence of brush border damage in the jejunum and ileum was revealed.

Keywords: sevoflurane; preconditioning; hemorrhagic shock; rats
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BBenenue

OnHuM M3 HanOOJIee YaCThbIX OCJIOMKHEHUN
ollepaTUBHBIX BMellaTe/IbCTB B XUPYPIUU ABJIAET-
Csl MacCUBHas1 KpOBOIIOTEPS, JIeTAJIbHOCTh OT KOTO-
poil B paHHEM IIOC/IEOTNEPAIIMOHHOM IIepuoe
nocturaet 65% [1, 2]. IIpuunHO# Takoro mcxoaa
SIBJISIETCSI CTPEMUTETHLHO PA3BUBAIOLINIICSI TEMOP-
paruveckuii MoK, IaToreHe3 KOTOPOro MOgPOOHO
M3y4eH, B TOM YHCJIE U C TO3UINU (DOPMUPOBAHUS
CHUHJIpOMa uieMun-pernepdysuu (3, 4]. B HacTosi-
1iee BpeMs KM3BECTHbI MEXaHMW3MbI HE TOJIBKO
penepdy3MOHHOTO TOBPEXKIEHUs cep/ilia, HO U
3KCTpaKapAUaJIbHBIX CUCTEM, B YACTHOCTH, KeJIy-
JIOYHO-KUIIIEYHOI'0 TpakTa [5-8]. JlocraTouHo nox-
PpOOHO OMUCAHBI CTAINH KUIIEYHON HEOCTATOYHO-
CTH, TIOCJIeJ0BaTeIbHO (hopMuUpyIoIrecs Ha poHe
IUINTEJIbHOU TeMOpparndeckoid TUMOTEH3UU U
XapaKTepHU3yIoIuecs: (GyHKIIMOHATbLHBIM U3MeHe-
HUEM IUIIEBAPUTEHHO-TPAHCIOPTHOT'O KOHBEM-
epa, HapylleHrneM IIPUCTeHOYHOTO N1llleBapeHus
¥ BCAChIBaHMUA; BOSHUKHOBEHUEM 3HJIOTOKCEMUU
BOPOTHOI BEHBI U JeKOMIIeHCAllell OCHOBHBIX
JeTOKCUKAIIMOHHBIX CUCTEM OpraHU3Ma C IocJje-
OVIOIIUM Pas3BUTHUEM CHHIpPOMA 9HIOTE€HHOU
WHTOKCUKAIIMU U TOJUOPTAaHHOU HEI0CTaTOYHO-
ctu [9]. B cBA3U € 3TUM, BO3HUKAET BOIIPOC O IIPO-
pumaKTIKe KUIeYHON HEJOCTATOUHOCTH, HEIO-
CpelCTBEHHO BJIUAIONIEN Ha TeYyeHHe U HUCXO[
I0CJ/Ie0IIepallMOHHOrO [IEpUOoAa.

B Hacrosmee BpeMsA IpU IIPOBEIEHUU
MIOJIOCTHBIX OTlepaIiuii 1151 aHeCTe3N0JIOTUUECKO-
ro MocoOus MUPOKO MPUMEHSIETCSI UHTAJISIIINOH-
HBIN aHEeCTeTUK — ceBOdJIIopaH, 00J/IagaroIIni
yoKe TOKa3aHHBIM 3(p(PeKTOM MPEKOHAUITUOHUPO-
BaHus [6, 10-16]. AHECTE3MOJIOTUYECKOE IIPEKOH-

Introduction

Massive blood loss is one of the most frequent
surgical complications with mortality reaching 65%
in the early postoperative period [1, 2]. This is due
to a rapidly progressing hemorrhagic shock, which
has been extensively studied, including within the
ischemia-reperfusion syndrome framework [3, 4].
Currently, the mechanisms of reperfusion damage
of heart and other organs, particularly gastrointesti-
nal tract, are known [5-8]. Detailed descriptions of
the stages of intestinal failure, consistently develop-
ing in prolonged hemorrhagic hypotension and
characterized by abnormal function of the digestive
transport pathways, impaired parietal intestinal di-
gestion and absorption, portal vein endotoxemia
and decompensated major body detoxification sys-
tems followed by endogenous intoxication and mul-
tiple organ failure syndrome [9]. Therefore, the issue
of intestinal failure prevention, which directly af-
fects the postoperative period and its outcome, ap-
pears relevant.

Currently, sevoflurane, an inhaled anesthetic
agent with a proven preconditioning effect, is
widely used for anesthesia during major surger-
ies [6, 10-16]. Sevoflurane-induced heart and brain
anesthetic preconditioning has been extensively
studied both in experiments and clinically [13-14,
17-18]. In particular, the effect of sevoflurane on
functional recovery of animals after circulatory ar-
rest with subsequent resuscitation has been re-
vealed [17, 19]. In patients with heart failure this
drug was associated with higher myocardial con-
tractility, reduced tissue oxygen demand, and im-
proved microcirculation [14]. Sevoflurane-based
inhaled anesthesia induction allowed to achieve
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IUIMOHUPOBAHUE CepJiIla W TOJOBHOTO MO3Ta
3TUM IIpernaparoM aKTUBHO U3y4YaeTCs B IKCIIEPH-
MeHTe U KJauHuke [13-14, 17-18]. B yacTtHOCTH,
BBISIBJIEHO BJUSAHUE ceBOdIypaHa Ha (PyHKINO-
HaJIbHOE BOCCTAHOBJIEHHE ;KUBOTHBIX IIOCJIE OCTa-
HOBKH KPOBOOOpAIIeHus C TOC/IeAyIONIeN peaHu-
mamued [17, 19]. ¥ mHallMeHTOB C CeplleYyHOH
HEeIOCTaTOYHOCTHIO TAHHBIH ITpernapar o0ecrnevu-
BaJI 60JIee BEICOKUE TTOKA3aTe/ I COKPaTUTEIbHOM
(yHKIIME MUOKapAa, YMeHbIIaJ MOTPeOHOCTH
TKaHeH B KUCJI0POIe, CHOCOOCTBOBAJT aIeKBATHOMN
MUKpOUUPKyaAANUU [14]. BbLIO mOKas3aHOo, 4YTO
BBeJleHUe MHTAISIIMOHHON NHIYKIIUY HA OCHOBE
ceBouIypaHa B aHECTE3UIO ITO3BOJISLIIO JOOUBATh-
cs1 6oJTBITIEN TEMOTMHAMUYECKOHN CTAOMIBHOCTH Y
MaIeHTOB C BLICOKUM PUCKOM PA3BUTHS Kap/Iu-
AJIBHBIX OCJIOKHEeHUuH: [20].

