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Effect of Cryopreserved Cord Blood on Activity of Alveolar
Macrophages in Experimental Model of Influenza

Pedrepart: VccnepoBaHo dhopmMupoBaHue pe3nCTEHTHOCTM K BUpYCYy rpunna A y Mblllel nocrie BBeAEHUS KPUOKOH-
CepBMPOBAHHOIO NeNKOKOHLeHTpaTa KopAoBon kpoBu yenoseka (kKJTIKKY) nnu ero komnoHeHTOB (Nnasma, sapocofepXalume KneTku).
MeTopnom 6poHxoanbBeONspHOro naeaxa Obin MoMy4YeH CMbIB CO CIU3UCTON OBONOYKM AbIXaTenbHbIX NyTEN 3KCNepUMeHTarbHbIX
XMBOTHbIX B YCINOBUSAX pa3BuTus rpunna. lNpoBeaeH cpaBHUTENbHBIA aHanu3 KNeTo4YHOro coctaBa CMbIBa AblXaTenbHbIX NyTen
N PYHKUMOHAmNbHOW aKTUBHOCTM anbBeONSApHbIX MakpodaroB NerkMx Mbien Ha 7- n 14-e cyTku nocre MHMULMPOBaHNS BUPYCOM
rpunna. WHduumpoBaHue npoBoaunun yepes 6 mecsueB nocne nHtpaHasanoHoro BeedeHusa kINKKY vnn ero komnoHeHTOB.
YcraHoBneHo, yto kJIKKY B Gonbluen creneHn, YeM ero KOMMOHEHTbI, KOppurMposan yHKUMOHamNbHY akTUBHOCTb anbBeOnsApHbIX
Makpodaros, NoBbIlWas UX harouMTapHylo akTMBHOCTb M MpeaoTBpallas pasButve MMMyHoA4edUUNUTa Y XMUBOTHBIX C MHAYKUMEN
BUPYCHOW MaTornoruu.

KnioyeBble croBa: anbBeonsapHble Makpodarn, KpMOKOHCEPBUPOBAHHAas KOpPAOBasi KPOBb, MpodunakTuka rpunna.

PedbepaTt: JocnigxeHo popmyBaHHSA pPe3VCTEHTHOCTI 4O BUpPYCY rpunny A y MULIEN Micnsi BBEAEHHS KPiOKOHCEpPBOBAHOIO
nemnkoHLeHTpaTy kopaoBoi kposi ntoanHu (kJTKKIM) abo oro KoMnoHeHTIB (Mna3mMu, saepHux knituH). Metogom 6poHxoanbBe0NsipHOro
naBaxy OTPMMaHO 3MWB 3i CNN30BOI 0GOMOHKN AMXanbHUX LUMAXIB eKCnepuMeHTanbHUX TBapWUH B yMOBax po3BUTKY rpuny. [lpose-
OEHO MOPIBHANBHUI aHani3 KMiTUHHOrO CKnagy 3MMBY AMXalnbHUX LUNAXIB i PYHKUIOHANbHOI aKTUBHOCTI anbBeonspHMX Makpodaris
nereHb MuLen Ha 7- Ta 14-Ty o6y nicns iHdikyBaHHsi Bipycom rpuny. IHoikyBaHHS npoBoauny Yepes 6 MicsiliB nicnst iHTpaHa3anbHOro
BBeAeHHs kJIKKI abo 1ioro komnoHeHTiB. BcTaHoBneHo, wo BukopucTtaHHs kJIKKJ1 Ginbwow Mipoto, Hik NOro KOMMOHEHTIB,
MoaudikyBano (yHKLUiOHanbHY akTUBHICTb anbBeOrNsipHUX Makpodaris, NiaBuLLyoYMn iX darouutapHy akTUBHICTb Ta 3anobirarouu
pO3BUTKY iMyHOA4ediUNTy Y TBapWH 3 iHAYKUiE BipyCHOI natonorii.

KnrouyoBi cnoBa: anbBeonsipHi makpodaru, KpiokoHCepBoBaHa KOpAOBa KpOB, nMpodinakTvka rpuny.

Abstract: Formation of resistance to influenza virus of type A in mice following introduction of cryopreserved human cord blood
leucoconcentrate (cHCBL) or its components (plasma, nucleated cells). Bronchoalveolar lavage was obtained from mucous membrane
of respiratory tract in experimental animals during influenza development. Analyzis of cell composition of bronchoalveolar lavage as
well as functional activity of alveolar macrophages in lungs of animals in 7 and 14 days following influenza virus introduction. The
infectioning was performed in 6 month after preventive intranasal introduction of cHCBL or its components. It was found that cHCBL
in more extent than its components corrected the functional activity of alveolar macrophages increasing their phagocytic activity and
preventing the immune deficiency development in animals with inducted viral pathology.

Key words: alveolar macrophages, cryopreserved cord blood, influnza preventive maintenance.

[IpoGnema nmoucka 3hPEKTUBHBIX CPEACTB IS
Npo(MUIAKTHKH U JICYCHHUS] BUPYCHBIX MHPEKIHH, BBI3bI-
BAIOIIMX [ATOJIOTHIO PECITMPATOPHOTO TPAKTA, OCTALT-
Csl aKTyaJIbHOH B CBSI3M C BBHICOKMMHM IOKa3aTeIsIMU
3aboneBaeMocty [4, 12]. HecMOTpst Ha MHTEHCHBHBII
CKpPHHUHT JIEKapCTBEHHBIX MTPENapaToB MPOTHB TPHUIIIA,
MIPOBOIMMBII BO BCEM MHpE, IPUMEHEHUE TPOTUBOBU-
PYCHBIX CPE/ICTB OTPaHUYEHO U3-3a POPMUPOBAHUSA K
HUM PE3UCTEHTHOCTH Y BUPYCOB. [lepcrieKTHBHBIM Ha-
MpaBJICHUEM B ITPOQHITAKTHKE TPHIIIA SBJIAETCS pa3pa-
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The task of searching for effective preparations to
prevent and treat viral infections of respiratory tract
has remained an actual one due to high indices of
morbidity [4, 12]. In spite of intensive screening of
medical products against influenza performed all over
the world, application of antiviral preparations is limited
due to resistance formed in viruses. Perspective direc-
tion in influenza prophylaxis is the development of
preparations enabling to increase the activity of an
organism own defence systems.
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00TKa CpeACTB, CIIOCOOHBIX MOBBIMIATH AKTUBHOCTH
COOCTBEHHBIX 3AIIUTHBIX CHJI OpraHU3Ma.

U3BecTHO, 4TO anbBeONApHBIE MaKpodaru, BXos-
LIME B COCTaB MOHOLIUTAPHO-(arouuTapHOH CHCTEMBI
(M®C) opranusma, BEICTYNIAIOT B IEPBOM JTMHUH d(]-
(hEeKTOPHBIX MEXaHHM3MOB HMMYHOJIOTHYECKOTO TOMEO-
CTa3a U SBISIOTCS OCHOBHBIMH (DaKTOpaMH HeCTIeIH-
(mueckoit 3ammThl [ 10, 18]. Obnanas UCKIFOUUTENb-
HOW PEaKTHUBHOCTHIO M BEICOKOH MOOHIM3aIIHOHHOM I'0-
TOBHOCTBHIO, OHH MPHUHUMAIOT HEMOCPEICTBEHHOE
ydacTre B PEryJSIUd UMMYHHOTO OTBETA B JIETKMX KaK
B HOPMAJIBHBIX (DU3HOJIOTUYECKUX YCIIOBUSIX, TaK U TIPH
Pa3IMYHBIX TATOJIOTHYECKUX MTPOIECCAX, B YACTHOCTH
npu UHQUIIMPOBAHUU PECTUPATOPHBIMH BUPYCAMH.
AnbBeosipHbIe MaKpogaru CocoOHbBI OMOCPEI0BaH-
HO MOJYJIMPOBAaTh OTBETHBIE PEAKLIUU APYTHUX UMMY-
HOKOMITETEHTHBIX KJIETOK Yepe3 BHICBOOOKICHHE Me-
nuaTtopos [7]. Tak, akTUBUPOBAHHBIE AlIbBEOJIIPHBIE
Makpodary mpoaAyuupyoT CBOOOJHbIE PaJiKabl, I1-
TOKHHBI, XEMOKHHBI 1 IPyTUE MEAUATOPHI BOCTIANIEHHS],
KOTOpBIE 3aITyCKaIOT PEaKIMu OpraHu3Ma I OCy-
LIECTBIICHUSI BPOKICHHOTO W aJallTUBHOTO WMMYH-
HOTO OTBeTa Ha BHenpeHue natorenoB [10, 11]. Hu
OJTHO M3 MPOSBIECHUH MPHOOPETEHHOTO UMMYHHTETA
HE pean3yeTcs B MOJIHOM o0beMe 0e3 yqacTHsl Kiie-
Tok MOC [7, 10, 15]. Tak 1 akTHBUPOBaHHEIE AJIbBEO-
JsIpHBIE Makpodaru 6iaronaps cBoei paronurapHoii
1 CEKPETOPHOI aKTHBHOCTHU UI'PAIOT INIABHYIO POJIb B
WHULUAIIY U Pa3BUTUH BOCIAIUTENIBHOIO IIpoLiecca B
JIETKHX.

