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Plant phenolic compounds in prevention of metabolic
disturbances during nitrogen oxides intoxication
in experiment
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AHHOTAIIA

IKCIIEPUMEHT, B X0O7Ie KOTOPOTO U3Y4YaJsIu BIUAHHE MPOGUIAKTAUECKOTO BBE/IEHUA SKCTPAKTOB KaJIMHBI U 3JIeyTe-
POKOKKa Ha OHOXMMUYECKHE IIOKa3aTeJ T KPOBU IPH MHTOKCUKAIUK OKCH/IAMH a30Ta, IPOBOAMIIN HA 80 KpbICaX JIU-
HuM «Bucrap». JKUBOTHBIE GBI pa3/iesieHbl Ha 4 TPYNIBL: 1-s1 — HHTAKTHBIE, 2-1 — HHTOKCUKAIUA OKCHUAAMU a30Ta,
3- — BKCTPAKT KaJIMHBI + OKCUJIBI a30Ta, 4-1 — DKCTPAKT 3JIeyTEPOKOKKA + OKCU/IBI a30Ta. VIHTOKCUKAIIUIO OKCUAAMU
a30Ta OCYIIECTBJISIHN B TEUeHNE 6 MUH B KOHIIEHTPAI[UH 4.3 MT/M3 (Ipe/IeIbHO JIOyCTUMast KOHIIEHTPAIus B aTMocdep-
HOM BO37yxe — 0.4 Mr/m3). IHTOKCUKANHsA COMPOBOK/IAIaCh UCTOLIEHUEM CHCTEMbI aHTHOKCUAAHTHOM 3aIIUTHI Opra-
HHU3MAa, Pa3BUTHEM BBIPA’KEHHOH JUCIUIIONPOTENHEMHUH U JUCIUNINIEMUH. BRIXKBaeMOCTb JKMBOTHBIX IIPH MHTOKCH-
KaIlUU U BBEIEHUH SKCTPAKTOB KaJIMHBI U 3JIeyTEPOKOKKA COCTaBUIIA 70 %, TOTJa KaK IpU HHTOKCUKAUK 6e3 mpodu-
JIAKTUYeCKOr'o IIprueMa IIpernapaTos — 40 %.

Takum 06pa3oM, TPODUIAKTHIECKUH TPHEM SKCTPAKTOB KAJIHMHBI U 2JIEyTEPOKOKKA MOXKET OBITh PEKOMEH/I0BAaH
SKUTEJIAM SKOJIOTMYEeCKU HeOIarOnpUATHBIX PETHOHOB JIJISI CHH)KEHH S IOCIIEACTBUH TEXHOTEHHOTO BO3IEHCTBHA.

Karouesvte cnro8a: OKCHUIbI a30Ta, KPOBb, AHTHOKCHIAHTHAS 3aIlUTa, JTUIIOIPOTEUHBI, JTUIU/IbI, SKCTPAKT KAJIUHBI,
SKCTPAKT DJIEYTEPOKOKKA.

ABSTRACT

An experiment, aimed at studying the influence of prophilactic administration of viburnum and eleutherococcus ex-
tracts on biochemical parameters of blood during nitrogen oxides intoxication, was performed on 80 Wistar rats. The ani-
mals were divided into 4 groups: 1t — intact, 2" — nitrogen oxides intoxication, 3¢ — viburnum extract + nitrogen oxides,
4™ — eleutherococcus extract + nitrogen oxides. Nitrogen oxides intoxication was executed for 6 min at a concentration of
4.3 mg/ms3 (the maximum permissible concentration in atmospheric air — 0.4 mg/ms3). Intoxication was accompanied by
depletion of the body’s antioxidant defense system, development of severe dyslipoproteinemia and dyslipidemia. The sur-
vival rate of animals during intoxication preceded by administration of viburnum and eleutherococcus extracts was 70%,
while during intoxication without prophylactic administration of drugs — 40%.

Thus, the prophylactic intake of viburnum and eleutherococcus extracts can be recommended to residents of ecologi-
cally unfavorable regions to reduce the effects of anthropogenic impact.

Keywords: nitrogen oxides, blood, antioxidant defense, lipoproteins, lipids, viburnum extract, eleutherococcus
extract.
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BBEJAEHUE

B cBsI3M ¢ UHTEHCUBHBIM Pa3BUTHEM IIPOMBIIII-
JIEHHOCTHY, aBTOTPAHCIIOPTA, DYHEPreTUKU CyIIle-
CTBEHHO obOocTpuiachk mpobjieMa BJIUSHUS XUMH-
YeCKHX COeTMHEHUH Ha 37]0pOBbe yesioBeka. Ha ce-
TOAHSAIIHUH IeHb OTHUM U3 UCTOYHUKOB 3arpsi3He-
HUA aTMOCHEPHOTO BO3/yXa OKCHIAMU a30Ta ABJIA-
I0TCSI TETIJIOBBIE DJIEKTPUUECKHE CTAHIINU. Bo Bpems
paboTHI TEMI09HEPTETUIECKUX 0OBEKTOB IIPH BHICO-
KHX TeMIIepaTypaxX B KOTJIaX IPOUCXOAUT YaCTUU-
HOe OKHCJIEHHWE a30Ta BO37[yXa U a30Ta TOILJIMBA C
oOpa3zoBaHHEM OKCHJA U JUOKcHja asota [1]. Tak-
JKe TU XUMHUYECKHe TOKCUKAHTHI 00pasyoTcs Ipu
BBICOKOU TeMItepaType (cBbiIie 1300 °C) U BBICOKOM
JIaBJIEHUU B KaMepe CTOPAaHUsI IBUTATEJS IIPU CHKU-
raHUM MOTOPHOTO, aBUAITMOHHOTO U PAKETHOTO TO-
mauBa (IPUMEHSIIOTCS B KauecTBe OKUCIUTee) [2].

AXTHUBHOH (OPMOU OKCHJIOB a30Ta SIBJISIOTCS
HUTPOKCHUJIbHBIE PaJINKajbl. B oprannsm vesoBeka
OHU IONAJIAI0T UHTAJISIIMOHHBIM IIyTEM, C BOAOH U
numed. [Tpu BABIXaHUYM TapOB TUX BEIIECTB MIPO-
HCXOJIUT aKTUBAIMs CBOOOJHOPAAUKABHBIX peak-
[IUH, EPOKCUAANINSA JIUITUIO0B, HApyIIIeHHe JIeTOK-
CUKAIIOHHON (PYHKINU MeYeHU, PA3BUTHE TKAHe-
BOH THIIOKCHUU, CHI?KEHUE COJEP:KAHUA SPUTPOITU-
TOB, ITOBBIIIIEHNE UX 00BEMA, YBEJIUUEHHE TPOHUIIA-
eMocTH MeMOpaH [3]. ATu coeIuMHEHUS OTHOCATCS K
KJIACCY BBICOKOOIIACHBIX XUMUUECKUX BEIECTB, IIPU
JIEACTBUM KOTOPBIX UEJIOBEK UCIBITHIBAET XUMUUE-
ckuii crpece. CireZioBaTeIbHO, MPOKUBAHUE JIIOZAEH
B 30HAX PUCKAa TEXHOT€HHBIX KaTacTpPo(d U B HKOJIO-
TUYeCKU HeOJIaTONPUATHBIX PErHOHAX O00YCJIOBJIU-
BaeT HeOOXOIMMOCTh (PapMaKOJIOTUUECKOH mpodu-
JIAKTUKHU HapylleHU#d 370poBbs. OZHUM H3 CIIOCO-
0OB sABJIsIETCS IPUMEHEHHE MIPENapaToB PACTUTEb-
HOTO IIPOUCXOXK/IEHUs, O0OTAIEHHBIX (DEHOJIbHBI-
MU COEIMHEHUSMH, KOTOpble 00JIaal0T CIIOCOOHO-
CTBIO TOPMO3UTH CBOOOTHOPAIUKATHHbIE PEAKIIHH.
K TakuMm mpemaparamM OTHOCUTCS aNTEYHBINH «IDKC-
TPaKT BJIEyTEPOKOKKA», COAEpIKAIUN B KauyecTBe
JIEACTBYIOIIEr0 Havajla MOHOMepHbIe (PeHOJIbHbIE
coeHEeHUsI, 00JIaIatoNye 3aIUTHHIM 3P deKToM
[IpYU TOKCHYECKOM BO3/I€UCTBUM PA3JINYHBIX XUMU-
YecKUX areHToB (KaaMwuii, cBuHen u ap.) [4]. Oxua-
KO UCIIOJIb30BaHVE KOPHEH U CEMSH IPUBOJIUT K Ka-
TacTpodUIecKOMy CHIKEHUIO 3aI1aCOB 3TOTO pacTe-
HUSAL.

