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ITeav — onenka apdexra 100aBKU KCEHOHA K KHCIOPOAHBIM cMecsiM. Mamepuanvt u memoost. IIpoBeneH cpaBHATEIbHbINR
aHaJIM3 MHOTOKPATHOTO IPUMEHEHNUSI KCEHOH-KUCJIOPOIHOMN ra30Boii cMecH ¢ coziep:kaHueM Kcenona 50%, kucaopoaa — 40%
u azota — 10% c kuciaopoaHoii cMechIo ¢ 40% Kuca0po1a Ha IOBEJeHYECKUE TapaMeTPhl, XapaKTepPU3YIONHe OPHEHTHPOBOY-
HO-HMCCJIEIOBATENbCKYIO AaKTUBHOCTh M KOMIIOHEHTY CTPECCa U TPEBOKHOCTH Yy Kpbic Bucrap, a Tak:ike ypoBeHb CBOOOJHOPA-
JIMKAJHHOTO OKUCJIEHUs U GEITKOB CPOYHON 3auThbl. Pesyibmamovi. MHOTOKpaTHOE /ieiicTBUE TUNEPOKCAYECKOI CMECH MTOBbI-
IaeT YPOBEHb TPEBOKHOCTH KHBOTHBIX, MHTEHCHBHOCTb CBOOOJHOPAJUKAJIBHBIX IPOIECCOB U AKTHBHOCTH (PepMEHTOB
AHTHOKCH/IAHTHOI1 3aIUTHI B IEYEHH, BKIIOYEHHE KCEHOHA B COCTAB KHCJIOPOIHOI CMeCH KOMIIEHCHPYET MHOTOKPAaTHOE JIeii-
CTBHE THIIEPOKCHHU. 3akitouenue. Pe3ybTaTsl CBUETEIbCTBYIOT O CHUKEHUH YPOBHS TPEBOKHOCTH IOBE/ICHUS *KUBOTHBIX U
ajantainoHHoM 3¢ (deKTe MHOTOKPATHOTO NPUMEHEHHSI KCEHOHA, BKJIIOYEHHOTO B KUCJIOpPO/HbIe cmecu. Kntouesvie cnosa:
KCEHOH, KHCJIOPO/I, THIIEPOKCHSI, CTPECC, aanTauus, Noseaenne, Kpoickl Bucrap, HSPs, cBo6oaHopaankaibHoe OKHCIEHHE,
AHTHOKCHIAHTHBIE (hepMEHTDI.

Objective: to investigate the effect of xenon addition to oxygen mixtures. Materials and methods. The repeated use of a
xenon-oxygen gas mixture containing 50% xenon, 40% oxygen, and 10% nitrogen versus an oxygen mixture containing
40% oxygen on behavioral parameters characterizing orientative-exploratory activity, stress, and anxiety in Wistar rats, as
well as the level of free radical oxidation and urgent protection proteins was comparatively analyzed. Results. Repeated
exposure to the hyperoxic mixture increases the level of anxiety in animals and enhances the intensity of free radical
processes and the activity of liver antioxidant protection enzymes; incorporation of xenon into the oxygen gas mixture lev-
els off the multiple action of hyperoxia. Conclusion. The findings are suggestive of the lower level of anxiety in animals and
the adaptation effect of repeated application of xenon incorporated into oxygen mixtures. Key words: xenon, oxygen,
hyperoxia, stress, adaptation, behavior, Wistar rats, HSPs, free radical oxidation, antioxidant enzymes.
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BBenenne

B nocsiesinme mecsITUIIeTHST NHTAJSIIIMOHHBII aHecTe-
TUK KCEHOH TIPUMEHSIOT TIPU OTIEPATHBHBIX BMEITATETHCT-
BaX, B TOM YHCJI€ B KapAHOXUPYPTUH, THHEKOJIOTHH, YPO-
gorun, oprampmosornn [1—3]. HecmoTpss Ha TO, 4TO
CaMBIM PACTIPOCTPAHEHHBIM TIPUMEHEHUEM KCEHOHA STBJIST-
€TCsI eT0 MCIOJIb30BAHNE B KAYECTBE MHTAISIIIOHHOTO aHe-
CTETUKA ITIPH XUPYPrUYECKUX OIEpalusx, Bee OGOJIbIIuii
MHTEPEC BBI3BIBAIOT €TO aANTAI[MOHHbIE CBOHCTBA. V3Be-

Introduction

Inhalational anesthetic xenon is being used in dif-
ferent operations, including cardiac surgery, gynecology,
urology, ophthalmology [1—3] during last ten years. In
spite of the most known applications of xenon in volatile
anesthesia during surgery, the adaptive effects of the gas
have attracted more and more attention. It has been
demonstrated that xenon provides not only analgesic
properties but also suppresses the development of distress

Anpec 115 KOPPECIOHIEHIUU:

Casounrosa Tarbana [ennaabesHa
E-mail: yva1950@gmail.com

Correspondence to:

Sazontova Tatiana Gennadievna
E-mail: yva1950@gmail.com

www.reanimatology.com

GENERAL REANIMATOLOGY, 2014, 10; 2



BOHPOCLI AHECTE3MOAOTUHA -

CTHO, UTO HAPSIy C aHATBTETHUECKUM JEHCTBUEM KCEHOH
MIO/IaBJISIET CTPECCOPHYIO COCTABJISIONIYIO XUPYPTUIECKOTO
BMermaresibetBa [4, 5]. Pacmpesesnsisich ¢ TOKOM KPOBH,
KCEHOH B TIEPBYIO 0Y€PEIb OKA3hIBACT BIMSHIE Ha OPTaHbI
¢ HauOOJIBIIINM KPOBOCHAGKEHNEM, TAKHE KaK MO3T 1 Ha/l-
MOYEYHUKHN, B PE3YIBTATE MTPOUCXOINUT CHILKEHNE YPOBHS
KaTeXOJaMUHOB U 00ECIIeYnBACTCS CTaOUIbHOCTD TEMOJIU-
HaMHUUYECKUX TIOKazarteseil Bo Bpemsi omneparuu [6, 7]. B
2010 r. mosryueno paspetnerrie M3CP PO na ucrniosib3osa-
HHUe HOBOH MEUIIMHCKON TEXHOTOTHN — MTPUMEHEHST KCe-
HOHA TIPU JIEIEHUN CTPECCOBLIX cocTostHnil («MeTommka
KOPPEKIINU OCTPBIX M XPOHUIECKUX CTPECCOBBIX PaCCT-
POTCTB, OCHOBAHHAS Ha WHTAJSIINH TEPATIEBTHYECCKUX 7103
MEIUIMHCKOTO  Kcenona Mapkn  <«KceMen» @OC
Ne2010/227 ot 17.06.2010 r.). Kcenon-xuciopommbie cme-
CH HAYaJTH MCTIOTh30BATD [IJIsT KOPPEKITHI CTPECCOBDIX Pac-
CTPOMCTB B Pa3IMYHBIX 0OIACTSIX MeIuIHbI [8—14], mo-
Ka3aHo HEHPOMPOTEKTOPHOE /eHicTBIE KeeHomHa [15, 16]. B
HacTosIIIee BpeMs TTOSIBIIAIOTCS JJAHHBIE, YKa3bIBAIOIINE Ha
azanranuonubie addexTsl KceHoHa [6, 12], XxoTst MexaHU3-
MBI UX OCTAIOTCST MAJIO M3y4eHbl. He akIeHTupyercst BHU-
MaHue Ha TOM, YTO WHTAJSIINST KCEHOHA MPOUCXOINUT BCE-
I7la B COYCTAHWM C THIEPOKCHYECKON CMEChIO, KOTOpPas
cama 110 cebe SBJISIETCST WHIAYKTOPOM OKHCJIUTENHHOTO
crpecca. OCOOEHHO aKTyaTbHOI SIBJISIETCST POJIb THIIEPOK-
CHW TIPY BEJICHUH TIATIMEHTOB, HAXOSTIINXCST Ha TIPOJIOHTH-
POBAHHON WMCKYCCTBEHHON BEHTUJSIIINN JIETKUX, TaK Kak
coziepKaHue KICJI0PO/Ia BO BBIXACMOI CMECH COCTABJISET
06bruHO He Menee 40% [17]. Tenepanus akTuBHBIX (GOpPM
KUCJIOPO/IA IIPU TOM HE TOJIbKO 0OECIIeYnBAET BHY TPUKJIE-
TOYHYIO pe/loKc-curHasm3anuio [18], Ho MoxeT BecTH K
Pa3BUTUIO CTPECCOBBIX U THITOKCUIECKUX COCTOSTHUH, T10-
ATOMY TIPEICTABIISETCST BA)KHBIM TIOMCK METOJIOB TTOBBITITE-
HUS PE3UCTEHTHOCTH OPTaHu3Ma K MOBPEXK/IAI0NeMY Ieii-
cTBUIO TUMepokcnu. Ha OCHOBAHWHU BBINIECKA3AHHOTO
MOJKHO TIPE/IIOJIOKUTD, YTO IPUMEHEHNE KCEHOHA OKaXKeT
npeaynpexaniee aeicreue ot 1mo0ouHbIX a(hPeKToB
MIPUMEHEHUST KICTOPO/Ia IaKe TIPH €T0 MHOTOKPATHOM HC-
MOJThb30BaHNY. B 3a/1a9y MCCIeM0BaHUsS TIOMUMO TIPOBEPKU
3TOTO TIPEANOJIOKEHNUST BXOANUJ IMOUCK 3BEHBEB PELOKC-
CUTHAJTM3ATINHN, OTBEYAIONIIX 32 9TH MPOTIECCHI, TOCKOIBbKY
CYIIECTBYIOT JIMIIb eANHUYHbIEe cTathu [8] 00 yuacTuu
KOMITOHEHTOB BHYTPUKJIETOTHON CUTHATM3ANHN B ahdek-
Tax kcenona. Ileap paGorsr — orenka ahhekToB MHOTO-
KPaTHOTO MPUMEHEHHST KCEHOH-KUCTOPOIHON CMECH, TIPO-
BEJIEHHON B CPaBHEHUHM C KOHTPOJEM ¥ KHUCJIOPOAHON
CMECBIO C TAKUM JKe CO/lepKaHIeM KHCI0PO/Ia.