Omnupasich Ha ysKe U3BECTHBIE 0OCOOEHHOCTHU
¢dapMakonuHaMUKU ceBO(JIypaHa, TUIOTeTuYe-
CKM MOSKHO BBIIBUHYTH IIPEIIIOJI0KEHNE O TOM,
YTO €ro NPeKOHIUITUOHUPYIONIUHN 3P (HEKT MOKET
HaOJII0AaThCSa U B TOHKOM KHUIIIKe, HaXO4Allelics
B YCJIOBUSIX UIIIeMUM IIPpU KpPOBONOTEpE; W, B
oIpeJieJIEHHOU CTenleH!, TPOPUIaKTUPOBATh €€
MOBpEXJAeHNe, 3aKOHOMEPHO IIPUBOJAIIEE K
HapylLIeHUsIM MOTOPUKY, IlepeBapuBaHusI U BCa-
ChIBAHUA IMUINEBLIX BEIIECTB, a TaK)Ke IOBBIIIIe-
HUIO MPOHUIIAEMOCTHU KUIIIEYHON CTEHKH.

Llesb vcciienoBaHusi — BbIsIBJIEHUE TPEKOH-
aunuoHupymomero agdexkra ceBodJiypaHa Ha
CJIU3UCTYIO0 000JI0YKY TOHKOU KHUIITKY ITPUA reMOop-
paru4ecKkou rTMIOTeH3UM B 9KCIIEPUMEHTE.

MarepuaJ 1 MeTobI

VicciemoBaHue BBIIOJTHMIIY Ha 106 6eJibix 6ecrio-
POIHBIX KPbICAX-CaMIlaX, BbIPAIlCHHBIX B IUTOMHUKE I.
HoBocubrpcka 1 HaXOIUBIIINXCS Ha IIEpPeiepsKKe B BU-
Bapuu Kadeapsl Tonorpaduueckoil aHaTOMHUU U OIle-
paruBHOU xupypruu OMCKOIro rocyJapCTBEeHHOT'O MeIU-
OVHCKOI'0 YHUBEPCUTETA B ONMHAKOBBIX YCI0BUAX [21].
B ucceioBaHye BRIIOYAJIN YKUBOTHBIX Maccoi 200-230 T
yepesd 10-12 yacoB 11ocJjie nocaegHero KOpMJIeHud Ipu
CBOOOIHOM JIOCTYIIE K Bofle. YKHMBOTHBIX pa3/ies i Ha
1-10 rpyIIly cpaBHeHUsl, B KOTOPOU IpUMeHsI apup
(n=40), 1 2-10 OCHOBHYIO I'DyIIIy, B KOTOPOH HCII0JIb30-
BaJsi ceBogutiopa (n=40). CoryiacHO MOfiesiu TeMoppa-
rUYeCKOU TMIIOTeH3UH, B KKA0U IpyIie BblIe uIu 4
HcciefoBare bCkue TOYKk — 15 1 30 MuHyT, 1 1 2 yaca
I0CcJie KPOBOIIOTEPH.

B 1BE€ KOHTPOJIBHBIE TPYNIIbI BKJIIOYUJIN UHTAKT-
HBIX YKMBOTHBIX, U3 HUX 10-TH KpbICaM IIPOBOAMJIA HAP-
K03 3pupom, a 10-T — ceBOGIIIOpAaHOM. 6 SKUBOTHBIX
noru0Jid Ko 2-My 4acy reMopparuieckoi ruroTeH3nu
Ha ¢oHe 3(PUPHOTO HAPKO3A.

FKMBOTHBIX BBOIW/IN B HAPKO3 C IIOMOIIBIO MACO4-
HOH MHTaJIAIIOHHON aHeCTe31H, 3aTeM HHTyONPOBaJIN
Tpaxelo ¢ MIOMOIIBIO KareTepa JJIs LeHTPaJIbHBIX BEeH
(22G/22G «Bbraun»). Hra/isinMOHHYIO aHECTE3UIO IIPO-
BOJMJIM C IIOMOIIIBI0O OPUTMHAJIBHOIO YCTPOMCTBA (I1a-
TeHT P® Ha nosesnyio Mozesb Ne 178264 «YcTpoiicTBO
JJIsT TIPOBEJIEHUsI AHECTe3MOJIOTUYECKOT0 II0COoOMs

greater hemodynamic stability in patients with
high risk of cardiac complications [20].

Based on the known pharmacodynamic fea-
tures of sevoflurane, we can hypothesize that its
preconditioning effect can also be observed in the
small intestine in ischemia associated with blood
loss and, to some extent, prevent its damage, which
naturally leads to disorders of motility, digestion
and absorption, as well as increased permeability
of the intestinal wall.

The aim of the study was to reveal the precon-
ditioning effect of sevoflurane on small intestinal
mucosa in experimental hemorrhagic hypotension.

Materials and Methods

The study was performed on 106 male white out-
bred rats from Novosibirsk nursery and kept in the ani-
mal house of the Department of Topographical Anatomy
and Operative Surgery of Omsk State Medical University
under the same conditions [21]. The animals weighing
200-230 g 10-12 hours after the last feeding with free ac-
cess to water were included in the study. The animals
were divided into the Group 1 (comparison, exposed to
ether, n=40), and Group 2 (main, exposed to sevoflurane,
n=40). According to the hemorrhagic hypotension
model, in each group 4 study time points were assigned:
15 and 30 minutes, 1 and 2 hours after the blood loss.

Two control groups included intact animals, of
which 10 rats were anesthetized with ether and 10 with
sevoflurane. Six animals exposed to ether anesthesia died
by the second hour of hemorrhagic hypotension.

The animals were anesthetized using mask inhala-
tion anesthesia, then their tracheas were intubated using
a central vein catheter (22G/22G «B. Braun»). Inhaled
anesthesia was performed using an original device (RF
utility patent No. 178264 «Device for anesthesia in small
laboratory animals» dated March 28, 2018) with the se-
lected drug until the surgical stage of anesthesia was
reached. The following concentrations were used: 2-2.5
MAC at the beginning of anesthesia; 0.5-0.75 MAC to
maintain anesthesia.

To simulate hemorrhagic hypotension, catheteri-
zation of the common carotid artery was performed
using a 26 G catheter («B. Braun»). To prevent blood clot-
ting the animals were injected with heparin 500 IU/kg.
The hemorrhagic hypotension was modeled by acute
bleeding while maintaining the systemic blood pressure
at 40 mm Hg (RF Patent for utility model Ne 49442 «De-
vice for modeling of hemorrhagic hypotension in small
laboratory animals» dated November 27, 2005).

After 15 and 30 min, 1 and 2 h after the blood loss
resection of all small intestine segments weighing 25-30
mg was performed to determine the enzymatic activity
of its mucosa according to the E. A. Zabelinsky tech-
nique [22]. The technique is based on comparison of
amylolytic activity of 5 samples taken from a fragment of
mucosa of all small intestine regions and is used for eval-
uation of intraluminal and contact digestion. The first
sample (C) reflects the activity of pancreatic a-amylase
of the small intestine glycocalyx. Subsequent three tests
(D,, D, and D) reveal the activity of y-amylase desorbed
from the brush border of the small intestinal mucosa,
and the fifth test (G) shows intracellular enzyme activity.

