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ITpencTaBineHbl pe3ybTaThl H3y4YeHHUs oKazaTesieil MMMYHHOTO CTaTyca M HHTEHCHBHOCTH METa00INYECKUX ITPOLIECCOB OpPraHu3Ma
KPBIC Ha MOJIEIIH SKCTIIEPHMEHTAIBHOTO aJiepruieckoro sHedanomuennra (DAD) kak aHanora paccessHHoro ckiieposa (PC) uenoseka.
OTMeUeHO HalM4Yhe KOPPEISIIMOHHBIX B3aUMOCBS3eH MEXAy M3y4CHHBIMHU IOKa3aressimMu. ITonyueHHbIe DaHHbIE MOTYT OBITH
HCTIONB30BaHbI B KIIMHUYECKOM IPAKTHKE [UIS ONTHMHU3ALMK MeTo0B JiedeHus PC.

Knroueewle cnoea: SKCrIepUMEHTAIBHBIN aJUIepruuecKuii SHIe(HaJOMHUEIHUT, Ay TOMMMYHHBIE 3a00J1€BaHMs, IEPEKHCHOE OKUCIICHUE

JIMIIUIOB.

[IpencrapneHo pe3yabTaTd BHBYCHHS OKA3HUKIB IMyHHOTO CTaTyCy Ta iIHTEHCUBHOCTI METa0OJIIYHUX IIPOLIECIB OPTaHi3My IIypiB
Ha MOJIEJTi eKCIIEpUMEHTANLHOTO ajepriyHoro eHnedanomienity (EAE) sik ananora poscisiHoro ckiepo3y (PC) moxnau. Binznaueno
HaSBHICTh KOPEIAIIIHOTO B3a€MO3B’ 3Ky MiXXK BUBUCHHMH MOKazHUKamMu. OTprMaHi TaHi MOXYTh OyTH BUKOPHCTAaHI y KIiHIYHIN

MPAKTHLI 3 METOK ONTHMi3amii MeToiB ikyBaHHS PC.

Knrouoei cnosa: excriepuMeHTANBHUI aneprivHuid eHiedaaoMiemiT, ayTOIMyHH1 3aXBOPIOBaHHSL, IEPEKUCHE OKUCIICHHS JIIITIIB.

The investigation results of the intensity of metabolic processes and the indices of immune status in the model of experimental
allergic encephalomyelitis (EAE) of rats as the analogue of human multiple sclerosis (MS) are shown. The presence of correlations
between studied indices is noted. The data obtained can be used in clinical practice for optimisation of the MS treatment method.

Key words: experimental allergic encephalomyelitis, autoimmune diseases, lipid peroxidation.

KnuHnueckasd nmpakTuka MOKa3bIBaeT, 4TO Ha
NPOTSHKEHUHU TOCJENHUX JIeT HaOIIogaeTcsi oTyeT-
JIMBas TEHAEHLMS K BO3PACTaHUIO YUCIIa NATOJIOT U,
MMEIOIUX ayTOMMMYHHBIH TeHe3, B yacTHocTH PC
[2,5]. [ust medyenuss mogo0HOTO poJa MAaTOJIOTHH
BBICOKO3(h(hEeKTUBHBIX (hapMaKOIOTUIECKUX IIperapa-
TOB HE CYIIECTBYET, YTO B 3HAYUTEIbHON CTENECHU
OTIpeieNsieTCsl HEeJOCTATOYHOCTHIO CBEJIEHUN O
MeXaHH3Max X BO3SHUKHOBEHHUSA M Pa3BUTHS Ha
MOJIEKYJISIPHOM U KJIETOYHOM YPOBHSIX.

[To coBpeMeHHBIM NpEACTABICHUAM OIpeae-
JAOLIYI0 POJb B MHAYKIMHU U pa3BuTtuu PC u ero
JKCIIEpUMEHTANbHON Moaenu DAD Urpaer CpbiB
HMMYHOJIOTHYECKOH TOJIEPAaHTHOCTH K COOCTBEHHBIM
sH1edanuToreHHpIM anTureHam. Ilpu 3tom HabmIO-
JaeTcs MOBBIMIEHHAss aKTUBHOCTh Tx1 KieTok,
KOTOPBIE B YCIOBHAX HU3MEHEHHS IIUTOKHHOBOTO
npodwiIsi THUIUUPYIOT SKCMAHCHUIO KJIETOYHOTO
nMMyHHOTO OoTBeTa. [Ipm paszsutun PC, mogobno
NI000MY XPOHHYECKH MPOTEKAIOIMEMY UMMYHO-
BOCHAIUTEIEHOMY TIPOIECCY, HAOMI0aeTCs HHTEHCH-

Clinical practice shows that recently there has been
observed a distinct tendency to the growth of pathology
numbers with an autoimmune genesis, in particular, MS
[2,5]. There are no effective pharmacological
preparations for such a kind of pathology treatment,
which in a considerable extent is determined by the
lack of information about their origin and development
mechanisms at molecular and cellular levels.

According to contemporary views, the main role in
MS induction and development and EAE as its
experimental model is played by the failure of
immunology tolerance to the own encephalitogenic
antigens. At the same time there is observed an
increased activity of Thl cells, which under conditions
of cytokine profile changes initiate the cellular immune
response expansion. At MS development, as any state
of chronically proceeding immune-inflammatory
process, the intensity of free-radical lipid oxidation
[13,15] reactions is observed. An increased level of
active oxygen forms (AOF) synthesis induces the
damage of proteins, lipids, nucleic acids that nowadays
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(hukarus peakiuii CBOOOHOPAIMKATEHOTO OKUCIICHIS
nununos [13,15]. [loBbIIeHHBIN YPOBEHh CHHTE3a
akTUBHBIX (opm kuciopona (APK) mugynupyer
MOBpEXACHHUE OETIKOB, JINMUI0B, HYKJIEUHOBBIX KHCIIOT,
YTO B HACTOSIIEE BPEMS TPAKTYETCS KakK Tak
Ha3bIBAa€MBIH “ MOPOYHBINA KPYyr “ MEpPEeKUCHOTO
okucienus nurmuaoB (I1OJT) [8]. Monudukarust 0ekoB
nox neiicrereM n30bpiTka APK BBI3BIBAET U3MEHEHHUE
WX KOHQOPMAIMOHHOW OpraHM3alliu C JKCIIaHCHUEH
CKPBITBIX aHTUTEHHBIX SIHUTONOB M MPHOOpEeTeHHEM
MMHU HOBBIX UMMYHOTEHHBIX CBOWCTB. AKTHUBU-
3UPYIOIMINNCS B 9TUX YCIOBUSAX AaHTUTEIBHBIN OTBET U
00pazyromuecss IMMYHHbIE KOMIUIEKCH CTUMYIHPYIOT
aKTUBHOCTH (paronmtoB u mpoaykio ADK. Oxucne-
HUE JIMMUAO0B NPUBOIUT K MOSIBICHUIO XEMOATTPaK-
TaHTOB, YCHJIMBAIOIINX MUTPALHIO (JaroLUTOB B OUar
BOCTIAJICHUS.