Panee OpUTO IOKa3aHO, YTO MHTPAHA3AIBHOE BBE-
JIEHUE KPUOKOHCEPBUPOBAHHOIO JICHKOKOHLIEHTpAaTa
KopaoBoii kpoBu uenoseka (KJIKKY) ciocoberBoBaio
MOBBIIIEHUIO (aroIUTApHON aKTUBHOCTH MEPHUTO-
HEaJIbHBIX (ParonyTOB Y MBIIIEH, HHOUIMPOBAHHBIX BU-
pycoM rpurma [6]. ITockonbky kimetkun MOC SBsroT-
Cs F€TEPOTEeHHOM MONYISUEN, KOTOpask BKIIFOYAET Kak
IUPKYIUPYIOIIHUE, TAK U PE3UACHTHBIE (DaroluThI, TO
B HacTOsIICH paboTe ObLTO orieHeHOo BiausHue KJIKKY
Y €T0 OT/AEIHHBIX KOMITOHEHTOB Ha ()YHKIIHOHAITBHOE
COCTOSTHHE allbBEOJIIPHBIX MaKpO(]aros MbIIIEH.

UccnenoBanus moka3anu, 4yTo KJIETKH HauOolee
3¢ (heKTUBHO MPOSIBISIOT CBOM CBOMCTBA B €CTECTBEH-
HBIX JJI1 HUX YCIIOBUSX, T. €. B CPEJIe C ONPEIeIIEHHBIM
XUMUYECKUM cocTaBoM [ 7, 20]. IlpuHumMas Bo BHUMA-
Hue 1oT dakt, yro kKJIKKY npeacrarnser coboii cyc-
MIEH3UIO SIAPOCOACPIKAIINX KIETOK B ayTOJIOTHUYHOU
1a3Me, TO JIOTUYHO MPEANOI0KUTH, YTO MAKCHMaITb-
HBIN 3aIUTHBIA MOTEHITUAN OyAeT WUMETh IEIbHBII
kJIKKY 1o cpaBHEHUIO € OT/IENbHBIMA KOMIIOHEHTaMHU.

B cBs131 ¢ BRIIIEU3T0KEHHBIM LETIO JAHHOTO HC-
cieoBaHus ObliIa CPaBHUTENbHAS OLEHKA (hYHKITHO-
HaJBHOTO COCTOSTHHUS allbBEOJISIPHBIX Makpodaros y
MBILIEH, THGUIUPOBAHHBIX BUPYCOM rpuiina A/Buk-
TOpHS 4Yepe3 6 MecsIeB Moce MPEBEHTUBHOTO BBE-
nennsa kJIKKY i ero KOMIIOHEHTOB.
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Alveolar macrophages being the part of organism
monocyte-phagocyte system (MPS) are known to be
activated in the first line of affecting mechanisms in
immune homeostasis and are the basic factors of non-
specific defense [11]. Possessing an exceptional reac-
tivity and high mobilization readiness they directly
participate in regulation of immune response of lungs
both in normal physiological conditions and different
pathological processes, in particular during infection
with respiratory viruses. Alveolar macrophages are
able to indirectly modulate the responses of other
immunocompetent cells by release of mediators [7].
For example, activated alveolar macrophages produce
free radicals, cytokines, chemokines and other inflam-
mation mediators triggering the reactions of organism
to implement congenital and adaptive immune response
to the introduction of pathogens [10, 11]. No manifes-
tation is entirely implemented without MPS cells [7,
10, 15]. Activated alveolar macrophages due to their
phagocytic and secretory activity play an essential role
in initiation and development of inflammatory process
in lungs as well.

Previously we have found that intranasal introduc-
tion of cryopreserved human cord blood leukoconcent-
rate (cHCBL) contributed to the increase of phago-
cytic activity in peritoneal phagocytes of mice infected
with influenza virus [6]. The MPS cells are hetero-
geneous population which includes circulating as well
as resident phagocytes, thereby in this research we
have assessed the effect of cHCBL and its individual
components on functional state of murine alveolar
macrophages.

The investigations showed that the cells most effec-
tively manifested the properties in their natural environ-
ment, i. e. in the medium with certain chemical and
composition [7, 20]. Considering the fact that cHCBL
is a suspension of nucleated cells in autologous plasma
we may suggest that the whole cHCBL will have
maximum protective potential if compared to its sepa-
rate components.

In this regard the research aim was to compara-
tively assess the functional state of alveolar macro-
phages of mice infected with A/Victoria influenza virus
in 6 months after preventive introduction of cHCBL
and its components.

Materials and methods

The experiments were performed in 2 (at the start
of experiment) and 8 month-old (at the end of the
experiment) Balb/C mice of 18-20g weight in complian-
ce with the General Principles of Experiments in
Animals approved by the 3™ National Congress on
Bioethics (Kiev, 2007) and agreed with the regulations
of European Convention on Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).
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Martepuajbl 4 MeTOABI

OKCIIepUMEHTHI NTPOBENECHBI HAa MBIIIAX JIUHUH
Balb/C 2- (B Hauane 3KCIIepUMEHTa) U 8-MECIYHOTO
(B KOHLIE SKCIIEpUMEHTa) Bo3pacTa ¢ Maccoit 1820 1
B COOTBETCTBUHU C¢ «OOIMMHU MPUHLIHIIAMH JKCIIE-
PUMEHTOB Ha )KMBOTHBIX», ofo0pennbvu 111 Harmo-
HaJbHBIM KOHTpeccoM 1o Ouoatuke (Kues, 2007) u
COINIACOBAaHHBIMH C TIOJIOXKEHUAMH «EBponelcKkoii KoH-
BEHIIMH O 3aIUTe TTO3BOHOYHBIX JKHBOTHBIX, HICTIOb-
3yEMBIX /ISl SKCTIEPUMEHTAIIBHBIX U JPYTUX HAy9IHBIX
ueneit» (CtpacOypr, 1986).

KopnoByro kpoBb nosty4ay OT 310POBBIX POKEHHUIT
TIOCJIC TTOATIMCAHUS MU JOOPOBOJIIEHOTO HHGOPMHUPO-
BaHHOTO coracys. JISHKOKOHLIEHTPAT KOPJOBOU KPOBU
YyesioBeKa rOTOBIIIN ITyTEM TACCUBHOW CEIMMEHTAIN
SPUTPOLIUTOB B IPAAUEHTE IIIOTHOCTH BEICOKOMOJIEKY -
JIAPHOTO JAeKcTpaHa (romuriokuH, «HKOpua-dapmy»,
VYkpauna). Kpuoxoncepsuposanu JIKKY B ayromorud-
HOM IJTa3Me 10 ABYX3TAITHOM POrpaMMe Ha POrpaMm-
HoM 3amopaxusarene YOII-6 mpoussoactsa CKTB
¢ OIT UTIKuK HAH YkpauHs! 110 panee pa3padoran-
Homy metony [17]. OOpasiis pasmMopakuBaiiv Ha BO-
nsiHoM O6ane npu Temmeparype 40...41°C [3]. [lnasmy
nosydanu u3 kKJIKKY nocne ero pasmopakuBanus u
nentpudyrupoanms npu 380g B TeueHue 15 MuH nmpu
20°C. Snpoconepxantue knetku (JCK) Bwimensau
u3 kJIKKY aBykpaTHBIM LEeHTPU(YTUPOBAaHUEM IIPH
170g B Teuenne 10 mun mpu 20°C, oTMBIBaIM CTe-
PWIBHBIM pHHTEP-(hocaTHBIM Oy(hepHBIM PACTBOPOM
(PDb) u mepex BBemEeHUEM XUBOTHOMY PECYCIICH-
aupoBanu B 2,0 ma POBb. Crepunsrocts kKJIKKY
OLIEHUBAJIN COTTIACHO METOJMUYECKUM PEKOMEHAALIUAM
[16].

Mpriu ObuTH pasnesneHsl Ha 7 rpynm. JKuBoTHBIM
OTBITHBIX Ipynn 1—-6 B Bo3pacTe 2-X MecALeB HHTpa-
HazanbHo BBOAWIH: 1 — KJIKKY 0,05Mmi1 ((6 £ 2)%10°
KJIETOK/MBIIB) OMHOKpaTHO (1 = 21); 2 — muia3zmy
kJIKKY 0,05mn oguokpatHo (n = 21); 3 — SICK
kJIKKY 0,05m1 ((6 £ 2)X10° KIeTOK/MBIIIL) OIHO-
kpatHo (n = 21); 4 — Bupyc rpunna A/Bukropus B
nosze LD, (n = 21); 5 — unrepdepon («Jladepo-
6uon», «OAO Kuesmenmnpemnapar», Ykpauna) 14 ME
5 pa3 B JieHb B TeueHue 3 qHel (n = 21); 6 — pusmo-
nmorudeckuii pacteop 0,05mra (0,9% NaCl, «tOpwua-
thapm», Ykpamna) ogHokpartHo (n = 21). I'pynmy 7
COCTaBMJIM MHTAKTHbIE MBI (1 = 7).

Uepes 6 MecsIIeB rociie BBEACHUS YKa3aHHBIX CY0-
crpatoB 14 >kuBOTHBIX (U3 21) ONBITHBIX TPYII HHTPa-
Ha3aJBHO 3apakany BUpycoM rpumnmna A/Bukropus B
nose LD, .- HeMHGUIMPOBaHHbIE MBIIIM 3TUX TPYTITT
COCTaBWJIM KOHTPOJb (7 = 7 B KaXXAOU IpymIe).