GENERAL REANIMATOLOGY, 2021, 17; 2

www.reanimatology.com



48

https://doi.org/10.15360/1813-9779-2021-2-45-54

Clinical and Experimental Studies

MEeJIKUM J1ab0paTOPHBIM YKUBOTHBIM» OT 28.03.2018 1)
BBIOPAHHBIM ITPENAPATOM JI0 IOCTHKEHUS XUPyprude-
CKOI cTaguu Hapkosa. lcrnosp3oBaiau cjenyloliue
KOHIeHTpauuu: 2-2,5 MAK npu Hadaje aHecTe3uw;
0,5-0,75 MAK ny1s mopiepskaHusI aHECTE3NU.

C meJsibio MOJeJIMPOBAHUS TeMOpparun4eckoii ru-
TIOTEH3WH TPOBOJINJIN KAaTETEPUIAIUIO 00TIell COHHOM
aprepuu KaretepoM 26 G, «B Braun». /Iy npenorBparte-
HUSI CBEPTHIBAHUSA KPOBU SKUBOTHBIM BBOIAJIH TeTIapUH
B no3upoBke 500 EJI/kr. MopesimpoBaHue reMopparnye-
CKOH THIIOTEH3UU IIPOBOJUJIM OCTPBIM KPOBOIIyCKa-
HUEM C IOAJepsKaHHueM CHUCTEMHOIO apTepHaJIbHOTO
JaBjieHnA Ha ypoBHe 40 MM pPT. cT. (ITatenT P® Ha moses-
HYI0 Moniesib Ne 49442 «YCTPOUCTBO JJIT MOl TUPOBa-
HUSI TeMOpparun4eckoil TUIOTEH3NH Y MeJIKHAX Jabopa-
TOPHBIX KIBOTHBIX» OT 27 HOSIOps 2005 T).

UYepes 15 u 30 MuH, 1 1 2 4 1ocjae KPOBONIOTEPHU
TIPOBOAMJIN PEe3EeKIUIO CETMEHTOB BCeX OTIe/I0B TOHKON
KHUIIKU Maccou 25-30 MT ¢ 1es1bI0 onipefesieHus gep-
MEHTaTHBHOM aKTUBHOCTH €€ CIM3UCTON 000JI0IKH 10
metomy J. A. 3abeTMHCKOTO [22]. MeTouKka OCHOBaHa Ha
CpaBHEHHHM aMUJIOJUTHYECKOH aKTHUBHOCTH 5 mpob,
B3ATHIX C (pparMeHTa CIM3UCTON 000JIOYKH BCEX OT/IE-
JIOB TOHKOM KUIIIKY, U IPUMEHeTCs JJIs1 OLleHKU I10-
JIOCTHOTO W IPUCTEHOYHOIro nuuieBapeHusd. Ilepsas
mpoba (C) xapakTepusyeT akTUBHOCTh ITaHKpeaTuye-
CKOM o-aMuja3bl IVIMKOKAJIMKCA TOHKOM KUIIKU.
[Mocsenyromue Tpu mpo6s! (D1, D2 1 D3) mo3BoJssoT
BBISABATH aKTUBHOCTH y-aMHUJIA3bl, JeCOPOUPYEMOH CO
MMETOYHOW KaWMbl CJIM3UCTON OOOJIOYKU TOHKOW
KUIIIKY, a nATas1 mpoba (G) — BHYTPHUKJIETOYHYIO aKTHB-
HOCTb (hepMEHTOB.

B rmosry4eHHBIX TPOOaX AMHUIOTUTHIECKYIO aKTHB-
HOCTh OIIpefessAand II0 MeTOAuKe, IpensoKeHHON
B. W. Smith u I. M. Roe B moguduramun A. M. Yro-
aeBa [23]. Cogepskanne HeruapOJIN30BAHHOIO Kpax-
MaJia oTmpejiesisijiv Ha criekTpogoTtomerpe (CP-46) npu
IJrHe BOJHBI 580 HM IIyTeM CpaBHEHUA OIBITHOIO U
KOHTPOJIBHOT'O PAaCcTBOPOB U BBIPAYKAJU B YCJIOBHBIX
€IMHUIIAX.

CrarncTudeckyio 06paboTKy pe3ysIsTaToB IIPOBO-
JWAJIA Ha IepCOHAJbHOM KOMIBIOTEpPE C UCII0JIb30Ba-
HUEM ITakeTa npukgagHbix nporpaMm «STATISTICA
10.0». XapaKTepUCTUKNA KOJUYECTBEHHBIX [TaHHBIX
npexacrasuin B Buse Me [LQ; HQ]. lya oneHky 3HaUm-
MOCTH Pa3jl4ui B IBYX COBOKYITHOCTSIX MTPUMEHSIJIN
KpuTepuii ManHa-YuTHU. Kpurudeckuili ypoBeHb
3HAYMMOCTH [IPU IIPOBEPKE CTAaTUCTUYECKUX TMITOTE3 B
IaHHOM MCCJIeJOBAaHUM IIpUHUMaIU pasHbIM 0,05.

Pe3ysnbTaThl U 00CYK/I€HHE

ITepBbIit 9TAN MCC/IEOBAaHUS 3aAK/II0YAJICS B
CPaBHUTEJIBHOM OIEHKE aMUJIOJIUTHYECKON
AKTUBHOCTH CJIU3UCTON 0O0JIOYKYU BCEX OTIEJIOB
TOHKOU KHINKA B 2-X KOHTPOJIBHBIX TPyIIaX,
00yCJIOBJIEHHBIX BBIOOPOM aHeCTETUKA — apupa
i ceBopIIOpaHa.

Pe3ynbraThl, NpeacTaB/ieHHbIe B Ta0J. 1,
JIEMOHCTPUPYIOT CTaTUCTUYECKU 3HAYNMBbIE pas-
JIMYUSI B aMUJIOJIUTUYECKON aKTUBHOCTH CIIU3U-
CTON 000JIOYKU BCE OTJEJIOB TOHKOU KHUIIKU Y
KPBIC KOHTPOJIbHBIX I'PYIIII, XapaKTEPUIYIOIIHECST
0oJlee HUBKUMU TTOKa3aTes MU Ha (poHe ceBOp-

Amylolytic activity in the obtained samples was de-
termined by the technique proposed by B. W. Smith and
I. M. Roe modified by A. M. Ugolev [23]. The content of
non-hydrolyzed starch was determined using spec-
trophotometer (SF-46) at 580 nm wavelength by compar-
ing the experimental and control solutions and expressed
in CU (conventional units).

Statistical analysis of the results was performed
using the STATISTICA 10.0 software package. Quantita-
tive data were presented as Me [LQ; HQ]. Mann-Whitney
test was used to assess the significance of difference be-
tween any two groups. The cut-off level of significance
for testing statistical hypotheses in this study was 0.05.

Results and Discussion

The first stage of the study was a comparative
assessment of the amylolytic activity of the mucosa
from all regions of the small intestine in both con-
trol groups based on the choice of anesthetic agent,
either ether or sevoflurane.

The results presented in Table 1 show signifi-
cant differences in amylolytic activity of the mu-
cous membrane of all small intestine regions in
control rats, characterized by lower values under
sevoflurane exposure vs the ether anesthesia. Since
all animals were taken in the experiment 12 hours
after feeding, the results obtained indicate stimu-
lation of pancreatic excretory function and in-
creased activity of brush border fractions of all
small intestine regions, including intracellular en-
zymes, in animals exposed to ether.