MHoro paboT MOCBSIIEHO M3YUYECHHUIO CTEIEHHU
N3MEHEHUS UMMYHHOro crtatyca npu AWU3, B
gactHocTH PC [5, 19,22], 1 HHTEHCHBHOCTH CBOOOTHO-
paIuKaIBHBIX MPOIECCOB MPH JAaHHOM MaTOJIOTHH
[1,3,13,15,24]. OnHako B TEOPETUICCKOM U MPAKTH-
YECKOM aCHEeKTax IMPEACTABIAIOT UHTEPEC B3aUMO-
CBSI3b TIOIOOHOTO pPO/ia U3MEHEHUN M €€ CTETCHb.
AXTyaldbHOCTb HM3YYE€HHS KOPPEIIUUH MEXIY
BBIIIEYIOMSAHYTBIMHU ITPOLIECCAMH OTIPEAEIISETCS, BO-
MIEPBBIX, TEM, YTO U3MEHEHHE COCTOSHUS HIMMYHHOTO
roMeocraza M MHTEHCHUBHOCTHb TeueHHs [10OJI
SIBISIFOTCS (PAKTOPAMHU, B3aUMOOIIPEICIISIFOIINMU APYT
Jpyra, BO-BTOPBIX — IPOTUBOPEUUBOCTHIO JAHHBIX 00
0COOEHHOCTAX TEUEHUsS CBOOOIHOpAAUKAIbHBIX
peakuuii npu AN3, 9To CBA3aHO € UCMONB30BAHUEM
HEUICHTUYHBIX CIIOCOOOB pacdeTa MCCIeAOBAHHBIX
mapameTpoB (Ha 1 r TkaHu, Mr Oenka, KOJHMYECTBO
kieTok u T.4.) [13,15]. Bee ato 3arpynuser ananus u
CpaBHEHHE MOJTYYCHHBIX JaHHBIX.

Lens paboTsl — orpenienenne HeKOTOPBIX IMOKa3a-
TeJell UMMYHHOTO CTaTyca OpraHu3Ma, WHTEHCHB-
HoctH [1OJI 1 ypoBHS aHTHOKCHIAHTHOM aKTUBHOCTH
(AOA) Ha pa3nuyHbIX 3Tanax pa3BuTus JAD.

Matepnaabl 1 meToAbI

OKCHepuMEeHThl OBLIM BHIIIOTHEHBI Ha OENBIX
OecropoIHBIX KpbIcax-camiax maccoi 150-180 1. Bee
MaHUIYJISIIUMA C KUBOTHBIMHU MPOBOJUIN COITIACHO
MexnyHaponHbIM IpuHLIAIIaM EBpornelckoil KOHBEH-
LIMH O 3alIUTE MO3BOHOYHBIX KUBOTHBIX (CTpacOypr,
19851.). DAD uHAYIIMpPOBANH BBEIEHUEM B ITOTYyIIIEY-
KW JIaIl KPBIC TOMOT€HATa aJUIOT€HHOM TKAaH! CITHHHOTO
MO3Ta, YMYJIBTUPOBAHHOW B MOJIHOM aJbIOBAHTE
Opeiiaga o metony [4]. TskecTh KIMHUYIECKUX
MPOSIBJICHUH OLIEHUBAIIU IO cleayomiei mkane: 0" —
OTCYTCTBUE KIMHUYECKUX MPOSBICHUH; 1" — CHUXKEH-
HBIM TOHYC XBOCTa; 2° — MBIIIEYHAs CJIa00CTh WU
JIETKUH Tapand NepeTHUX KOHEYHOCTEN; 3* — TAKebIi
napanuy 3aJHUX WIH BCeX YEThIpEX KOHEUHOCTeH; 4" —
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is interpreted as so-called lipid peroxidation (LPO)
“vicious circle” [8]. Protein modification under the
AOF surplus influence causes a change in their
conformational organisation with the expansion of
latent antigen epitopes and their new immunogenic
peculiarities gaining. Antibodies response, activated
under these conditions and created immune complexes
stimulate a phagocyte activity and their AOF
production. Lipid oxidation brings to the appearing of
chemoattractants, intensifying the phagocyte migration
to the inflammation focus.

There are a lot of papers, devoted to the question
of studying the degree of change in immune status at
AID, in particular MS [5, 19, 22], and the intensity of
free-radical processes at this pathology [1, 3, 13, 15,
24] as well. However, in theoretical and practical
aspects both such a kind of changes interaction and its
degree are of some interest. The actuality of correlation
studying between mentioned above processes is
determined, firstly, by the fact that change in the state
of immune homeostasis and the intensity in the course
of LPO are the factors, mutually determining each
other, secondly: by data discrepancy about the course
peculiarities of free-radical reactions at AID, this is
connected with the usage of non-identical calculation
ways of the investigated parameters (for 1 g of tissue,
mg of protein, cell number, etc.) [13,15]. All this makes
difficulties in the analysis and comparison of the data
obtained.

The aim of the work is the estimation of some
indices of organism immune status, LPO intensity and
the antioxidant activity (AOA) level at different stages
of EAE development.