Panee HamMu OBLIM OIyOJMKOBAHBI JIAHHBIE,
CBU/IETEJIBCTBYIOIINE O IIUPOKOM CIIEKTpe OMoJIo-
TUYECKOH aKTUBHOCTU SKCTPAKTOB, BBIJIEJIEHHBIX
U3 OTXOJIOB IepepabOTKU JIUKOPACTYIIErO SITOHO-
T'O CBIpbhs (OCH COIBETUH, KOXKUIIA, KOCTOUKH, CEMe-
Ha U JIPyTHe, COCTABJISIONINE OTKUM II0CJIE OT/EeIe-
HUSA COKA) YCCYPUUCKOH Tairw, 6Jarozaps mposB-

INTRODUCTION

Resulting from the intensive development of
industry, vehicles, and energy, the problem of in-
fluence of chemical compounds on human health
has become much more significant. Today one of
the sources of air pollution by nitrogen oxides are
thermal power stations. During operation of heat
and power facilities at high temperatures, partial
oxidation of air nitrogen and fuel nitrogen occurs in
boilers with the formation of nitrogen oxide and di-
oxide [1]. Also these chemical toxicants are formed
at high temperature (above 1300°C) and high pres-
sure in the compression chamber during the com-
bustion of motor, aviation and rocket fuel (and are
used as oxidizing agents) [2].

The active form of nitrogen oxides are nitro-
xide radicals. They enter the human body by inha-
lation, with water and food. On inhalation of the va-
pors of these substances free radical reactions are
activated, then lipid peroxidation, disturbance of
the liver detoxification function, tissue hypoxia, de-
crease in the content of red blood cells and increase
in their volume as well as in their membranes per-
meability take place [3]. These compounds belong
to the class of highly hazardous chemicals under
the influence of which a person experiences chemi-
cal stress. It means that people living in areas at
risk of technological disasters and in ecologically
unfavorable regions necessitate pharmacological
prevention of health disorders. One of the methods
is the use of herbal preparations enriched in pheno-
lic compounds which have the ability to inhibit free
radical reactions. Such preparations include the
officinal Eleutherococcus extract containing mo-
nomeric phenolic compounds as an active principle
which has a protective effect in case of toxic impact
of various chemical agents (cadmium, lead etc.) [4].
However, the use of roots and seeds leads to a cata-
strophic decline in stocks of this plant.

Earlier, we published data indicating a broad
spectrum of biological activity of extracts received
from waste products of the processing of wild berry
raw materials (axes of inflorescences, skin, ker-
nels, seeds, and others that make up the extract
after juice separation) of the Ussuri taiga, due to
their antioxidant and anti-free radical properties
[5]. It was shown that under the conditions of ex-
perimental models of various intoxications (car-
bon tetrachloride, carbon disulfide, acetone etc.),
a marked prophylactic effect of extracts of pressed
viburnum, Amur grape, Chinese magnolia vine,
European mountain ash, Manchurian aralia, edible
honeysuckle was noted. Based on the screening, we
selected for this experiment an extract from the
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JIEHUI0O UMH aHTHOKCUJAHTHBIX M aHTHPAJIUKAIIb-
HBIX CBOUCTB [5]. BpJIO TOKa3aHO, UTO B YCJIOBUAX
SKCIIEPUMEHTAJILHBIX MOJIeJIEH PAa3JIUYHBIX MHTOK-
cuKanuil (4eThIPEXXJIOPUCTHIN YIJIEPOJ], CEPOYTIe-
POZI, alleTOH | JIp.) OTMEYAJIOCh BBIPA’KEHHOE IPO-
(unakTrUeckoe /eNiCTBUE SKCTPAKTOB OTXKHMMA Ka-
JIMHBI, BUHOTPa/Ia AMYPCKOTO, JINMOHHUKA KUTal-
CKOT0, PAOWHBI OOBIKHOBEHHOM, apaJIn¥ MaHBYKYP-
CKOU, JKUMOJIOCTH ¢he/IoOHOM. Ha ocHOBaHUHM TPO-
BeJIEHHOTO CKPUHUHTA HaMHU OBLJI BRIOPAH IS IIPO-
BeJIEHUs JJAHHOTO JKCIEPUMEHTA 3KCTPAKT M3 OT-
skuMa siroft kasuabl CapskenTa (Viburnum sargentii
Koehne), 3am1aTeHTOBaHHBIN KaK renaTonpPOTEKTOP-
Hoe cpeficTBO (mateHT RU NO 2199249, TY 9168-
079-00480052-07) U KaK DKCTPAKT KaJIMHBI, 00J1a-
JTAIONIUH aHTHUPATUKAIBHOH aKTHBHOCTBIO (TIATEHT
RU No 2220614). XuMHYECKUN COCTaB IIperapa-
Ta OBLJI HICCIJIEZIOBAH C TIOMOIIBIO KUAKOCTHOTO XPO-
marorpada Controller LCC-500 (Pharmacia). 9To
BOJTHO-CITUPTOBBIH (40 %) SKCTPAKT, KOTOPBIH IIPeI-
cTaBJIsieT cOO0H KOMIO3UIIUIO PA3JIMYHBIX KJIACCOB
BEI[ECTB, CPeU KOTOPHIX (DEHOJIbHBIE COEUHEHMS
COCTaBJISIOT CBBINIE 60 % CyXOro OCTaTKa 3KCTPaK-
Ta (OJIUTOMEpPHbBIE MPOAHTOIMAHU/INHBI, KATeXUHbI
U UX MOJUMeEpPHbIE (POPMBI, JTUTHUH, GJIABOHOJIBI U
np.) [6]. B xauecTBe npemnapara cpaBHEHUS UCIIOJIb-
30BaJIM AMTEYHBIN «DKCTPAKT BJIEYTEPOKOKKA», 3a-
IIUTHOE JIeUCTBHE KOTOPOTO IIPU TUIIOKCUU CBS3bBI-
BaIOT C PETYJIUPYIOUTUM BJIUSHUEM Ha YIJIEBOJIHBIN
U JUTUAHBIA 0O0MeH [7]. Takum obGpasom, mpumMe-
HEHUe IIPeIapaToB, OCYIIECTBJIAIOMINX AHTHOKCHU-
JIAHTHYIO 3aIIUTY MEMOPaHHBIX CTPYKTYD IIPU pas-
JIMYHBIX BUAX TOKCUYECKOTO BO3ZIEHCTBU I, SIBJISIET-
1 Ba’KHBIM DTATIOM CUCTEMBI TPOMUIIAKTUKU.

OEJb UCCJIEAJOBAHNA

I/IsyquHe BJINAHUA HpO(l)I/I.TIaKTI/I‘IeCKOI‘O BBE-
JEHUA SKCTPAKTOB KaJIMHbI M J3JIEYyTEPOKOKKAa Ha
OHMOXMMHYECKHE [T0Ka3aTe N KPOBH KPBbIC IIPU WH-
TOKCHKAIlUM OKCHUAaMHU a30Ta.