Bupyc rpunna (mrramm A/Bukrtopus/7/75 (H3N2))
611 mpenocrasnedr HUM rpunnma PAMH (Canxr-
ITerepOypr, Poccus), mpomén 6 maccaxkeit Ha OeIbIX

I'IpO6J'IeMbI Kpl/lOﬁl/IOﬂOFI/IM N KpnomeaunuUunHbl
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Cord blood was derived from healthy obstetric pa-
tients after their voluntary informed consent. Human
cord blood leukoconcentrate was prepared by passive
sedimentation of erythrocytes in density gradient of
high molecular weight dextran (Polyglucin, Yuria-
Pharm, Ukraine). HCBL was cryopreserved in auto-
logous plasma by two-step program in programmable
freezer UOP-6 (Special Designing and Technical
Bureau with Experimental Unit of the Institute for
Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine) using
previously developed method [18]. The samples were
thawed in water bath at 40—41°C [3]. Plasma was
obtained from cHCBL after its thawing and centri-
fuging at 380g for 15 min at 20°C. Nucleated cells
(NC) were isolated from cHCBL by two-fold centri-
fugation at 170g during 10 min at 20°C, washed with
sterile Krebs-Ringer’s solution (KRS) and resuspen-
ded prior to introduction into animal in 2.0 ml of KRS.
Sterility of cHCBL was assessed according to the me-
thodical recommendations [17].

The mice were divided into 7 groups. The animals
of experimental groups 1-6 of 2 months old were
intranasally administered with: 1) 0.05 ml cHCBL ((6 +
2)x10° cells/mice) one-fold (n = 21); 2) 0.05 ml
cHCBL plasma one-fold; 3) cHCBL NC of 0.05 ml
((6 £ 2)x10° cells/mice) one-fold (n = 21); 4)
A/Victoria influenza virus of LD, (n=21); 5) 14 IU
of Interferon (Laferobion, Arterium, Ukraine) 5 times
aday during 3 days (n=21); 6) 0.05 ml of physiological
saline (0.9% NaCl, Yuria-Pharm, Ukraine) one-fold
(n=21). Group 7 comprised the intact mice (n = 7).

Six months later the administration of the mentioned
substrates 14 animals (among 21) of each experimental
groups were intranasally infected with influenza virus
A/Victoria of LD, . Non-infected mice of these
groups made the control (n = 7).

Influenza virus (A/Victoria strain (H3N2), procured
from the Scientific Research Institute of Influenza of
the Russian Academy of Medical Sciences, St. Peters-
burg, Russia) was exposed to 6 passages in white mice
and 2 passages in avian embryos. Titer of hemagglu-
tinins of infected allantoic fluid was 1:512, infectious
titer made 10* LD, .

The material for assessment was procured from
mice of groups 1-6 6 months later the administration
of the mentioned substrates and in 7 and 14 days after
infection with influenza virus. To obtain the alveolar
macrophages the mice after cutting of inferior vena
cava and exsanguination were thrice subjected to
bronchoalveolar lavage (BAL) by 1.0 ml sterile KRS
at 37°C using endotracheal catheter [19]. The obtained
cell suspension was centrifuged at 170g for 5 min at
21-22°C. Supernatant was removed, the sedimented

249



MBbIIIax M 2 maccaxa Ha KypHHBIX SMOpruoHax. Tutp
reMarrIIOTHHUHOB HHOUIIUPOBAHHOW aJUIaHTOUCHOM
XKUIKOCTH COOTBeTCTBOBaN 1:512, MHPEKIMOHHBIN
tutp — 10* LD50/10.

3abop uccieayeMoro MaTepraia y MpIIen rpyIn
1-6 mpoBoamIM Yepe3 6 MECSIEB MMOCIE BBEICHUS
yKa3aHHBIX cyOCcTpaToB M Ha 7- U 14-e CyTKu mocie
UH(UIUPOBAHMS BUPYCOM IpHnma. s moayyeHus ajib-
BEOJISIPHBIX MaKpO(aroB MbIIIaM IOCIIE TIepepe3aHus]
HIDKHEH 0101 BEHBI 1 00ECKPOBIUBAHUS TPOEKPATHO
MIPOBOAMIN OpoHXOanbBeosspHBIA JaBax (BAJT) mo
1,0 M crepunbEbIM PODB npu 37°C ¢ noMompio BHYT-
putpaxeansHoro Karerepa [ 19]. [Tony4ueHHyT0 KIeTod-
HYIO CycIieH3uI0 neHTpudyruposany npu 170g B Te-
yeHue 5 MuH npu temmnepatype 21...22°C. Hanoca-
JOYHYIO )KUJKOCTh YAAJSUTN, OCEBIINE KJIETKH pecyc-
nenaupoBanu B 2,0 mu cpenbl Xenkca («MIIBD
mM. MLIIL. Uymaxosa PAMH, Poccust). KonmeHTparnwro
KJIETOK MOACYUTHIBAIM B Kamepe [opsesa [8] u no-
BoamH A0 1X10°ka/mi. IIUTOIOrMYecKuii cocTas u
(haronuTapHyro aKTHBHOCTE KJIeTOK BAJI onpenensinm
B Ma3Kax, OKpalleHHbIX a3yp II-303uH0M 110 PomMaHoB-
CKOMY [8] ¢ MCTIONB30BaHHEM CBETOBOI'O MUKPOCKOIIA
JIOMO (ox. 10, 06. 40, 90).

@aronuTapHy0 aKTUBHOCTH OIPENEIsUId 10 Me-
tonxy M.I. AnekcanapoBa u coasT. [1]: onenuBanu
¢aroumrapuslii naaexc (OU), parountapHoe yuciIo
(®Y), abconmoTHBIN MOKa3arenb (parouuTapHON aK-
tuBHOCTH (AIIDA) anpBeosIpHBIX MaKkpodaros.

Okcrpeccuro mosiekya CD11b (Mac-1) onpenens-
1u Ha kieTkax BAJI MeTooM mpoTouHOM IUTOGITYyO-
pumetpuu («FACS Calibury, «BDy, CILIA) c ucnons-
30BaHreM MOHOKIIOHANBHBIX aHTHTen FITC anti-mouse
CD11b ¢ m3otumom Rat IgG2b («BD», CIIIA) B cooT-
BETCTBHH C PEKOMEHIALMAMH (PUPMBI-TIPOM3BOTUTENS.
Cratuctuueckuil yuéT JaHHBIX, OJIYUYEHHBIX MOCIE
IUTOGITYOPUMETPHUIECKOTO aHAIIN3A, OCYIIIECTBIISIIH C
nomotipio mporpammel WinMDI 2.8 (ctannapTHBINA
MaKeT).

Craructiuueckyto 00paOOTKy NOITyUSHHBIX PE3YIib-
TaTOB MPOBOAWIHN O MeTony CTBIOEHTa C y4eTOM
koapdunmenta Oumepa. Paznuuus mexmy BbIOOD-
KaM{ CYUTAIM CTATUCTUYECKH 3HAYUMBIMH TNPH
p <0,05. lanHbIe peAcTaBIEHBI B BUJE CPEIHETO +
CTaHIApPTHOM OMINOKY CPEIHETO.

PesyabTathl M 00cy:kaeHHe

[To pesynpraram nuTonoruyeckoro anaianza bAJI
MOJKHO OTIPEJIENTUTH CTETIEHb BBIPAKEHHOCTH BOCTIAJTH-
TEIHHON peaklny B OPOHXOJETOYHON CHCTEME, OXa-
PaKTEpU30BaTh HANPaBIEHHOCTh MPOUCXOIAIINX IPO-
[IECCOB, CIPOTHO3UPOBATh UCXOJ 3a0oneBanus [13].
IIpu uccnenoannu Mmopdonormaeckoro cocrara BAJI
y HeMH(UIMPOBAHHBIX MBIIIIEH TPy 1—6 He BBIABIEHO
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cells were resuspended in 2.0 ml Hank’s solution
(Institute of Polymyelitis and Viral Encephalitis,
Russia). Cell concentration was calculated in Go-
ryaev’s chamber [9] and the suspension was diluted
to get 1x10° cells/ml. Cytological composition and
phagocytic activity of BAL cells were determined in
the smears stained with azure II-eosin according Ro-
manowsky [9] using light microscope LOMO (magni-
fication 400 and 900).

Phagocytic activity was determined according me-
thod of Aleksandrov et al. [1]: phagocytic index (PI),
phagocytic number (PN), and absolute index of pha-
gocytic activity (AIPA) of alveolar macrophages were
assessed.

Expression of CD11b (Mac-1) molecules was
assessed in BAL cells using flow cytometry (FACS
Calibur, BD, USA), and monoclonal antibodies FITC
anti-mouse CD11b with Rat IgG2b isotype (BD, USA)
according to the manufacturer recommendations. The
data obtained after flow cytometry analysis were
statistically processed with WinMDI 2.8 software
(standard package).

The obtained data were statistically processed by
Student-Fisher test. Differences were considered as
significant at p < 0.05. The data are presented as
mean + standard error of the mean.

Results and discussion

Cytological analysis of BAL allows to assess the
intensity of inflammatory response in bronchopul-
monary system, characterize the targeting of the
processes, and predict the disease outcome [13]. In
our study the morphological composition of BAL in
non-infected mice of the groups 1-6 had no significant
differences if compared to the intact control (Fig. 1).
The derived lavages mainly contained alveolar macro-
phages (65-71%), lymphocytes (10-13.5%), and small
number of neutrophils, eosinophils, basophils (0—1%)
and epithelial cells.