Marepuan u MeTObI

PaGota nposejiena Ha Kpbicax camiiax Bucrap maccoit 200—230 1.
JKMBOTHBIE COJIEPIKAIICH B CTAH/APTHBIX YCJIOBUSX BUBApPUS
DOOM MTY. UHransiuy KCeHOHOM POBOANIIN ¢ HOMOIIBIO a30-
Boit cmecu ¢ coctaBoM Xe:O9:Ny=50:40:10%. 13 nweit, no 1 yacy B
nenb (13 Xe/O,). TazoBast cmech cozzaBajach ¢ HOMOIIBIO TTOPTA-
tunoro ammapata AUWUH <«KCHUH-Aspopa» (ATOM-ME]]
HEHTP) n nogaBanach B repMOKaMepy, I7ie HAXOVJINCH JKIBOT-
HbIE, 110 3aKPBITOMY KOHTYPY € aICOPOEPOM TSI TIOTJIONIEHWST yTJTe-
KHCJIOTO Ta3a. [a30BblIil cocTaB cMecu B Kamepe KOHTPOJIMPOBAJICS C

component of a surgery [4, 5]. Xenon is spread by blood
and exerts influence on organs with maximal blood circu-
lation, such as brain and adrenal glands, resulting in cat-
echolamine level decrease and stabilization of hemody-
namic parameters during surgery [6, 7]. In 2010 Ministry
of Public Health of Russian Federation approved a new
medical technology for application of xenon in the treat-
ment of stress-induced conditions («Method of correc-
tion of acute and chronic stress disturbances based on
inhalation of therapeutic doses of medical xenon
«XeMed» FC Ne2010/227 of 17.06.2010)». Xenon-oxy-
gen mixtures has been successfully employed in antistress
correction in different fields of medicine [8 — 14], and
neuroprotective action of xenon was also revealed [15,
16]. Recent investigations have demonstrated the proad-
aptive effect of xenon [6, 12], however, the mechanisms of
the effects are still far from the clarification. The effects of
the simultaneous use inhalation of xenon and hyperoxic
mixture containing oxygen, which itself induces oxida-
tive stress are currently under investigated. The role of
hyperoxia is especially actual in patients on prolonged
mechanical lung ventilation because the inhaled mixture
usually contains not less than 40% oxygen [17]. Increase
of reactive oxygen species (ROS) provides not only intra-
cellular redox-signalization [18], but also can lead to
development of hypoxic and stress conditions. That is
why search of methods increasing the human body resis-
tance to damaging action of hyperoxia is very important.
Therefore, it is reasonable to suppose that xenon may
have a pro-adaptive value by preventing adverse effects
of oxygen even during prolonged use. Currently there are
only few articles devoted to clarification of the role of
intracellular signalization in xenon action [8]. The aim of
this study was to verify this supposition in experimental
setting and define key events of redox-signalization
responsible for these processes. This study was focused on
evaluation of effects of adaptation to repeated action of
xenon-oxygen mixture in rats compared to non-treated
animals and rats receiving oxygen mixture with the same
oxygen concentration.

Materials and Methods

Male Wistar rats 200—230 g weight were used in the study.
The animals were kept in the standard conditions in the vivarium
of Department of Fundamental Medicine of Moscow State
University. Xenon inhalations were performed by means of xenon-
oxygen gas mixture containing 50% xenon, 40% oxygen and 10%
nitrogen during 13 days one hour per day (13Xe/O,). Gaseous
mixture was created with portative apparatus «AIN XIN —
Aurora» (ATOM-MED CENTER) and was delivered in termal
camera by closed circuit equipped with carbon dioxide absorbent.
Gaseous mixture composition was controlled by gas analyzer for
xenon and oxygen (GKM-03). In the comparative group inhala-
tions were performed with the same content of oxygen in the mix-
ture Oy:Ny = 40:60% in the same regimen (13 O,). On the 14th day
we performed elevated cruciform labyrinth test (ECL) for evalua-
tion of anxiety component of the behavior of animals and their
locomotor, orient and exploratory activity. All the video data were
evaluated using the program EthoVision. Immediately after per-
forming the test all the animals were narcotized and organs were
withdrawn.
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Ta6.1mua. HN3meHeHne akTHBHOCTHU CbepMeHTOB aHTHOKCl/IﬂaHTHOﬁ 3alIUThl B [I€CYE€HU IIPU MHOTOKPAaTHOM ﬂeﬁCTBI/II/I

KHCJIOPOJHOU U KCEHOH-KUCIOPOHOH cMeceil

Table. Antioxidant protection enzymes activity changes in liver after repeated action of oxygen and xenon mixtures

Group Cat GR SOD
Control 0,23 0,05 1,5

13 0, 0,27 0,11* 2,27*
13 Xe/0, 0,24 0,05 1,27

IIpumeyanne. Cat — xatanasa, nmomas HyOy/mun/mr; GR — rayratnonpenykrasa, imoiab NADPH /mum/mr; SOD — cynepoxenamic-
MyTasa, y. e.; 130y — 13-KkpatTible ceancol AbIXaHus KICIOPOAHO cMechio ¢ cogepskanueM Oy 40%; 13 Xe/Oy — 13-kparible ceancol
JIBIXAHHST KCEHOH-KUCJIOPOJHON cMechio ¢ copepxkanneM Oy — 40%, kcenona — 50%. * — pocroeprocTb oTamynit (p<0,05) 10 cpasie-
nuio ¢ kourposiem (Mann-Whitney U Test). Group — rpymisr; Control — KoHTPOJIb.