MATEPHAJIBI 1 METO/ABbI

JKCIIepUMeHT NpOBOAUIU Ha 80 KpbIcax JIU-
HHUU «Bucrap» Maccoil 180—200 T, copep:KaIluxcs B
CTaH/IAPTHBIX YCJIOBUAX BUBapusd. [[JIs MHTOKCHKA-
MU OKCUZAMH a30Ta )KUBOTHBIX ITIOMEIAJIU B CIIe-
[IHAJIBHYIO 3aTPABOYHYIO KaMepy, CKOHCTPYHUPOBaH-
HyI0 110 TuIty Kamep b.A. Kypasasackoro, c aBTOHOM-
HOH CHCTEMOU OUKCTKH U PETeHePAIINH BO3/IyXa, 3a-
JMIAaHHBIMU MMapaMeTpaMH TeMIepaTypsl (20—22 °C)
U BJIA’KHOCTH Bo3zyxa (40—60 %) [8]. ’KuBoTHbIe
OBLIN pasziesieHbl Ha 4 TPYIIBI 110 20 KPBIC B KaXK-
JIOH: 1-s rpynma (KOHTPOJIb) — MHTAKTHBIE YKUBOT-
HBIE; 2-51 — UHTOKCUKAIUA OKCU/IAMU a30Ta B KOH-

pressed berries of Sargent viburnum (Viburnum
sargentii Koehne), patented as a hepatoprotective
agent (patent RU No. 2199249, technical condi-
tion 9168-079-00480052-07) and as a viburnum
extract with anti-free radical activity (patent RU
No. 2220614). The chemical composition of the
drug was studied using a liquid chromatograph
Controller LCC-500 (Pharmacia). This is an aque-
ous-alcoholic (40%) extract which is a composition
of various classes of substances, among which phe-
nolic compounds make up more than 60% of the
dry residue of the preparation (oligomeric proan-
thocyanidins, catechins and their polymeric forms,
lignin, flavonols etc.) [6]. As a comparison drug
the officinal eleutherococcus extract was used, the
protective effect of which in hypoxia is associated
with a regulatory influence on carbohydrate and
lipid metabolism [7]. Thus, the use of drugs provid-
ing antioxidant defense of membrane structures for
various types of toxic effects is an important stage
of the prevention system.

AIM OF THE RESEARCH

Studying the influence of the prophylactic ad-
ministration of viburnum and eleutherococcus ex-
tracts on the biochemical parameters of rat blood
during nitrogen oxides intoxication.

MATERIALS AND METHODS

The experiment was performed on 80 Wistar
rats weighting 180—200 g, kept in standard vivari-
um conditions. For nitrogen oxides intoxication an-
imals were placed into a special exposure chamber
designed according to the type of B.A. Kurlyand-
sky’s chambers with self-contained air purification
and regeneration system with preset parameters
of temperature (20—22°C) and air humidity (40—
60%) [8]. The animals were divided into 4 groups
of 20 rats each: 1 group (control) — intact animals;
2" — nitrogen oxides intoxication at a concentra-
tion of 4.3 mg/m3 (the maximum permissible con-
centration in atmospheric air is 0.4 mg/ms3), the
exposure time being 6 min; 3 group — viburnum
extract + nitrogen oxides; 4" group — Eleuthero-
coccus extract + nitrogen oxides. In the 3'¢ and 4™
groups the prophylactic effect of the viburnum and
eleutherococcus extracts was studied by admin-
istering these extracts to animals for 14 days be-
fore nitrogen oxides intoxication. The experiment
design was borrowed from the work of Yu.A. Ra-
khmanin et al. [9], that is the experiment simulated
an intoxication in a man-made disaster with a mas-
sive release of nitrogen oxides. Rats were removed
from the experiment by decapitation under brief

46

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-1-44-54

Drugova E.S. et al. / Journal of Siberian Medical Sciences 1 (2020) 44—54

[IEHTPaIUH 4.3 MT/M3 (Ipe/IeJIbHO AOMYCTUMAas KOH-
LEHTpaIUs B aTMOC(EPHOM BO3/AYyXE COCTABJISET
0.4 Mr/M3), SKCIIO3UIUs 6 MUH; 3-51 TPYyIIa — JKC-
TPaKT KaJIUHBI + OKCU/IbI a30Ta; 4-s1 TPYIIa — JKC-
TPaKT 3JIEyTEPOKOKKA + OKCUZBI a30Ta. B 3-U U 4-i
rpymmnax ObLI0 M3y4YeHO MPOdHUIAKTHUECKOe JeH-
CTBHE YKCTPAKTa KAJUHBI U 3JIEYTEPOKOKKA IIyTEM
BBEJIEHUS OTUX DKCTPAKTOB JKHMBOTHBIM B TEUYEHHE
14 CyT IO WHTOKCHKAIIUM OKcuaamMu azora. Cxema
SKCIIEPIMEHTA 3aNMCTBOBaHa u3 paboTs! F0.A. Pax-
MaHUWHAa U COaBT. [9], T. €. B 9KCIIepUMEHTe OblyIa CMO-
JIeJINPOBaHA WHTOKCUKAIIUS ITPU TEXHOTEHHOU Ka-
TacTpode ¢ MacCHBHBIM BBIOPOCOM OKCHJIOB a30Ta.
KpbIc BHIBOAMIIN U3 SKCIIEPUMEHTA JIeKAlIUTAIuEH
1071 JIETKUM 3(UPHBIM HAPKO30M Yepe3 60 MUH I10-
cJIe HKCIIO3UIIUH OKCHIAMH a30Ta ¢ cOOJII0/IeHIeM
«[IpaBusI 1 MeX Ty HAPOTHBIX peKoMeHaIuii EBpo-
MeMCKOW KOHBEHIIMH TI0 3aIUTE TO3BOHOUHBIX JKHU-
BOTHBIX, HCIIOJIb3YEMBIX /IJIs SKCIEPUMEHTOB HJIU
B MHBIX Hay4HBIX Iessax» (Ctpacbypr, 1986). Bo-
JTHBIE PACTBOPHI CYXOTO OCTaTKa YKCTPAKTa KaJlu-
HBl U 3JIEYTEPOKOKKA (IIpeiBapUTEFHO O0CBOOOXK-
JIEHHBIE OT CIIUPTA SKCTPAKTHI IIyTEM yIIaPUBAHUSA B
BaKyyMe) BBOAWJIM BHYTPHIKEYIOYHO Yepe3 30H7
B J1o3e 100 MT 00mux ¢heHOJIOB/KT Macchl Tesa [10].
CocTosiHUE aHTHOKCUJJAHTHOH CHCTEMBI OIleHUBa-
JIV TIO BEJITUYMHE AaKTUBHOCTHU CYIIEPOKCU/TUCMY Ta-
361 (CO/T) (xoxt pepmenTa (KP) 1.15.1.1), ypOBHIO BOC-
CTaHOBJIEHHOTO IVIyTaTHOHA U MaJIOHOBOTO JIVAJIb-
nmeruma (MZIA) [11]. AKTUBHOCTD [-TajIaKTO3U A3l
(K® 3.2.1.23) onpenensiyiu o metony A.A. [Tokpos-
cKoro [12], akTHBHOCTb aJlAHMHAMHHOTpaHcdepa-
361 (AAT) (KO 2.6.1.2) — ¢ TIOMOIIBIO CTaHAapT-
HbIX HabopoB Bio-la-test ¢upmbr Pliva-Lachema
Diagnostika S.R.O. (Yexus). OmnpezesieHue coziep-
JKaHUS OKUCJIEHHOUW (OPMBI HHUKOTHHAMHZAJIE-
HuHAUHYKJIeoTuna (HAJIY) mpoBoguiau Mo MeTo-
ny [13]; cymmapHoe coziep:kaHue JIUIIONPOTENHOB
OUeHb HU3KOH U HU3KOU IIJIOTHOCTH, a TAKIKE JIUIIO-
IIPOTENHOB BHICOKOH IJIOTHOCTU — II0 METOAY [14].
KonuuectBo 00mux ¢ocdoaunuioB B 3KCTPaK-
Tax yctaHapauBaiau metoyioM V.E. Vaskovsky et al.
[15]; kosEyecTBO OOIETO XOJIECTEPHHA — METOIOM
OTHOMEPHOH MUWKDPOTOHKOCJIOMHON XpoMaTorpa-
¢um [16].