Materials and methods

The experiments were performed in white mongrel
male rats of 150-180 g. All manipulations with animals
were performed according to International principles
of the European convention on vertebrates’ protection
(Strasbourg, 1985). EAE was induced by introduction
in rat’s paws of the homogenate of spinal cord allogenic
tissue, emulsificated in a complete Freund’s adjuvant
according to the method [4]. The clinical manifestations
severity was estimated on the following scale: 0* —
absence of clinical manifestations; 1*— reduced tail
tonus; 2" — myasthenia or light paralysis of anterior
extremities; 3" — severe paralysis of posterior
extremities and all 4 limbs; 4*— premortal state; 5"—
death. The group of intact animals, to those
physiological solution was introduced, served as the
control. To the 7", 14™, 21t day after the immunisation
the animals were decapitated under a light ether
anesthesia, and their blood was taken into a dry test-
tube for serum receiving. The peritoneal cavity (PC)
cells suspension was taken by washing out with the
medium 199 with the calf fetal serum and sodium
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MpEACMEPTHOE COCTOsIHME; 5" — cMepThb. KoHTponem
CIyKWJa TPyINIa WHTAKTHBIX >KMBOTHBIX, KOTOPHIM
BBOAMIM (u3uoIornueckuii pactsop. Ha 7-e, 14-e,
21-e CyTKH 1OCJIe UMMYHH3AIUY )KUBOTHBIX JI€KAIH-
TUPOBAJIHM OJ JETKUM 3)UPHBIM HAPKO30M, KPOBb
coOupanu B CyXylo NpOOUPKY IJsI MOJNydYEeHHs
ChIBOPOTKU. CyCHEH3UI0 KJIETOK MEPUTOHEATbHOMN
nonocty (I11T) BermbiBanu cpenoit 199 ¢ nobaBneHnem
TeJITYbeH II0/TOBOY CEIBOPOTKH U ITUTpaTa HATPHs [6].
Conepxxanue aare3uBHBIX kiaeTok (AK) mepu-
TOHEAIBHOM MOJIOCTH OTIPEIEISITH HHKYOHPOBaHUEM B
[JIACTUKOBBIX Yalikax npu temmeparype 37°C B
TeyeHrne |1 yaca ¢ JaNbHEWIINM OTAEJICHUEM HENpH-
KpenuBIIMXCA KJIeToK [6]. s onenku harormurapHoi
aktuBHOCTH KieTku I1I1 nakyOupoBanu ¢ cyTouyHON
youtolt Kynerypoit Staphylococcus aureus (1 mapa
Ha 1 M) [6]. [IponieHT QarouuTHPOBABLINX KIETOK —
(harorurapusiii naaekc (OM) u yrcmo 3axBaueHHBIX
OJTHOH KJIETKOH MHMKPOOPIaHH3MOB — (parourapHoe
gucio (OY) onpenensiii Ipu MHUKPOCKOIINYECKOM
HCCIIEOBAHUM TIpenapaToB, OKpameHHbIX azyp-II-
s03uHOM (10 PomManoBckomy-I ' um3a). Konnentparuio
1 pa3Mep HUPKYTUPYIOIMINX UMMYHHBIX KOMIUIEKCOB
(LIIUK) B CBIBOPOTKE KPOBU OMpPEEISIN METOJOM
nperunutanuu ¢ 3%-m u 4%-M pacTBOpaMu IOJIH-
srunennmmkois (I1900) [9].

VYposenp IIOJI onenuBanu no coxepkaHUo
rugponepekuceid mununos (I'TIJI) B romorenarax
IIEYEHU U TroJOBHOTr0 Mo3ra mo Mmetony [20], B
CBIBOPOTKE KpOBH, Kak onucaHo B [17]. ['omorenarst
[I€4YEHH 1 FOJI0BHOT0 Mo3ra roroBuiu Ha 100 MM tpuc-
HCl-6ydepe (pH 7,4); cootnorenue Tkatsb : 0ydep (1:3).
CrieKTp NOIMIOIIEHNs OKPALLIEHHOT'O ITPOYKTa 3aINChI-
BaJIM Ha JIBY/Iy4eBOM criekTpodoTtomerpe Specord UV
VIS ¢ u3MmepenneM pa3HOCTH DKCTHHIIAW TIpH 535 u
580 am. Coneprxanne ['TLJ] BeIpakaan B SKBUBAJICHT-
HBIX KOJIMYECTBAaX MAJIOHOBOTO quaibaeruna (MJA).
CopepxaHue Oenka B rOMOTeHaTax OMpPEesIu
MetoaoM Jloypu B Moaudukanuu Munnepa [21],
0011y10 AOA CBIBOPOTKH KPOBH — I10 €€ CIOCOOHOCTH
TOpMO3UTh HakoluieHHe TBK-akTHBHBIX IPOAYKTOB
[1OJI B cycnieH3uM >KENTOUHBIX JIMIIONPOTEUIOB [7].
JaHHblEe CTaTUCTHYECKH 00padaThIBaId C HCIONb-
30BaHMEM KOMIIbIOTEPHOM mporpammsl Excel.

Pe3yAbTatbl M 00Cy)xAeHue

MOHHTOPHHT COCTOSHHUS KUBOTHBIX TIOKA3aJ, YTO
y KpbIC ¢ 7-Tr0 AHS TMOCJIe WHAYKIWU 3a00JIeBaHUS
HaOJI01aIack MoTepsi Macchl Tena, a ¢ 10-ro - mepBbie
KIIMHUYECKHe Ipu3Haky (cTenens Tspkectu 07-17). Ha
14-16-e cyTkn ocHOBHas mMacca 3a00JIeBIINX KUBOT-
HBIX IPOSIBIISIA KIMHAYECKYIO CHMITOMATHKY B 17-27,
Ha 21-e — 3" Oajya Mo MPUHATON IIKalle OLEHKH.
CMepTeNnbHBIX UCXOJ0B BBISIBICHO HE OBLIO.

K 7-m cyTkam 3a00neBaHMs KOJIMYECTBO KIIETOK
[IIT nocToBepHO CHUKANOCH HA 56% IO CPaBHEHUIO C
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citrate adding as well [6]. Peritoneal cavity adhesive
cells (AC) content was determined by incubation in
plastic dishes at 37°C during one hour with the further
isolation of the non-adhered cells [6]. For phagocyte
activity estimation, PC cells were incubated with 24hrs
killed culture Staphylococcus aureus (1bil per 1 ml)
[6]. The percentage of phagocyted cells, the phagocyte
index (PI), and the number of microorganisms,
captured by one cell, the phagocyte number (PN), were
determined by microscopic preparations investigation,
stained by azur-1I-eosin (by Romanovsky-Gimza). The
concen-tration and the size of circulating immune
complexes (CIC) in the blood serum were determined
by precipitation method with 3% and 4% polyethylene
glycol solution (PEG) [9].