Note. Cat — catalase, nmol H,0,/min/mg; GR — glutathione reductase nmol NADPH/min/mg; SOD — superoxide dismutase, c. e.;
13 02 , — 13 sessions of inhalation of oxygen mixture containing 40% O,; 13 Xe/O, — 13 sessions of inhalation of xenon-oxygen mix-
ture containing 40% O, and 50% xenon; * — significance of comparisons with control (P<0,05; Mann-Whitney U-test).

TTOMOIIBIO Ta3oaHaam3aTopa Kucjaopoga n kcemona 'KM-03. B
IpyIiie CPaBHEHMSI MHTAJISIINK TPOBO/IMJIN C TEM K€ TIPOIEHTHBIM
conep:kanneM kucaopoza B cmecu O9:Ny = 40:60%, B TOM ke pesxu-
me (13 O,). Ha 14-it nenns akcriepuMenTa mpoBojnin tect «IIpn-
HNOAHATHI KpecTtooOpasubiii nabupuaty (ITKJT) 1/1st BeISBICHUS U
OIIEHKH TPEBOKHOTO KOMIIOHEHTA B TIOBEJIEHNH KUBOTHBIX, & TAKKe
OlpejiesieHNsT YPOBHSI JIBUTATENbHON 1 OPUEHTHPOBOYHO-HCCIIE/0-
BaTeJIbCKOI aKTUBHOCTH, 0OpabaThiBas BUAEOMATEPUAIIBI IO PO~
rpamme EthoVision. Cpasy 1ocsie OKOHYaHUsI TecTa KUBOTHBIX
HapKOTU3MPOBAJN U TIPOBO/IMIHN 3260 OPraHoB.

VIHTEHCUBHOCTD CBOGOHOPAAMKATILHOTO OKUCIEHHSI OIICHNU-
BAJIM 110 CKOPOCTH HAKOTIJIEHHS ITPOLYKTOB TEPEKHCHOTO OKKCIIe-
HIIST JTUTTU/IOB TIPH €T0 WHIYKIINH i1 0itro B cucTeMe 15 MMOJIb ac-
kopbara + 10 umosb FeSO4 no npunsitoit Mmopndukanuu [19],
peructpupysi Tobapburypar (TBK)-akTuBHbIE TPOAYKTHI 110
MaKCUMYMY CIIEKTPA HOTJIOIeH NS, AKTUBHOCTD (hEPMEHTOB aHTH-
OKCHIAHTHOI 3alIUTBI ONPEIEJIAIN B IMHEIHOI 0bacTu: Kataia-
3b1 — 110 norpebaennio HyOy, 240 HM; ryTaTHOHPETYKTa3bl —
HAJID®H, 340 1M; cynepoKCHANCMYTa3bl — 110 CTENeH HHTHOM-
POBaHUsl CKOPOCTH 00PAa3OBaHUsI CYIIEPOKCHAA B CHCTEME KCaH-
THH-KCAHTHOKCHU/Ia3a, B YCJIOBHBIX €IMHUIAX, 0 06Pa30BAHUIO
dhopmazana uz NBT, 560 M. CratrcTuueckyio 00paboTKy TpoBo-
i ¢ iomoripio makera mporpamm STATISTICA 6.0, cornmacno
PEKOMEHIAMISIM TI0 MTPOBEIEHI0 OMOMEIUITITHCKON CTATUCTHKU
[20]. HesaBrcumbie BBIOOPKH CPaBHUBAJIH 110 HEMTapaMETPUYECKO-
My Kputeprio MaHHa- YUTHH, pe3yJIbTaThl PEACTABISIN B BU/E
MeJINaHbl.

PesyibraThl U 00CyK/IEHHE

B koHTposIe HaGIOMAMN yBETHYEHNE MACChI Tesa K
OKOHYAHMIO 9KcIepuMenTa Ha 19% OT ncxoaHoi, B TO Bpe-
M KaK y KUBOTHBIX, ITOJIYUaBIINX Kypc n3 13 mHTamammit
KkucIoponHoii cmechio (13 O,) — Ha 9%. Ilpumenenne 13
MHTJISII  KCeHOH-KUCI0poaHoit cmechio (13 Xe/O,)
IIPUBEJIO K JOCTOBEPHOMY, OTHOCHUTEJBHO KOHTPOJS U
rpymist 13 Oy — (p<0,05; Mann-Whitney U Test), npupo-
CTy Macchl Tesia Ha 27%.