Cratuctuyeckyio o0paboTKy pe3yJsIbTaTOB JKC-
[IEPUMEHTAJIbHBIX UCCJIE/IOBAHUHN IIPOBOJUIIN C UC-
MOJIb30BAHUEM CTaTUCTHUEecKOro makera InStat 3.0
(GraphPad Software Inc., CIIIA, 2005) ¢ pyHKIHEHR
[IPOBEPKH COOTBETCTBHU A BBIOOPKH 3aKOHY HOPMaJIb-
HOTO pacripeziesieHus. JIJist onpe/iesieHus CTaTUCTHU-
YeCKOU 3HAYNMOCTH PA3JTHINH 111 MEXKTPYIIIIOBBIX
CpPaBHEHHUH B 3aBUCHMOCTH OT [1apaMETPOB pacIipe-
JIeJIEHUST WCIOJIb30BAJIM MMapaMETPUUYECKUH {-TeCT

ether anesthesia 60 min after exposure to nitrogen
oxides in compliance with the Rules and Interna-
tional Recommendations of the European Conven-
tion for the Protection of Vertebrate Animals Used
for Experimental and for Other Scientific Purposes
(Strasbourg, 1986). Aqueous solutions of the dry
residue of the viburnum and eleutherococcus ex-
tracts (previously freed from alcohol by evapora-
tion in vacuo) were administered intragastrically
through a catheter at a dose of 100 mg of total phe-
nols / kg of body weight [10]. The state of the an-
tioxidant system was evaluated by the activity of
superoxide dismutase (SOD) (Enzyme Commission
number (EC number) 1.15.1.1), the level of reduced
glutathione and malondialdehyde (MDA) [11].
The activity of [-galactosidase (EC number
3.2.1.23) was determined by the method of A.A.
Pokrovsky [12], the activity of alanine aminotrans-
ferase (AIAT) (EC number 2.6.1.2) — using stan-
dard Bio-la-test kits (Pliva-Lachema Diagnostika
S.R.0., Czech). The content of the oxidized form
of nicotinamide adenine dinucleotide (NAD*) was
evaluated according to the method [13]; the total
content of very low and low density lipoproteins,
as well as high density lipoproteins — according to
the method [14]. The amount of total phospholipids
in the extracts was determined by method of V.E.
Vaskovsky et al. [15]; the amount of total cholesterol
was determined by the method of one-dimensional
micro-thin-layer chromatography [16].

Statistical processing of the results of experi-
mental studies was performed using the statistical
package InStat 3.0 (GraphPad Software Inc., USA,
2005) with the function of verifying the compliance
of the sample with the normal distribution law.
To determine the statistical significance of the dif-
ferences for intergroup comparisons depending
on the distribution parameters the Dunnett para-
metric t-test of multiple comparisons, the non-
parametric Mann-Whitney U-test, and the Student
t-test were used. Differences were considered sta-
tistically significant at p < 0.05. The study was ap-
proved by the Ethics Committee of the V.I. II'ichev
Pacific Oceanological Institute.

RESULTS AND DISCUSSION

The survival rate of animals after nitrogen ox-
ides intoxication was 40% (p < 0.001). Assessment
of the rat blood biochemical parameters showed an
increase in AIAT activity by 6 times (p < 0.001) that
indicates an increase in the permeability of hepato-
cyte membranes and the release of the enzyme into
the blood (the Table). The activity of the lysosomal
cytosolic enzyme B-galactosidase increased by 37%
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MHOXKECTBEHHBIX CpaBHeHUU [laHHeTa, Hemapame-
Tpuyeckuid U-kputepuii ManHa — YUTHH, a TaKkKe
t-kputepuii CrpiofieHTa. Paznuumsa cuurtanu cra-
TUCTUYECKU 3HAYUMBIMU IIPU p < 0.05. Mccieno-
BaHHe onobpeHo Kommuccueli 1mo BompocaM STHUKHU
THUXOOKEaHCKOTO OKEaHOJIOTUUEeCKOTO HWHCTUTYTA
uM. B.W. Unpnuésa [IBO PAH.

PE3YJIBTATBI U OBCY:KJAEHUE

BbI>KMBAeMOCTH JKMBOTHBIX II0CJIE WHTOKCHKA-
WU OKCUAMH a30Ta COCTaBJIsAIa 40 % (p < 0.001).
V3yueHne OHOXMMUUYECKUX IIOKasareyiel KpOBU
KDBIC IOKAa3aJI0 yBeJuveHHe akTuBHOcTU AJAT B
6 pa3 (p < 0.001), YTO CBU/IETETHCTBYET O IMOBBIIIIE-
HUU IPOHUIIAEMOCTH MeMOpPaH TeraToIUTOB U BbI-
xoJie pepMeHTa B KPOBB (TabIHIa). AKTUBHOCTD ITH-
TO30JIBHOTO (pepMeHTa JIM30COM [-TaIaKTO3U/1a3bl
Bo3pocsa Ha 37 % (p < 0.001), KOJTMYECTBO OKHUCJIEH-
HO# hopmer HAJT causmioch Ha 56 % (p < 0.05). Ak-
tuBHOCTHh COJI yMeHbIuIach Ha 57 % (p < 0.001), a
BeJIMYMHA BOCCTAHOBJIEHHOTO roryTaruona (I-SH) —
Ha 45 % (p < 0.001), UYTO TOBOPUT 00 UCTOIIEHUH CU-
CTEMBI aHTUOKCUJAHTHOHN 3aIIUTHL. ITO MO TBEPIK-
JlaeTCsl POCTOM BEJTMYUHBI MAJIOHOBOTO JUAJIBJETH-
Ja Ha 62 % (p < 0.001), XapaKTEPHUBYIOIIEro Iepe-
KHUCHOE OKHCJIEHWe JIMNUO0B. B smnuaHoit ¢pak-
MU CBIBOPOTKU KPOBH OTMEYAJIOCh CHIDKEHUE 00-
mux dochoaunuaos Ha 40 % (p < 0.001), Toraa
KaK KOJIMYEeCTBO OOIIEro XOJIECTEPHHA YBEJIUYHU-
Jock Ha 28 % (p < 0.001). B cBaA3u ¢ aTuM K02 P Du-
IUEHT XoJiecTeprH/}ocdoaunu/ bl BBIPOC B 2 pasa.
Tax:ke OBLIN BBISIBJIEHBI U3MEHEHHsI B COOTHOIIIE-
HUU JIUTIOIPOTENHOB CHIBOPOTKU KPOBU: COZIEPIKa-
HUEe CYMMapHOU (PpakIU¥l JIMIIOIPOTENHOB OUYEHb
HU3KOM ¥ HU3KOH IJIOTHOCTH YBEJIUYHUJIOCH HA
59 % (p < 0.001), TUTIOIPOTENHOB BHICOKOH IJIOTHO-
CTU YMEHBIIIUJIOCh Ha 24 % (p < 0.001), T. €. HHTOK-
CUKaIMs OKCUZAMHU a30Ta COMPOBOXKIAETCS Pa3BHU-
THEM JUCTUNUAEMUN U JUCIUIONPOTENHEMUH.

IIpu npodUIAKTHIECKOM BBEJEHUU 3KCTPAK-
Ta KaJIMHBI WM BJIEyTEPOKOKKA B Te€UeHUeE 14 CYT
JI0 MTHTOKCUKAIIMU OKCUZAMHU a30Ta BBIXKUBAEMOCTD
JKMBOTHBIX II0CJIE HHTOKCHUKAI[UH COCTABJISAIA 70%.
[TpodunakTiyeckoe BBeJleHUE HKCTPAKTOB JI0 WH-
TOKCHKAIIU TIOJTHOCTHIO He HEHTPaIN30BbIBAJIO
TOKCHYECKOE BO3/IEHCTBHE HA OPraHU3M 3KCIIEPH-
MEHTAJIbHBIX JKHUBOTHBIX, OTHAKO CIOCOOCTBOBAJIO
JIOCTOBEPHOMY BOCCTAHOBJIEHUIO M3YUEHHBIX ITOKA-
3aTesield KPOBH. B TO ke BpeMs CTeleHb BbIPaKeH-
HOCTH BOCCTaHOBHUTEJIBHOrO 3ddeKTa pasjindaiach
B 3aBUCHUMOCTH OT BH/IQ SKCTPAKTA.

