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AHHOTAIIUA

ITpuBesieHbI AaHHBIE 110 U3YyYEHUIO KOJTHMYECTBEHHBIX XapaKTEPUCTUK KUPHBIX KUCJIOT B cocTaBe (pochomunuHbIx
dpaknuii (bocdaruannxonus u pochaTHAUIITAHOIAMUH) MeEMOPaH SPUTPOIUTOB IPU AEHCTBUY (PUBUUECKOTO CTpeC-
ca (BepTHKaIbHAA QUKCAIMA KPBIC 32 IOPCAIBHYIO IIIEHHYIO CKIIA/IKY). IIoKa3aHO MMOABIEHNE HOBBIX MOJIEKYJIAPHBIX BU-
710B oCGOIUIHUIOB B CBA3HU € YBeJIMUEHUEM B HHUX HACBIIIEHHBIX JKUPHBIX KUCJIOT ¥ CHIDKEHHEM ITOJIMHEHACHIIIeHHBIX
JKUPHBIX KHCIOT. IIpy BBE/IEHUH JIMIHJTHOTO KOMILIEKCA U3 HKCTPAKTa MOPCKOH 3esieHo# Bosopociu Ulva lactuca n xoM-
MepyYecKoro Ipernapara «JcceHI[uase» B IIepUO/ CTPECCOBOTO BO3/leHCTBUA 0TMeUaioch BOCCTAaHOBJIEHUE }KUPHOKUCIIOT-
HOTO criekTpa GhocdoTunuA0B 3puTPOIUTOB. [leficTBre unuHoro kKomiutekca u3 Ulva lactuca okasanock 6otee addex-
THUBHBIM II0 CPABHEHUIO ¢ DCCeHITHAIE.

Karouesvte caoea: crpecc, 3pUTPONUTHI, (hocdoaunupl, KUPHbIE KHCIOTHI, MOPCKas 3eJeHas Bopopociab Ulva
lactuca, Dcceniuaie.

ABSTRACT

The data on the study of the quantitative characteristics of fatty acids in the phospholipid fractions (phosphatidylcho-
line and phosphatidylethanolamine) of erythrocyte membranes under the action of physical stress (vertical fixation of rats
for the dorsal cervical fold) are presented. The appearance of new molecular types of phospholipids due to an increase in
saturated fatty acids and a decrease in polyunsaturated fatty acids is shown. With the introduction of a lipid complex from
the extract of marine green alga Ulva lactuca and the commercial drug “Essentiale” during the period of stress there was
a recovery of the fatty acid spectrum of red blood cell phospholipids. The action of the lipid complex of Ulva lactuca was
more effective than Essentiale.

Keywords: stress, erythrocytes, phospholipids, fatty acids, green marine alga Ulva lactuca, Essentiale.

BBEJAEHUE INTRODUCTION

B HacrosIee BpeMs UCCIIe/IOBAHIE BO3MOXKHO-
CTH TPO(UIAKTUKN CTPECCOBBIX HAPYIIEHUH SIBJIS-
eTCsl aKTyaJIbHOU MPOOJIEMOH M OJJHUM U3 IIPHUOPH-

Currently, the study of the possibility of pre-
venting stress disorders is an urgent problem and
one of the priorities of modern pharmacology. Un-
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TETHBIX HAIPaBJIEHUU COBPEMEHHOU (apMaKoso-
run. [Tpu BO3JEHCTBUN CTPECCOBBIX (DAKTOPOB IIPO-
HCXOJTUT BHIOPOC U3 HA/IIIOYEUHUKOB B KDOBb KaTeX0-
JIAMUHOB, [IPH MHAKTUBAI[UU KOTOPBIX B IIEUEHU ITH-
TOXpOMOM P-450 yBennuuBaeTcs WH/IyKIHUS CBOOO/-
HBIX CyIepOKCUAAHUOHOB. Taxke 0o0OpasyroTcs ce-
MUXWHOHHBIE PA/IUKAJIbI a/[pEHAJINHA U BO3PACTaeT
KOHI[EHTPAIUS EPOKCHII- ¥ TH/IPOKCUII-PAJIIKAIIOB,
VHUIUHPYIOMINX  CBOOOHO-PAIUKAIbHBIE —PeaK-
nuu [1]. IIpu ocTpoM WM XpOHUYECKOM BO3/EH-
CTBHH CTPECCa HACTYIIAeT IIPeJiesl IIPOYHOCTH CHCTe-
MBI QHTHOKCH/IAHTHOH 3aIIUTHI U 3aITyCKAETCS MeXa-
HHU3M IEPEKHCHOTO OKUCJIEHUS JIUIUJIOB [2], ucTo-
II[AeTCA PE3ePB a/lanTanuu U GOpMUpPyeTCs OKCUa-
TUBHBIA cTpecc [3]. HapylieHne aHTHOKCHIAHTHOMH
3aIIUTHI OKA3bIBAET BJIMSIHUE HA JIUMUIHYIO COCTAB-
JISIOIIYIO KJIETOUHBIX MeMOpaH [4]. Takum o6pazom,
BO3HUKAET HEOOXOUMOCTh MMPOMPUIAKTUKH CTPECCO-
BBIX HapyIIEHUN.

OnHUM U3 IyTel TakoW NMPOQUIAKTUKY SBJIA-
eTcs NpUMeHeHUe IpenaparoB GochoaunuaHoN
MIPUPO/IBI ¥ TTOJIMHEHACHIIIEHHBIX JKUPHBIX KUCJIOT
(ITH?KK), obiyamaronux CriocCOGHOCTBIO K perapa-
MU MeMOPaHHBIX CTPYKTYP, K KOTOPBIM, B YaCTHO-
CTH, OTHOCHUTCS 3apyOeKHBIN Ipemapar «DCCeHIU-
asme». OHAKO M3-3a BBHICOKOU CTOMMOCTH OH MaJio-
JIOCTyIIEH it OoJibliiell yacTu HaceyeHus. [loarto-
My HeOOXOZMM IOUCK OTE€YECTBEHHOTO IPHUPOJIHO-
IO CBIPbA I pa3pabOTKU HOBBIX (hapMaKOJIOTHYe-
CKHX CPEJICTB TAHHOM HAIIPABJIEHHOCTU U OCOOEHHO
JUIsl UX UMIIOpTo3aMelieHus. [IpuposiHble pecypesl
JaspHero BocToka IpefoOCTaBIAIOT IIUPOKUE BO3-
MOXKHOCTHU 11 ux coznanus. Haubosiee mepcrex-
THUBHBIM ChIPbEM SIBJISTFOTCS TUAPOOUOHTHI MOPCKOTO
IIPOUCXOK/IEHU, B YACTHOCTH, MOPCKHE BOZIOPOCIIH.
AT0o GOJIBIION CaMOBO300HOB/ISIEMBIN CHIPHEBOU pe-
3€epB, KOTOPBIH B HACTOsIIIee BpeMs B hapMaKOJIOTHU
HE HCIOJIb3yeTCs JIOJDKHBIM 00pa3oM. OHM CiIyKar
6oraThIM MCTOYHUKOM TAaKUX OHOJIOTMUECKH AKTHB-
HBIX COeJTUHEHUH, KaK IOJIUCAXaPUIbl, aAMUHOKHUCIIO-
ThI, MUHEPAJIbl, BUTAMUHBI, JIUIINBI, ITHUIIEBHIE BO-
JIOKHA, o1 eHOJIbHbIE COeUHEHUs U Ap. [5].