To the 7™ day after infection with influenza virus a
significant redistribution in cell composition of BAL
was observed in mice of the studied groups (Fig. 2).
For example, in mice of group 1 the number of alveolar
macrophages and basophils was twice increased (p <
0.05), and the number of lymphocytes and epithelial
cells was 10 and 2.5 times decreased, respectively,
testifying to the development of inflammation in lungs
as a response to introduction of influenza virus A.

The number of basophilic granulocytes in BAL in
infected mice of the second group was 6 times higher
than of the intact control (p < 0.05). Concentration of
lymphocytes was 4 times decreased. The number of
neutrophils and epithelial cells remained at the level of
group control. The obtained data attested more ex-
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CTaTHCTUYECKN 3HAYUMBIX OTIUYHNA IO CPAaBHEHHUIO C
MHTaKTHBIM KOHTpoJieM (puc. 1). B momydeHHBIX CMBI-
Bax mpeobyaganu ajabBeosipHbIe Makpodaru (65—
71%) n mumdouuts (10-13,5%), B HEOOIBIIIOM KOJIH-
YECTBE OIPECIBUINCH HEUTPO(HITBI, 503UHOM MBI, O6a-
30¢uisl (0—1%) 1 anuTeIraIbHbIC KICTKH.

Ha 7-e cytku mocne nHGUIUPOBAaHUS BUPYCOM
IpUNINa y MBIIIEH MCCIENyeMbIX IpyIN HaOmomain
3HaYMMOE ITepepacipeieieHre B KJIETOUHOM COCTaBe
BAJI (puc. 2). Tax, y mpieii rpymmsl 1 B 2 pasza yBenu-
YUJIOCh KOJMYECTBO AJbBEOJSIPHBIX Makpo(daroB u
6azoduos (p < 0,05), a KonruecTBO JIUMOOIUTOB U
AMUTETUANBHBIX KIETOK CHU3WIOCH B 10 1 2,5 pasa
COOTBETCTBEHHO, YTO CBHIETEIHCTBOBAJIO O PA3BUTHUH
BOCTIAJIUTENIFHOTO TIPOLIECCa B JIETKUX B OTBET Ha BHE-
peHue Bupyca rpunmna A/Buktopus.

YV HHOHUIPOBAHHBIX MBIIIEH IPYIIIHI 2 KOTHIECTBO
6a30¢pmIBHBIX TpaHynoruToB B BAJI 66110 B 6 pa3 BEI-
1€ 3Ha4YeHUI MHTaKTHOTO KOHTpons (p < 0,05). Kon-
LeHTpanus JuMQpounToB cHu3MIack B 4 pasa. Ha ypos-
HE MoKa3aTeneil KOHTPOIBHBIX JKUBOTHBIX T'PYIIIIHI
0CTaBaJIOCh KOJIMYECTBO HEUTPO(DUIIOB M SMIUTENHAb-
HBIX KJEeTOK. [TonyueHHbIE JaHHBIE CBUIETENBCTBYIOT
0 OoJiee BEIpRXKEHHOM BOCTIAJIMTEIBHOM IpoOIlecce B
JIETKUX MBIIIEH NAHHOW IpyNObl 10 CPABHEHUIO C
JKUBOTHBIMH T'PYIIHI | Ha 7-€ CYyTKH mociie HHPHUIIH-
pOBaHMI.

VY HOUIMPOBAHHBIX MBILIEH TPyl 3 yBETUIHU-
JIOCH KOMMYECTBO 0a30(MII0B, J03MHO(DUIIOB U SITUTE-
TuanbHbIX K1eTok B 10, 4 u 1,4 pa3a coOTBETCTBEHHO
[0 CPaBHEHHUIO C MHTaKTHBIM KoHTpojeM (p < 0,05),
YTO MOATBEPAMIO (PAKT PA3BUTHUS OCTPOrO BOCHIATICHUS
C dJIEMEHTaMU ajieprudeckoi peakuuu. IIpu atom
KOHIIGHTpAIUs aIbBEOSIPHBIX MakpoQaro ocrasa-
JIaCh Ha YPOBHE KOHTPOJIS [PYTIIBI, YTO MOXKET CBUJIE-
TENbCTBOBATH O 33/JepKKe MUrpanuu kietok MOC B
oyar BOCIAJICHHUS.

B rpynmne 4 otmeuanu He3HaUMMOE YBETHYEHUE B
BAJI uHpUUINPOBaHHBIX )KUBOTHBIX KOJIMYECTBA aJlb-
BEOJISIPHBIX Makpodaros B 1,2 pa3a npu CHUKCHUU B
1,7 paza muMGOUIHBIX U B 2 pa3za IMUTEIHATBHBIX
KJIETOK OTHOCHUTEINTFHO ITOKa3aTesIeil MHTaKTHOTO KOHT-
porst (puc. 2). ConepkaHue 3penbIX TPaHyJIOIHUTOB
JIOCTOBEPHO HE OTIINYAJIOCH OT ITOKa3arenel KOHTPOJIs
rpynnsl. [loxydeHHble JaHHBIE TaK)Ke CBHUAETEIHCT-
BOBAJIM O Pa3BUTHH BOCTIATUTENFHOMN PEAKIINH B JIETKIX
MBILIEH K 7-M CyTKaMm I1ociie UHQULIUPOBAHHS TPHUII-
TIOM.

VY nHOUIMPOBAHHBIX MEIIIEH rpynm S5 U 6 Ha 7-€
CYTKH pPa3BUTHS TPHIIIIA OTMEYAJIOCH MTOBBIIIEHUE CO-
JepyKaHusl HeUTPOPUIBHBIX, S03MHOPHIBHBIX, 0a30-
(UIBHBIX TPaHYIIOLNUTOB, a TAK)KE AETEHEPATUBHO U3-
MEHEHHBIX AMHUTETHAIBHBIX KIIETOK, IIPHU 3TOM KOJIH-
YEeCTBO aJbBEOJSIPHBIX Makpodaros O0s10 B 1,2 pa-
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Puc. 1. KnetouHbin coctas BAJTy mbiwen yepes 6 mecsiLeB
nocne eeeaeHns KIKKY u ero komnoHeHToB: & - anute-
nuaneHble knetku; O - anbBeonspHble Makpodaru; H—
numcpounTel; M- HenTpodunbl; CI— so3nHounbl; -
6asodunebl; Int — MHTAKTHBIE XXUBOTHbIE.

Fig. 1. Cell composition of BAL in the mice 6 months after
cHCBL and its components introduction: E4 — epithelial cells;
O - alveolar macrophages; B lymphocytes; ll - neutro-
phils; O - eosinophils, B — basophils; Int — intact animals.

pressed inflammatory process in lungs of mice of this
group comparing with the animals of the 1% group to
the 7" day after infection.

Infected mice of the group 3 had 10; 4 and 1.4
times increased number of basophils, eosinophils and
epithelial cells, respectively, compared to the intact
control (p <0.05) indicating the development of acute
inflammation with elements of hypersensitivity reac-
tion. It should be noted that concentration of alveolar
macrophages remained at the control level probably
indicating the delay of MPS cells migration into focus
of inflammation.

In group 4 we noted insignificant (1.2 times) increase
in BAL of alveolar macrophages number and 1.7 times
decrease of lymphoid cells and 2 times decrease of
epithelial ones with respect to the indices of the intact
control (Fig. 2). The content of mature granulocytes
differed insignificantly from the group control indices.
The findings also testified to the development of inflam-
mation reaction in lungs of the mice to the 7" day after
infection with influenza virus.

In mice of the experimental groups 5 and 6 to the
7t day of influenza development we noted the rise in
the content of neutrophil, eosinophil, basophil granu-
locytes as well as degeneratively changed epithelial
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Puc. 2. KnetouHbin coctaB BAJT y Mbilwen Ha 7-e CyTku
nocrne uHdWuMpoBaHua Bupycom rpunna A: E- anuTte-
nuaneHble kneTky; O — anbBeonsapHble makpodaru; B -
numcpountsl; M- HelTpodunbl; - s03mHounbl; E—
6a3odunel; Int — MHTaKTHbIE XMBOTHbIE.

Fig. 2. Cell composition of BAL in the mice to the 7" day
after infection with influenza virus A: E4 - epithelial cells;
O - alveolar macrophages; B - lymphocytes; Bl - neutro-
phils; O - eosinophils, @ - basophils; Int — intact animals.

3a HUXKE TOKa3aTeseil KOHTPoJis rpynnbl. Takas kap-
THHA, BEPOSITHEE BCETO, CBHU/IETEILCTBOBANIA O AKTHB-
HOM TE€YEHHMH MATOJOTUYECKHX IPOLIECCOB Yy MBIILIEH
JaHHBIX TPyMIl, GOPMUPOBAHUH AJIEPrHYECKOi Ha-
CTPOEHHOCTH OpPTaHU3Ma, CO3AaHUH MPEITIOCHLIOK IS
pa3BuTHs oTéKa NErkux [4]. [lomyyeHHbIE pe3yabTaTsl
MOATBEPIKAAI0TCS NaHHbIME paboTel B.W. CoankuHa
U COaBT., B KOTOPOIl MOKa3aHO, YTO MPH BBIPAKEHHOM
BOCIIAJICHUH YHCIIO HEUTPO(PUIBHBIX JIEHKOIIUTOB B
BAJI pe3ko yBennnuuBaeTcsl, a 3HAYUTENBHOE CHUXKE-
HUE COJEpKaHUs aJbBEOJSIPHBIX Makpo(aros, Be-
POSITHO, CBUIECTENILCTBYET 00 UCTOLICHUH Makpoga-
TaTBHOTO 3BeHA IMMYHHTETA [14].