LPO level was estimated according to the content
of lipid hydroperoxides (LHP) in liver and brain
homogenates according to the method [20], in the blood
serum, as it was described in the work [17]. The liver
and brain homogenates were prepared with 100 mM
tris-HCL buffer (pH 7.4); the tissue/buffer ratio is 1/3.
The spectrum of stained product absorption was
recorded using the two-beam spectrophotometer
(Specord UV VIS) with the extinction difference
measuring at 535 and 580 nm. LHP content was
marked in malone dialdehyde (MDA) equivalent
amount. The protein content in homogenates was
performed by Louri method in Miller’s modification
[21], and total blood serum AOA as to its capability to
inhibit the accumulation of TBA-active LPO products
in yolk lipoproteins suspension [7]. The obtained
experimental data were statistically processed with
Excel software.

Results and discussion

The monitoring of animal state showed that in rats
starting from the 7% day after disease induction the
loss of body mass was observed, and from the 10®
day the first clinical signs (the severity degree was
0"-1%) were observed. To the 14™"-16" day the majority
of fallen ill animals showed the clinical symptoms in
1*- 2* points, to the 21 it was 3" according to assumed
measuring. There were no lethal outcomes.

To the 7" day of disease the number of PC cells
statistically decreased by 56% compared with the
control (Table 1). To the 14" and 21* day their number
recovered to the intact organism level. These changes
in index can characterise a generalised response in
immune-competent cells to pathological process
developing and can testify to both their cytolysis by
the antigen introduced and to the release into blood
channel for elimination of sharply increased content
of finely-dispersed circulating immune complexes
(FDCIC) as well. Moreover, there is not excluded the
possibility of cell migration out of PC into the sites of
direct interaction with specific structures in CNS on

PROBLEMS
OF CRYOBIOLOGY
2004, Nel



koHTposieM (Tabmn.1). K 14-m u
21-M cyTKaM UX KOJHYECTBO
BOCCTaHABJIMBAJIOCH 10 YPOBHS
HWHTAaKTHOTO OpraHu3ma. Taxue
W3MEHEHUs MOKa3aTelsl MOTYT
XapakTepHU30BaTh TeHepa-
JMM30BaHHBIA OTBET UMMYHO-
KOMITETEHTHBIX KJIETOK Ha pas-
BHUBAIOIINAICSA MAaTOJIOTUYECKUMN
MIpoIIecC M CBUIETEbCTBOBATH
Kak 00 WX IUTONM3€ Ha BBOIH-
MBI aHTUTEH, TaK U O BBIXOJIE B
KPOBSIHOE PYCJIIO TS JIMMHIHALIUH
pPE3KO MOBBIIIEHHOTO COAEp-
YKaHHS MEJIKOJUCIEPCHBIX LIUP-
KYJUPYIOIIMX UMMYHHBIX KOMII-
nekcos (MLIUK). Kpome Toro,
HE HMCKJIIOYEHA BO3MOXKHOCTH
murpauuu kiaetok usz IIII B
Y4aCTKH HEMOCPEACTBEHHOTO
B3aUMOJCHCTBUSA CO crienudu-
yeckuMu cTpykrypamu B [THC
Ha (QoHE HapyIIeHHUS TPOHHU-
aeMOCTH I'eMaTodHIepaIn-
geckoro 6aprepa (I 9b) B ycroBmsix
pazsutust DAD [23]. Bpemst Beipa-
YKEHHOTO (11, BO3MOKHO, OZTHOMO-

Tabanua 1. [TokazaTenn cOCTOSHUS MOHOIIMTAPHO-(DAroLnTapHON CHCTEMBI
(M®C) 1 rymMOpanbpHOTo 3B€Ha MUMMYHHTETA B IMHAMHKE pa3BUTHS DAD

Table 1. Monocyte and phagocyte system (MPS) state indices and humoral

immunity link in the dynamics of EAE development

MMMyHOAOTHYECKHTE
MTOKAa3aTeAn
Immunologi cal indices

KouTpoas
Control

Cytku Day

7—e
7th

14—e
14th

21—e
21st

KoanuecTtBo rAaeToK I1IT,
10° kAeTOK/MA
Number of PC cells,
10° cells/ml

14,95+1,07

6,5%+0,42!

13,860,867

16,890,567

OTHOCUTEABHOE
roamuectBo AKTIIT,%
PC AC relative number,%

56,9 +0,69

23,09=+1,97!

15,26=+0,27" 2

79,14%2,17"2

ABCOAIOTHOE CopepyKaHue
AK '
10° kaeTOK/MA
Absolute content of PC AC,
10° cells/ml

8,56+0,02

1,68=+0,01!

1,05=0,007" 2

13,36=+0,03" 2

®dU raerok IIT,%
Plof PC cells,%

36,83+0,83

11,0+=0,51"

9,00+=0,51"2

2512%1,122

DY raertox IIT, abc. ea.
PN of PC cells, abs. units

5,25%+0,27

7,88=+0,64!

6,95=+0,21"

5,67+0,45

Oo61ree koanvyectBo LIMK,
YCA. eA./MA pacTBopa
The total CIC quantity, rel.
units/ml of solution

29,6+1,76

276,66=+5,05'

97,0=4,6" 2

131,67+8,65" 2

Koanuecro MLIVK|
YCA. €A./MA pacTBoOpa
The FDCIC quantity,

rel. units/ml of solution

13,23+0,5

128,33+6,03!

62,95=+0,40" 2

86,76+6,43"2

MEHTHOT0) “BBIOpOCa’ KIIETOK M3
[IIT mpumepHO COBMAMAET C
NEPUOJOM HAKOIUICHUS IyJa
AHTUICHIIPE3EHTUPYIOMIUX, pac-
MO3HAONIMX U 3(Q(HEeKTOPHBIX Kite-
TOK IIPH Pa3BUTHUH IMMYHHOT'O OTBETa Ha aHTUTEH [22].