13 MHOK€eCTBa BU/IOB BOZIOPOCJIEN, TPOU3PACTA-
forux B fIoHCcKOM Mope, Hamu Gbuta Beibpana Ulva
lactuca L. (otmen Chlorophyta — 3eyieHble BOZoOpOC-
su, winace Ulotrichophyceae, nopsiox Ulvales —
yabBoBbIe). B Tasutome Ulva (U.) lactuca moctaTousHo
BBICOKOE COZIEPKAHME BEIECTB JIMITUTHOU IIPUPO/IHI,
mpu 3ToM Gosiee 80 % U3 HUX — MeMOPAHOAKTHB-
Hble KOMITIOHEHTHI (dochonmunuibl U1 HEUTpaIbHbIE
sunubl) [6]. BakHbIM 2y1eMeHTOM (HOChOTUTTH/I-
Hou dpaknuu sisiores [THXKK cemeiicTBa n-3 [7].
Taxum obpazom, bochomunuabt u [THKK 06ycioB-
JIUBAIOT (PApPMAKOJIOTHYECKYIO IIEHHOCTh MOPCKUX

der the influence of stress factors the release of cate-
cholamines from the adrenal glands into the blood,
with the inactivation of which in the liver with cyto-
chrome P-450, the induction of free superoxidani-
ons increases. Also, semiquinone radicals of adrena-
line are formed and the concentration of peroxyl and
hydroxyl radicals initiating free-radical reactions
increases [1]. In case of acute or chronic stress the
ultimate strength of the antioxidant defense system
is reached and the lipid peroxidation mechanism is
started [2], the adaptation reserve is depleted and
oxidative stress is formed [3]. Violation of antioxi-
dant protection affects the lipid component of cell
membranes [4]. Thus, there is a need to prevent
stress disorders.

One of the ways of such prevention is the use
of drugs of phospholipid nature and polyunsaturat-
ed fatty acids (PUFAs), having the ability to repair
membrane structures, which, in particular, include
foreign drug “Essentiale”. However, due to the high
cost, it is inaccessible to most of the population.
Therefore, it is necessary to search for domestic nat-
ural raw materials for the development of new phar-
macological agents of this orientation and especially
for their import substitution. Natural resources of
the Far East provide ample opportunities for their
creation. The most promising raw materials are hy-
drobionts of marine origin, in particular, seaweeds.
This is a large self-renewable raw material reserve,
which is currently not used properly in pharmacol-
ogy. They serve as a rich source of biologically active
compounds such as polysaccharides, amino acids,
minerals, vitamins, lipids, dietary fibers, polyphe-
nolic compounds, etc. [5].

Of the many types of algae which grow in the
sea of Japan, we have chosen Ulva lactuca L. (di-
vision: Chlorophyta — green algae, class: Ulotri-
chophyceae, order: Ulvales). In the thallus of Ulva
(U.) lactuca there is rather high content of lipid
substances of nature, with more than 80 % of them
are active membrane components (phospholipids
and neutral lipids) [6]. An important element of the
phospholipid fraction is n-3 PUFAs [7]. Thus, phos-
pholipids and PUFAs determine the pharmacologi-
cal value of marine hydrobionts. In this regard, the
lipid fraction from the alcohol extract of U. lactuca
thallus was patented by us as a drug having hepato-
protective activity (patent RU 2528898). However,
the study of the extract from U. lactuca, as a pos-
sible stress protector, has not yet received proper
development.
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ruapobuoHTOB. B cBA3M ¢ stuM sunupHas dpax-
U U3 CHUPTOBOrO 3KCTpakTta Tasuioma U. lactuca
ObUIa HAMM 3alaTeHTOBAHA KaK CPEeACTBO, 00a-
JIAfOIIlee TernaTONMpPOTEKTOPHON AaKTHUBHOCTHIO (T1a-
teHT RU 2528898). OnHako u3yueHne SKCTPaKTa U3
U. lactuca, xak BO3MOKHOTO CTPECC-IIPOTEKTOPA, A0
HACTOSIIEr0 BpEMEHU HeE IOJIyYIIO JIOJIKHOTO pas-
BUTHUSL.

IEJDb UCCAEAOBAHUA

Hzyuenne  TPODUIAKTHYECKOTO  BJIUSTHUS
JIMTIUTHOW ~ (ppaKIUK, BBIZIEJIEHHOW W3 BOJHO-
CIIUPTOBOTO YKCTPAKTA TAJUIOMAa MOPCKOM BOJIOPOC-
s U. lactuca, Ha cocTaB KUPHBIX KUCTIOT hocdotn-
MUAHBIX (Qpaknuid MeMOpaH SPUTPOIUTOB KPBIC B
YCJIOBHSIX OCTPOTO CTpecca.

MATEPHAJIBI 1 METO/bI

O6pasup! Bogopocsu U. lactuca cobupau B jieT-
HUH niepuoy B Oyxte AsekceeBa (octpos Ilomosa, 3a-
nuB Ilerpa Benukoro, fmoHckoe Mope), TIATETHHO
OUMIIATIN OT BMUGPUTOB, HEOOIBITNX OECITO3BOHOY-
HBIX U YACTHUIL ITeCKA, ITPOMBIBAJIA MOPCKOMU, 3aTeM
JIUCTHJUTUPOBAHHON BO/oH. [locsie 3TOrO OTsKuMan
Y TIOTPY>KaJIN B KUIIAIILYIO BOAY HA 2 MUH JJI HHAK-
TUBanuK (pepmMeHTOB. BoicymenHbii npu t < 50 °C
TA/JIOM HU3MEIbYAId C IOMOIIbI0 JabopaTOpHOI
MEJIBHUIIBI JI0 Pa3MepOB YacTUI] 0.5—1 MM U BKCTpa-
TUPOBAIN 70% STHJIOBBIM CIIUPTOM B COOTHOIIIEHUH
CBIpBE : BKCTpareHT 1 : 2 (1o oobeMy). Berbopka Bomo-
pocJIel cocTaBJisia 10 TaJlJIOMOB.

JId BbIIEJEHUS JIMIIMAHON COCTABJIAIONIEH U
HCCJIEJTOBAHUS €€ COCTaBa SKCTPAKT IPEIBAPUTEIb-
HO OCBOOOXKJ]AJTA OT CIIMPTA IIyTeM yIapuBaHUS Ha
POTOPHOM HCIIApHTEJIE TP TEMIIEPATYPe HE BBIIIE
37 °C. IosryueHHy0 MacJI000pa3HyI0 Maccy SKCTparh-
poBasIH cMeChIo XJI0po(OpM : MeTaHOI (1 : 2 IO 00b-
eMy) B COOTBETCTBUH € OOIIETTPUHATHIM METOJIOM JIJTS
BBIZIE/IEHUSA JIMITHOB M3 PACTUTETHHOTO U JKMBOTHOTO
coIpbs [8]. lyist paszenienus ¢as3 K 9KCTPAKTY J00aB-
JISLJTA PAcTBOP XJIOPHUCTOTO HATPHA (0.73%) B KOTIYe-
cTBe 20 % oT oobeMa. ITocste pasaenenus ¢as xIopo-
(OpMHBIH CJIOH, COIEPIKATITUI JTUITHIBI, OTAEJISLTH Ha
JIeJTATETHHOU BOPOHKE U yIIAPUBAJIN HA POTOPHOM FHIC-
IapuTesie 10 OTCYTCTBHsA 3amaxa xiaopodopma. Cym-
MapHOe cojiep;KaHue OOIUX JINITHIOB B SKCTPAKTE
COCTaBJISIIO 16.70 MT/MJI, U3 KOTOPHIX OoJtee 80 % —
HeUTpasIbHbIE JIUIHIABI U OKOJIO 12 % — docdou-
mubl. Cpei HEUTPaJIbHBIX JIUIIHA/IOB MTpeobsiagain
TPUALFJITJTUIIEPHUHBI, XOJIECTEPUH, CBOOOHBIE KUP-
HbIE€ KHCJIOTHI, X COJIEP’KAHUE COCTABJISLIIO B CPE/I-
HeM 12—30 % OT OOIIero KoJIMYecTBa HeUTPaTbHbIX
JInuA0B. PochOTUITUIHBIN COCTaB XapaKTePHU30BaJI-
ca HammuueM (ocedatumixonnHa, GochaTuauIs-

AIM OF THE RESEARCH

Study of the prophylactic effect of the lipid
fraction isolated from an aqueous-alcoholic extract
of thallus of the U. lactuca seaweed on the fatty
acid composition of phospholipid fractions of rat
erythrocyte membranes under conditions of acute
stress.

MATERIALS AND METHODS

U. lactuca alga samples were collected in the
summer period in Alekseev Bay (Popov Island, Pe-
ter the Great Bay, Sea of Japan), thoroughly cleaned
of epiphytes, small invertebrates and sand particles,
washed with sea water, then with distilled water. Af-
ter that, they were pressed and immersed in boiling
water for 2 min to inactivate the enzymes. Dried at
t < 50°C, the thallus was crushed using a laboratory
mill to a particle size of 0.5—-1 mm and extracted
with 70% ethanol in the ratio of raw material: ex-
tractant 1: 2 (by volume). The selection of algae was
10 thalli.