At the second stage of the study, we obtained
the values of amylolytic activity of the mucosa of
three small intestine regions, namely duodenum,
jejunum and ileum, in rats exposed to sevoflurane
and ether in different periods of hemorrhagic hy-
potension (Tables 2, 3).

In the duodenum, after 15 mins of hemorrhagic
hypotension, the activity of practically all enzyme
fractions in Group 2 animals was significantly lower
vs the Group 1. However, when compared with con-
trols on sevoflurane, the activities of the luminal and
rapidly desorbing enzyme fractions in Group 2 were
44% and 65% higher, respectively. The activity values
of the medium-rate and slowly desorbing fractions
as well as of the intracellular enzymes in Group 2 did
not differ from the control values on sevoflurane. A
similar trend toward low activity values for all amy-
lase fractions in Group 2 vs Group 1 was seen in the
jejunum and ileum, and intracellular enzyme values
did not differ from control ones (Table 2).

By 30 min of hemorrhagic hypotension in al-
most all regions of the small intestine, the activity
of amylase fractions remained low in the Group 2
vs Group 1 with an average 2-to-9-fold difference,
respectively. At the same time, the activity of des-
orbing amylase fractions was higher than the con-
trol values. It is noteworthy that the activity of in-
tracellular enzymes in Group 2 still did not differ

from the control values on sevoflurane (Table 2).
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TaGuma 1. AMHJTOTUTHYeCKasi aKTUBHOCTH (YCJI. €]1.) TOHKOM KHIIKH IIPH aHeCTe3NU 3(hHpoM B ceBo(IypaHOM

B KOHTPOJIBHBIX rpynnax Kpsic, Me [LQ; HQ].

Table 1. Intestinal amylolytic activity (units) under ether and sevoflurane anesthesia in the control groups, Me

[LQ; HQI.
Parameters Enzyme fractions
C D, D, D, G
Duodenum
Ether 0.80 [0.71; 0.82] 0.76 [0.73; 0.86] 0.60 [0.46; 0.66] 0.38[0.31; 0.56] 0.48 [0.39; 0.57]
Sevoflurane 0.27 [0.20;0.34] 0.29 [0.22;0.36] 0.42 [0.28;0.51] 0.2910.19; 0.41] 0.24 [0.15;0.32]
P=0.02 P<0.001 P=0.01 P=0.02 P<0.001
Jejunum
Ether 0.76 [0.60; 0.80] 0.73[0.57;0.88]  0.56 [0.45;0.61]  0.53 [0.31;0.59]  0.34 [0.31;0.39]
Sevoflurane 0.21 [0.11; 0.33] 0.20 [0.12; 0.29] 0.23 [0.10; 0.34] 0.24 [0.16; 0.32] 0.22 [0.08; 0.29]
P<0.001 P<0.001 P=0.01 P=0.02 P=0.02
Ileum
Ether 0.71 [0.66; 0.86] 0.66 [0.63; 0.68] 0.54 [0.42; 0.60] 0.34 [0.28; 0.36] 0.32 [0.16; 0.41]
Sevoflurane 0.17[0.11; 0.32] 0.30 [0.24; 0.39] 0.24 [0.16; 0.32] 0.20 [0.11; 0.32] 0.16 [0.07; 0.28]
P<0.001 P<0.001 P=0.01 P=0.02 P=0.01

Note. For tables 1-3: P— statistical significance of intergroup differences.
IIpumeuanwue. {51 Tads. 1-3: enzyme fractions — dpakuun ¢pepmenrta; duodenum — 12-nepcTHast KUIIKa; jejunum — ToIast
KUIIKa; ileum — mopaB3gomHas Kuika; ether — apup. p— ypoBeHb 3HAUMMOCTH MEKTPYIIIOBBIX Pa3INYni.

JIIOpaHa II0 CPaBHEHUIO C 3(pUPHBIM HAPKO3OM.
ITocko/IBKY BCeX SKMBOTHBIX Opajud B 9KCIIepH-
MEHT CITycTs 12 4acoB 1ocJje KOpMJIeHUs, MTOJIy-
YeHHbIe pe3y/IbTaThl CBUAETEe/IbCTBYIOT O CTUMY-
JIAAIINY 9KCKPETOPHON (DYHKITUU MOJIPKETYT0UHOMN
sKeJie3bl U TOBBIIIEHWM aKTUBHOCTU (hpaKkuuit
IIETOYHOU KallMbI BCEX OTAEJIOB TOHKON KUIIIKU,
BRKJIIOYAsl BHYTPUKJIETOYHbIE (hepMeHTH], Ha (poHe
acupa.

Ha BTOpOM aTarne ucc/jiejoBaHUA IOJYUYUIN
IIOKa3are/d aMUJIOJUTUYeCKOY aKTUBHOCTH CJIU-
3UCTOH 000JIOUKH TPeX OTJEeJI0B TOHKOU KUIIIKHY,
JIBeHaAIIaTUIIepCTHOIO, TOLIEro U I0JB3JOIITHOTO,
y KpbIC Ha (oHe aHecTe3uu ceBOQIypaHOM U
apupoM B pa3/IMYHbIe CPOKU TreMopparudeckoi
runorensuu (taodJd. 2, 3).

Ha 15-if MUH reMopparuieckoii TUIIOTeH3UU
B IBeHaAIATUIIEPCTHOM KUIITKe aKTUBHOCTB ITPaK-
TUYeCKU BceX ppaknuil pepMeHTa Bo 2-ii rpymnme
SKUBOTHBIX OblyIa 3HAUUTEJIbHO CHUKEeHa OTHOCH -
TeJIbHO ToKaaareseil 1-ii rpynnsl. OgHaKko npu
CpaBHEHUM C KOHTPOJIbHBIMU ITOKa3aTeJ MU Ha
ceBo(plopaHe aKTHBHOCTHU IIOJIOCTHOH U JIETKO
JIecopoupyeMbIx (ppakiuii pepMeHTa Bo 2-H rpyt-
e ObLIXU BBIINIEe HAa 44 U 65%, COOTBETCTBEHHO.
ITokasaTesi akTUBHOCTH CpeiHe U TPYAHO JIecop-
O6upyeMbIxX (ppaKInii, a TakKe BHYTPUKJIETOUHBIX
¢epmeHTOB BO 2-# rpymne He OTIWYAINUCH OT
KOHTPOJIBHBIX 3HadeHUNl Ha ceBodJIoOpaHe.
[Tono6HasA TeHIEHIUA K HU3KUM IIOKa3aTessM
AKTHUBHOCTH BcexX (hpakiuii aMusIasbl BO 2-1 rpyI-
Ile [10 CPaBHEHMUIO ¢ 1-i1 TpocyeskuBasIach B ToIIeH
U TOAB3JOIIHON KHUIIIKaX, IpHUYeM IOKa3aTesu
BHYTPUKJIETOYHBIX (pepMEHTOB He OTJINYA/IUCh OT
KOHTPOJIBHBIX (Ta0JI. 2).