MHorokpatHoe TIpuMeHeHNe KHUCJIOPOJHOM cMecn —
(13 O,) IPUBOANT K MOBBIIIEHUIO HHTEHCHBHOCTH CBOOOI-
HOPAZMKAJIBHOTO OKUCJEHUS B TKaHU HeueHu (puc. 1) —
Yepe3 45 MUH TOCTE€ WHAYKIIMNA OKWCICHUS YPOBEHb Ha-
KOTJICHNST TIPO/LYKTOB OKHUCJIEHHST IOCTOBEPHO BO3pacTaeT
Gostee yem Ha 70%, YTO COMPOBOKIAETCS] 3HAYUTENBHOL
aKkTuBaiueil pepMeHTOB AHTMOKCUAAHTHON 3aIUThI — CY-
NEPOKCUINCMYTA3bl U [JIyTATHOHPEAYKTasbl (Tabiuia).

JobaBka KceHOHa K MHTAJSIIIHOHHOM CMeCH TIpejLy-
MIPEXK/IAET HTH MPOIECCHI, B Pe3yJbraTe MHTEHCUBHOCTH
CBOOOHOPAIMKAIBHBIX IIPOLECCOB U AKTUBHOCTH (DepMEH-

The intensity of free radical oxidation was assessed by the
rate of accumulation of free radical oxidation products by induc-
tion in vitro in the system Fe2* ascorbate according to the accept-
ed modification [19] with registration of thiobarbituric acid active
substances (TBARS) by maximum of uptake spectrum.
Antioxidant protection enzymes activity were determined in the
linear area: catalase — by H,0, uptake, 240 nm; glutathione
reductase — NADPH, 340 nm; superoxide dismutase — by inhibi-
tion of superoxide rate production in the system xantin-xantioxi-
dase according to formasane production from NBT, 560 nm.

Data were entered into the statistical package STATISTICA
6,0 according to the recommendations on biomedical statistics
[20]. In the case of non-dependent samples, the Mann-Whitney
U-test was applied, the results were presented like mediana.

Results and Discussion

In the control group 19% increase of the animals'
weight was observed at the end of the experiment. In the
animals received the course of oxygen inhalations (13 O,)
we observed only 9% increase in body mass. Application
of 13 xenon-oxygen inhalations (13 Xe/O,) contributed
to significant (27%) weight increase (p<0.05; Mann-
Whitney U-test).

Repeated application of oxygen mixture enhances
the intensity of free radical oxidation in liver tissue
(Fig. 1) — in 45 minutes after oxidation induction we
observed significant (more than 70%) increase in level
of accumulation of free radical oxidation products
accompanied by significant activation of antioxidant
protection enzymes (superoxide dismutase and glu-
tathione reductase) (Table).

Xenon addition to the inhaling mixture prevents
these processes and as a result the activity of free oxidation
processes and antioxidant protection enzymes and results
in no difference from the control group (Fig. 1, Table).

We also used the behavior test ECL for further
evaluation of the difference between effects of oxygen
and xenon-oxygen mixtures on the organism. General
run of the animals (Fig. 2 a) after the course of inhaling
oxygen mixture (13 O,) increased 1.5 fold comparative-
ly with the control group (p<0.05), mean locomotor
speed — increased 1.7 fold (p<0,05) (Fig. 2b). This fact
characterizes not only orient and exploratory activity
increase but also the rise of anxiety level in the behavior
of the animals.
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Puc. 1. /Ilunamuka nHakomienus TBK-akTHBHBIX NpPOAYKTOB
CBOGOHOPAMKAIBHOTO OKUCIEHNUS IIPH €70 UHAYKIUH in Vitro
B [€YEHH.

I'pymmer: Kontpoun; 13 Oy — MHOrOKpaTHbIE CEaHCHI JIbIXaHUS KHC-
JopoziHoit cmechio ¢ 40%; 13 Xe/Oy — MHOTOKpATHBIE CEAHCHI JIbIXa-
HUSI KCEHOH-KUCJIOPO/IHOI CMECHIO € CoiepKaHmneM Kiciopoa 40%,
kcenona — 50%. Ilo ocu opaunar — OD, A532 — omnruyeckast
MIOTHOCTD Tipu 560—532 1M, TIpe/icTaBIeHa Me/iuana. ¥ — 0CToBep-
Hoctb orunii (p<0,05) ot koutposst (Mann-Whitney U-test).
Fig. 1. Dynamics of TBARS accumulation during its induction
in vitro in liver.

Groups: Control, 13 O, — repeated sessions of 40% oxygen inhala-
tions ; 13 Xe/O, — repeated sessions of 40% oxygen and 50%
xenon mixture inhalations. Ordinate: ODA532 — variables of
optic density by 532 nm, * — significance of comparisons with con-
trol (P<0.05; Mann-Whitney U-test), represented in the figure by
median.

TOB aHTHMOKCUIAHTHON 3aIUTHI JIOCTOBEPHO HE OTJIMYATOT-
cs1 o1 KouTposd (puc. 1, Tabnuna).