YBenuuenne conepxkanus kiaetok B III1 k 14-m
CyTKaMm 3a00JieBaHUSI MOXKET OBITh CIEICTBHEM Kak
AKTHBAIIH WX MTPOJTU(EpaInu in situ, TaK U MUTPAIH
MOIOABIX K1eTOK M®PC 13 KOCTHOTO MO3Ta, KOTOPHIE
elmre He dKCIPECCHPYIOT MOJEKYJBl KIETOYHOMH
aJAre3uy, 4YTO COOTBETCTBYET HAIIUM JaHHBIM O
Hu3koMm coxepxxkanuu AK IIII x sTtoMmy Bpemenu
(tabm.1). K21-M cyTkam pazButus DAD MPOUCXOINIO
yBenmuenue yucna AK III1 Gonee yem B 5 pa3 mo
CpaBHEHHIO ¢ 14-Mu cyTkamu, U B 1,3 pa3a npeBbliano
KOHTPOJIBHBINA MOKa3arenb. M3BecTHO, 4TO aaresus,
KaK CIIOCOOHOCTH KJIETOK 3aKPETUIATHCS Ha HCKYC-
CTBEHHBIX WM OMOJIOTHYECKUX CyOCTpaTax, sIBIAeTCs
OJTHUM W3 BaXHEWIMX CBOWCTB Makpodaros [10].
[IposiBIEeHME ATOTO CBOMCTBA €CTh (WYHKITHSI pa3ind-
HOTO Kjacca MoJieKyn azare3uu [16], cTemeHsn
JKCIPECCHH KOTOPHIX HA HMMYHOKOMIETEHTHBIX
KJIETKaX HaXOJIUTCH INOJ KOHTPOJIEM LIUTOKHHOBOTO
npo¢uiis opraHu3Ma B LEJIOM U in Sifu, B YaCTHOCTH
[12]. U3 aTOTO CcleayeT, UTO OTMEUEHHOE HaMu
W3MEHEHHE aJAre3uBHOro noreHuuana kinerok ITIT
noATBEpXKAaeT (PakT H3MEHEHHSI LIUTOKHHOBOTO (poHa
pu DAD. CienoBareibHO, B Ipolecce pa3BuTus JAD
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Ipumeyanue: ! — 10CTOBEPHO [0 OTHOLIEHHIO K KOHTPOJt0 (P<0,05); 2— 10CTOBEPHO 110
OTHOIIEHHIO K 7-M cyTkaMm (P<0,05).

Notes: ' — statistically significant comparing to the control (P< 0.05) ? — statistically
significant comparing to the indices on 7" day (P<0.05).

the background of blood brain barrier (BBB)
permeability impairment under conditions of EAE
development [23]. Time of a manifested (and may be
simultaneous) cell sharp release out of PC appro-
ximately coincides with the accumulation period of
antigenpresenting, effector and identifying pool cells
at immune response to antigen development [22].

To the 14" day of the disease the increase of cell
content in PC can be both the cause of their
proliferation activation in situ and the MPS young cell
migration out of bone marrow, which has not expressed
the cell adhesion molecules yet, that corresponds to
our data about the low content of PC adhesive cells to
that time (Table 1). To the 21" day of EAE
development the increase of PC AC number was
observed more than in 5 times in comparison with the
14" day, which is higher in 1.3 times in comparison
with the control number. Adhesion is to be known the
capability of cells to adhere on artificial or biological
substrates, which is one of the main properties of
macrophage [10]. This property manifestation is the
function of various classes of adhesion molecules [16],
which expression degree on immune-competent cells
is under control of the organism cytokine profile in a
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B IIII mporncXoauT N3MEHEHUE HE TOJIBKO KOJINYECT-
BEHHOTO COZICPKAHMS, HO U Ka9YeCTBEHHBIX XapaKTe-
PHCTHUK MakpodaraibHbIX 3JE€MEHTOB B BHUJE
nepepacnpeneneHus ux cyononyiIssHuOHHOTO COCTa-
Ba. [logoOHas 3aKOHOMEPHOCTH BBISIBIICHA MPH
HCCJIETOBAHUH YPOBHS SKCIIPECCUU MOJIEKYJT KJIETOY-
HOW aire3ny Ha MOHOHYKJIeapax mepudepudeckoil
kpoBu y 0onpHBIX PC Ha cyOKIMHUYECKOW cTanuu
3aboneBanus [18].

QOYHKINOHATBHBIN MOTEHITHAI (DarOUTHPYIOINX
KJIETOK 3aBHCHT OT psla MapaMeTpoB, BKIIOYas
HaJIMYHEe MOJEKYJ aare3ud Ha ux meMoOpane [12].
[ToaToMy 3aKOHOMEPHO, YTO MPH OMpPEAEIECHUU
dbaronuTapHOU CIIOCOOHOCTH MEPUTOHEATHHBIX
Makpo¢aros cymectBeHHO u3MeHsick OU u OY.
Tak, ®U k 7-M u 14-m cyTkam cHMKancs B 3 pasa, a
K 21-m —B 1,5 pa3a o cpaBHEHHUIO ¢ KOHTposeM. B To
e BpeMs MOITIOLIAIOIAs aKTUBHOCTh KaXKJIOM KJIIETKH
K 7-M cyTKam Bo3pactana B 1,5 pasza, ak 14-m - B 1,3
pa3a, 4TO MOXET OTpa)kaTb KOMIIEHCATOPHYIO
peaKkuuio KJIETOK Ha U3MEHEHHE UX KOJINYEeCTBa.

OngHuM W3 XapaKTepHBIX NPU3HAKOB Pa3BUTHUA
XPOHUYECKOTO MMMYHOBOCHAIUTEIHHOTO MPOIecca,
BKJTIOUast 1 A3, sBisieTcst upe3MepHOe HAKOTUICHUE
B opranmime LUK [14]. Otu cyberpater UC B
(PM3HONOTHYECKUX YCIOBUSAX UTPAIOT BAXKHYIO POJIb B
NoAAep >KaHUY UMMYHHOT0 romeoctasa [12]. ITo mepe
YBEJIMYEHUSI WX KOJIMYECTBA OHM HAUYMHAIOT TPHUOO-
perars MaTOreHeTHYeCcKylo 3HauuMocTh. IIpomece
YPE3MEPHOI0 HAKOIUIEHHS] UMMYHHBIX KOMILIEKCOB
SIBJISIETCS. OAHOW U3 MPUYMH PA3BUTHS OBPEKIACHUS
tkaned npu PC [14]. B o6mem cnektpe LIUK
HauOoJIee MaTOreHHBIMU SIBJISTIOTCS. MEJTKOIUCTIEPCHBIC
CTpYKTyphl. Tak, ycTaHOBIEHO JOCTOBEPHOE yBEIIH-
yeHne K 7-M cyTkaMm kak konmdecta MLIMK B 10
pas, Tak u cymmapuoro koinuaectsa LIUK B 9,3 paza
o cpaBHEHUIO ¢ KoHTposeM. K 14-m u 21-m cyTkam
konmyectBo MUK mponomkano ocraBarbCs BbIIIE
YPOBHS KOHTPOJISI, HO CYIIECTBEHHO CHI)XaJIOCh IO
CpPaBHEHHUIO € 7-MU cyTKaMu. CHIDKEHHE COJEPKaHUS
LUK x 3TUM CyTKaM MOXeET OOBSICHITBCS OCEAaHUEM
HX Ha SHAOTEINHU COCYAOB “IIOKOBBIX OPraHOB”, UTO
NPUBOAUT K YMEHBIICHUIO KOJUYECTBA U C OJHO-
BPEMEHHOH peann3alyeid uX aToreHHoro aercteus [ 12].