To isolate the lipid component and study its
composition, the extract was previously released
from alcohol by evaporation on a rotary evaporator
at a temperature not exceeding 37°C. The resulting
oily mass was extracted with a mixture of chloroform
and methanol (1 : 2 by volume) in accordance with
the conventional method for the isolation of lipids
from plant and animal raw materials [8]. To sepa-
rate the phases, a sodium chloride solution (0.73%)
was added to the extract in an amount of 20 % of
the volume. After separation phase, the chloroform
layer containing lipids was separated on a separat-
ing funnel and evaporated on a rotary evaporator
until there was no chloroform odor. The total con-
tent of total lipids in the extract was 16.70 mg/ml,
of which more than 80 % — neutral lipids and about
12 % — phospholipids. Among the neutral lipids
were dominated by triacylglycerols, cholesterol, free
fatty acids, their content was on average 12—30 %
of the total number of neutral lipids. Phospholipid
composition was characterized by the presence of
phosphatidylcholine, phosphatidylethanolamine,
phosphatidylinositol, phosphatidylserine, phospha-
tidic acid, phosphatidylglycerol. It is important to
note that the phospholipid fraction contains a high
content of n-3 PUFAs (more than 50 % of the to-
tal amount of fatty acids). Standardization of the
extract from Ulva was carried out according to the
total lipid content, the dose of the injected drug was
calculated in milligrams of total lipids per 1 kg of
animal weight.
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TaHoJIaMuHa, pocdaruaminHo3uTa, dhocdaTuamice-
puHa, dochaTuHON KUCIOTHI, GochaTHAUITIINIIE-
puHa. BaxxHO OTMETHTB, YTO B cocTaBe ¢ocdomumnmi-
HOH dpakuyu 6610 BeIcOKOe comeprkanue ITHXKK ce-
MeticTBa n-3 (6osee 50 % oOT 0OIIel CyMMBI KUPHBIX
kucstor). CTaHAapTU3AIUI0 DKCTPAKTA U3 YIIbBBI IIPO-
BOJIJIU I10 CyMMAPHOMY COJIEPKAHHIO JIUIIH/IOB, JI03Y
BBO/IMMOTO ITpenapaTa PacCUUTHIBAIN B MUJITUTPaM-
Max OOIIUX JIUITHU/IOB Ha 1 KT MACChI 3KUBOTHOTO.

IKCIIEPUMEHT IMPOBOAWIN Ha KpbICAaX-CaMIaX
JsuHUN «Bucrap» mMaccoit 180—200 T, cofiepKaBIINX-
cs1 B CTAaHJAPTHBIX YCJIOBUSAX BUBApUs HA CTAHAAPT-
HOM pAIlOHE MUTaHUs. JKCIIEPUMEHTUIBHBIA (QU-
3UYEeCKUH CTpecc MOZETIMPOBAIH IIyTeM BepPTHKAIIb-
HOU (pUKCAIUU JKUBOTHBIX 32 JIOPCATHHYIO IIEHHYIO
CKJIAZIKY Ha 24 4. KOHTPOJIbHBIE :KUBOTHEBIE COZIEPIKA-
JIUCh B CTAH/APTHBIX YCJIOBUSX BHUBapus. B xoze uc-
CJ1eToBaHUsA ObUTN BBIJETEHBl YeThIPe TPYIIBI KHU-
BOTHBIX II0 10 KPBIC B Ka}KIOH: 1-1 TPyIIa — KOH-
TPOJIb (MHTaKTHBIE); 2-5 IPyIla — BEPTUKAJIbHAA
dukcarus («IUCTBIN» cTpecc); 3-51 TPyIIa — BEPTU-
KasTbHAS (DUKCANVSA + JINIHUIHBIA KOMIUIEKC U3 DKC-
TpaKTa YJIbBBI; 4-1 TPyIa — BepTHKaJIbHAA pUKca-
s + AcceHiuase. Kpbic BBIBOAWIN U3 SKCIIEPUMEH-
Ta JeKanuTaIueln 1oy, JIETKUM 3()UPHBIM HAPKO30M
¢ cobmroieHreM NPAaBWI U MEKIYHAPOJHBIX PEKO-
MeHzanui EBporeiickoll KOHBEHIINH 10 3aIIUTe 10~
3BOHOYHBIX KMBOTHBIX, HCIOJIb3YEMBIX JIJI DKCITe-
PYIMEHTOB WX B MHBIX HayuHBIX Iesax (CrpacOypr,
1986). HccenoBanue omobpeno Komuccued mo Bo-
mpocaM 3TUKH THXOOKEaHCKOTO OKEAHOJIOTHIECKOTO
uHctuTyTa uM. B.W. Mnpuuesa /IBO PAH.

[TostydeHHBIN JIUTTU/THBINA KOMIUIEKC U3 SKCTPAK-
Ta YJIbBBI BBOJIWJIA B KOJIMYECTBE 0.4 MJI HA KPBICY
Maccoii 200 T; 3TOT KOMILIEKC COZIEPIKaT 16 MT 00IIUX
JINIHJIOB, YTO COOTBETCTBYET U3BECTHOMH J103€ TIperna-
para cpaBHeHUs DcceHIUaIe (MOJIMHEHACHIIEHHBIN
docharuauaxonH coeBbIx 06000B IIPOM3BOJICTBA
«Pon-ITynenk Popep», 'epmanus) (80 Mr/kr) B aKc-
IepUMEHTAIBLHBIX UCCIIEZIOBAaHUSAX HA YKUBOTHBIX [9].
JKuBOTHBIE U3 TPYIIIIBI «YUCTOTO» CTPECCA ITOJIYUaIN
JIUCTIJLIUPOBAHHYIO BOAY B 00BEME, PABHOM 00BEMY
BBOJIMIMBIX ITPETIApATOB.

OPUTPOIUTHl BBIJEJIAIN OOIIENIPUHATHIM Me-
TOZIOM TeHTpUdyrupoBanus [10]. s mosydeHus
MeMOpaHHOU MAacChl SPUTPOLUTHI BHOCWIU B JIHC-
TWIJTHPOBAHHYIO BOJY, I/le IIPOUCXOMJI UX MOJIHBIN
reMosIu3. JKCTPAKThI OOINUX JIMITHIOB U3 MeMOpaH
3PUTPOIUTOB roToBUIH 110 MeToay J. Folch et al. [8].
@®paknnoHHoe pazzieneHue GocoaunuIoB  ocy-
IIECTBJIJIA METO/IOM JIByMEPHOU MHKPOTOHKOCIION-
HOH xpomarorpaduu [11]. @pakuun docdorunuios
(bochatuamixonua u  dochaTUAMIITAHOTAMIH)
BJIIOUPOBAIIN C IUIACTUHKH U PACTBOPSUIM B XJIOPO-

The experiment was carried out on male Wistar
rats weighting 180—200 g, contained in standard vi-
varium conditions on a standard diet. Experimental
physical stress was modeled by vertical fixation of
animals behind the dorsal cervical fold for 24 hours.
Control animals were kept in standard vivarium con-
ditions. The study identified four groups of animals of
10 rats each: group 1 — control (intact); group 2 — ver-
tical fixation (“pure” stress); group 3 — vertical fixa-
tion + lipid complex of Ulva extract; group 4 — verti-
cal fixation + Essentiale. Rats were removed from the
experiment by decapitation under light ether anes-
thesia in compliance with the rules and international
recommendations of the European Convention for
the Protection of Vertebrate Animals used for Exper-
imental and other Scientific Purposes (Strasbourg,
1986). The study was approved by the ethics Com-
mission of V.I. II'ichev Pacific Oceanological Insti-
tute.

The resulting lipid complex from the extract of
the Ulva was introduced in the amount of 0.4 ml per
rat weighting 200 g; this complex contained 16 mg
of total lipids, which corresponds to a known dose
of the reference drug Essentiale (polyunsaturated
phosphatidylcholine soybeans manufactured by
“Rhone-Poulenc Rorer Pharmaceuticals”, Germany)
(80 mg/kg) in animal studies [9]. Animals from the
group 2 received distilled water in a volume equal to
the volume of injected drugs.