IIpu uccnenoBannu kiero4Horo cocraBa bAJI y
MH(QUIMPOBAHHBIX )KUBOTHBIX BCEX TPy Ha 14-¢ cyT-
KM T0cJIe MH(UIMPOBAHUS TEHACHIHIO K penapaniy
TKaHM JIETKUX OTMEYaJIH TOJBKO Y MbILIEH rpymIIs 1,
y KOTOPBIX COXPAHSIOCH TOBBIIIEHHOE CONEpIKaHue
(8 1,2 paza) anpBeosIpHBIX MaKpO(aroB IpU CHUXKEH-
HOM B 1,5 pa3za konuuecTBe TUMGPOLUTOB, B 3,5 pasza
HEHTpoQuiIoB U 1,8 pa3a smuTeNHaNbHBIX KJIETOK OTHO-
CUTEITHLHO TTOKa3aTeNiei MHTAKTHOTO KOHTPOJIS (pHc. 3).
B sT0T neproa y vHGUIMPOBAaHHBIX MBIILIEH TPYI 2 1
3 B BAJI ocTtaBasioch MOBBIMIEHHBIM B 2 pa3a KOJIU-
49eCTBO HEUTpOomiIoB 1 1,2—2 pasza SIUTETHAIBHBIX
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cells, moreover the number of alveolar macrophages
was 1.2 times lower than the control values. This
probably indicated to a significant activity of alteration
processes in mice of these groups, formation of or-
ganism’s allergy disposition, providing the conditions
for development of pulmonary edema [4]. Our findings
are confirmed by the data of the paper of Sovalkin et
al., showing that at severe inflammation the number
of neutrophilic leukocytes in BAL is dramatically
increased, and significant reduction in content of
alveolar macrophages presumably indicates to the ex-
haustion of immunity macrophagal link [14].

Analyzing the cell composition of BAL in infected
animals of all the groups to the 14™ day after infection
we observed the tendency to lung tissue reparation
only in the mice of group 1, in which an increased
content (1.2 times) of alveolar macrophages was
preserved, and decreased number of lymphocytes (1.5
times), neutrophils (3.5 times), and epithelial cells (1.8
times) in respect to the indices of intact control was
found (Fig. 3). In this period, the infected mice of groups
2 and 3 exhibited the number of neutrophils as 2 times
increased and number of epithelial cells as 1.2—-2 times
increased comparing to the group control, and the
macrophages content was 1.2—1.4 times lower com-
paring to the group control (p < 0.05). This attested
the proceeding inflammation induced by causative agent
of influenza and remnants of the cells infected with
virus. In infected mice of group 4 the indices of BAL
differed insignificantly from the group control, but a
relative lymphocytosis was preserved if compared to
the intact group. This fact was probably associated
with the attenuation of inflammation and started
recovery. All the animals of groups 5 and 6 to the 10*
day died so no data of BAL cell composition on the
14" day after infection could be presented. It was fpund
previously that the main cause of death of the mice
infected with lethal dose of A/Victoria influenza virus
is the development of hemorrhagic edema-pneumonia
[2].

One of the characteristics of alveolar macrophage
functional activity is known to be their ability to pha-
gocytosis. Namely the rate of their reaction and inten-
sity of response to antigen affects the outcome and
duration of inflammation [11].

The data obtained from the study of the alveolar
macrophage phagocytic activity in mice prior to and
after infection with influenza virus A are presented in
Table. It was found that prior to virus infection in mice
of group 1 the PI was increased in 1.2, PN in 1.5 and
AIPA in 1.3 times if compared with the intact animals.
In control mice of group 2 only PN was significantly
increased (in 1.4 times). In non-infected mice of the
groups 3—6 the indices of phagocytic activity were not
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KJIETOK IpHU CHI>KEeHHOM B 1,2—1,4 pasa copeprxanuu
makpodaros (p < 0,05), 4TO CBHIAETENHCTBOBAIIO O
MIPOJOJIKAFOILEMCS BOCIAIUTENBHOM MTPOLIECCE, BBI3-
BaHHOM BO30yAWTEJIEM I'PHIITIA U IPOLYKTAMH paciajga
MHHUIIPOBAHHBIX BUPYCOM KJIETOK. Y HH(HUIIMPOBaH-
HBIX MBIIIeH rpynibl 4 mokazarenu bAJI 3HaunMo He
OTIINYAJINCh OT KOHTPOJIS TPYIIIBI, OAHAKO COXPAHSIICS
HE3HAYUTEIbHBII JIMM(POLUTO3 110 CPAaBHEHHUIO C HH-
TaKTHOM rpymmoii. JlaHHbIN (pakT, BEpOsITHO, CBSA3AH C
3aTyXaHUeM BOCMAINUTENBHOTO Tporiecca U opMHUpO-
BaHUEM COCTOSHUS peKOHBajiecieHuu (puc. 3). Bee
WHPHULIUPOBAHHBIE )KUBOTHBIE TPy 5 1 6 Kk 10-M cyT-
KaM MOTHOJIN, TIO3TOMY JTaHHBIE O KIIETOYHOM COCTaBe
BAJI na 14-e cyTku mocie nHQUITUPOBAHKS HE TIPEI-
craBjeHbl. Panee Ob110 MOKa3aHo, YTO OCHOBHOH IPH-
YMHOW THOEH MbIIIeH, MTHQUIMPOBAHHBIX JIETAIHHOM
J103011 BUpyca rpunna A, siBjseTcs pa3BUTUE FEMOp-
paru4eckoro oTéKa-ImHEBMOHMH [2].

W3BecTHO, 4TO OZHOM U3 XapaKTEPUCTHK (PyHKIIHO-
HaJbHOW aKTUBHOCTH aJbBEOJAPHBIX Makpo(aros
SIBIIIETCS X CIIOCOOHOCTH K (haronutosy. UMEeHHO OT
CKOPOCTH UX pearnpoOBaHuUs 1 HHTEHCUBHOCTH OTBETA
Ha aHTHUTEH 3aBUCHUT UCXOJ U MPOJOIKHUTEIBHOCTD
BOCHAIUTENbHOU peakuuu [11].

JlanHbIe, TOTyYeHHbIE IPH UCCIIEA0BAaHUH (haromm-
TapHOW aKTUBHOCTH aJbBEOJISIPHBIX Makpodaros y
MBILIEH A0 U TOCIe HHPULIUPOBaHUS BUPYCOM T'PHUII-
na A, npeacTaBieHbl B Tabnuie 1 Ha puc.4. Tak, 10
MHOUIMPOBAHUA BHPYCOM Yy MbImel rpynmnsl 1 oT-
Medanu nopeimeHne ®U 8 1,2, Y B 1,5 u AIIDA B
1,3 pa3a o cpaBHEHUIO C HHTAaKTHBIM KOHTPOJEM. Y
KOHTPOJIBHBIX MBIIIEH TPYNIbI 2 3HAYUMO MOBBIIIA-
nock (B 1,4 paza) ronpko @Y. Y HeMHGUTIUPOBAHHBIX
MbIIIei rpymnm 3—6 moka3aTenu ¢paronuTapHON aKTHB-
HOCTH CTATUCTUYECKH 3HAYMMO HE OTIMYAIUCH OT
YPOBHS HHTAKTHOTO KOHTpOJIs1. ClIeJ0BaTENbHO, allb-
BeoJsIpHBIE Makpodaru y Mprmet rpymi 1 u 2 10 uH-
(unmpoBaHus BHpPycOM Tpumina A ObUTH (YHKIHO-
HalbHO OOJiee aKTUBHBIMHU, YeM B rpymnmax 3—6.
[TomydeHHbIe NaHHBIE CBUAETEIBCTBYIOT O TOM, UTO
nmMeHHo HedpakunonuposansbIii KJIKKY u ero miazma
B Ooubieit crenenu, uem SICK kJIKKY, oka3biBaroT
CTUMYNUpYIOLIee JeiCcTBIE Ha (GaroluTapHytO aKTHB-
HOCTB aJIbBEOJISIPHBIX Makpodaros.

Y KUBOTHBIX Ipynmsl 1 Ha 7-e CyTKH mocie nHpu-
IMpOBaHuUs (aronrTapHast akTHBHOCTH aJIbBEOJIIPHBIX
Makpodaros OblIa BBIIIE 110 CPABHEHHIO C HHTAaKTHBIM
KOHTPOJIEM M HEMH(QHUUUPOBAHHBIMH MBIIIAMH 3TOH
rpynnsl. GaronuTapHbIi HHACKC yBenuamics B 1,3, a
(daronmTapHOE YHUCIO — B 2 pa3za OTHOCUTEIHHO
MoKaszaresieif ”HTakTHOro KoHTpois (p < 0,05). B rpyn-
nax 2, 3 u 4 noBbilIeHNe GaroqUTapHON aKTUBHOCTH
abBEOJISIPHBIX MakpodaroB Ha 7-€ CyTKH IOCJIE HH-
(urupoBaHms OBUIO MEHEE BRIPAYKEHO IT0 CPAaBHEHHUIO
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Puc. 3. KneTtouHbin coctaB BAJl y Mbilwen Ha 14-e cyTku
nocne nHuUMpoBaHusi BuUpycom rpunna A/Buktopus: E4-
anuTenuanbHble kneTkn; O - anbBeonspHbie Makpodary;
B- numdountsl; M- Hentpodunbl; - 303nHodUnbI;
H - 6a3odunbl; Int — MHTAKTHbBIE XXUBOTHBIE.