IIpu BBeZICHMH SKCTPaKTa KaJIWUHBI AKTHB-
HOoCcTb AJAT CHIBODOTKHM KDOBU YBEJIHNYUBaA-
Jlach OTHOCUTEJIPHO T'PYIIIBI KOHTPOJIA B 2.3 pasa

(p < 0.001), the amount of the NAD* oxidized form
decreased by 56% (p < 0.05). SOD activity decreased
by 57% (p < 0.001) and the amount of reduced glu-
tathione (G-SH) decreased by 45% (p < 0.001) that
indicates the depletion of the antioxidant defense
system. This is confirmed by an increase in malon-
dialdehyde by 62% (p < 0.001) which characterizes
lipid peroxidation. In the lipid fraction of blood se-
rum the 40% (p < 0.001) decrease in total phospho-
lipids was noted, while the amount of total choles-
terol increased by 28% (p < 0.001). In this regard
the cholesterol/phospholipids quotient increased by
2 times. Changes in the ratio of serum lipoproteins
were also revealed: the content of the total fraction
of very low and low density lipoproteins increased
by 59% (p < 0.001), high density lipoproteins de-
creased by 24% (p < 0.001), i.e. intoxication with
nitrogen oxides is accompanied by the development
of dyslipidemia and dyslipoproteinemia.

With the prophylactic administration of an
extract of viburnum or eleutherococcus within
14 days before intoxication with nitrogen oxides,
the survival rate of animals after intoxication was
70%. The prophylactic administration of extracts
before intoxication did not completely neutralize
the toxic effects in experimental animals, howev-
er, it contributed to a significant restoration of the
studied blood values. At the same time, the inten-
sity of the recovery effect varied depending on the
extract type.

With administration of the viburnum extract,
the activity of serum AIAT increased in relation to
the control group by 2.3 times (p < 0.001), and with
administration of the eleutherococcus extract, it
increased by 3.5 times (p < 0.001). When compar-
ing these values with those of the 2" group (nitro-
gen oxides), the activity of AIAT decreased by 45%
(p < 0.001) in case of viburnum, and in case of eleu-
therococcus — by 25% (p < 0.001).

The activity of [-galactosidase upon admin-
istration of the viburnum extract was higher
than in the control group by 18% (p < 0.01), and
upon the eleutherococcus administration —
by 23% (p < 0.001). Compared with the 2" group,
[-galactosidase activity in the 3" group decreased
by 14% (p < 0.01), and in the 4™ group — by 10%
(p < 0.05). The content of NAD* in the rat blood
upon administration of the extract of viburnum
was 31% (p < 0.05) less than in the control group,
and upon administration of eleutherococcus — 37%
(p < 0.001) less. When comparing the values of
NAD* with those of the 2" group, its increase was
57% (p <0.05) with introduction of the viburnum
extract, and 43% (p < 0.05) with introduction of
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buoxumuyeckue nokasareyid KpOBU KPbIC IIPU NHTOKCUKAIIUN OKCH/IaMH a30Ta U IPOMUIAKTUYECKOM BBe/IEeHUH PacTU-

TEJIbHBIX 9KCTPaKTOB (M + m)

Biochemical parameters of rat blood during nitrogen oxides intoxication and prophylactic administration of plant

extracts (M + m)

25 rpymma 3-A rpymnna 4-4 rpynna
1-51 TpyIIa e (PKCTpPAKT KaJUHBI  (2JIEyTEPOKOKK +
Toxasarenn / Parameters (IS(tOHTPOJ'Ib) 2™ group +“?KCI/IJ-IBI aporra) OECHILBI a30Ta)
1% group (nitrogen 3" group (viburnum 4" group
(control) . extract + nitrogen (eleutherococcus +
oxides) nitrogen oxides)
AJAT (MKMOJIB/MJI - 1) 0.69 + 0.05 4.14 £ 0.078 2.26 £ 0.06%" 3.11+ 0.06%*
AIAT (umol/ml - h)
B-ramakrosuzasza (HMOJIb/MJI - MUH) 5.78 £ 0.19 7.92 + 0.343 6.83 +0.21>° 7.12 + 0.20%?
[-galactosidase (nmol/ml - min)
HAT* (mxmosb/i) / NAD* (umol/1) 0.16 + 0.01 0.07 £ 0.013 0.11 = 0.0252 0.10 £ 0.0132
CO/ (ex./mr remoriobuHa) 13.27 £ 0.69 5.74 £ 0.353 10.24 + 0.47>* 0.22 +0.42%"
SOD (U/mg of hemoglobin)
I'-SH (amos1b/MT 6eska) 1.82 + 0.05 1.00 £ 0.033 1.30 £ 0.043°® 1.12 £ 0.03%°
G-SH (nmol/mg of protein)
M/IA (mxmosb/mi) / MDA (umol/ml)  6.32 + 0.20 10.24 + 0.308 7.69 + 0.233® 7.88 £ 0.22%®
O6mue pocdomumupl (% oT 06X  16.00 + 0.53 9.58 £ 0.613 13.56 £ 0.50>" 12.60 + 0.48%°
JINIIU]IOB)
Total phospholipids (% of total lipids)
O6muii xosectepuH (% ot 06X 14.90 + 0.54 19.00 + 0.513 16.48 + 0.50%° 17.20 + 0.54>%
JIATINAJIOB)
Total cholesterol (% of total lipids)
XosnecrepuH/dpocdomumnuibl 0.93 + 0.03 1.98 + 0.053 1.22 + 0.05%® 1.37 + 0.04%®
Cholesterol / Phospholipids
JITIOHII + JITIHII (r/) 3.82 £ 0.13 5.97 £ 0.153 4.64 £ 0.123° 5.00 £ 0.14%*®
VLDL + LDL (g/1)
JITIBII (r/m) / HDL (g/1) 3.22 + 0.10 2.42 + 0.093 2.89 + 0.08%6 2,73+ 0.07%?

IlpuMeuyaHue. Pa3Iuvus CTATUCTHIECKH 3HAYUMBIL: * IPU P < 0.05, 2 P < 0.01, 3 p < 0.001 10 CPABHEHHIO C KOHTPOJIEM; * P < 0.05,
5p <0.01,* p < 0.001 110 CpaBHEHUIO o 2-1 rpynnoi; JIIIOHII — tunonpoTenHbl O4eHb HU3KoU 1oTHOCTH, JIITHII — tunonpoTenHbI

HU3KOH nmotHOCTH, JITIBII — TMIONIPOTEUHBI BBICOKOH IIJIOTHOCTH.

Note. The differences are statistically significant: ' in p < 0.05, % p < 0.01, 3 p < 0.001 in comparison with the control; ? p < 0.05," p < 0.01,
¢ p < 0.001 in comparison with the 2¢ group; VLDL — very low density lipoproteins, LDL — low density lipoproteins, HDL — high density

lipoproteins.

(p < 0.001), a IpU BBEJIEHUU BJIEyTEPOKOKKA —
B 3.5 paza (p < 0.001). [Ipu cpaBHEHUHU STUX BEJIU-
YMH C TAKOBOU BO 2-# TpytIe (OKCHIBI a30Ta) AKTUB-
HocTh ANTAT cHM3MIach Ha 45 % (p < 0.001) IpH BBe-
JIEHUY SKCTPAKTA KaJIMHBI, & IPU BBEJEHUU BJIeyTe-
poxokka — Ha 25 % (p < 0.001).