Erythrocytes were isolated by conventional
centrifugation [10]. To obtain the membrane mass,
erythrocytes were introduced into distilled water,
where their complete hemolysis took place. Extracts
of total lipids from erythrocyte membranes were
prepared by J. Folch et al. [8]. Fractional separa-
tion of phospholipids was performed by two-dimen-
sional thin layer chromatography [11]. Fractions of
phospholipids (phosphatidylcholine and phospha-
tidylethanolamine) were eluted from the plate and
dissolved in chloroform, then subjected to methano-
lysis with acetyl chloride [12]. Fatty acid ethers were
analyzed on a gas chromatograph “LHM-2000-05"
(Russia) with a flame ionization detector. Fatty ac-
ids were identified in two ways: by comparing the
retained volumes in the studied mixture and using
domestic standard preparations of methyl ethers of
fatty acids (C—C,). Quantitative data were pro-
cessed using the statistical package “GraphPad
InStat 3.0” (GraphPad Software Inc., USA, 2005)
with a built-in procedure to verify that the sample
complies with the law of normal distribution. To
determine the statistical significance of the differ-
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(opme, 3aTeM O/IBEPTAIIN METAHOJIU3Y C XJIOPUCTHIM
areTwioM [12]. DGUPHI JKUPHBIX KUCIOT aHATU3UPO-
BaIM Ha raszoBoM xpomarorpade «JIXM-2000-05»
(Poccus1), ¢ mIaMeHHO-MOHUBAIMOHHBIM JIETEKTO-
pom. YKupHble KUCIOTHI UAEHTU(DUITUPOBAIN IBYMSI
criocobaMu: IyTeM CpaBHEHUS YIePKUBAaeMbIX 00be-
MOB B HCCJIEZyEMOI CMECH U C IIOMOIIBIO OT€YECTBEH-
HBIX CTAHJAPTHBIX ITPENAPATOB METHJIOBBIX 3(UPOB
JKUPHBIX KUCJIOT (C16—C24). KosmuecTBeHHbBIE JaHHbBIE
00pabaThIBAIM C KCIIOJIB30BAHUEM CTATHCTUUYECKO-
ro maketa GraphPad InStat 3.0 (GraphPad Software
Inc., USA, 2005) €O BCTPOEHHOM IPOIEAYyPOH IIPO-
BEPKH COOTBETCTBUsI BHIOOPKHU 3aKOHY HOPMAaIbHOTO
pacupenenenusi. [Ijis1 ornipesiesieHus CTaTUCTUYECKON
3HAYNMOCTHU Pa3/IMYMi B 3aBUCHMOCTU OT I1apame-
TPOB pacCIIpe/ieJIeHUs] HCIIOJIb30BAIH ITapaMeTpIyie-
ckuii t-kpurepuil CThIOZIEHTa WIN HellapaMeTpude-
cxkuii U-kputepuii MaHHa — YUTHH.

PE3YJIBTATBI 1 OBCY2KIAEHHNE

HccitenioBaH COCTaB JKUPHBIX KUCIOT docdaTu-
JIIxosinHa U docdaTHAUIsTaHOIAMIHA KaK OCHOB-
HBIX CTPYKTYPHBIX KOMIIOHEHTOB MeMOpaH 3pHUTPO-
[IUTOB. B »KUPHOKUCIIOTHOM CITEKTpe 3TUX (hPaKIIHi
TI0CJIE CTPECCOBOTO BO3/IEUCTBUS BO 2-H IPYIIIIE OTMe-
YaJIoCh BHICOKOE COZIEPKAHNE HACHIIIIEHHBIX JKUPHBIX
KueIoT (Tabu. 1, 2). Tak, KOJIMYECTBO MUPHUCTHHOBOK
KHUCJIOTBI ObLIO Ha 21 % (p < 0.01) BBIIIIE IO CpaBHE-
HUIO C TPYIIIION KOHTPOJIs, MAJIbMUTUHOBOM KHCJIO-
ThI — Ha 15 % (p < 0.001), a CTeaPUHOBOH KUCJIOTHI —
Ha 9 % (p < 0.05). OTU U3MeHEHUs 00YCIOBUIN YBE-
JIMYEHUEe CyMMBI HACBIIIEHHBIX KUPHBIX KHUCJIOT 0
50 % (B rpymme KOHTPOIA — 43 %). Cpeit MOHOEHO-
BBIX JKHPHBIX KHCJIOT CJIEZIYET OTMETUTD YBEJIMUEeHHE
KOJINUECTBA TAJIBMUTOJIEMHOBOH KHCJIOTHI HA 7 %
(p < 0.05). B psiry moyIMTHEHACHIIIIEHHBIX KUPHBIX
KHCJIOT ceMeHCTBa N-6 BJIMSHUE CTpecca COMPOBO-
JKJTAJIOCh CHIPKEHUEM COZIeprKaHUs JIMHOJIEBOU KHC-
JIOTHI Ha 11 % (p < 0.01) U apaXUTOHOBOH KUCIOTHI —
Ha 25 % (p < 0.001). B psmy *KUPHBIX KHCJIOT Ce-
MeNCTBa N-3 YMEHBIIAIOCh KOJIMYECTBO JIMHOJIEHO-
BOM KHCJIOTHI Ha 14 % (p < 0.001), S3HKO3aIlleHTaeHO-
Bol — Ha 15 % (p < 0.001) U JIOKO3aTeKCAaeHOBOU —
Ha 18 % (p < 0.001). B cBsA3M ¢ 3TUMU U3MEHEHUS-
MM CyMMa HEHACHIIIEHHBIX KUPHBIX KUCIOT CHU3HU-
J1achk 10 51 % (B rpy1e KOHTPOJ — 57 %), a MHEKC
HACBIIIEHHOCTH BBIPOC ZI0 0.96 (B rpymIe KOHTPO-
J1 — 0.75).

KosmuecTBeHHbIE XapaKTEPUCTHUKHU  KHUPHBIX
KHCJIOT B coctaBe (ochaTuANIdTaHOIAMIHA DPH-
TPOITUTAPHBIX MeMOpaH KpBIC IIOCTIE CTPECCOBO-
TO BO3JIEHCTBUS (2-5 TpyIa) TaKKe OTINYATIUCH OT
AQHAJIOTUYHBIX TIOKa3aTeJiel B KOHTPOJIbHOM TpyIIe
(cMm. Tabu1. 2). Tak, KOJIMUECTBO MUPUCTUHOBOH KHUC-

ences depending on the distribution parameters,
the parametric Student’s t-test or the nonparametric
Mann — Whitney U-test were used.

RESULTS AND DISCUSSION

The composition of fatty acids phosphatidyl-
choline and phosphatidylethanolamine as the main
structural components of erythrocyte membranes
was studied. In the fatty acid spectrum of these frac-
tions after stress exposure in group 2 high content
of saturated fatty acids was noted (Table 1, 2). Thus,
the amount of myristic acid was 21 % (p < 0.01) high-
er compared to the control group, palmitic acid —
15 % (p < 0.001), and stearic acid — 9 % (p < 0.05).
These changes led to an increase in the amount
of saturated fatty acids to 50 % (in the control
group — 43 %). Among monoenic fatty acids an
increase in the amount of palmitoleic acid by 7 %
(p < 0.05) should be noted. Among the polyunsatu-
rated fatty acids of the n-6 family, the effect of stress
was accompanied by a decrease in the content of lin-
oleic acid by 11 % (p < 0.01) and arachidonic acid
by 25 % (p < 0.001). Among fatty acids of the n-3
family, the amount of linolenic acid decreased by
14 % (p < 0.001), eicosapentaenoic acid — by 15 %
(p < 0.001) and docosahexaenoic acid — by 18 %
(p < 0.001). Due to these changes, the amount of
unsaturated fatty acids decreased to 51 % (in the
control group — 57 %), and the saturation index in-
creased up to 0.96 (in the control group — 0.75).