K 30 MuH. reMopparnieckoil TUIOTeH3UU
IIpaKTUYeCKU BO BCeX OTJAesax TOHKON KUIIKU
AKTUBHOCTD (hpaKIii aMUIa3bl OCTaBAINCh HU3-

After 1 h of hemorrhagic hypotension in the
Group 2, amylolytic activity of fractions of all small
intestine regions remained on the average 2-4
times lower than in the Group 1. The measurement
of the intracellular enzyme activity revealed lower
values (by 50-60%) vs the Group 1 animals. Mean-
while, the enzymatic activity values in Group 2, in
general, did not differ from the control ones, except
for the jejunum, where the slowly desorbing frac-
tion exceeded the control values by 44% (Table 3).

By the 27 h of hemorrhagic hypotension in
the duodenum the activity of practically all amylase
fractions in the Group 2 animals remained 3-4
times lower vs Group 1 and did not differ from the
control. However, in the jejunum and ileum along
with the low activity of intraluminal and rapidly
desorbing fractions in the sevoflurane group, high
activity of slowly desorbing and intracellular frac-
tions vs the control values was seen while no such
differences were observed with the group of ani-
mals exposed to ether anesthesia (Table 3).

In general, at all time points of hemorrhagic
hypotension there was a trend to reduced amy-
lolytic activity of intraluminal (pancreatic), desorb-
ing and intracellular enzyme fractions in all small
intestine regions down to control values in sevoflu-
rane-exposed animals vs the ether-exposed group.
The only exception were slowly desorbing and in-
tracellular fractions of the enzyme by the 2" hour
of the experiment, whose values did not differ from
the ones in the Group 1.

Sevoflurane sparked interest due to the dis-
covery of its additional effect, anesthetic precondi-
tioning, which is effected through the stabilization
of cell membranes under hypoxia, a major patho-
genetic factor in massive blood loss [7, 12, 14]. Cur-
rently, there are publications on cardioprotective
effect of this anesthetic agent confirmed by numer-

GENERAL REANIMATOLOGY, 2021, 17; 2

www.reanimatology.com

49



50

https://doi.org/10.15360/1813-9779-2021-2-45-54

Clinical and Experimental Studies

|
Tabuna 2. AMHIOIUTHYECKAsI AKTUBHOCTH (YCJI. €]1.) TOHKOH KMIIIKU KPBIC IIPH reMOPpParunyecKoi THMOTeH3UN
(15 1 30 mun), Me [LQ; HQ].

Table 2. Rat small intestinal amylolytic activity (units) after 15 and 30 minutes of hemorrhagic hypotension,
Me [LQ; HQ].

Parameters Enzyme fractions
C D, D, Dy G
15 min
Duodenum
Group 1 0.95 [0.80; 1.03] 0.82 [0.80; 1.10] 0.83[0.72; 1.03] 0.74 [0.67; 0.83] 0.51 [0.40; 0.61]
Group 2 0.39 [0.25; 0.52] 0.48 [0.34; 0.65] 0.54 [0.08; 0.62] 0.35[0.11; 0.60] 0.28 [0.24; 0.55]
P<0.001, P.,=0.01 P=0.001, P.,=0.01 P=0.02 P=0.01 P<0.001
Jejunum
Group 1 0.88[0.75; 1.01] 0.73[0.70; 0.85] 1.06 [0.99; 1.10] 0.59 [0.42; 0.60] 0.38 [0.30; 0.39]
Group 2 0.40 [0.29; 0.52] 0.44 [0.32; 0.56] 0.46 [0.34; 0.51] 0.52 [0.40; 0.58] 0.24 [0.11; 0.31]
P<0.001, P.,=0.01 P<0.001, P,=0.02 P=0.02, P.,=0.01 P=0.02
Ileum
Group 1 0.39[0.35; 0.41] 0.71 [0.69; 0.75] 0.64 [0.63; 0.70] 0.54 [0.51; 0.68] 0.38 [0.24; 0.40]
Group 2 0.25[0.17; 0.32] 0.29 [0.19; 0.38] 0.59 [0.41; 0.69] 0.33 [0.31; 0.42] 0.21 [0.10; 0.29]
P=0.02 P=0.01 P.,=0.02 P=0.03, P.,=0.01 P=0.03
30 min
Duodenum
Group 1 1.17 [1.14; 1.20] 1.12 [1.10; 1.16] 1.02 [0.99; 1.12] 0.86 [0.80; 0.90] 0.61 [0.54; 0.63]
Group 2 0.28 [0.15; 0.38] 0.47 [0.39; 0.77] 0.59 [0.47; 0.82] 0.50 [0.42; 0.87] 0.31 [0.25; 0.51]
P.0.001 P<0.001, P,;,<0.001 P<0.001 P<0.001, P,;,<0.001 P=0.01
Jejunum
Group 1 1.19 [1.18; 1.21] 1.13 [1.04; 1.16] 1.06 [0.99; 1.10] 0.82 [0.78; 1.20] 0.58 [0.54; 0.64]
Group 2 0.32[0.19; 0.86] 0.29 [0.24; 0.77] 0.31 0.60 [0.52; 0.62] 0.28 [0.11; 0.34]
P<0.001 P<0.001 0.16 P<0.001, P,,=0.01 P=0.01
Ileum
Group 1 1.20 [1.15; 1.21] 1.03 [0.98;1.10]  0.80 [0.75;0.94] 1.10 [0.97;1.21] 0.55 [0.50; 0.61]
Group 2 0.26 [0.15; 0.41] 0.60 [0.49; 0.81] 0.92 [0.85; 1.06] 0.43[0.31; 0.50] 0.32 [0.30; 0.37]
P<0.01 P<0.001, P.;,<0.001 P.,<0.001 P=0.001 P<0.001

Note. Note. For tables 2, 3: P— statistical significance of intergroup differences; P,,,— significance of Group 2 parameters vs the con-
trol group (the sevoflurane control group values are shown in table 1).

IIpumevanue. [y a0 2, 3: p — ypOBeHb 3HAYMMOCTH Pa3/IMYUN MesKIy I0Ka3aTeJIsIMU IPYIII; P, — YPOBEHb 3HAUUMOCTHU
pasuyus 2-1 Ipynisl 10 CPaBHEHUIO C KOHTPOJIbHOM (3HaYeHUsI KOHTPOJIbHOM rpyninbl «Sevoflurane» — B tabJr. 1).

Tabsmna 3. AMUIOJIMTHYECKAasi aKTHBHOCTHh TOHKOM KHMIIIKH KPBIC B YCJIOBHAX FeMOPParu4ecKkoii rHIoTeH3uu
(1 u 24aca), Me [LQ; HQ].
Table 3. Rat small intestinal amylolytic activity after 1 and 2 hours of hemorrhagic hypotension, Me [LQ; HQ].