Jlns1 masbHeiiniero BbIABICHUS PA3HUIIBI MEXKITY ICH-
CTBUEM KHCJOPOJHOHM U KCEHOH-KUCJIOPOIHON cMeceil Ha
OpraHu3M B II€JIOM TIPUMEHUJHU TMOBEICHYECKUIT TECT B
MPUIIOAHATOM KpecTooOpasHoM Jabupunre. O6muii mpo-
6er JKUBOTHBIX (pHC. 2 @), TOJYYABIINX KypC IbIXAHUS
kucaoposHoit cmechio (13 O,), 10 cpaBHEHUIO ¢ KOHTPO-
JieM octoBepHo yBeamunics B 1,5 paza (p<0,05), cpeamsisa
cropocTh aBmkerns — B 1,7 paza (p<0,05) (puc. 2 b), uto
XapaKkTepusyeT He TOJIbKO MOBBIIIEHHEe OPUEHTHPOBOYHO-
HCCIIEI0BATEIBCKON AKTUBHOCTH, HO U HAJIUYHE KOMIIO-
HEHTa TPEBOKHOCTH B 1T0BeAeHuN. [lobaBieHe KCeHOHA K
JIBIXaTEeJIbHOM CMECH TIPUBEJIO K IOCTOBEPHOMY YMEHbIIIe-
HUIO 9TUX MAPAMETPOB /10 KOHTPOJBHOTO YPOBHSI U UMEJIO
AHTUCTPECCOPHYTO HANIPABIEHHOCTH (pHC. 2).

ITHU JJaHHbIE TIOITBEPKAAIOTCS U MI3MEHEHUSIMU JIPY-
rux napametpos. [Ipoucxoant sHaunTENIBHOE TOCTOBEPHOE
yBeJIMYeHUEe BPEMEHH, TTPOBE/ICHHOTO Ha OTKPBITHIX JIydaX
u B 1ieHTpe abupunTa y rpyinst 13 O, 1 10cTOBEpHOE BO3-
BpallleHre K KOHTPOJIbHbIM 3HaUEHUEM M0CJIe 100aBIeHMsT
kcerona (puc. 3 a, b). MHOTOKpaTHOE yBeJTNYeHNE KOTIIe-
cTBa BHITJISAI0B Ha OoTKpbITHIe Tyan [TKJI n Bpemenn, mpo-
BEJIEHHOTO HA OTKPBITHIX JIyuyaxX B TPYIIIIE JKUBOTHBIX, TO-
JIYYaBIIUX KyPC MHTAISIIH KUCTOPOTHON cMechio (B 3 1

|
sec General run a
1400
1200
1000
800
600 i
400
200
0 : |
Control 13 0, 13 Xe/0,
sm/sec Mean locomotor speed b
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1 I
0 \
Control 13 O, 13 Xe/0,

Puc. 2. O6uuii npoGer ;KkUBOTHBIX (@); CPeaHsIsi CKOPOCTb [[BH-
JKeHUs JKUBOTHBIX (b).

O6o3Hauenvist rpyrir — cM. puc. 1; * — p<0,05 ot kouTpoJist; * — p<0,05
ot 130,.

Fig. 2. General run of the animals (a); mean locomotor speed of
the animals (b).

The names of the groups — as in the Fig. 1; * — P<0.05 compared
with the control group, * — P<0.05 compared with 130, group.

Xenon addition to the inhaling mixture contributed
to significant reduction of these variables to the level of the
control group and thus possesses antistress effect (Fig. 2).

The obtained data are confirmed by the changes of
the other parameters. Duration of the presence in the open
sleeves and in the center of the labyrinth was significantly
increased in the group 13 O, and significantly reduced to
the control data after xenon addition (Fig. 3 a, b).
Quantity of approaches into the open sleeves and duration
of the presence in the open sleeves increased many times (3
and 3.5) in the group of the animals after the course of
inhaling oxygen mixture. The results reflect enormous
activation of orient and exploratory components of behav-
ior motivated by psychoemotional instability but not eval-
uation of the environment, so the animals became anxious.

The same changes take place in the next group of para-
meters of behavior activity directly connected with the anxi-
ety behavior level: quantity of sights (Fig. 3 ¢) and approach-
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Time spent in open sleeves
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Puc. 3. Bpems Hax0K/[eHNS] (KUBOTHBIX B OTKPBITBIX JIy4aX MPUIIOIHATOTO Kpectoobpasnoro gadupunra (IIKJI) (a); BpemMs Haxox-
nenust ;kuBoTHBIX B nentpe ITKJI (b); Bbirasiapt Ha otkpbiTsie ayun ITKJI ().

Ob6osmauenust Tpymn — cM. puc. 1; ¥ — p<0,05 ot kouTposs; # — p<0,05 ot 13 Oy

Fig. 3. Duration of the presence of the animals in the open sleeves of elevated cruciform labirinth (ECL) (a); duration of the pres-
ence of the animals in the center of ECL (b); sights into the open sleeves of ECL (c). The names of the groups — as in the Fig. 1; * —
P<0.05 compared with the control group, # — P<0.05 compared with 130, group.