The quantitative characteristics of fatty acids
in the phosphatidylethanolamine composition of
rat erythrocyte membranes after stress exposure
(group 2) also differed from those in the control
group (see Table 2). Thus, the amount of myristicacid
increased by 12 % (p < 0.01), palmitic acid — by 10 %
(p < 0.01), stearic acid — by 18 % (p < 0.001). In this
regard, the amount of saturated fatty acids increased
up to 56 % (in the control group — 50 %). Among
monoenic fatty acids, palmitoleic acid increased by
22 % (p < 0.001). Among the polyunsaturated fatty
acids of the n-6 family, the amount of linoleic acid
was reduced by 14 % (p < 0.01), arachidonic acid —
by 10 % (p < 0.001). Among the polyunsaturated
fatty acids of the n-3 family, the content of linolenic
acid decreased by 20 % (p < 0.001) relative to con-
trol, eicosapentaenoic acid — by 29 % (p < 0.001),
and docosahexaenoic acid — by 49 % (p < 0.001).
The amount of saturated fatty acids was 56 % (in
the control group — 50 %), and unsaturated — 44 %
(in the control group — 50 %), which led to an in-
crease in the saturation index to 1.27 (in the control
group — 1.00). Thus, in the blood serum of rats after
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Ta6umuma 1. ComeprkaHre OCHOBHBIX BHJIOB JKUPHBIX KUCIOT B dochaTHUIXOTINHE S3PUTPOLUTAPHBIX MEMOPAH KPbIC
[IPU CTPecce ¥ KOPPEKINHU JINIH/THBIM KOMIUIEKCOM U3 9KCTPAKTA YJIbBBI U JCCEHIHaE, % OT CYMMBI BCEX KUPHBIX KHC-
sort (M + m)

Table 1. The content of the main types of fatty acids in phosphatidylcholine of rat erythrocyte membranes under stress and
correction by lipid complex from Ulva extract and Essentiale, % of the total of all fatty acids (M + m)

Kupneie 1-A TpyIma 2-4 rpynmna 3-4 rpymma 4-A TpyIma

KUCJIOTBI (xOHTpPOJIB) («ameThIi» cTpece) (cTpecc + JTUIH/IBI YJIHBBL) (ctpecc + dcceHirae)
Fatty acids  Group 1 (control) Group 2 (“pure” stress) Group 3 (stress + Ulva lipids) Group 4 (stress + Essentiale)
14:0 1.16 £ 0.07 1.40 + 0.052 1.20 + 0.06°¢ 1.38 £ 0.03?

16:0 27.75 + 0.72 31.79 + 0.643 27.81 + 0.77¢ 28.76 + 0.68"

18:0 14.16 £ 0.39 15.44 + 0.41! 14.12 £ 0.37° 14.88 + 0.51*

16:1 2.13 + 0.05 2.28 + 0.03! 2.07 + 0.03° 2.30 + 0.04%¢

18:1 18.70 £ 0.75 19.10 + 0.61 18.43 £ 0.68* 19.00 + 0.62

18:2n-6 19.05 £ 0.47 17.00 £ 0.36 19.15 + 0.54° 18.28 £ 0.46

20:4 n-6 11.85 + 0.46 8.90 + 0.313 11.47 + 0.50° 10.79 + 0.38¢

18:3n-3 1.20 £ 0.03 1.03 £ 0.023 1.28 £ 0.04¢ 1.00 + 0.023

20:5n-3 1.24 + 0.02 1.06 £ 0.043 1.49 + 0.03% 1.14 + 0.02!

22:6 n-3 2.76 £ 0.04 2.00 £ 0.033 2.98 + 0.05°¢ 2.47 £ 0.033¢

IlpuMeyaHus: 1)14:0 — MUPUCTUHOBAsA, 16:0 — HAJIBMUTHHOBAs, 16:1 — MAJIbMUTOJIEMHOBAsI, 18:0 — cTeaprHOBasi, 18:1 — OJIEHHO-
Bas, 18:2 — smMHOJIeBas1, 18:3 — JIMHOJIEHOBAsA, 20:4 — apaxuzIoHOBas, 20:5 — SUKO3alleHTaeHOBasI, 22:6 — JOKO3areKcaeHOBasi JKUPHbIE
KHCJIOTBI; 2) 3/1€Ch U B Ta0JI. 2 pa3jIMuUs CTATHCTHYECKH 3HAYUMBI: IIPU 'p < 0.05, 2p < 0.01, 3p < 0.001 — 10 CPaBHEHHIO C KOHTPOJIEM;
IIpU °p < 0.05, °p < 0.01, °p < 0.001 — 10 CPABHEHHUIO CO 2-U IPYIIION.

Notes: 1)14:0 — myristic, 16:0 — palmitic, 16:1 — palmitoleic, 18:0 — stearic, 18:1 — oleic, 18:2 — linoleic, 18:3 — linolenic, 20:4 —
arachidonic, 20:5 — eicosapentaenoic, 22:6 — docosahexaenoic fatty acids; 2) in Table 1 and Table 2 differences are statistically significant:

at'p < 0.05, ?p < 0.01, 3p < 0.001 — compared to the control; at *p < 0.05, °p < 0.01, °p < 0.001 — compared to group 2.

JIOTBI YBEJIMYUJIOCH Ha 12 % (p < 0.01), TaJIbMUTH-
HOBOM KHCJIOTBI — Ha 10 % (p < 0.01), CTeapUHOBOM
KHUCJIOTH — Ha 18 % (p < 0.001). B cBsA3U ¢ 3TUM CyM-
Ma HACBIEHHBIX KUPHBIX KUCJIOT BBIPOCIIA /10 56 %
(B rpymme koHTposi — 50 %). Cpemu MOHOEHO-
BBIX KMPHBIX KHCJIOT OTMEYAIOCh yBEJMYEeHUEe KO-
JINYeCTBa MAJbMUTOJIENHOBOU KHCIOTHI Ha 22 %
(p < 0.001). B psiiy ONMMHEHACHIIIEHHBIX KUPHBIX
KHUCJIOT CeMeHNCTBa N-6 KOJIMYECTBO JIMHOJIEBOM KIC-
JIOTBI OBLIIO CHIKEHO Ha 14 % (P < 0.01), apaxuIoHO-
BOH KUCJIOTHI — Ha 10 % (p < 0.001). B psimy nosuHe-
HACBIIEHHBIX JKUPHBIX KACJIOT CEMEHCTBA N-3 cofiep-
JKaHHe JIMHOJIEHOBOH KHCJIOTHI CHU3WIOCH HA 20 %
(p < 0.001) OTHOCUTENHHO KOHTPOJIS, SHKO3aeHTae-
HOBOM KHCJIOTH — Ha 29 % (p < 0.001), a IOKO3areKca-
€HOBOI KHCJIOTHI — Ha 49 % (p < 0.001). Cymma HacbI-
IIIEHHBIX JKUPHBIX KUCIIOT cocTaBuia 56 % (B rpyrme
KOHTPOJIA — 50 %), a HEHACHIIIIEHHBIX — 44 % (B TpyTI-
e KOHTPOJIST — 50 %), uTO 00YCIOBUIIO TIOBBIIIIEHHE
WH/IEKCA HACBHIIIEHHOCTH /10 1.27 (B TPyIIIe KOHTPO-
s — 1.00). Takum 06pazoM, B CHIBOPOTKE KPOBHU
KPBIC TIOCJIE CTPECCOBOTO BO3EHCTBUS MPOUCXOIUT
M3MeHeHNe MOJIEKY/IIPHBIX BUZIOB GoChOIUINUIOB B
CTOPOHY GOJIbIIIEl HACBHIIIEHHOCTH, YeM Y KOHTPOJIb-
HBIX JKHBOTHBIX.

[Tpu npodUTaAKTUIECKOM BBEJEHHN KOMILIEKCA
JIUTIH/IOB Y/IbBBI B IEPUO]] CTPECCOBOTO BO3/IEHUCTBIS
KOJINYECTBEHHbIE XAPAKTEPUCTUKY JKUPHBIX KHUCIIOT

stress there is a change in the molecular species of
phospholipids in the direction of greater saturation
than in control animals.