Fig. 3. Cell composition of BAL in mice to the 14" day after
infection with influenza virus A/Victoria: 4 — epithelial cells;
O - alveolar macrophages; B - lymphocytes; ll - neutro-
phils; O - eosinophils, H — basophils; Int — intact animals.

significantly differed from the control. Therefore, the
alveolar macrophages in mice of groups 1 and 2 prior
to infection with influenza virus A were more active
than the cells in groups 3—6. The obtained data testify
to the fact that namely unfractioned cHCBL and its
plasma stimulate the phagocytic activity of alveolar
macrophages in greater extent if compared to NC of
cHCBL.

In the animals of the group 1 the phagocytic activity
of alveolar macrophages in 7 day after infection was
higher if compared with intact animals and non-infected
mice of this group. Phagocytic index was increased in
1.3, and phagocytic number enhanced in 2 times com-
paring to the intact control indices (p < 0.05). In the
groups 2, 3 and 4 the increasing of phagocytic activity
of alveolar macrophages to the 7" day after infection
was less expressed if compared with the indices of
the group 1. In infected animals of groups 5 and 6 at
the same observation period the PN was 1.5 times hi-
gher comparing to intact mice, PI and AIPA were not
significantly differed from the intact control, that was
associated with the decreasing of alveolar macro-
phages number in BAL.

To the 14™ day of influenza development in the
mice of the group 1 all the indices of phagocytic activity
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C MOKa3aTesIMu Tpynmsl 1. Y uapuim-
POBaHHBIX )KUBOTHBIX TPYIII 5 U 6 B 3TOT
xe mepuoy HabmoaeHus OY Obu10 B
1,5 pasa BbllIe, YeM y UHTAKTHBIX MBI-
meit, ®U n ATIDA 10CcTOBEpHO HE OTIIH-
Yaiauch OT WHTAKTHOTO KOHTPOJIS, 9TO
CBA3aHO C YMEHBUIEHHUEM KOJINYECTBA
aJIbBEOJISIPHBIX Makpodaros B BAJL

Ha 14-e cyTtku pa3BuTHs Tpunmna y
MbIlIeH rpynnbl 1 Bce mokazarenu ¢a-
TOLUTApHOW aKTHBHOCTH Makpogaros
3HauuMoO (p < 0,05) mpeBbILIIANKA KOHT-
ponbHEIe 3HadeHUs. [logobHoro poma
W3MEHEHHS MOTYT CBHJIETEIHCTBOBATH
00 aKTUBAalMM MPOLECCOB perapanuy,
nockonbKy kietkn M®C npuHUMaroT
ydacTHe He TOJIBKO B AMUMHUHAIINH 11aTO-
TeHOB M3 OpraHu3Ma, HO U B yIaJeHUH
MPOAYKTOB pacmaja KJIEeTOK, TOTHOIINX
B pe3yJbpTare BUPYCHOM 3kcmnaHcuu. B
rpynmnax 2 u 3 B 3TOT CpOK HAOMIOACHUS
OY u U nHOUIIMPOBAHHBIX KUBOTHBIX
MPEBBIILIANN TTOKa3aTelH KOHTPOIBHBIX
(» <0,05), onHako cyMMapHBIi TOKa3a-
Tedh (HharonuTapHOW aKTUBHOCTH allb-
BEOJIIPHBIX MAaKpO(haroB JOCTOBEPHO HE
OTJIMYAJICS OT MOKa3aTeNe HHTAKTHBIX
KHUBOTHBIX, YTO MOXET OBITH 00yCIIOB-
JIEHO CHW)KEHHEM COJIEp’KaHUs MaKpo-
(baros B BAJL. Y un(puIinpoBaHHBIX MBI-
LIel rpynimsl 4 B 3TOT MEPHOJ COXPaHs-
nock nopbimeHue OU, a ®U u AIIOA
COOTBETCTBOBAJIM IMOKA3aTEsIM TPYII-
bl 7.

B nanHo# pabote onpenensiy KoH-
LIEHTpALHIO KIETOK, COAEpKAIIUX pe-
nentop CD11b (Mac-1, CR3), koTopsIii,
TTOMHMO PETENTOPHOMN (QYHKIIUH, BBITTOI-
HSIET POJIb MOJIEKYJIBl MEKKIETOYHON
aare3uu [9]. OH npuHUMAaET HEMOCpeI-
CTBEHHOE ydJacThe B MPOIECCe MHUTpa-
1IUHU KJIETKH, KJIIETOYHO-0TIOCPEI0BAHHOMN
LHUTOTOKCHYHOCTH, ParoUTO3€e YacTHII,
OIcoHM3UpOBaHHBIX iIC3b, xeMoTakcuce
u akTuBanuu kietok. Perenrrop CD11b
OTIocpelyeT B3auMOACHCTBHH OpPOHXO-
QJIBBEOJISIPHBIX KIETOK JIPYT C APYIOM,
KOJIMYECTBO KOTOPBIX HA MEMOpaHe ajib-
BEOJISIPHBIX MaKpo(aroB MOXeT BapbH-
pOBaTh MpPH Pa3HBIX MATOJOTHYECKUX
npoueccax [10]. 3anyck Fc-omocpe-
JIOBAaHHOW IUTOTOKCUYHOCTH BO3MOXKEH
TOJIFKO TIOCTIE aKTHBALlMH PElENnTOPOB
anre3un CD11b, KoTOphIE SABISIOTCS
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MokazaTenu dparounTapHON aKTMBHOCTU anbBEONSPHbIX Makpodaros y
MbILLEN O0 1 nocne MHUUMPOBaHUS BUPYCOM rpunna, M £ m
Indices of phagocytic activity of alveolar macrophages in mice prior to and
after infection with influenza virus, M £ m

— HeuHduumpo- VHdbnumposaHHele Mbillimn
)KVIFI;\éTHbIX Moka3satenu BaHHbIE MBILLIN Infected mice
Groups of Indices N(KOBT?onb)d

animals on-infecte 7-e CyTKn 14-e cyTkM

mice (control) 7t day 14 day
DN, % . i N
Pl % 84,1+5,4 91,0+5,5 87,3+5,5
@Y, abe.en. % wr N
! PN, abs. units 51£0,3 7,304 6,7+0,4
AM, x108 kn/mn R
AM, x10° cells/ml 0,66 +0,04 0,9+0,05* 0,82+0,05*
U, % .
Pl % 75,2+4,5 80,1+4,8 75,8+4,6
@Y, abe.en. % . N
2 PN, abs. units 4,8+0,3 5,4+0,3 5,6+0,34
AM, x10°kn/mn v
AM, x10° cells/ml 0,65+0,04 0,76 £0,05 0,52+0,03*
DU, % *
PlL'% 72,1+4,3 75,7+4,5 88,7+5,3
@Y, abc.en. . N
3 PN, abs. units 3,9+0,3 5,1+0,3 5,2+0,3
AM, x108kn/mn ¥ *
AM, x10¢ cells/m| | 0-66+0.04 0,67+0,04' | 0,45+0,03
0,
Pl 68,3441 842450 | 77,8+4,6"
, /0
Y, abce.en. M
4 PN, abs. units 3,6+0,2 4,6+0,3 4,2+0,3
AM, x108kn/mn *4
AM, x10° cells/ml 0,71+0,04 0,81+0,05 0,62+0,037
DU, %
Pl % 71,1+4,2 75,9£4,5 -
@Y, abe.en. .
5 PN, abs. units 3202 50+0,3 h
AM, x108 kn/mn *
AM, x10° cells/ml 0,68+0,048 0,5+0,03 -
DU, %
Pl, % 73.8+4.,4 78,1+4,7 -
@Y, abe.en. .
6 PN, abs. units 3.5+0.2 48x03 :
AM, x10°kn/mn
AM, %108 cells/ml 0,71+0,05 0,54+0,03 -
DU, %
Pl, % 68,1+4,0 - R
7
NHTaKTHbIE
wnsorae | g s | 34202 : -
Intact ! :
animals .
AM, x10¢kn/mn
AM, x10¢ cells/m| | 065+0.04 - -

MpumevaHus: AM — abcomntoTHOe YMCno anbBeonspHbIX Makpodaros B BAJ
MbILLUENR;Pa3nnyns 3Ha4YMMbl MO CPABHEHMIO C: * — MWHTaKTHbIM KOHTponem (rpyn-
na7), #— rpynnon 6 Ha 7-e CyTKM nocne MHMOULMPOBaHWA BMPYCOM rpunna
A/Buktopus (p < 0,05).

Note: AM — number of alveolar macrophages in BAL of mice; the differences are
significant if compared with: * — intact control (group 7); # — group 6 to the 7" day
after infection (p < 0.05).
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OJHOBPEMEHHO U pELENTOPAMH aIr€3U1 KOMIUIEMEH-
Ta, cBs3bIBaomIero C3-KoMIMOHEHT KOMILIeMeHTa [9].