Parameters Enzyme fractions
C D, D, D, G
1h
Duodenum
Group 1 0.99 [0.97; 1.17] 0.97 [0.94; 1.13] 0.92 [0.91; 0.97] 0.73 [0.54; 0.84] 0.46 [0.31; 0.63]
Group 2 0.29 [0.19; 0.38] 0.33[0.18; 0.51] 0.35[0.19; 0.58] 0.37 [0.21; 0.52] 0.28 [0.23; 0.37]
P<0.001 P<0.001 P<0.001 P=0.01 P=0.02
Jejunum
Group 1 1.01 [0.95; 1.11] 0.97 [0.75; 1.0] 0.96 [0.8; 1.0] 0.58 [0.21; 0.90] 0.66 [0.61; 0.82]
Group 2 0.30 [0.24; 0.41] 0.31 [0.26; 0.51] 0.28 [0.23; 1.24] 0.54 [0.27;1.19] 0.28 [0.22; 0.35]
P<0.001 P,,=0.02 P<0.001 P.,=0.01 P=0.01
Ileum
Group 1 1.03 [0.96; 1.11] 0.97 [0.92; 1.05] 0.63 [0.45; 0.90] 0.36 [0.31; 0.50] 0.56 [0.50; 0.86]
Group 2 0.23 [0.13;0.40] 0.35 [0.32; 0.39] 0.45 [0.31; 0.93] 0.28 [0.20; 0.44] 0.26 [0.23; 0.35]
P<0.001 P<0.001 P,,=0.01 P=0.03
2h
Duodenum
Group 1 1.20 [1.04; 1.63] 1.01 [0.86; 1.37] 0.72[0.70; 0.97] 0.41 [0.24; 0.57] 0.53 [0.41; 0.61]
Group 2 0.30 [0.28; 0.32] 0.33[0.19; 0.41] 0.34 [0.24; 0.43] 0.39 [0.19; 0.54] 0.38 [0.24; 0.51]
P<0.001 P<0.001 P=0.01 P=0.03
Jejunum
Group 1 0.97 [0.94; 1.14] 0.91 [0.72; 1.08] 0.56 [0.24; 0.94] 0.54 [0.27; 0.76] 0.48 [0.34; 0.61]
Group 2 0.23 [0.21; 0.25] 0.26 [0.19; 0.39] 0.22 [0.19; 0.34] 0.47 [0.28; 0.68] 0.39 [0.28; 0.58]
P<0.001 P<0.001 P,,=0.02 P,,=0.02
Ileum
Group 1 0.92 [0.49; 1.20] 0.87[0.37;1.19] 0.43 [0.37; 0.49] 0.32[0.20; 0.43] 0.56 [0.30; 0.62]
Group 2 0.20[0.19; 0.21] 0.36 [0.26; 0.48] 0.39 [0.21; 0.55] 0.43 [0.41; 0.48] 0.49 [0.46; 0.61]
P<0.001 P<0.001 P,,=0.01 P,,=0.01 P,,<0.001
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KO BO 2-1i FpyIIIie 10 OTHOLIEHUIO K [IOKa3aTeJsIsIM
B 1-1i rpyIIie c pa3HUIlEel, B CpeiHeM, OT 2 10 9 pas,
COOTBETCTBEHHO. [Ip¥ 9TOM aKTUBHOCTH JTeCOpPOU-
pyeMBbIX (ppakIii aMuaasbl Oblja BHIINIE KOHT-
POJIbHBIX 3HaUeHUl. [IprMedaTesibHO, UTO AKTUB-
HOCTb BHYTPUKJIETOUHBIX (DEPMEHTOB BO 2-U
rpy1Iie, No-IpexHeMy, He OTJIn4Yaaach OT KOHT-
POJILHBIX 3HAaYEeHUH Ha ceBoJriopane (TadJr. 2).

Uepes 1 4 reMopparunyecKkoii FUIoTeH3NN BO
2-1 rpy1mIe aMUJIOJIUTHYECKask aKTUBHOCTD (ppak-
IUH BCeX OTAEJOB TOHKOW KHUIIKU OCTaBaJlach
OoJiee HU3KOM, B CpeTHEM, B 2 1 4 pa3a, 1o CpaBHe-
HUIO ¢ 1-1 rpynnoi. [Ipu nccsienoBaHuu aKTUBHO-
CTU BHYTPUKJIETOYHBIX (PepMEHTOB BBISBUIU
0oslee HHM3KWE TIOKa3aTeJqu aKTHUBHOCTH (HA
50-60%) o cpaBHEHUIO C 1-i FPyIIIOi ;KUBOTHBIX.
[Ipu aToM 3HaueHUsI (pepMEeHTAaTUBHOU aKTHUBHO-
CTHU BO 2-H rpymnmne, B 11eJIOM, He ONINYAJIUCh OT
KOHTPOJIbHBIX 3HAYEHUI, 32 UCKJIIOUeHNeM TOIel
KUIITKY, TJe TPYIHO fecopbupyemasi pparmus rmpe-
BBIITIAJIa KOHTPOJIbHBIE 3HAaYeHUsT Ha 44% (TabJ1. 3).

Ko 2-My 4 reMopparnieckoii THIIOTEH3UU B
JBEHAAIAaTUIIePCTHOU KUIIIKEe aKTUBHOCTb IPAK-
TUYeCKH Bcex PpaKkIui aMUJIa3bl BO 2-1 IpyIIe
SKUBOTHBIX OCTaBajach B 3-4 pasa HUXKe IIO0
CpaBHEHMIO C 1-i Ipynnoil u He OTIMYaJgach OT
KOHTpOJsA. OfHAKO B TOILIEH W IOAB3IOLIHON
KUIIIKe Ha (pOHe HU3KUX IT0Ka3areJiel akTHBHOCTU
TTOJIOCTHOH ¥ JIETKO JlecopOupyemMoit (pparmuii B
IpyIIIE SKUBOTHBIX C CEBO(IIOpaHOM HAOJTIONATHI
BBICOKYIO aKTUBHOCTH TPYIHO JeCOpOMpyeMoi u
BHYTPUKJIETOYHOU (ppakiuil 1O CPaBHEHUIO C
KOHTPOJIbHBIMY 3HAYEHUSIMU Ha (POHE OTCYTCTBUS
pas3yinyuii B aKTUBHOCTHU C TPYIIIOHN ;KUBOTHBIX,
MTOJTYYaBIIINX HAPKO3 a¢prpom (Tab. 3).

B esioMm, Ha BCex uccieg0BaTe/ IbCKUX TOUKaX
reMopparn4ecKoi TUIOTeH3UH HaOJTI0a/Id TeH-
JEeHIMI0 CHUKEHUSI aMUJI0JIUTUYeCKON aKTUBHO-
CTH ITOJIOCTHOH (TaHKpeaTnyecKoi), recopoupye-
MO U BHYTPUKJIETOYHOU (ppaKIuii (pepMeHTa BO
BCeX OTJlesIax TOHKON KUIIIKU J0 KOHTPOJBbHBIX
3Ha4YeHUU Ha (hoHe ceBO(IypaHa II0 CPAaBHEHUIO C
3(pUPHBIM HapKO30M. VICKJ/II0UeHNEe COCTABJISAIN
TPyOHO necopbupyeMas U BHYTPHUKJIETOYHAs
(¢pakuu pepmMeHTa KO 2-My 4acy 9KCIEepUMEHTA,
3HAYeHHUsI KOTOPBIX He OTINYAJIUCh OT 1-U TPYIIIbI.