When prophylactic introduction of the complex
of Ulva lipids during the period of stress, the quan-
titative characteristics of fatty acids in the composi-
tion of phosphatidylcholine and phosphatidyletha-
nolamine of erythrocyte membranes did not differ
from the control values, whereas the introduction
of Essentiale revealed statistically significant dif-
ferences (see Table 1, 2). Thus, in the composition
of phosphatidylcholine in group 4, the content of
myristic acid increased by 19 % (p < 0.01) and pal-
mitoleic acid — by 8 % (p < 0.05) compared with
the control group. Among the polyunsaturated fat-
ty acids of the n-3 family, there was a significant
decrease in the content of linolenic acid by 17 %
(p < 0.001), eicosapentaenoic acid by 8 % (p < 0.05)
and docosahexaenoic acid by 11 % (p < 0.001). As
part of phosphatidylethanolamine relative to the
control group, the content of myristic acid increased
(by 8 %, p < 0.05) and the content of fatty acids
of the n-3 family decreased: linolenic acid — by
14 % (p < 0.001), eicosapentaenoic acid — by 17 %
(p < 0.001), docosahexaenoic acid — by 19 %
(p < 0.001).
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Tao6umuma 2. CoiepykaHre OCHOBHBIX BH/IOB JKUPHBIX KHCIOT B (pocaTHANISTAHOIAMUHE SPUTPOIUTAPHBIX MeMOpaH
KPBIC IIpU CTpecce U KOPPEKLIUH JIMIMUIHBIM KOMIUIEKCOM U3 YJIbBBI U DCCEHLIHAJIe, B % OT CYMMBI BCEX KUPHBIX KUCJIOT

(M +m)

Table 2. The content of the main types of fatty acids in phosphatidylethanolamine of rat erythrocyte membranes under
stress and correction by lipid complex from Ulva extract and Essentiale, % of the total of all fatty acids (M + m)

JKupusie 1-s rpymmna 2-51 TPyIIIIA 3-A Tpymnma 4-5 TpyIIa

KHCJIOTHI (xoHTpOJIB) («aHCTBII» CTpece) (cTpecc + JTUTUABI YIIBBHI) (ctpecc + dcceHnuane)
Fatty acids  Group 1 (control) Group 2 (“pure” stress) Group 3 (stress + Ulva lipids) Group 4 (stress + Essentiale)
14:0 1.30 £ 0.03 1.45 + 0.03? 1.36 + 0.03% 1.40 £ 0.03"

16:0 30.64 + 0.47 33.79 + 0.682 30.38 + 0.74° 31.57 £ 0.66%

18:0 17.95 + 0.50 21.13 + 0.503 17.65 £ 0.58¢ 18.37 £ 0.48¢

16:1 4.11 + 0.07 5.00 + 0.078 4.18 £ 0.12¢ 4.03 + 0.07¢

18:1 8.61 £ 0.38 9.54 + 0.26! 8.60 + 0.32% 8.31+ 0.30°

18:2 n-6 8.00 £ 0.33 6.86 + 0.30! 8.03 + 0.44 8.11 £ 0.26°

20:4 n-6 22.88 + 0.65 18.27 + 0.373 22.85 + 0.63°¢ 22.84 + 0.59°

18:3n-3 1.40 £ 0.04 1.12 £ 0.043 1.69 + 0.11¢ 1.20 £ 0.033

20:51n-3 1.21 £+ 0.03 0.86 + 0.023 1.26 + 0.04° 1.00 + 0.03%°

22:6 n-3 3.90 £ 0.07 1.98 + 0.053 4.00 + 0.22° 3.17 £ 0.08%¢

B cocraBe ¢ocharuamixonuHa u docdaTuamisTa-
HOJIAMUHA MeMOpaH 3PUTPOIUTOB HE OTJINYAIIUCH OT
KOHTPOJIPHBIX 3HAUeHHUH, TOr/la KaK IpU BBEIEHUH
dcceHruane ObUTM BBISBJIEHBI CTATUCTHYECKH J0-
cToBepHbIe pasiuuusd (cM. Tabu. 1, 2). Tak, B cocTaBe
docharnanaxonuHa B 4-1 TPyHIE COAEPKAHNIE MU-
PUCTHHOBOH KHCJIOTHI HOBBICHJIOCH HA 19 % (p < 0.01)
U MAJTbMUATOJIEMHOBOU KUCIOTHI — Ha 8 % (p < 0.05)
10 CPaBHEHMUIO C TPYIIION KOHTPOJIs. B psmy nosune-
HACBIIIEHHBIX JKUPHBIX KUCJIOT ceMeHCcTBa N-3 OTMe-
YaJioch IOCTOBEPHO CHIDKEHE COZIEPIKAHUS JIMHOJIe-
HOBOU KUCJIOTHI HA 17 % (p < 0.001), SlKO3ameHTae-
HOBOH KUCIOTH — Ha 8 % (p < 0.05) U IoKO3arekcae-
HOBOH KUCJIOTHI — Ha 11 % (p < 0.001). B cocrase doc-
(aTunIsTAaHOIAMUHA OTHOCUTEIBFHO TPYIIBI KOH-
TPOJIS BO3POCJIO COZIEPKAHNE MUPUCTUHOBOU KHCJIO-
ThI (Ha 8 %, p < 0.05) ¥ CHU3WJIOCH COZIEPIKAHIIE KUP-
HBIX KHCJIOT CeMeHCTBa N-3: JIMHOJIEHOBOM KHCJIO-
ThI — Ha 14 % (p < 0.001), SHKO3aTEHTAEHOBOH KHC-
JIOTBI — Ha 17 % (p < 0.001), JOKO3areKCaeHOBOU KHC-
JIOTBI — Ha 19 % (p < 0.001).

IIpu cpaBHEHUU COZIEPIKAHUSA KUPHBIX KUCJIOT
IIPU BBEIEHUU JIUIIUAHOTO KOMIUIEKCA U3 DKCTPAK-
Ta yJIbBBI U DcceHnuane (3-1 U 4-s TPYIIIHI) C TaKO-
BBIMH BO 2-U TPYIIIE («YHCTHIA» CTPECC) OTMEYATUCH
CTaTUCTUYECKU JIOCTOBEPHBIE PA3JIUYHUS IO BCEM HC-
CJIeJOBAaHHBIM IIOKA3aTesIsIM, OJHAKO B 3aBUCHMOCTH
OT BBEJIEHHOTO TIpernapara MposBJIsyIach Pa3Has cTe-
IleHb BBIpayKeHHOCTU. Tak, mpu BBeIEHUU JIUIIHJIOB
yIbBBI U AcceHnmase B cocraBe (ocdaTuanIxoin-
Ha CHIDKJIOCH COZlepyKaHWEe MHUPHUCTUHOBON KHCJIO-
THI Ha 14 % (p < 0.001) 1 2 % COOTBETCTBEHHO, a TAK-
JKe MaJIbBMUTHHOBOU KUCJIOTH — Ha 13 % (p < 0.001)
1 10 % (p < 0.01) COOTBETCTBEHHO, CTEAPUHOBOM KHC-

When comparing the content of fatty acids in
the introduction of lipid complex consisting of Ulva
extract and Essentiale (group 3 and 4) with those in
group 2 (“pure” stress) there were statistically sig-
nificant differences in all studied parameters, but
depending on the drug injected, a different degree of
severity was manifested. Thus, with the introduction
of Ulva lipids and Essentiale of phosphatidylcho-
line, the content of myristic acid decreased by 14 %
(p < 0.001) and 2 % respectively, as well as palmitic
acid — by 13 % (p < 0.001) and 10 % (p < 0.01) re-
spectively, stearic acid — by 9 % (p < 0.001) and 4 %
respectively. Among monoenic fatty acids, palmi-
toleic acid decreased by 9 % (p < 0.001) and in-
creased by 1 % with the introduction of Essentiale.
In the number of fatty acids of the n-6 family, the
amount of linoleic acid increased by 13 % (p < 0.01)
with the introduction of Ulva lipids, and with the in-
troduction of Essentiale — by 8 % (p < 0.05). The
content of arachidonic acid was higher than that at
“pure” stress by 29 % (p < 0.001) in group 3 and
by 21 % (p < 0.001) in group 4. Among the fatty ac-
ids of the n-3 family an increase in linolenic acid in
group 3 by 24 % (p < 0.001) and in group 4 by 9 %
should be noted. The amount of eicosapentaenoic
acid increased by 41 % (p < 0.001) with the introduc-
tion of Ulva lipids and by 8 % with the introduction of
Essentiale. Attention is drawn to the increase in the
amount of eicosapentaenoic acid by 49 % (p < 0.001)
in group 3 and 24 % (p < 0.001) in group 4.