AKTHUBHOCTH [3-TaIakTO3U/1a3bl NIPU BBEJEHUU
SKCTPAKTA KaJIUHBI ObLa BBHIIIE, YeM B KOHTPOJIb-
HOH rpymIie, Ha 18 % (p < 0.01), a IPU BBEIEHUH dJIe-
yTepoKoKka — Ha 23 % (p < 0.001). [To cpaBHEeHUIO
€O 2-H I'PYIIIOH aKTUBHOCTD [3-TaIaKTO3UA3bl B 3-H
rpylIine cHU3MIAch Ha 14 % (p < 0.01), a B 4-U IrpyI-
e — Ha 10 % (p < 0.05). Cogep:kanue HAJI" B kpo-
BU KPBIC IIPH BBEJAEHUU DKCTPAKTA KAJIMHBI OBLIO
Ha 31 % (p < 0.05) MeHbIIIe, YeEM B TPYyIIE KOHTPO-
Jifl, a TIpU BBEJIEHUH DJIEyTEPOKOKKA — Ha 37 %
(p < 0.001). Ilpu cpaBHenun 3HaueHuss HAJI' ¢ Ta-
KOBBIM BO 2-U TpPyHIlE OTMEYAJIOCh €ro yBeamde-
HUe TIpU BBEJIEHUU JKCTPaKTa KaJWHBI HA 57 %

the eleutherococcus. The activity of SOD in the rat
blood of the 3™ group was 23% (p < 0.01), while in
the 4™ group it was 31% (p < 0.001) lower than in
the control group. At the same time, when compa-
ring these values with those in the 2™ group, the ac-
tivity of SOD with administration of the viburnum
extract was higher by 78% (p < 0.001) and with that
of eleutherococcus — by 61% (p < 0.001).

The G-SH value in the rat blood of the 3" and
4™ groups was lower than in the control group by
29-30% (p < 0.001) on average, while its value
increased as compared to the 2™ group: with ad-
ministration of the viburnum extract — by 30%
(p < 0.001), of the eleutherococcus — by 12%
(p < 0.01). With prophylactic administration of
both extracts the content of malondialdehyde in the
blood of rats in relation to the control group was
higher by 22-25% (p < 0.001) on average, and with
regard to the 2" group —by 23-25% (p < 0.001) on
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(p < 0.05), a TIpu BBEJIEHUH DJIEYyTEPOKOKKA —
Ha 43 % (p < 0.05). AktuBHOCTH CO/Il B KPOBH KPBIC
3-# rpynmsl Obl1a Ha 23 % (p < 0.01) HUXKE, YeEM B
I'pyIilie KOHTPOJIsA, TOTZA KaK B 4-1 rpynne — Ha 31 %
(p < 0.001). B T0 Ke BpeMs IpU CPABHEHUH DTUX Be-
JIMYHH C TAKOBBIMH BO 2-# rpymiie akTuBHOCTb CO/J
IIpU BBEJIEHUU DKCTPAKTa KaJIMHBI OblJIa BBIIIE HA
78 % (p < 0.001), a IpU BBEJIEHUHU BJIEYTEPOKOKKA —
Ha 61 % (p < 0.001).

3nauenue I-SH B KpoBH KpbIC 3-I1 U 4-1i Tpynn
OBLJIO HUKE, UeM B I'PYIIIIEe KOHTPOJISA, B CPETHEM HA
29—30 % (p < 0.001), TOTZIa KaK II0 CPABHEHHIO CO
2-1 TPYNIIOHN ero 3HaYeHNe BO3POCJIO: IIPY BBEJEHUU
SKCTPaKTa KaJMHbI — Ha 30 % (p < 0.001), ajeyTre-
pokokka — Ha 12 % (p < 0.01). IIpu npodunakTuye-
CKOM BBeJIeHHU 000MX BKCTPAKTOB COZIepKaHUeE Ma-
JIOHOBOT'O JIUAJIB/IETH/Ia B KPOBU KPBIC OTHOCUTEJIh-
HO TPYHIbI KOHTPOJIsA OBLIO BHIIIIE B CPeIHEM Ha
22-25 % (p < 0.001), a OTHOCUTEJIBHO 2-1 TPYIIIHI —
B cpeziHeM Ha 23—25 % (p < 0.001). KoauuecTBo 00-
mux GochOTUHIOB B CBIBOPOTKE KPOBU KPBIC ITPHU
BBEJIEHUM DKCTPAKTa KaJIMHBI OBLJIO HUKE, YeM B
rpyIIie KOHTPOJs, Ha 15 % (p < 0.01), Ipy BBeIEHUHN
2JIEyTEPOKOKKA — Ha 21 % (p < 0.001), a IO cpaBHE-
HUIO CO 2-Y TPYNION JaHHAS BEJIUYNHA B 3-U I'PYII-
e OpLIa BBINIE HA 42 % (p < 0.01), B 4-U TpyIIIIe —
Ha 32 % (p < 0.01).

IIpu cpaBHeHUY BeJIMYUHBI OOIIIET0 XOJIeCTEPH-
Ha B CHIBOPOTKE KPOBU KPBIC 3-H IPYIIIBI (3KCTPAKT
KaJINHBI) ¢ TAaKOBOH B TPyIIle KOHTPOJISI OTMeYa-
JIOCh ee yBestnueHue Ha 11 % (p < 0.05), a B 4-# Tpy1-
me — Ha 15 % (p < 0.01). B To ke Bpems mpu cpas-
HEHUU DTHUX BEJIMYUH C TAKOBOU BO 2-U TPYIIIE KO-
JIMYECTBO XOJIECTEPUHA IPU BBEJEHUU ODKCTPAKTA
KaJIMHbI CHU3WJIOCH Ha 13 % (p < 0.05), a IpU BBe-
JIEHUH 3JIeyTEPOKOKKA — HA 10 % (p < 0.01). 3Ha-
yeHne Ko3bduIHeHTa XosecTepuH/pocdorumnu-
JIbl B 3-U rpymie 0b10 HA 31 % (p < 0.001) BHIIIIE,
yeM B TpyIIIe KOHTPOJISA, TOTZA KaK B 4-U rpymme —
Ha 47 % (p < 0.001). Ilo cpaBHEHUIO CO 2-U TPYIIION
3HaueHue Koa(duIeHTa CHU3UI0Ch IPU BBeJIEHUH
SKCTPAKTa KaJUHHI HA 38 % (p < 0.001), a Ipu BBe-
JIEHUHU 3JIeyTEPOKOKKa — Ha 31 % (p < 0.001). 3Ha-
YeHHe CYMMAapHOH (GpaKIU¥ JIUIONPOTENHBI OUeHb
HU3KOU IJIOTHOCTH + JINTIONPOTENHBI HU3KOH ILJIOT-
HoctH (JITIOHIT + JITTHII) B 3-# rpymiie ObLIIO BHIIIIE,
YyeM B I'pyIIIe KOHTPOJIA, Ha 21 % (p < 0.001), a B 4-1
rpymme — Ha 31 % (p < 0.001), IpHU OJTHOBPEMEHHOM
CHIKEHUHU COZIEPKAHUS JIUIIONPOTENHOB BBICOKOM
miotHoctH (JITIBIT) B 3-# rpymme Ha 10 % (p < 0.05),
aB4-i1 — Ha 15 % (p < 0.001). [Ipu cpaBHEHUH ITUX
BEJINUMH C TAKOBBIMU BO 2-H I'py1Ie (OKCUbI a30Ta)
orMmeuasioch cHuxkeHue JITIOHIT + JIITHII Ha 22 %

average. The amount of total phospholipids in the
blood serum of rats with administration of the vi-
burnum extract was lower than in the control group
by 15% (p < 0.01), with that of eleutherococcus —
by 21% (p < 0.001); and in comparison with the
2™ oroup, this value in the 3" group was higher by
42% (p < 0.01), in the 4 group — by 32% (p < 0.01).