HuTepec k ceBo(II0OpaHy BO3HUK B CBA3U C
OTKPBITHEM €ro IOIOJHUTEJBHOro adderra —
aHEeCTeTUYEeCKOT0 IPEKOHAUIMOHUPOBAHNUA, KOTO-
PBIi peanu3ayeTcst Yepe3 CTabUIN3anuIo KIeToY-
HBIX MEMOPAaH B YCIOBHUSIX TUTTOKCUY, SIBJISIONIEH -
Cs1 OCHOBHBIM ITaTOreHeTU4YeCKUM (haKTOPOM IIpHU
MacCUBHOM KpoBorioTtepe [7, 12, 14]. B HacTos1iee
BpeMsI IOSIBJISIIOTCS ITyOJIMKAINY, TTOCBSIIIEHHBIE
KapAUOIPOTEKTOPHOMY JAEHCTBUIO 3TOTO aHECTe-
THKQ, IIOATBEP’KAECHHOMY MHOTOYHCJICHHBIMUA
KJIMHUYECKUMHU HUccieqoBaHusamu [11, 20, 24, 25].
[NosiBMJIMCH COODIIEHNST O TPOSIBJIEHNH aPerTa
€ro NPeKOHJUIINOHUPOBAHUSA HEe TOJIBKO B OTHO-

ous clinical studies [11, 20, 24, 25]. There are reports
about its preconditioning effect not only on the
heart, but on other organs as well, including brain,
kidneys, and lungs [6, 16, 17, 26]. However, when an-
alyzing the literature regarding anesthesia precon-
ditioning by sevoflurane, we can encounter some
contradictions. In particular, the studies of Tomai
and Julier did not reveal cardioprotective effect of
sevoflurane, which raises questions about the anes-
thetic dosage, especially since there is no reference
dose initiating the anesthetic preconditioning.
Some authors believe that one can expect full-scale
protection only if the concentration of sevoflurane
is deliberately increased to 2 MAC during anesthe-
sia [17]. All of the above enabled us to hypothesize
about possible anesthetic preconditioning of the
small intestine in circulating blood volume deficit
caused by blood loss and test it experimentally
using proven and proprietary models of hemor-
rhagic shock and sedation techniques, as well as
clinically validated anesthetic doses of sevoflurane.
Experimental studies and clinical observations
have proved that the intestine becomes ischemic
and has a tolerance threshold to ischemia in various
conditions as a result of the organism stress-re-
sponse [27]. However, in critical conditions, such as
hemorrhagic shock due to massive blood loss,
structural changes of small intestine mucosa, the
most sensitive to hypoxia, take place [9, 27]. This
leads to at least two adverse effects, i. e., disruption
of digestive transport along the small intestine and
damage to the blood-tissue barrier, resulting in in-
creased wall permeability and endotoxemia devel-
opment [10]. Subsequently, reperfusion worsens in-
testinal damage, and the vicious circle closes with
secondary damage of all organs and tissues by en-
dotoxins [27-29]. In this regard, the use of sevoflu-
rane during operations involving massive blood loss
would, to some extent, prevent these disorders.
Low activity of intraluminal and rapidly des-
orbing amylase fractions in animals exposed to
sevoflurane vs with those on ether suggest not only
preserved small intestinal mucosa glycocalyx func-
tion, but also preconditioning of pancreas, respond-
ing to reperfusion by intense release of pancreatic
juice into duodenum, which additionally damages
glycocalyx. The slowly desorbing and intracellular
fractions of the enzyme values that are close to the
control ones reflect their strong link to the small in-
testine brush border condition and enterocyte
membrane stabilization first under ischemia condi-
tions, and then in reperfusion, although after 2 hours
of hemorrhagic hypotension in jejunum and ileum
there was a trend to the loss of enzyme binding to
brush border and destruction of enterocytes.
Finally, we can assume that cytoprotective
properties of sevoflurane may underlie its precon-
ditioning effect when used in specific doses [25, 26],
which requires further experimental confirmation.

GENERAL REANIMATOLOGY, 2021, 17; 2

www.reanimatology.com



52

https://doi.org/10.15360/1813-9779-2021-2-45-54

Clinical and Experimental Studies

IIEHUN CepAua, HO TaKyKe U IPYrUX OpraHoB —
roJIOBHOI'O MO03ra, Iovek, Jerkux [6, 16, 17, 26].
OnHaKo mpu aHaIM3€e OTEYECTBEHHON U 3apyOesk-
HOU JINTEPaTyphl, HOCBSAIIEHHON NCCIeJ0BAHUIM
AHECTe3N0JIOTUYECKOT0 TPEKOHITUIIMOHNPOBAHMSA
ceBo(IypaHa, UMeITCsI HEKOTOphle IPOTUBOPEe-
4. B vacTHOCTH, B ccaeqoBanusax Tomai, Julier
He BbBISBJIEH KapJAUONPOTEKTUBHBIN 3P deKT
ceBodIypaHa, 4TO 3aCTaBJIsIEeT 3aAyMarbCsl HaJ
JIO3VPOBKOM aHecTeTHKa, TeM OoJiee, 9TO OTCYT-
CTBYIOT PEeKOMEHJAIluu [03bl, NHUIIUUPYIOIIeH
MIPOILECC aHECTETUYECKOT0 ITPEKOHIUIIMOHNPOBA-
HUA. HeKOTOpBbIe aBTOPHI CYMTAIOT, YTO PACCUUTHI-
BaTb Ha MOJIHOLIEHHYIO 3alUTy MOKHO JIMIIb B
TOM CJIy4ae, eCJIM BO BpeMs aHeCTe3ny IpegHaMe-
PEHHO yBeJIMYMBATh KOHIIEHTPAINIO ceBoIypa-
Ha 10 2 MAK [17]. Bce BhIllIENIEpeYnCIIEHHOE T103-
BOJIUJIO HaM C(OpMyJHpOBaTh TUMNOTE3y O
BO3MOKHOM aHECTETUYECKOM ITPEKOHIUITMOHUPO-
BaHUU TOHKON KUIIKU B YCJIOBUSAX JedULUTA
obbeMa MUPKYIUPYIOIIEH KPOBU B pe3yJbTaTe
KPOBOTEYEHUS U PeaTn30BaATh 9TO B IKCIIEPUMEH-
Te, UCII0Jb3ysl IIPOBEPEHHbIC Y IaTeHTOBAHHbBIEC
MOJIeJIM FeMOPParnvyecKoro IIoKa U anrapara s
cemaryy, a Tak)Ke ampoOMpPOBaHHbBIE B KJIUHUKE
HapKO3HbIe 103kl ceBOIypaHa.
JKCepUMEHTATbHBIMU UCCJIEJOBAHUAMUI U
KJAMHUYEeCKUMHU HaOJII0JeHusAMHU JOKas3aHo, YTO
WMEHHO KUIIIeYHUK ITPUA PA3JTUYHBIX IaTOJIOTAYE-
CKHX IIpOoIeccax B pe3yJbrare CTpecC-peakluu
OpraHu3Ma HAaXOOUTCA B yCJOBUAX WUIIEMUU U
“MeeT olpejieJIeHHBIU MTOPOr TOJEPAaHTHOCTHU K
Hel [27]. OmHAKO TPU KPUTUUECKUX COCTOSTHUSX,
K KOTOPBIM OTHOCHUTCA FeMOpparndecKux IIOK,
¢dopmupyooIIUiics B pe3ysbrare MaCCUBHOU KpO-
BOTIOTEPH, HAOJIIOJaeTCsA U3MEHEHNE CTPYKTYPHI
CJAM3UCTON 000JIOUKY TOHKOM KUIIIKU, HarboJiee
YyBCTBUTEJIBHOU K TUIIOKCUH [9, 27]. 3TO IpPUBO-
IUT, KaK MUHUMYM, K JBYM HeOJIarompusiTHbIM
IIOCJIEACTBUAM: HAPYIICHUIO IINIEeBAPUTEIBHO-
TPAHCIOPTHOU (PYHKIUU TOHKOU KHUIIKU U
MTOBPEKIEHNIO THUCTOTEMATUUeCKOTO Oapbepa,
NIPABOIALLEMY K IIOBBIIIEHUIO IIPOHUIAEMOCTHU
CTEHKU OpraHa ¥ pa3BUTUIO 9HA0TOKceMuu [10]. B
JanbHelleM, penepdysust yCUJIMBaeT IOBPEK-
JleHre KUIIeYHNKA, ¥ IOPOYHBIN KPYT 3aMbIKAET-
Ccs1 BTOPUYHBIM NOBPEKJEHUEM BCEX OPraHOB U
TKaHel 3HIOTOKCHMHAMM [27-29]. B cBA3U ¢ aTUM
IpuMeHeHUe ceBodJIypaHa BO BpeMsl IIpoBefe-
HUSI OTIepalii, CONMPsIsKeHHbIX C MACCUBHOM KPO-
BOTIOTEpEH, TO3BOJIUIO ObI, B U3BECTHOU CTETIEHH,
Ipo(UIAKTUPOBATH 3TU HAPYIIEHUS.