The content of myristic acid in phosphatidyl-
ethanolamine in comparison with group 2 decreased
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JIOTBI — Ha 9 % (p < 0.001) ¥ 4 % COOTBETCTBEHHO.
B psily MOHOEHOBBIX >KUPHBIX KHCJIOT OTMEYaIOCh
CHIDKEHHE TaJbMHUTOJIEMHOBON KHCJIOTHI Ha 9 %
(p < 0.001) 1 OBBIIIIEHNE HA 1 % TP BBEAEHUN JC-
ceHIuasie. B psaay >KUPHBIX KHUCIIOT ceMelcTBa n-6
KOJIMYECTBO JITHOJIEBOHM KHCJIOTHI BO3POCJIO HA 13 %
(p < 0.01) IpU BBeIEHUH JINITH/IOB YJIbBBI, a IPU BBE-
JeHnu dcceHruasie — Ha 8 % (p < 0.05). Coneprka-
HUe apaXUIOHOBOU KUCJIOTHI OBLIO BBIIIIE, YeM TaKO-
BOe IIPU «YHUCTOM» CTpecce Ha 29 % (p < 0.001) B 3-i1
rpymre u Ha 21 % (p < 0.001) B 4-# rpynme. B psamxy
JKUPHBIX KHCJIOT CeMeMCTBa N-3 CJIeyeT OTMETHUTD
YBeJIMUEHUE B 3-H IPYIIIe JUHOJIEHOBOU KUCIOTHI HA
24 % (p < 0.001), a B 4-1 rpymnme — Ha 9 %. Komue-
CTBO 3MKO3aIIeHTA€HOBOH KHUCJIOTHI BEIPOCIIO HA 41 %
(p < 0.001) IpU BBEJIEHUH JIUIIU/IOB YJIbBHI U HA 8 %
pu BBeieHUH dcceHnpase. OOparraer Ha ce0sl BHU-
MaHUe yBeJINYeHNEe KOJTNUECTBAa SMKO3aIEHTA€HOBOK
KHUCJIOTHI Ha 49 % (p < 0.001) B 3-1i TpyTne u Ha 24 %
(p < 0.001) B 4-1 rpymre.

B cocraBe ocdaTtupnnsTaHOIaMUHA COEPIKA-
HHE MHUPUCTUHOBOU KHUCJIOTHI IO CPABHEHUIO CO 2-H
TPYIIOH CHU3MWIOCh HA 6 % (p < 0.05) IpU BBejE-
HUU JIMNIUJOB YJIbBHL U Ha 3 % — Accernuuasue. Co-
JleprKaHue MaJIbMUTUHOBOHM U CTEAPUHOBOM KUCJIOT,
a TakKe MOHOEHOBBIX KUCJIOT IIPU BBEJAEHUU JINITU-
JIOB YJIBBBI YIIAJIO B CPeIHEM Ha 10—16 % (p < 0.01),
TOT/Ia KaK IPU BBeJIEHNU JcceHIuane — Ha 13—19 %
(p < 0.01 (0.001)). B psiay *KUPHBIX KUCTIOT CEMeH-
CTBa N-6 IPHU BBEJAEHUU JIUIIU/OB YJIbBBI JOCTOBEP-
HO OBLJIO BBIIIIE COZEPIKAaHUE JINHOIeBOH (Ha 17 %,
P < 0.05) ¥ apaxuIOHOBOM (Ha 25 %, p < 0.001) KHuC-
JIOT, TOT/Ia KaK IIPHU BBEIEHUU JCCEHITAJIE UX CO-
JleprKaHue Bo3pocso Ha 10 U 18 % (p < 0.001) co-
OTBETCTBEHHO. B psJly KUPHBIX KHUCJIOT CEMEHCTBa
n-3 cJieJIyeT OTMETUTH YBEJIMUEHUE COIePIKAHUSA JTU-
HOJIEHOBOM KHCJIOTHI Ha 51 % (p < 0.001), 3HKO3a-
MMEHTAaeHOBOM KHUCJIOTHI — Ha 47 % (p < 0.001) u JI0-
KO3areKCcaeHOBOU KHCJIOTHI — Ha 99 % (p < 0.001)
IpU BBEJIEHUU JIUIUJOB YJIbBBI 10 CPABHEHUIO C
AQHIOTUYHBIMU 3HAUYEHUSIMU IIPU «IUCTOM» CTpec-
ce, TOrZla KaK IPHU BBEIEHUU ICCEHITHANIE COJEP-
’KaHMe 9TUX KUCJIOT YBEJIMYWIOCh Ha 7, 16 U 60 %
(p < 0.001) cootBercTBeHHO. CyMMa HACBHIIIIEHHBIX
JKUPHBIX KUCIOT B dhochaTUaNIX0INHe IIPU BBeJle-
HUU JIMITHJIOB YJIbBBI COCTABIISIA 43 %, HEHACHIIIIEH-
HBIX KUPHBIX KUCIOT — 57 %, UHAEKC HACBIIIIEHHO-
CTH — 0.75; TIPU BBEJIEHUH JCCEHI[Mae CyMMa Ha-
CBIIIIEHHBIX JKUPHBIX KUCIOT — 45 %, HEHACHIIIEeH-
HBIX KUPHBIX KUCIIOT — 55 %, WH/IEKC HACBIIIEHHO-
cti — 0.82. CymMMa HacChIIeHHBIX KUPHBIX KUCJIOT
B cocTaBe dhochaTuanIsTaHOIaMIHA TPU BBEZIEHUN
JIUTIA/IOB YJIBBBI COCTABJISIIA 49 %, HEHACHIIIEHHBIX
SKUPHBIX KUCTIOT — 51 %, UHJIEKC HACHIIIIEHHOCTH —
0.96; TIpU BBeZleHUHU JCCeHInale CyMMa HACBIIeH-

by 6 % (p < 0.05) with the introduction of Ulva lip-
ids and by 3 % — Essentiale. The content of palmitic
and stearic acids as well as monoenic acids fell by an
average of 10—-16 % (p < 0.01) with the introduction
of Ulva lipids, while with the introduction of Essen-
tiale — by 13—-19 % (p < 0.01 (0.001)). In a number
of fatty acids of the n-6 family the content of linoleic
(17 %, p < 0.05) and arachidonic (25 %, p < 0.001)
acids was significantly higher with the introduc-
tion of Ulva lipids, whereas with the introduction of
Essentiale their content increased by 10 and 18 %
(p < 0.001) respectively. Among the fatty acids of
the n-3 family an increase in the content of linolenic
acid by 51 % (p < 0.001), eicosapentaenoic acid —
by 47 % (p< 0.001) and docosahexaenoic acid — by
99 % (p < 0.001) with the introduction of Ulva lip-
ids compared to similar values with “pure” stress,
whereas with the introduction of Essentiale the
content of these acids increased by 7, 16 and 60 %
(p < 0.001) respectively. The sum of saturated fatty
acids in phosphatidylcholine with the introduction
of Ulva lipids was 43 %, unsaturated fatty acids —
57 %, saturation index — 0.75; when injected Essen-
tiale amount of saturated fatty acids — 45 %, unsatu-
rated fatty acids — 55 %, saturation index — 0.82.
The amount of saturated fatty acids in phosphatidyl-
ethanolamine with the introduction of Ulva lipids
was 49 %, unsaturated fatty acids — 51 %, saturation
index — 0.96; with the introduction of Essentiale
amount of saturated fatty acids — 53 %, unsaturated
fatty acids — 47 %, saturation index — 1.13.

Under the experimental model of stress expo-
sure (vertical fixation of animals for dorsal cervical
fold (physical stress)), there is a violation of the ratio
of fatty acids in the phospholipid fractions of eryth-
rocyte membranes. The growth of saturated fatty ac-
ids is due to their synthesis from acetyl-COA, which
is formed in excess under stress as a result of lipoly-
sis activation in adipose tissue [13]. At the same
time, during stress, inhibition of elongases and de-
saturases of fatty acids occurs, resulting in reduced
synthesis of polyunsaturated fatty acids, which leads
to a deficiency of arachidonic, eicosapentaenoic and
docosahexaenoic fatty acids in the composition of
phospholipids [14]. Redistribution of fatty acids in
the membrane of erythrocytes under stress involves
changes in its physical and chemical properties, per-
meability, lability and complexity of the passage of
the erythrocyte in the microvasculature. It is known
that under the influence of chemical stress, new
molecular types of phospholipids appear in eryth-
rocyte membranes [14]. Apparently, similar meta-
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HBIX JKUPHBIX KUCJIOT — 53 %, HEHACBIIIIEHHBIX KUP-
HBIX KUCJIOT — 47 %, UHJIeKC HACBIIIIEHHOCTH — 1.13.