[IpencraBnsno uHTEpeCc U3YUUTh, KAKUM XKe
00pa3oM B yCIIOBUSX OMMCAHHOTO BBIIIE HAPYIICHUS
MMMYHHOT'O TOME0CTa3a OpraHn3Ma )KHBOTHBIX ¢ DAD
n3mensaercs copepxanne I'TIJI u AOA .

[Ipu ompenenennn uaTeHCUBHOCTH 110JI GBLITO
OTMEYEHO, YTO, HECMOTPS Ha OJHOHANPABICHHOCTh
pPa3BHUTHA JAHHOTO MPOIEcca B TOMOT€HATaX Pa3HbIX
OpraHoB, HAOMIOAANKCH M TKaHecmenuduyeckmne
ocobenHoctu. Tak, B meuenu coxepxanue ['TIJI c
IUHAMHUKOW M3MEHEHHs, 00paTHOU HapacTaHHIO
HEBPOJIOTHYECKUX MPOSIBICHUH O0JI€3HH, OBLIIO BBIIIIE
KOHTPOJIBHBIX 3HaYeHuil B 4,3 pa3za Ha 7-¢ cyTku. K
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whole and in situ, in particular [12]. As it proceeds,
the mentioned by us change in adhesive potential of
PC cells confirms the change in cytokine background
at EAE. Thus, in the process of EAE development in
PC not only the change in quantitative content, but
that in qualitative characteristics of macrophage
elements in the form of their subpopulation content
redistribution take place. Such regularity is revealed
when investigating the cellular adhesion molecules
expression level on the periphery blood mononuclear
in patients with MS on disease subclinical stage [18].

Phagocyte cells functional potential depends upon
several parameters, including the presence of adhesion
molecules on their membrane [12]. Therefore, when
determining the phagocyte ability of peritoneal
macrophages both the PI and PN considerably
changed, that is the regularity. Thus, PI by the 7" and
the 14™ day decreased in 3 times, and by 21 day did
in 1.5 time, in comparison with the control. At the same
time the absorbing activity of each cell increased by
the 7™ day in 1.5 time and by the 14" day in 1.3 times,
which may reflect the compensatory cells reaction on
the change in their number.

Among the characteristic symptoms of chronic
immune-inflammatory process development, including
AID is excessive CIC accumulation in organism [14].
These IS substrates in physiological conditions play a
very important role in immune homeostasis keeping
[12]. With the increase of their number they begin to
gain pathogenetic significance. Immune complexes
excessive accumulation process is one of the tissue
damage causes at MS [14]. In total CIC spectrum the
finely-dispersed structures are the most pathogenic.
Thus, statistically true increase of both FDCIC number
in 10 times and also the summarised CIC number in
9.3 times is found to the 7™ day in comparison with the
control. To the 14" and the 215" day FDCIC number
continued to be higher than the control level, but as
much lower in comparison with the 7" day. The
decrease of CIC content to these days can be explained
by their settling on the vessels endothelium of “shock
organs” which results in the decrease in the number
with simultaneous realisation of their pathogenic action
[12].

It was interesting to study the way of LHP and AOA
content change under conditions of mentioned above
immune homeostasis disorder in EAE animal organisms.

When estimating LPO intensity it was noted that,
in spite of the one-way LPO process development in
organs’ homogenates, tissue-specific peculiarities were
observed as well. Thus, in liver the LHP content, having
the dynamics of changes, which is inverse to an
increase in the neurological disease manifestation, was
higher than the control values in 4.3 times to the 7*
day. To the 14" and 21% day the decrease of LHP
level was observed which, however, was higher than
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14-m u 21-m cyTkaMm cHmxancs yposens ['TIJI,
KOTOPBIA, OJHAKO, OCTABAJICS BBIIIE KOHTPOIHHBIX
3HaueHHH. B mo3ry yposens ['TIJI nocne 3HaunTeNb-
HOTO MOBBILIEHNS Ha 7-€ CyTKU Ha MUKE KIMHUYECKON
MaHU(ECTalUK MaTOJOTUU OBUI JOCTOBEPHO HUXKE
koHTpoIs (puc.1).

Takum oOpa3zom, oleHKa MHTEHCUBHOCTU CBO-
00IHOPAAMKATILHBIX PEAKLMid B TOMOTEHATaX IeUYCHH
¥ MO3Ta I0Ka3ajia, YT y JKHBOTHBIX ¢ DAD aKTHBaIys
nporeccoB ITOJI mpoucxoauT yke Ha CTaauu
JTOKIIMHUYECKUX MPOsIBIICHNH 3a001eBaHus (7-€ CyTKH)
C JOCTOBEpHEIM CHIDKeHHeM conepskanus [ T k 14-m
u 21-M cyTkaMm (¢a3za KIMHUYESCKUX MPOSIBICHUN).
Bwmecte ¢ Tem obmass AOA CBHIBOPOTKH KPOBH U
conepxanue B Hell I'TIJI mocToBEpHO MOBBIIATUCH
Ha 14-e cyTKH pa3BUTHs 3a00J€BaHUS 110 CPABHEHHIO
C KOHTPOJBHBIMU 3HaueHHsAMH (Tabm.2). K 21-m
CyTKaMm pa3BUTUSI DAD oTMeueHa aKTUBaL U
npoueccos 110JI ¢ ysennuennem konndectsa I'T1JI B
CBIBOPOTKE KpoBH Ha 13%, B roMorenarax mMo3ra Ha
11% mo cpaBHeruto ¢ 14-mu cyTkamu naroiorud. [pu
3ToM konndecTBO I'IIJI B romoreHarax mnedyeHu
cHmXKanoch Ha 23%, AOA CBIBOPOTKH OCTaBajach Ha
ypoBHe 14-x cyTok DAD.