Jluteparypa

1. Gipson J.S., Wood E.M., Cole-Sinclair M.F., McQuilten Z., Waters N.,
Woodford N.W. Major haemorrhage fatalities in the Australian na-
tional coronial database. Emerg Med Australas. 2018; 30 (3): 382-388.
DOI: 10.1016/j.ajem. 2017.06.025. PMID: 28633905.

2. ContiA., Renzi N., Molesti D., Bianchi S., Bogazzi 1., Bongini G., Pepe
G., Frosini F., Bertini A., Santini M. Short and long-term mortality of

Conclusion

During anesthesia with sevoflurane in hemor-
rhagic hypotension during 1 hour of the experi-
ment we observed decreased pancreatic excretory
function, stabilization of the mucosal brush border
in all small intestine regions and enterocyte mem-
branes. However, 2 hours after the blood loss there
were biochemical signs of damage to the brush bor-
der in the jejunum and ileum.

Huakure mokasarey akTHBHOCTH MOJIOCTHOM
¥ JIETKO JecopOupyeMoi (ppakiuii aMuIasbl B
TPYIITIe 5KUBOTHBIX C UCIIOJTb30BAHUEM CEBOIIY-
paHa, 1o CpaBHEHMIO C TAKOBBIMHU Ha a(upe, mo3-
BOJISAIOT CJ€J1aTh BHIBOJ HE TOJIBKO O COXpaHEHUH!
(pyHKIINY TITMKOKAIMKCA, TOKPHIBAIOIIEro CIN3H-
CTYI0 000JIOYKY TOHKOHM KUIITKY, HO ¥ O IPEKOH ! -
[IMOHUPOBAHUY ITORETYI0YHOH 5Kejle3bl, pearu-
pyro1iel Ha pernepdys3nio MOIITHBIM BRIOPOCOM B
JIBEHAAIATUIIEPCTHYIO KUIITKY TAaHKPEeATUIeCKOTO
COKa, JI0IIOJIHUTEJIbHO IIOBPEKIAIOIIET0 [NINKOKA-
Jgukc. [Tokasaresm TpymHO AecopOuUpyemMol u
BHYTPHUKJIETOYHOH (ppaknmii pepmenTa, mpuodIm-
SKEHHbIe K KOHTPOJbHBIM 3HAYEHUSIM, OTPAKAIOT
WX TPOYHYIO CBSA3b C COCTOSIHMEM II[€TOYHOM
KalMBbl TOHKON KUIIKW U CTA0OMJIU3AIUI0 MEM-
OpaH 9HTEPONMTOB CHAaYaJIa B yCJIOBUSX UIIIEMUH,
a 3areM ® pernepdy3ud, XOTS IOCJE 2-X YacaB
reMopparuueckoil ruoTeH3UU B TOIIed U IOJ-
B3JOIITHON KHWIITKaX HaMedasjach TEHIEHIUSA K
rnorepe cBsiser (pepMeHTa CO METOYHOU KaiiMOi 1
JeCTPYKIIFN 9HTEPOIINTOB.

B 3akJIoueHve, MOSKHO TIPEIITOIOKATD, UYTO B
ocHOBe a(pdeKTa MPEeKOHUITMOHUPOBAHUS CEBOP-
JIypaHOM, IIPUMEHSIEMOTO B OIIPEIeJIEHHOM TO3UPOB-
Ke, UM€eeT MECTO IIUTONPOTEKTOPHOE CBOMCTBO [25,
26], Tpebyroriee JaTbHEUIIIEro MOpoIOTHIECKOT0
TIOTBEPSKIIEHNSA B IKCIIEPUMEHTE.

3akJrouenue

IIpu mpoBeIeHUN aHECTEe3UOJJIOTUUYECKOTO
roco6us ceBorropaHoM Ha pOHe reMopparude-
CKOW TUTIOTEH3WH B TeUueHue 1 yaca 9KCIepuMeHTa
HabJTI0/1aTi CHUPKEHNE 9KCKPETOPHON (PYHKITUHN
TTOJI?KEJTY/TOYHOM 5KeJIe3bl, CTAaOMIN3aIIHIO IIIeTOY-
HOM KaWMBbI CJAM3UCTOM 000JIOYKH BCEX OTJIEI0B
TOHKOM KUIITKY, B TOM YHCJIe, I MEMOPaH 9HTEPO-
uToB. OgHAKO Yepes 2 yaca IocJjie KpOBOIIOTEPHU
TTOSIBJISIJIVCH OMOXUMUYECKUE TPU3HAKY TTOBPESK-
JIeHUs [IeTOYHOM KaliMbl B TOIIEM U HOAB3I0III-
HOM OTJeJ1aX TOHKOHU KUIIKH.
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