When comparing the total cholesterol value in
the rat blood serum of the 3" group (viburnum ex-
tract) with that of the control group, we noted its
increase by 11% (p < 0.05), and in the 4" group —
by 15% (p < 0.01). At the same time, when compar-
ing these values with those in the 2™ group, the
amount of cholesterol decreased by 13% with the
introduction of the viburnum extract (p < 0.05)
and with the introduction of eleutherococcus —
by 10% (p < 0.01). The cholesterol /phospholipid ra-
tio in the 3™ group was 31% (p < 0.001) higher than
in the control group, while in the 4™ group — 47%
(p < 0.001) higher. In comparison with the 2
group, this coefficient value decreased with the
administration of the viburnum extract by 38%
(p < 0.001) and with administration of eleuthero-
coccus — by 31% (p < 0.001). The value of the to-
tal fraction of very low density lipoproteins +
+ low density lipoproteins (VLDL + LDL) in the 3¢
group was higher than in the control group by 21%
(p < 0.001) and in the 4 group — by 31% (p < 0.001),
while reducing the content of high density lipopro-
teins (HDL) in the 3™ group by 10% (p < 0.05) and
in the 4" — by 15% (p < 0.001). When comparing
these values with those in the 2" group (nitrogen
oxides), we noted a decrease in VLDL + LDL by 22%
(p < 0.001) with administration of the viburnum
extract and by 16% (p <0.001) with administra-
tion of eleutherococcus, while the HDL content
in the 3 group was higher than in the 2" one by
19% (p < 0.01) and in the 4™ group — by 13%
(p < 0.05).

Nitrogen oxides intoxication (chemical stress)
was accompanied by a significant increase in AIAT
activity (5—6 times). Since the increase in this en-
zyme activity in the blood indicates an increase in
the permeability of hepatocyte membranes and the
escape of the enzyme into the blood, this means
that the chemical stress causes a damage to the liver
which plays a key role in vital processes of the body,
such as detoxification, carbohydrate, lipid, energy
metabolism etc. The confirmation of an increased
membrane permeability is a rise in the activity of
the cytosolic enzyme of lysosomes B-galactosidase
in blood serum. A decrease in the amount of total
phospholipids and an increase in total cholesterol
led to changes in the ratio of lipoproteins: levels of
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(p < 0.001) pu BBeJIEHUH HKCTPAKTA KAJIMHBI U HA
16 % (p < 0.001) IpH BBEZICHUH 3JIEyTEPOKOKKA, TIPU
atoM cojiep:kanue JITIBII B 3-i rpy1imne ObLJIO BHIIIIE,
yeM BO 2-# rpyire, Ha 19 % (p < 0.01), a B 4-# rpym-
e — Ha 13 % (p < 0.05).

WHTOKCUKAIUA OKCUZAMU a30Ta (XUMUUEeCKUH
CTpeCC) COMPOBOXK/AAIaCh 3HAUNUTEIBHBIM YBeJIuUe-
HueM aktuBHOCTU AJIAT (B 5—6 pas). Tak kak pocT
AKTUBHOCTH 3TOTO (PepMeHTa B KPOBU CBHUIETEIb-
CTBYeT O IOBHIIIIEHUH ITPOHUIIAEMOCTH MeMOpaH re-
MIaTOITUTOB U BBIXOZlE (DepMeHTa B KPOBB, 3TO O3HA-
YaeT, UTO TP XUMHUIECKOM CTPECCE IIPOUCXOIUT TI0-
pakeHUe IeYeHU, KOTOpas UTPaeT KJIIOUEBYIO POJIb
B ’KHM3HEHHO BAXKHBIX IIPOIECCAX OPTaHU3Ma, TAKUX
KaK JIETOKCUKAII 1, YTJIEBOJHBIN, IUITUTHBIN, S9HEP-
retudeckuil oomeH u ap. IlogTBep:kaenneM dakra
MIOBBIIIIEHNS TIPOHUIAEMOCTH MeMOpaH SBJISAETCS
U yBeJINUeHHe aKTUBHOCTHU B CHIBOPOTKE KPOBH ITU-
TO30JIBHOTO (hepMEHTA JTU30COM [-TasIaKTO3UAA3BbI.
CHuKkeHHe KosuuecTBa oOImux (GhochoIumuaoB u
yBeJIMUeHHUE COZep:KaHU 00IIero XoecTepuHa 06-
YCJIOBUJIO U3MEHEHUsI B COOTHOIIEHUH JIUTIOIPOTE-
WHOB: Bo3pociio coaepxkanue JITIOHII + JITIHIT n
yMmeHbiuiaocs — JIIIBII, T. e. pa3BUINCh JUCIUIIN-
JIEMUS U JUCTUTIONpOoTenHeMUs. Takye u3MeHeHU
00yCJIOBJIEHBI yTHETEHUEM AKTUBHOCTU JIEIUTHH-
xoJiectepuH anuiaTpancdepassl (JIXAT), napyme-
HHUEM CHHTE3a U KaTaboIM3Ma JIMIIOITPOTENHOB [17].

AHanuzupys U3MeHeHHUs IIoKasaTesled CHucTe-
MBI aHTHOKCHU/IAHTHOH 3aIIUTHI, CJIEAYET OTMETHUTD,
YTO TPOSBJIEHUEM MeTabOJHMYECKUX PACCTPOHCTB
IIpU CTpecce SBJISETCS ee HAIPsIKeHHe U HUCTOIe-
uue. [Ipu BO3/IEHCTBUH OKCHUJIOB a30Ta OTMEYAET-
Cs UCTOIIEHNE AHTUOKCUAAHTHON CUCTEMBI (AKTHB-
HocTh COJ/I ymeHbIIHIIACh Ha 57 %). Tak:ke oTMeda-
Jiock nasienue ypoHsi I'-SH (Ha 45 %). Vi3amMeHeHUe
AHTUOKCHJAHTHOTO CTaTyca 00yCJIOBUJIO aKTHBU3A-
[0 IEPEKMCHOTO OKUCJIEH U JINITN/IOB, UTO IIPUBE-
JIO K YBEJIMYEHUIO KOJTMYECTBA MAJIOHOBOTO JAUAJTh-
JIeTU/ia B KDOBU KPBHIC.

IIpu npoduiakTudyeckoM BBeZIEHUU HKCTPaK-
TOB KaJINHbI U 3JIEYyTEPOKOKKA JI0 MHTOKCHUKAIITUU
OKCHUJIJaMH a30Ta HAOJII0/1aj1ach TEHIEHITUS K YCTOH-
YUBOMY (PYHKIITMOHHUPOBAHUIO CHUCTEMbI aHTHOKCH-
JIAHTHOM 3allUTHl OPTaHMU3Ma M BOCCTAHOBJIEHUIO
U3yYeHHBbIX OMOXUMIYECKUX ITOKa3aTesel. ITo, Mo-
BUIIMOMY, 0OYCJIOBHJIO BBIXKUBAEMOCTD JKUBOTHBIX
0 70 %. BuoxuMuueckuM MeXaHH3MOM JAHHOTO
(enoMeHa sABIsAETCA CIOCOOHOCTH (DEHOIIBHBIX COe-
JUHEHUU, BXOIANINX B COCTAB DKCTPAKTOB, YJIABJIU-
BaTh CBOOOIHBIE PA/IUKAJIBI, TEM CAMBIM HEUTpaJIU-
3y 3G deKTsl OKCHUJIATUBHOI'O cTpecca. V3BecTHO,
YTO pacTUTeJsIbHble (EeHOJbHbIE COEJUHEHUs CIIO-

VLDL + LDL increased and HDL levels decreased,
i.e., dyslipidemia and dyslipoproteinemia devel-
oped. Such changes are due to inhibition of the
lecithin-cholesterol acyltransferase (LCAT) acti-
vity, a disturbance of the synthesis and catabolism
of lipoproteins [17]. When analyzing changes in
the parameters of the antioxidant defense system,
it should be mentioned that the manifestation of
metabolic disorders during stress is its tension and
exhaustion. Under exposure to nitrogen oxides,
the depletion of the antioxidant system is noted
(SOD activity decreased by 57%). There was also a
decrease in the level of G-SH (by 45%). The change
of antioxidant status led to the activation of lipid
peroxidation process which resulted in some in-
crease in the amount of malondialdehyde in the
blood of rats.