[IpuBeneHHbIe pe3yabTATHl COTIACYIOTCS C COB-
PEMEHHBIMH KOHIETIIHSAMH O (PU3UOTIOTHUECKON POITH
[1OJI. Tak, aBTOpHI pabOTHI [§] CUMTAIOT, YTO MOBHI-
LIEHUE COAEPKaHNs THAPONIEPEKUCEN HEHACHIILIEHHBIX
XKHUPHBIX KUCIOT MEMOpaH MO/ BO3EHCTBUEM HU3KO-
MHTEHCHBHOTO JIa3€pHOT0 M3JIy4eHUS NMPUBOIUT K
MPaiMUHTY IMMYHOKOMIIETEHTHBIX KJIETOK, TOBBIIIIE-
HUIO IPOHULIAEMOCTH UX MEMOpaH [1s1 HOHOB KaJIbIIKS,
BKJIIOYECHHUIO T€Ha, OTBETCTBEHHOTO 3a HapaOOTKy B
KJIeTKaX UHAYnuOeapHoi NO-CHHTa3bl, MPOAYKTHI
JEeATEIbHOCTH KOTOPOH YITyUIIal0T MUKPOIIMPKYJIISIIAIO
KpoBH. MOXHO TIPE/IIONIOKHUTh, YTO TTOT0OHBIC H3Me-
HEHUS TPOUCXOAT M Ha HAYaJIbHBIX Tarax pa3BUTHUS
AWN3. Tloaromy noeeimenue [T B daze goxnunu-
YECKOro pa3BUTHS 3a00JIeBaHUs MOXKET MaHU(eCTH-

Tabauna 2. Jlunamuka n3menenuii conepxxanus [T u
AOA chIBOPOTKH KPOBH KpbIC ¢ DAD

Table 2. The dynamics of change in LHP content and
AOA inblood serum of rats with EAE

CyTkn
D
TToka3zaTeab KonTpoanb v
Index Control
7T—e 14—e 21—e
7th 14th 21st
Copepxanme TTIA,
mMoAL MAA/MA 246=0,11 | 267%0,19 | 3,05=021% | 3,44%0,17*
LPO content,
nmol of MDA per ml
AOA, % 50,3+3,38 54,45%+1,25 58,8+2,0* 57,9+1,13

IIpumeuanue: *— 10CTOBEPHO IO OTHOIICHHIO K KOHTpOITio (p<0,05).

Note: * — statistically significant comparing to the control
(p=<0.05).
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Puc.1. Iunamuka uzmenenus conepxxkanust ['TIJI B romo-
reHatax TkaHew kpeic ¢ DAD. O — meyens; E — mo3r;
* — MOCTOBEPHO 1O OTHOLICHUIO K KoHTpoito (P<0,05);
# — IOCTOBEPHO 110 OTHOIIEHHMIO K 7-M cyTkam (P<0,05).

Fig 1. The dynamics of changes in LHP content in tissue
homogenates of rats with EAE. O — liver; @ — brain; * —
statistically significant comparing to the control (P< 0.05);
# — statistically significant comparing to the indices on 7™
day (P<0.05).

the control values. The LHP level in brain after
considerable increase to the 7" day at the peak of
pathology clinical manifestation was significntly lower
than the control (Fig.1).

Thus, free radical reactions intensity assessment
in liver and brain homogenates showed that in animals
with EAE the LPO process activation took place at
the stage of pre-clinical disease manifestation (7th day)
with statistically significant decrease of LHP content
to the 14" and 21% day (the phase of clinical
manifestations). At the same time the total AOA of
blood serum and the LHP content in it significantly
increased to the 14" day of the disease development,
comparing with the control values (Table 2). To the
21t day of EAE development, the LPO process
activation with the increase of LHP content in blood
serum by 13 %, for brain homogenates by 11%,
compared with the 14" day of the pathology, is noted.
Under these conditions the LHP number in liver
homogenates decreased by 23%, AOA of serum
remained at the EAE 14" day level.

The given results are coordinated with the current
conceptions about LPO physiological role. Thus, the
authors of the paper [8] consider that the increase in
the content of membrane non-saturated fatty acids
hydroperoxides under the influence of low intensive
laser irradiation brings to the priming in immune-
competent cells, the increase in their membrane
permeability for calcium ions, to gene including, which
is responsible for the accumulation of inducible
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posarh aktuBauuio MC oprannsma, HeOOXOOIUMYIO
JUTS MHULMAUH IMMYHOBOCTIAIUTENILHON peakuu [§].
Camxenne copepxxanusg [T k 14-m u 21-M cyTkam
MIPOMCXOIUT JIUOO B PE3yNabTaTe UX YTHIH3AINH IPU
CUHTe3e npoctarananHoB [11], mnbo u3-3a BeIXoaa
HX B KPOBSHOE pPYCIO, YTO MOATBEPKAAETCA JOCTO-
BEPHBIM OBbIIIEHUEM conepxkanus ['TIJI B ceiBopoT-
Ke KPOBH Ha TOT K€ IIEPHOJI Pa3BUTHSA ITATOJIOTHH. YBe-
nuuenne AOA sBiseTcs OTBETHOHM peakuueil Ha
JaHHbIE U3MEHeHus (Tabi.2).