Conepxanne CD11b"-knetok B BAJI y KOHTpOIIB-
HBIX MbIILEH rpynn 1-6 10 nHGUIMPOBaHUS BUPYCOM
3HaYMMO HE OTIMYAETCS OT AAHHOTO TOKa3aress UH-
TaKTHOTO KOHTPOJIs (prc. 5). CpeaHsss HHTEHCHBHOCTD
¢yopecuennmu (CH®) B konTposie rpynms! 1 Ha 65%
ObLITa BBIIIIC 3HAYCHNUH HHTAKTHOTO KOHTPOJIsA (puc. 6).
Takoe noseimeHne CU® M0oKHO OOBSICHUTH yBEITUYE-
HHEM YHUCIIa peUenTopoB Ha KieTkax bAJI, yTo mo3Bo-
JIUITO KJIETKAM JKUBOTHBIX 3THX rpynn 3¢ dekruBuee
pearupoBath Ha IaTOreH MPU UHOUIIMPOBAHUH KHUBOT-
HBIX.

Tak, mpu uccnenoBanuu conepxanus CD11b-kie-
Tok 1 CU®D Ha 7-¢ cyTKH 1mociae nHPUITUPOBAHIS JIe-
TaJlbHOM 10301 BUpYyca Ipulna y Mbliei rpynmn 1-4 B
BAJI HaOmioganu yBenmu4YeHHE KOHIEHTPAIMH ITHX
KJIETOK IO CPaBHEHHUIO C MHTAKTHBIM KOHTPOJIEM
(puc. 5, 6). OT0 MOXKET OBITH CBS3aHO C MOBBIIICHHON
HaNpsHKEHHOCTHIO (harouuTapHOH aKTHBHOCTH B ITPO-
necce GOpMUPOBaHMUSI MIMMYHHOTO oTBeTa. Y HMH(U-
LMPOBAaHHBIX MBIIIEH rpynn 5 1 6 Ha 7-€ CyTKH KOJIH-
gectBo CD11b*-kiterok B BAJI 6bu10 Hike, a CUD
BBIIIE, YEM B HHTAKTHOM KOHTPOJIE, YTO MOXKET OBITH
CBSI3aHO C THOENbI0 (GarouuTOB U KOMIIEHCATOPHBIM
YBEIMYEHHEM KOJIMYECTBa PELENTOPOB aare3uu Ha
aJbBEONISIPHBIX Makpodarax mpu GpopMuUpoOBaHNHU
MMMYHHOMH 3allIUTEHI.

Ha 14-e cyTku nmocne HHQUUUPOBAHHS TPUIIIIOM Y
MblImiei rpymis! 1 konmuaectBo CD11b*-knerok u CUD
B BAJI npeBrlnanyu mnoxka3areiad MHTAKTHOIO KOHT-
pons. B rpymnme 2 conepxanne CD11b*-knerok B BAJI
WHOUIUPOBAHHBIX )KUBOTHBIX OBIJIO TAKUM, KaK U J10
nHumposanws, a CU® B 2 paza Oblia BBIIIE HHTAKT-
Horo koHTpoJs. Komudectso CD11b*-kneTok y uadpH-
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Puc. 4. AGcontoTHbIM Noka3aTtenb harouMTapHOn akTuB-
HOCTM anbBeOonsApHbIX MakpodaroB y Mbillen 4O 1 nocrne
WHMLmpoBaHusa Bupycom rpunna A/Buktopus: O - go
uHdwnuuposarns; O - Ha 7-e cyTkn nocne MHULMPO-
BaHusa; M- Ha 14-e cyTkM nocne MHPUUUPOBAHUS.
Pasnuuuna 3Hauynmbl MO CpaBHEHUIO C: * — MHTAKTHbLIM
KOHTponeM (rpynna 7); #— rpynnoi 6 Ha 7-e cyTku nocne
MHmumpoBanus (p < 0,05).

Fig. 4. Absolute index of phagocytic activity of alveolar
macrophages in mice prior to and after infection with influ-
enza virus A/Victoria: [0 - prior to infection; O - to the 7" day
after infection; M - to the 14" day after infection. The differ-
ences are significant if compared with: * — intact control
(group 7); #—group 6 to the 7" day after infection (p < 0.05).

of macrophages were significantly higher (p < 0.05)
than the control values. These changes may testify to
activation of reparation processes, since the cells of
MPS contribute not only to elimination of pathogens in
an organism, but to removal of cell remnants, left after
their death due to viral expansion. In the groups 2 and
3 the indices of PN and PI in infected animals in this
observation period exceeded the group control indices
(p < 0.05), however, the total index of phagocytic
activity of alveolar macrophages was not significantly
differed from the indices of the intact animals, that
may be stipulated by reduced content of macrophages
in the BAL. In the infected mice of the group 4 an in-
creased PI was preserved in this period, but PN and
AIPA were the same as in the group 7.

Performing this research we established concent-
ration of the cells, containing CD11b receptor (Mac-1,
CR3), which along with receptor function fulfilled the
role of molecule of cell-cell adhesion [9]. It is directly
involved to cell migration, cell-mediated cytotoxicity,
phagocytosis of iC3b opsonized particles, chemotaxis
and cell activation. CD11b receptor mediates interaction
of bronchoalveolar cells, the receptors number on the
membrane of alveolar macrophages may vary at
different pathologies [10]. Initiation of Fc-mediated
cytotoxicity is possible only after activation of CD11b
adhesion receptors, which also are the complement
receptors, binding C3 component of the complement
[9].

The content of CD11b" cells in BAL in control mice
ofthe groups 1-6 prior to infection did not significantly
differ from this index of the intact control (Fig. 5).
Mean fluorescent intensity (MFT) in the group 1 control
was by 65% higher than intact control values (Fig. 6).
This increasing of MFI may be explained by the increa-
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Puc. 5. Konnyecteo CD11b*-knetok B BAJl y Mblwen go u
nocne nHduuMpoBaHusi Bupycom rpunna A/Buktopus: 00—
00 vHuumposarus; 00— Ha 7-e cyTku nocne MHUUMPO-
BaHusi; M- Ha 14-e cyTku nocne vHguumpoBaHusa. Pas-
NNYnSA 3HAYMMbI NO CPABHEHUIO C. * — NHTAKTHbIM KOHTPO-
newm (rpynna 7); #—rpynnow 6 Ha 7-e CyTku nocne nHuum-
poBaHus (p < 0,05).

Fig. 5. Number of CD11b*-cells in BAL of mice prior to and
after infection with influenza virus A/Victoria: [ - prior to
infection; O - to the 7" day after infection; Ml — to the 14" day
after infection. The differences are significant if compared
with: * — intact control (group 7); # — group 6 to the 7" day
after infection (p < 0.05).

IUPOBAHHBIX MBIIIEH rpymisl 3 0610 HIXKE, a CUD
BBINIE, UM B MHTAKTHOM KOHTpoOJIe, B rpymnme 4
koindectBo CD11b*-kieTok y MHQUIMPOBAaHHBIX KU~
BOTHBIX COBIAJANIO C MOKa3aTesleM KOHTPOJIBHBIX, a
CHU® mnpesplmana 3HaYSHUS] HUHTAKTHOTO KOHTPOJIS
(puc. 5, 6).

Taxkum oOpa3om, y HHOUUUPOBAHHBIX MBIIIEH
rpymi 5 u 6 OTMEYeHbI pa3BUTHE BEIPAKEHHOTO BOCIIa-
JUTEIHHOTO MpoIlecca B AbIXaTeNbHBIX MYTAX U (Hop-
MHUpPOBaHHE BTOPUYHOTO MMMYHOAE(HUINTA 3a CUET
CHIDKEHHS aKTUBHOCTH allbBEOJSIPHBIX Makpodaros
(cm. puc. 4). Y xuBOTHBIX Tpynm 1-3, KOTOpBIE TIO-
mygamm KJIKKY wmm ero KOMITOHEHTHI 32 6 MecsIIeB
10 MHOUIUPOBAHUS, NECTPYKTHUBHBIE U3MEHEHHS B
pecnupaTopHOM TpakTe ObUIM MEHee BBIPa)KeHBI, a
AKTUBHOCTP aJIbBEOJIIPHBIX MAaKpO(haroB, OTHOCSIIINX-
cs K (pakTopam HecnerupUIecKoil 3auThl, HE OTIIN-
Yanach OT MHTAKTHOTO KOHTpojs. Haubonpmuii 3a-
LIMTHBINA TOTEHIHANT OB OTMEUEH Y )KUBOTHBIX, IIpe-
BEHTHBHO MOJy4YaBIIUX HEePPaKIMOHUPOBAHHBIN
kJIKKY 1o uHpUIMpoBaHus BUPYCOM I'PHIIIIA.

B pa6ore Tumitany A.R. ef al. yka3zaHo, 4T0 y
Mbieit Balb/c, ncnoiap3yeMbIX B 3KCIIEPUMEHTE, TIpe-
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Puc. 6. CpeaHsasa MHTEHCUMBHOCTb rnyopecueHunmn
CD11b*-knetok B BAJl MbIWwel 4o 1 nocne MHULMPOBaHWSA
Bupycom rpunna A/Buktopusi: [ - go uHduumnposaHusi; O -
Ha 7-e cyTku nocne uHpuuuposarus; M- Ha 14-e cyTku
nocne nHUUMpoBaHus. Pa3nnuusa gocToBepHbl MO Cpas-
HEHWIO C: * — MHTaKTHbIM KOHTponeM (rpynna 7); #—rpynnon
6 Ha 7-e cyTku nocne uHdpuumposaHus (p < 0,05).

Fig. 6. Mean fluorescent intensity of CD11b* cells in BAL of
mice prior to and after infection with influenza virus A/Victo-
ria: O - prior to infection; O — to the 7™ day after infection; ll -
to the 14" day after infection. The differences are signifi-
cant if compared with: * — intact control (group 7); # — group
6 to the 7" day after infection (p < 0.05).

sed number of receptors in BAL cells, that could enable
the cells from animals of these groups to reveal patho-
gen more rapidly and effectively after infection intro-
duction.