With the prophylactic administration of the
extracts of viburnum and eleutherococcus before
nitrogen oxides intoxication, a tendency was ob-
served towards the stable functioning of the body’s
antioxidant defense system and the restoration of
the studied biochemical parameters. This, appar-
ently, determined the survival rate of animals up
to 70%. The biochemical mechanism of this phe-
nomenon is the ability of phenolic compounds that
make up the extracts to trap free radicals, thereby
neutralizing the effects of oxidative stress. It is
known that plant phenolic compounds contribute
to the activation of the enzyme LCAT [18] which
explains the possibility of dyslipidemia correction.
As a comparison drug we used the eleutherococ-
cus extract. Studies have shown that it had a lower
pharmacological effect than the plant extract of
viburnum used in the experiment. In our opinion,
this is due to its phenolic compounds. It is known
that the viburnum extract contains polyphenolic
compounds, oligomeric proanthocyanidins in par-
ticular, which form a phenoxyl radical with higher
stability than that formed from monomeric flavo-
noids [19]. The extract of eleutherococcus consists
mainly of phenolic acids (monomeric compounds)
which possibly determines their lesser activity.
It is known that monomers (in particular epicate-
chin) are highly active only against the superoxide
radical of oxygen but not against the other some-
times much more reactive radicals [20]. Therefore,
the phenolic compounds of the viburnum extract
demonstrate greater antioxidant properties than
the comparison drug. The phenomenon of lower-
ing of cholesterol ratio is explained by the fact that
phenol molecules activate 7a-cholesterol hydroxy-
lase, the enzyme which is involved in the oxidation
of cholesterol to bile acids [21].
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coberBytoT aktuBanuu ¢epmenta JIXAT [18], uro
00BACHSIET BO3MOXKHOCTH KOPPEKITUM JUCIUIIN]IE-
Muu. B kauecTBe nmpemapara cpaBHeHUs Hamu ObLI
HCIIOJIb30BaH DKCTPAKT 3JIeyTepoKOoKKka. Kak moka-
3aJTU WICCJIEJIOBAHUSI, OH OKA3bIBAJI MEHBIINH dap-
MaKoJIOTUYeCKUN 5GQEKT, YeM HCIOIb3yeMBIH B
SKCIIEpUMEHTE PACTUTEJIBHBIN SKCTPAKT KaIUHBL
ITo HatemMy MHEHUIO, 3TO 00YCJIOBJIEHO BXOSIIIU-
MH B €0 COCTaB (PEHOJIBPHBIMU COEANHEHUAMHU. 13-
BECTHO, YTO B COCTaB HKCTPAKTA KAJIUHBI BXOJAT
o EHOTbHBIE COEIMHEHUS, B YACTHOCTU OJIU-
roMepHbIe MTPOAHTOIIUAHUIUHBI, KOTOpble 06pasy-
10T PEHOKCUJIBHBIN pasiuKa ¢ 60see BEICOKOU cTa-
OUJIBHOCTBIO, UeM O00OpasyIoNIUicss U3 MOHOMeEp-
HbIX (aBoHOWIOB [19]. B cocraB skcTpakTa aje-
YTEPOKOKKA BXOAAT MPEUMYIIECTBEHHO (DEHOJIb-
HbIE KHCJIOTHI (MOHOMEPHBIE COEJHUHEHUS), UTO,
BO3MOJKHO, M O0YCJIOBJIMBAET UX MEHBIIYIO aKTHB-
HOCTB. VI3B€CTHO, YTO MOHOMEPHI (B YACTHOCTH SITU-
KaTeXWH) MPOSBJIAIOT BbICOKYI0O aKTUBHOCTb TOJIb-
KO B OTHOIIEHUU CYIEPOKCHU/I-PaJINKajia KUCJIOPO-
J1a, HO He B OTHOIIIEHUH OCTAJIbHBIX, TOYaC HAMHO-
ro 6osee aKTUBHBIX pagukasos [20]. [ToaTomy de-
HOJIbHBIE COETUHEHU, BXOAAIINE B OKCTPAKT Ka-
JIMHBI, JIEMOHCTPUPYIOT AHTUOKCUIAHTHBIE CBOMU-
cTBa B OOJIBIIEH CTelleHH, YeM IIperapar CpaBHe-
Hus1. PeHOMEH CHUIKEHUs XOJIECTEPHUHA OOBACHSA-
eTcss TeM, YTO MOJIEKYJIbl (PEHOJIOB AKTUBHUPYIOT
(epMeHT 70-XOJIECTEPUHTUIPOKCUIIAZY, YIACTBY-
IOIUH B OKUCJIEHUH XOJIECTEPUHA B JKEJTUHBIE KHC-
JIOTHI [21].

CIIMCOK JIMTEPATYPbI

1. KasemnukoBa C.B., lIBanoB B.M. buoxumuyeckue
0COOEHHOCTH KPOBHU KPBIC JJUHUM Brcrap B mMOCTHA-
TaJIbHOM OHTOT€He3€e ITPU MHTOKCUKAIIMU UX OKCUJA-
MU a3ota // BectH. CTaBpOIOJIBCKOTO TOC. YH-TA. 2011.
Ne 3. C. 100-105.

2. Cupmopor IL.U., CosepmraeBa C.JI., Ckpebrosa H.B.
Me/1uKO-5KOJIOTUYECKHE aCIIeKThI 37I0POBbS Hacese-
HUSI HA TEPPUTOPUAX PAKETHO-KOCMHUYECKOH JIEATETh-
HocTH // T'uruena u canurapus. 2006. N2 3. C. 11-15.

3. Kymenko C.A. OcHoBbl TOkcukosioruu. CII6., 2002.
395c¢.

4. Toposasa H.A., Ilnakcen H.B., Ycrunosa JI.B. Iloa-
TBep:kAeHne 3G PEKTUBHOCTH U OE30MaCHOCTH JKU/I-
KOTO 9KCTPAKTa U3 JIUCTHEB 2JIEyTepOKOKKa // Tuxo-
OKEaHCKUH MeJl. ’KyPH. 2015. N2 2 (60). C. 66—68.

5. Cupsirun B.I., Kymueposa H.®., ®omenko C.E. Ot-
XO0JIbl OT TepepabOTKHU JaJIbHEBOCTOYHBIX JTUKOPO-
COB — TMEpPCHEeKTHUBHbIE MCTOYHUKH MHUIIEBBIX aH-
THOKCUIaHTOB // M3B. Camapckoro Hayd. IeHTpa
PAH. 2010. T. 12, N2 1—3. C. 812—-815.

6. Cuopeirus B.I%, Kymueposa H.®. Kasnna — HOBbIH He-
TPAIUITUOHHBIA HUCTOYHUK OJUTOMEPHBIX MPOAHTO-
OUAHUAUHOB // XUMUKO-(apMameBT. KypH. 2004.
T. 38, Ne 2. C. 41—45.

CONCLUSION

The use of plant extracts containing complexes
of phenolic compounds is a promising direction for
the prevention of metabolic disorders. Prophylactic
supplementation with the extract of viburnum will
allow to effectively deal with the consequences of
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3AK/IIOUEHMUE

[TpuMeHeHNEe SKCTPAKTOB PACTUTEIBHOTO IIPO-
HCXOXK/IEHUS, COZIePKAIINX KOMILIEKCHI (eHOIBHBIX
COeIMHEHUH, ABJIAETCS MEPCIEKTUBHBIM HaIlpaBJie-
HHUEM AJ1 TPOMUIAKTUKN MeTabOJINIeCKuX Hapy-
meHui. [IpodrakTHUecKuil MPUEM SKCTPAKTA Ka-
JINHBI TO03BOJIUT 3G GEKTUBHO OOPOTHCA C MOCTE-
CTBUSIMU KOMILJIEKCHOTO BO3/IEACTBUS XUMUUIECKUX
CTPECCOBBIX (AKTOPOB, UTO CBUETEIBCTBYET O Ife-
J1IecOOOPa3HOCTH TMPUMEHEHUs PACTUTEJIBHBIX DKC-
TPaKTOB B TPOMUIAKTUUECKUX IEJISAX JIIOZ M, IIPO-
JKMBAIOIINM B 9KOJIOTHYECKH HEOIaTOIPUATHBIX pe-
THOHAX.

KoH@IUKT HHTEPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUM KOH(MJINKTA UHTEPECOB.
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