Wrak, mpoBeeHHbIE NCCIIEIOBAHMS TOKA3BIBAIOT
HaJIM4YHe BBIpaKEHHBIX H3MEHEHUH YPOBHS OMOXUMHU-
yeckux nporecco (I'TUJI, AOA) u mokasarenei,
XapaKTEPHU3YIOIUX COCTOSIHUE NMMYHOKOMITETEHTHON
ctepnl (OU, ®Y, npouent AK knerok I1I1, ypoBeHb
HUK), B ycnoBusix pa3Butusi DAD Kak Ha CTaauu
JOKIIMHUYECKOW KapTHHBI 3a00JICBAaHUS, TaK U Ha
cTaauu OCTpoil ¢a3bl. HauBricime mokazarenu co-
nepxanus ['TIJT B roMorenarax ne4eHd U Mo3ra oT-
MeEYEeHBI B MEPHOJ TOKINHUYECKOH (Pa3bl pa3BUTHS
3a00JI€BaHMs, UTO MOXET CBUACTEILCTBOBATH 00
onpeneneHHoM Bkiazae I1OJI B paszsutue AU3, B
gacTHOCTH DAD. MOXHO NPEANON0XUTh, YTO
cHmxeHue coaeprkanus ['TIJI B Mo3ry B meproj1 octpoit
(ha3el CBSA3aHO, IO-BHIMMOMY, C UCTOIIIEHHEM CyOCTpa-
ToB [1OJI romoBHOTO MO3ra BCIEICTBUE CIUIIKOM
OBICTPOI1 IeCTPYKIINY MUEIMHA U BBIXO/a CBOOOIHBIX
KUPHBIX KUCIIOT B TUKBOD H depe3 ['Ob B kpossiHOE
pycio. OTHOBPEMEHHOE TMOBBIIICHUE COACPKAHUS
I'TIJI B chIBOpPOTKE KPOBH YaCTUYHO MOATBEPHKAACT
naHHoe npeamnosoxkenue. [lomobHas HanpaBIeHHOCTD
nporeccoB oTMeueHa y 6onbHbIX PC Ha craauu oct-
poti dassr [13].

Maremarnyeckasi 00paboTka pe3ynasTaToB (IIpo-
BEJICHHBIN KOPPEIIAIMOHHBIN aHAIN3) MOATBEPKIAET
CIEeAYIOUIYI0 B3aUMOCBS3b. 3HaUeHHSA Kod(phu-
LIMEHTOB KOPPEJSLUU IPU OLIEHKE B3aUMOCBS3H MEXKIY
copepxanuem ['TIJI u xonmuectBom MUK npu
matosioruu coctasisumm 0,55-0,82 (p<0,05). B To xe
BpeMsI Y KOHTPOJIBHBIX KUBOTHBIX KO3(hPHUITMECHT
KOppEeIUU OBl 3HAYNUTENBHO HUXKE M HE SBIISIICS
noctoBepubIM (oT 0,11 mo 0,45). [MonoxurtenbHas
koppemsiusa mexay MUK u usmenennem AOA
OTMEYEHa Ha 7-€ CyTKH MaToJIOTHH, a K 14-M cyTkam
B3aMMOCBA3b cTana oOparHoi (puc. 2).

BbiBOADI

Taxum 0O6pa3oM, BEIOpaHHAsI SKCIIEPUMEHTATbHAS
MOJIEJIb MOXKET OBITh MCIIONb30BaHA AJISI BBISIBICHUS
OIpeeIEHHBIX 3aKOHOMEPHOCTEH, CTENIEHH U Xapak-
Tepa U3MEHEHHUM COCTOSIHUSI UMMYHOKOMITIE-TEHTHOMN
cdepbl U aKTHBHOCTH META00IMUYECKIX MPOIIECCOB B
oprausme npu passutun A3 B Buge DAD. Ilomy-
YeHHbIE B paboTe AaHHBIE MOTYT CIYXHUTb MPEIIO-
CBUIKOM ONMTHUMHU3AIUU MeTOonoB neuenusa PC B
KJIINHWYECKOW TMPaKTHKe, B YACTHOCTH MPOIYKTaMHU
3MOpHo(deTorIaleHTapHOTO KOMITJIEKCa.
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NO-synthetase in cells, which activity products improve
the blood microcirculation. It is possible to suppose
that such changes take place at the initial stages of
AID development as well. Thus, the increase of LHP
content in the pre-clinical disease development phase
can manifest the organism immune system (IS)
activation, which is necessary for immune-inflam-
matory reaction initiation [8]. The decrease of LHP
content to the 14™ and the 21 day takes place either
as the result of their utilization during synthesis of
prostaglandins [11], or as a case of their entrance in
blood channel that is confirmed by the statistically
significant LHP increase in blood serum for the same
period of pathology development. AOA increase is the
response to the given changes (Table 2).

Thus, performed investigations show the existence
of the expressed changes in the level of biochemical
processes (LHP, OAO) and the indices which
characterize the state of immune-competent sphere
(PI, PN, the percent of PC ACs, CIC level), in
conditions of EAE development both at pre-clinical
disease picture stage and at an acute phase one as
well. The highest indices of LHP content in liver and
brain homogenates are noted in the period of disease
development pre-clinical phase that can testify the
certain LPO contribution into the AID development,
EAE, in particular. It is possible to suppose that the
decrease of LHP content in brain in an acute phase
period is probably connected with exhaustion of LPO
brain substrates in the case of too fast myelin
destruction and the free fatty acids entrance into liquor
and through BBB into blood channel. Simultaneous
increase of LHP content in blood serum partially
confirms this supposition. Such direction of the process
is observed in the patients with MS at an acute phase
stage [13].

FHHHC'{CHI/I FHHCHBOPOTKH
LHP, LHP__
N
0,78
MILIMK
FDCIC
FHHMOSI‘& AOACBIBOPOTKI/I
LHP AOA

brain serum

Puc. 2. 3nauenus k03(p(PUIMEHTOB KOPPEISILUH MEXKAY
konnyectBoM MIIWK u ypoBHEM cBOOOTHOpATNKATBHBIX
npoueccos. [ —7-e cyrku; [Jj — 14-e cyrkn.

Fig. 2. Correlation coefficients values between MFCIC
number and free radical processes level. [ | — 7th day;

[ - 14th day.
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Mathematical processing of results (carried-out
correlation analysis) confirms the following relationship.
The values of coefficients of correlation when
estimating the interaction between LHP content and
the number of FDCIC at the pathology were from 0.55
to 0.82 (p<0.05). At the same time in control animals
the correlation coefficient was considerably lower and
not statistically significant (from 0.11 to 0.45). The
positive correlation between MFCIC and AOA change
is found only to the 7 day of the pathology, to the 14®
day the interaction became reverse (Fig. 2).

Conclusions

Thus, the chosen experimental model can be used
to reveal the specific regularities, the degree and the
character of the change in the immune-competent
sphere state and the metabolic processes activity in
the organism at AID development in the form of EAE.
Obtained data can serve as premisee for the
optimisation of the MS treatment methods in the clinical
practice, in particular, by the embryofetoplacental
complex products [2].
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