3,5 pasa), TOBOPUT O PE3KOH aKTUBAIIUH YPOBHS OPUEHTH-
POBOYHO-HMCCJIEOBATEIBCKOTO KOMIOHEHTA TOBECHMS,
MOTHUBAIMEH KOTOPOTO SIBJSIETCS HE CTOJIBKO OIEHKA OKPY-
JKAIONIEel CPeibl, CKOJIBKO TMCUXOIMOIIMOHATbHAS HECTa-
OUJIBHOCTD, CBU/ETEIbCTBYOIIAS O HAIMYMU KOMIIOHEHTHI
TPEBOKHOCTH B MOBEJICHUN KUBOTHBIX.

AHaJIOTNYHbIE U3MEHEHMS TIPOUCXOJST U B CJIELYIO-
IIEH IpyIIe TTapaMeTpoB TTOBEICHYECKOM aKTUBHOCTH, Ha-
MIPSIMYIO CBSI3AHHBIX C YPOBHEM TPEBOKHOCTH TTOBEICHUSI:
KOJIMYECTBE BBITVIAZOB (PUC. 3 €) 1 BBIXO/IOB HA OTKPBITHIE
ayan. I1o cpaBHEHUIO ¢ KOHTPOJIEM B TPYIIE )KUBOTHBIX,
HOTYyYUBIINX 13 ceaHcoB ABIXaHNS KUCTOPOAHOI CMEChIo
(13 O,), KoMMUECTBO BBITJSIOB U BBIXOAOB JIOCTOBEPHO
6oubine (p<0,05) B 3,2 u 3 pasa. [Ipu 9T0M B TpyIIIIE KUBOT-
HBIX, TOJTyuYnBIINX 13 ceaHCOB ABIXaHNS KCEHOH-KICIOPO/I-
Holi cMechio (13Xe/O,) 1o CpaBHEHUIO C KOHTPOJIEM, KOJIU-
YECTBO BBIXOJIOB YMEHBIIUJIOCH BIBOE, a BBITJSIOB —
BOCBMHUKPATHO, YTO TOBOPUT KaK O MOJHOI KOMIIEHCAIINU B
KCEHOH-KHUCJIOPOJIHOI CMECH CTPECCOTEHHOTO JIeHCTBUS
KHCJIOPO/IA, TaK U O HAJTMYUH KOMIIOHEHTHI TOPMOKEHUS,
YTO CJIEAYET YUYUTHIBATH TIPU MTPOJIOHTMPOBAHHBIX MHTAJISI-
IINSIX KCEHOH-KHUCJIOPOHON cMechio (puc. 2, 3 a u ¢). Kpo-
Me TOTO, TIpF MHOTOKpaTHOM jeficTBun 40% O, 10cTOBEPHO
(p<0,05) yMeHbIeHO BpeMst HETTOABUKHOCTH, & KOJIMIECT-
BO 91TM30/I0B JIBUKEHUST BO3PACTAET, S)KUBOTHBIE CTAHOBSITCS
6omee GECTOKOMHBIMU, YTO MOATBEPKAACT MOBLINICHUS
YPOBHSI TPEBOKHOCTH B 910 rpymie. [[o6aBKka KceHOHa, He-
CMOTPSI HA TAKOE JKe COZIEPKaHKe KUCIOPO/ia B KCEHOH-KHC-
JIOPOJIHOI CMECH JIaXKe TIPU MHOTOKPATHOM €€ MCIT0JIb30Ba-
HUM, TIOJHOCTHIO CHMUMAeT KOMIIOHEHTBI cTpecca |
TPEBOKHOCTU, MH/LYIIMPOBAHHbBIE KUCTIOPOJIOM.

Cy1iiecTBEeHHBII UHTEPEC MPEACTABIISIOT WHINBU/LY-
aJTbHBIE 3HAYEeHNS BBIXOZIOB Ha OTKPBITHIE Jiyun (puc. 4). B
KOHTpOJIE IPeobIalaloT KUBOTHBIE, KOTOPbIE BBIXOST Ha
OTKpbITBIE JTyun 1—2 pasa 3a Bpems TectupoBanus. [locie
MHOTOKPATHOTO JIBIXaHUsI KUCJIOPOIHON CMEChIO OTMeYaeT-
sl 3BHAUUTENILHO (0JIee BBICOKAs aKTUBHOCTD SKMBOTHBIX —

Control 130, 13 Xe/0,

&0

Puc. 4. BbIxo/pl Ha OTKPBITHIE JYYH NPHUIOAHATOrO KPECTO00-
pasHoro aabupunra IIKJI, %.

Ob6o3zHaueHus TPyII — ¢M. puc. 1; 6esblii — HeT BBIXO/I0B; Cephlit
— BBIXOZ0OB 1—2; 1MoJI0CKa — BBIXOL0B > 2.

Fig. 4. Approaches into the open sleeves of elevated cruciform
labirinth (ECL), %.