B ycy10BUAX SKCIIEpUMEHTAIBHON MOJIEITH CTpec-
COBOTO BO3JIEHCTBUSA (BepTUKAIbHAS (DUKCAITHIS KU~
BOTHBIX 3a JIOPCATIBHYIO IIEHHYI0 CKIAAKy (pusnue-
CKUH CTpecc)) MPOWCXOIUT HApYIIIEHHE COOTHOIIIEe-
HUA KUPHBIX KUCJIOT B cocTaBe (pocdoiumuaHbIx
dpaxmuit MmeMOpaH 3pUTPOUUTOB. PocT HachIeH-
HBIX JKUPHBIX KUCJIOT OOYCJIOBJIEH WX CHHTE30M U3
aneti-KoA, KOTOpBI B M30BITKe 0Opasyercs: mpH
cTpecce B pe3yJIbTaTe aKTUBAIIMH JIMIION3a B XKUPO-
BOI TKaHH [13]. B To ’Ke Bpems IpH cTpecce Mpouc-
XOJIUT MHTUOWPOBAHUE BJIOHTA3 U JIecaTypas JKUPHBIX
KHCJIOT, B Pe3yJIbTaTe YeTr0 CHIKAETCS CUHTE3 TOJTH-
HEHACBIIEHHBIX JKUPHBIX KHUCJIOT, YTO HMPUBOAUT K
Jepunuty apaxus0HOBOM, SIKO3aIIeHTaeHOBOU U J10-
KO3areKCaeHOBOU JKUPHBIX KUCJIOT B cocTaBe (ocdo-
unuoB [14]. TlepepactipesiesieHue B MeMOpaHe SpH-
TPOIIUTOB KUPHBIX KUCJIOT IIPH CTPecCe MpeAToara-
eT u3MeHeHue eé GU3UKO-XUMUYECKUX CBOMCTB, IIPO-
HUIIAeMOCTH, JIAOMIBHOCTH U CJIOKHOCTH ITPOXOK/IEe-
HUSI DPUTPOIIUTA 10 MUKPOIIUPKYJIATOPHOMY PYCIy.
V3BeCTHO, YTO TOJ, /IECTBHEM XHUMHYECKOTO CTpec-
ca TIOSBJISIOTCSI HOBBIE MOJIEKYJIIPHBIE BUABI (oc-
donunuoB B MeMOpaHax 3puUTpPonUTOB [14]. ITo-
BUJIUMOMY, aHAJOTHYHblE MeTaboJIMuecKre Hapy-
IIEHUs BO3HUKAIOT U MPU DKCIEPUMEHTAIBHOM (Pu-
3UYECKOM cTpecce (BepTukaiabHas dukcarus). [lep-
CIEKTUBHBIMU TIperapaTaMi, KOPPEKTUPYIOIIIMI
MeTaboIIUecKre W3MeHEHUs, BO3HUKAIOIINE IIPHU
cTpecce, SIBJISIOTCS IPUPO/IHbIE JIUTUHBIE KOMIUIEK-
CBI MOPCKOTO IPOUCXOkKAeHu:A, coaepxkarue [THKK
ceMelicTBa n-3, KOTOpble 00JIaIal0T permapaTHBHBIM
neticteueM [15]. ITo HalleMy MHEHHIO, BBeZIEHUE JIH-
MIUHBIX KOMIUIEKCOB MOPCKOTO TIPOUCXOMKAEHIS CO-
IIPOBOXK/IAETCSI BCTPAUBAHUEM IOJTMHEHACHIIIEHHBIX
JKUPHBIX KUCJIOT B hocdoumu/bl MeMOpaH 3pUTPO-
nuTOB. JJaHHBIN OMOXMMHYECKUH MEXaHU3M CII0CO0-
CTBYeT pelapanuu MeMOpaH SPUTPOLUTOB IIPU BBe-
JIEHUU JINITH/IOB U3 YKCTPAKTA YJIbBBL.

3AK/IIOUEHUE

IIpu aHamu3e COMIEPKAHUS KHUPHBIX KHCJIOT B
MeMOpaHaX SPUTPOLUTOB IPH BBEAEHHUU JIMIIH/I-
HOTO KOMILIEKCA M3 BKCTpPAKTa VJIbBBI U IIpermapa-
Ta CpaBHEHUsI «DCCeHIranie» ObUIN BBIIBJIEHBI HAU-
Oostee 3HAUMMbIe P@EKTHI ¥ JTUIHUTHOTO KOMILIEK-
ca U3 DKCTpaKTa yabBbl. CeyeT OTMETHUTh, UTO B CO-
craB dccennmaine (pochaTUUIXOIUH COEBBIX 00-
00B) MpPEUMYIIECTBEHHO BXOMAAT JIUHOJIEBast (OKOJIO
70 %), a Tak)Ke JIMHOJIEHOBAS ¥ OJIETHOBAsI KUCJIOTHI,
B TO BpeMsI KaK B JIUITUTHOM KOMILIEKCE U3 BKCTPAKTa
VJIbBBI IPUCYTCTBYET ITUPOKUH CITEKTP *KUPHBIX KHC-
JIOT ceMelcTBa n-3 (JIMHOJIEHOBAsA, SHKO3aleHTaeHO-
Basi, IOKO3areKCaeHoBask KUCJIOTHI), a TAKXKe N-6 (J1u-
HOJIeBasi U apaxuzioHoBas). [1o-BUAUMOMY, IPUCYT-

bolic disorders occur during experimental physical
stress (vertical fixation). Promising drugs that cor-
rect metabolic changes that occur under stress are
natural lipid complexes of marine origin containing
n-3 PUFAs, which have a reparative effect [15]. In
our opinion, the introduction of lipid complexes of
marine origin is accompanied by the embedding of
polyunsaturated fatty acids in the phospholipids of
erythrocyte membranes. This biochemical mecha-
nism contributes to the repair of erythrocyte mem-
branes with the introduction of lipids from Ulva ex-
tract.

CONCLUSION

The analysis of fatty acids in erythrocyte mem-
branes with the introduction of the lipid complex
from the extract of Ulva and comparison drug “Es-
sentiale” was identified the most significant effects
of the lipid complex from the extract of Ulva. It
should be noted that the composition of Essentiale
(phosphatidylcholine soybeans) mainly includes
linolenic (about 70 %), as well as linolenic and oleic
acids, while in the lipid complex of the extract of
Ulva there is a wide range of fatty acids of the n-3
family (linolenic, eicosapentaenoic, docosahexae-
noic acid), as well as n-6 (linoleic and arachidonic).
Apparently, the presence of polyunsaturated fatty
acids of both families causes a higher biological ac-
tivity in the lipid complex of Ulva extract compared
to Essentiale.

The results of the study suggest that the preven-
tive use of algae lipids containing a wide range of
phospholipids and polyunsaturated fatty acids can
be useful and promising when exposed to stress on
the body.
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CTBHE TOJIMHEHACHIIEHHBIX KUPHBIX KUCJIOT 000MX
ceMeHcTB 00yCIIOBIMBAET 00Jiee BHICOKYIO OGMOJIOTH-
YEeCKYI0 aKTUBHOCTb Y JIUIIHTHOTO KOMILJIEKCA U3 DKC-
TPAKTa YJIbBBI I10 CPABHEHUIO ¢ JCCeHIINAIE.

PesysnbpraThl UCCIEIOBAHUS CBHU/IETETHCTBYIOT
0 TOM, YTO NMpOodUIaAKTUUEeCKOe IpUMeHEHNe JIUIIHN-
JIOB MOPCKUX BOJIOPOCJIEH, COAEPKAIIUX IIUPOKUN
criekTp GocdoUNUAO0B U MOJTMHEHACHIIIIEHHBIX KUP-
HBIX KHCJIOT, MOKET ObITh TOJIE3HBIM U IEPCIEKTUB-
HBIM IIpU BO3/IEHCTBUU CTpecca Ha OPTaHNU3M.

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