In particular, assessment of the content of CD11b"
cells and MFT to the 7" day after infection introduction
with lethal doze of influenza virus in BAL of mice of
the groups 14 in revealed the increased concentration
of these cells if compared with the intact control (Fig.
5, 6). This may be associated with higher phagocytic
activity during immune response formation. In the
infected mice of the groups 5 and 6 to the 7" day the
number of CD11b" cells in BAL was lower, but MFI
was higher than in the intact control that may be
associated with death of phagocytes and compensatory
increase of adhesion receptors number in alveolar mac-
rophages during immune responce.

To the 14™ day after influenza virus infection intro-
duction in mice of the group 1 a number of CD11b*
cells and MFI in BAL exceeded the indices of intact
control. In the group 2 the content of CD11b" cells in
BAL was the same as prior to infectioning, but MFI
was 2 times higher than the one of the intact control.
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problems of cryobiology and cryomedicine
Tom/volume 23, Ne/issue 3, 2013



obnanarot Makpodaru ¢ peroruriom M2 [22], koTopbie
B €CTECTBEHHBIX JUISI HUX YCJIOBHX 00JaaatoT Oonee
BBICOKOM MUI'PaLlMOHHOM aKTUBHOCTBIO 110 CPAaBHEHHIO
¢ kjeTkamu ¢eHotuna M1, OTBETCTBEHHBIMH 3a
pa3BUTHE BOCMAIMUTEIBHOTO IMPOIIECca 3a CUET IPSIMO-
'O IIUTOTOKCHYECKOTO IEHCTBUS U MPOAYKIIUH TPOBOC-
MaJTUTENbHBIX IUTOKUHOB U XeMOKHHOB [21]. Makpo-
(baru ¢ peroTrnom M2 nmpenmMyImecTBEHHO OTBEYAIOT
3a (harouuTHpOBaHKE (HPArMEHTOB MOTUOIINX KIIETOK,
YTO ONPEAENAeT UX IEHTPATBHYIO POJIb B IIpOIeccax
PEMOAETNPOBAHMS U BOCCTAHOBJIEHUS TOBPEXKIEHHBIX
TkaHe# [19, 22]. Ha ocHOBaHWYU TOTyYEHHBIX HAMHU
JAHHBIX YCTAaHOBJIEHO, 4TO Ha 14-e CyTku nocie nHpH-
LMPOBAaHUA Y MBIIIEH TPyNIbl 1, KOTOPBIM BBOAMIN
HedpakironupoBanHbiii KJIKKY, B Oosbiiieit cTenenw,
YeM B IpyMIax MbIIIEH, TOTyYaBIINX OTIENBHO IUIa3-
My win sigpocoaepxkanue kinetku kJIKKY, ormeua-
Jlach akTUBALMs Makpodaros, QyHKIHOHAIBHO MpeI-
HAa3HAYEHHBIX AJIS pETYIUPOBaHUS BOCHAIUTEIBLHOTO
OTBETa M BOCCTAHOBJIEHNS HIMMYHHOTO TOMEOCTa3a.

Cumxenne sxkcnpeccunt CD11b Ha knetkax BAJI,
MIPUHUMAIOIINX Y4acTHEe B IMMYHHOM OTBETE, KOppe-
JIUPYET C THTEHCHBHOCTBIO BOCIAINTENIBHOTO IIPOLIEC-
ca B IErkux [6], HanboJiee BRIPaKEHHOM y HHPHIIUPO-
BaHHBIX MbIIeH rpynm 5 u 6. [loBeilieHne cTenenn
skcnpeccun CD11b y nHGUIMPOBAaHHBIX )KUBOTHBIX,
KOTOPBIM TpeaBapuTelbHO OblTH BBenaeHb KJIKKY
WM €r0 KOMIIOHEHTHI, UMEET MPSAMYIO 3aBUCUMOCTD
C TIOBBIIIICHHEM (harolMTapHON aKTHBHOCTH AJbBEO-
JISIPHBIX Makpo(aros.

N3BecTHO, 4TO HA IEPBBIX ITATax BHEAPEHHS I1aTO-
TeHa BEIyIIYIO POJIb UTPAIOT HecTienuduieckue Gax-
TOpPBI HMMYHOJIOTHYECKOH 3auThl [ 11, 15]. [ToaTomy
MIEPCIEKTUBHBIM HAIPABJICHUEM B METUIINHE SIBIISETCS
pa3paboTKa CPEACTB, HE TOIBKO CO3MAI0IIUX HMMYHO-
JIOTUYECKHI Oapbep Ha CIM3UCTHIX 000JI0YKAX IMOCIIe
MHTPAHA3aJIbHOTO BBEJICHUS, HO U MTOBBILIAIOIINX aK-
TUBHOCTh aJIbBEOJISIPHBIX MaKpo(aros, OTBETCTBEH-
HBIX 32 (GOPMHUPOBAHNE MECTHOW BOCHATHTEIHHOU
pEaKIyy B IbIXaTeIbHBIX MyTsX. Ha ocHOBaHMM nOITY-
YEHHBIX TAHHBIX MOYKHO 3aKJTIOYHTH, YTO IPEBEHTUBHO
BBeJIeHHBIN HedpakunonupoBanuslii KJIKKY B 601b-
I CTEeTIeHH, YEM €TO OT/EIbHbIE KOMITOHEHTHI, BIIHS-
€T Ha BBIPAXKEHHOCTH BOCTIAIUTEILHOM PEAKIIHH, MO-
OyIupyeT (paroquTapHyro aKTUBHOCTD aIbBEOJISIPHBIX
Makpodaros, MOBBIIIAs IKCITPECCHUIO PELIETITOPOB a-
re3sud Ha HHUX, oOecrieunBaeT GOpMHUPOBAaHUE AJCK-
BaTHOTO IMMYHHOTO OTBeTa Ha maroreH. [IpeBeHTHB-
Hoe BBeaeHune kJIKKY mpensrcrBoBano pa3BUTHIO
BTOPUYHOT'O UMMYHOJE(HUINTA Y IKCTIEPUMEHTAIBHBIX
YKIBOTHBIX 32 CYET PEryIHpPOBaHHA aKTHBHOCTH (haKToO-
poB Hecnenn(pUIECKOH 3aIUTHI (AJIbBEOIAPHBIX MaK-

podaros).
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The number of CD11b" cells in mice of the group 3
was lower and MFI was higher than in the intact control,
in the group 4 a number of CD11b" cells in infected
mice coincided with that in the control animals, and
MFI exceeded the intact values (Fig. 5, 6).

Thus, the mice of the groups 5 and 6 exhibited a
significant inflammatory process in respiratory pas-
sages and formed secondary immunodeficiency due
to reduction of alveolar macrophage activity (Fig. 4).
In the animals of the groups 1-3, which were treated
with cHCBL or its components 6 months prior to
infectioning, the destructive changes in respiratory tract
were less expressed and activity of alveolar macro-
phages, as a factor of non-specific protection did not
differ from the intact control. The highest protective
potential was revealed in the animals, which were
treated with unfractionated cHCBL prior to infection-
ing with influenza virus.

Tumitany et al. showed that experimental Balb/c
mice, had the prevailed content of macrophages with
M2 phenotype [22], which under natural conditions had
higher migration activity if compared with the cells of
M1 phenotype, responsible for development of inflam-
matory process due to a direct cytotoxic action and
production of anti-inflammatory cytokines and chemo-
kines [21]. Macrophages with M2 phenotype are re-
sponsible mainly for elimination of fragments of died
cells, that determine their central role in remodelling
and regeneration of injured tissues [19, 22]. Our results
showed that by the 14" day after infectioning in the
mice of the group 1 treated with unfractionated
cHCBL there was revealed activation of macrophages
which were functionally targeted for the control of
inflammatory response and immune balance resto-
ration and this was in a greater extent than in the
groups of mice, treated with solely plasma or nucleated
cells of cHCBL.

Reduction of CD11b expression in BAL cells, taking
part in immune response correlated with intensity of
inflammation in lungs which was the most expressed
in the infected mice of the groups 5 and 6. The increa-
sing of CD11b expression in infected animals pretrea-
ted with cHCBL or its components depended directly
on the increasing of phagocytic activity of alveolar
macrophages.

It is known that early stages of pathogen introduc-
tion are characterised with activity of non-specific fac-
tors of immunological defense [11, 15]. Therefore the
development of the medicines, which provide not only
an immune barrier in mucous membranes after intra-
nasal administration, but also increase the activity of
alveolar macrophages responsible for the formation of
local inflammatory response in respiratory passages is
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of great importance. Basing on the obtained results we
may conclude that preventively introduced unfractiona-
ted cHCBL affects the intensity of inflammatory res-
ponse, modulates phagocytic activity of alveolar macro-
phages by increasing the expression of their adhesion
receptors, provides the formation of adequate immune
response to pathogen in a greater extent than its indi-
vidual components. Preventive introduction of cHCBL
inhibited development of secondary immunodeficiency
in experimental animals due to the triggering of non-
specific protection factors (alveolar macrophages).

Conclusions

1. Preventive intranasal introduction of cHCBL or
its components modifies functional activity of alveolar
macrophages.

2. Application of unfractionated cHCBL increases
functional activity of alveolar macrophages during
development of viral infection in a greater extent than
its individual components.
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