The names of the groups — as in the fig. 1; white — no approach-
es; grey — 1—2 approaches; stripes — > 2 approaches.

es into the open sleeves. The quantity of sights and approach-
es into the open sleeves was significantly much increased in
the group of the animals after 13 sessions of inhaling oxygen
mixture (13 O,) in comparison with the control (3.2 and 3
times, p<0.05). In the group of the animals after 13 sessions of
inhaling xenon-oxygen mixture (13 Xe/O,) the quantity of
approaches reduced 2 times and the quantity of sights
reduced 8 times. This fact reflects complete compensation of
negative stress component of oxygen by xenon in xenon-oxy-
gen mixture and presence of inhibition component. These
findings should be taken in consideration in the case of pro-
longed inhalations of xenon-oxygen mixture (Fig. 2, 3 a and ¢).
Besides the repeated action of 40% O, significantly decreased
(p<0.05) the time of immobility and the quantity of locomo-
tor episodes were increased, i.e. the animals became more rest-
less. This confirms the increase of the anxiety level in this
group. Xenon addition completely eliminates the stress and
anxiety induced by oxygen in spite of the same concentration
of the oxygen in the xenon-oxygen mixture.

The interesting data were obtained when analyzing of
individual values of approaches into the open sleeves (Fig. 4).
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BOHPOCI)I AHECTE3MOAOTIUN -

HET HI OTHOTO KMBOTHOTO, KOTOPOE He BBIXOUT Ha OTKPHI-
TBIE JIYYH, TIOSIBJISIIOTCS *KUBOTHBIE, KOJTIYECTBO BBIXO/IOB
KOTOPBIX MocTUTaeT deThipex. [Ipm mprxanmm xceHoH-KuC-
JIOPOIHOM CMECHIO B A TAIIMOHHOM PEsKIMe TIpeodraia-
10T JKUBOTHBIE, KOTOPBIE HEe BBIXOASAT Ha OTKPBITHIE JIyUH,
YTO CBUAETEIBCTBYET O MOJHONW KOMIIEHCAIINH KUCTOPOJI-
WHIYIINPOBAHHON CTPECCOPHON M TPEBOKHON KOMIOHEHT
TTOBE/ICHSI.

TakuM 06pa3oM, MHOTOKpaTHOE [eiCcTBUE THTIIe-
POKCHYECKOH CMeCH BBI3BIBACT Y KMBOTHBIX aKTHBAIIIIO
cBOGOAHOPAZAUKAIBHBIX [IPOLECCOB B TKAHU MEYEHHU, 110~
BBINIIEHNE KOMITOHEHTHI TPEBOKHOCTH TTOBeIeHMs. Bririo-
YeHNe B COCTAB Ta30BON CMECH HapSI/Ly C TOH JKe KOHI[EH-
Tpanuell KUCJI0poaa
kourentpanun 50% HUBEJUPYET ACHCTBUE KUCIOPOIA,

JOITIOJTHUTEJIbHO KCEHOHa B

IIPM 9TOM IOKa3aTesN IIOBeIeHIECKOI aKTHBHOCTH OKa-
3BIBAIOTCS B TIpe/ielax KOHTPOJIBHBIX 3HAUEHUH, [0CTO-
BEPHO MOBBINITAETCS MACCa TeJIa 1 HOPMaJIN3yeTcst basane
IIPO- U AHTUOKCH/IAHTOB B II€UYEHU JKUBOTHBIX IIPH MHO-
TOKPATHOM IIPUMEHEHUH KCCHOH-KUCIOPOIHOI CMeCH O
CPaBHEHUIO C KOHTPOJIEM WM MHOTOKDATHBIM JIefCTBU-
em 40% wucmopozanoit cmecu. IToryuennsie ganHble MO-
ryT OBITh HCIOJIB30BAHBI Ui 00OCHOBAHUS TIPOBEPKH
3THX 2(pHEKTOB B KINHUKE C II€JbI0 BKIIOYEHUS KCEHOHA
B razosbie cmecu 1ipu UBJI 8 OPUT u GoJiee mupoKkoro
€ro PUMEHEHUS B aHEeCTe3NO0JIOTHH.
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Most animals in the control group came into the open
sleeves 1—2 times during the test. The activity of the ani-
mals was much higher after the repeated inhaling of oxy-
gen mixture — there was no animals without approaches
into the open sleeves, animals with four approaches
appeared. Most animals after inhaling xenon-oxygen mix-
ture in adaptive regimen did not enter into the open
sleeves. This fact reflects the complete compensation of
oxygen-induced stress and anxious component of behavior.

Conclusion

Repeated action of hyperoxic mixture enhances activa-
tion of free radical processes and increase of anxious compo-
nent of behavior in animals. Addition of 50% concentration
of xenon in gaseous mixture with the same concentration of
oxygen eliminates the effects of oxygen and parameters of
behavior activity return to the level of control group. It is
associated with significant increase of body weight and nor-
malization of pro- and antioxidant balance in liver of the ani-
mals after repeated application of xenon-oxygen mixture in
comparison to the control or repeated action of 40% oxygen
mixture. The obtained results may be used as a base for devel-
oping a clinical trials protocol with the aim of inclusion of
xenon in gaseous mixtures for mechanical lung ventilation in
ICU and more wide application in anesthesiology.
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