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YPOBEHb UUTOKUHOB IL-6, IL-10, IL-18, TNFa.
B YCNOBUSAX TABAYHOW MHTOKCUKALIUM U NOCE
BBEAEHNA AMUHODTAJITUAPASUIA

Aapnugosckasa O.B.

DI'BOY BO «Yysawickuii eocydapcmeennuiii yHusepcumem umenu M. H. Yavanosa», e. Yeboxcapol, Yysauickas
Pecnybauxa, Poccus

Pesome. B oTBeT Ha moBpeskaamlive (pakTopbl BHICBOOOXKIAETCS KacKall IIMTOKMHOB, 3alyCKaIOIINX
Mpolecchl BocnajieHusi, hubporeHesa. Lleynb nccienoBaHuss — U3y4UTh YPOBeHb HUTOKMHOB — 1L-6, 1L-10,
IL-18, TNFo B 1uiasme KpoBHU B YCIIOBUSIX Ta0AYHO MHTOKCUKALIMU U TIPU BHYTPUMBIIIIEUHOM BBEICHUU
aMuHODTaITUApa3nIa.

B onbiTe ncnonb3oBano 40 6GecriopoaHbIX 0eabIX Kpbic-camioB. MHTakTHas rpynna (n = 10) — Haxonau-
JIMCh B 3aTpaBOYHOII Kamepe 0e3 TabauyHoro apiMa. OnbiTHBIE rpynnsbl (1, 2, 3) — n = 30, mo 10 XXMBOTHBIX
B Kaxnoii rpyrmne. IlepBasi 1 Bropasi TpyHIibl XXKMBOTHBIX HAXOAWJIMCh B YCIOBMSIX TA0AUHOIO JAbIMA OIUH U
nBa Mecsa. TpeTbeil ONBITHOM IPyIie BHYTPUMBbIILIEYHO BBOAWIM aMUHOAUTUAPOMTAIa3MHANOH HATPUsI B
teyeHue 3, 7, 14 gneit. Comepxkanue I1L-6, IL-10, IL-18, TNFa B nmiasme KpOBH OIPEAEISIA METOIOM M-
MyHO(EPMEHTHOTO aHaJIn3a.

B 1-ii rpynnie ypoBenb TNFa B 11azme KpoBu mnoBbicuics a0 452,14+176,18 nr/mu (Y MHTaKTHBIX —
15,23+£3,13 rir/mu1), Bo 2-i1 rpymne CHU3WICS MoKa3aTesb 10 9,8, B 3-i1 rpyrne — udpbl pe3KOo YBEIUYMINCH
1o 167,44%+5,93 nr/mi. YpoBeHb IL-6 ObUI caMbIM BBICOKUM I10CIE€ 4-MeCSIYHOI TabauyHOM MHTOKCUKALIMU
(3-a rpynna). Hurokun IL-10: B 1-ii rpynme uudpbl yBeIUYUInuch B 1,2 pasa, Bo 2-if 0OTMeYaJIOCh Pe3Koe
CHIDXXeHMe 1mokasaTesis B 13,7 pasa, B 3-11 rpynie — yMeHbIlIeHUE COIepKaHUsI LIMTOKMHA B IJ1a3Me KPOBU B
28,8 pa3a mo cpaBHEHUIO C MHTAKTHBIMU XUBOTHBIMU. [1ociie BBeneHUs aMuHOAUTUAPpOGTaIa3MHANOHA Ha-
Tpus B TeyeHue 3 u 7 nHeit cogepxkanue TNFa pe3ko yBenumumiioch B 14,8 paza u B 7,6 pa3a; yepe3 14 qHeit
npumMeHeHus Tnpenapata yposeHb TNFo ymeHbimics B 1,3 pa3a mo cpaBHEHUIO C MHTAKTHBIMU KMBOTHbI-
mu. OTMeUYeHBI KoJie0aHus IToKa3aTelieil MPOBOCITaINTENbHBIX HIUTOKUHOB — IL-6 n IL-18. ¥Yposens IL-10 B
IUIa3Me KPOBU UMeEJI CTaTUCTUYSCKM 3HAYMMOE MOBbIIIIEHUE TTI0Ka3aTesis B 5,3 pa3a uepes 3 IHs I10CJie BBee-
HU TIpernapara; B 8,2 pa3a yepe3 7 JHE 1mociie IpUMeHEeHUs aMUHOAUTUApodTaJa3suHIMOoHa HATPUA U B 23
paza nocie 14 nHeit akcriepuMeHTa (CpaBHEHUE IToKa3aTeneil ¢ 3-ii rpyIioii).

B ycinoBusix TabayHoOit MHTOKCHUKALIMKU u3dMeHsieTcs KoHueHTpauus TNFa, IL-6, IL-10, IL-18. UMMyH-
HBbIiA OTBET O0YCJIOBJICH ITOBBIIIEHEM YPOBHSI IPOBOCHAIUTENbHBIX HUTOKMHOB B IJIa3Me KpoBU. B ycioBu-
SIX KOPPEKLIMY aMUHOIUTUAPOMTATa3MHAMOHOM HATPUSI IIPOUCXOAUT YBEIUYEHUE IPOTUBOBOCIAIUTEIbHO-
ro uutoknHa — IL-10 npu cucremHoM cHmkeHun coaepxkanus TNFa, IL-6, IL-18.
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PLASMA LEVELS OF IL-6, IL-10, IL-18, TNFo. UNDER

THE CONDITIONS OF TOBACCO INTOXICATION AND AFTER
TREATMENT WITH AMINOPHTHALHYDRAZIDE

Alpidovskaya O.V.

1. Ulyanov Chuvash State University, Cheboksary, Chuvash Republic, Russian Federation

Meoduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

Abstract. In response to damaging factors, a cascade of cytokines is released, triggering the processes of
inflammation and fibrogenesis. The purpose of our study was to evaluate the levels of cytokines (IL-6, IL-10,
IL-18, TNFa) in blood plasma under conditions of tobacco intoxication and with intramuscular administration
of aminophthalhydrazide.

The experiment was performed with 40 outbred white male rats. Intact group (n = 10) were in a priming
chamber in absence of tobacco smoke. Experimental groups (1, 2, and 3) — n = 30, 10 animals in each group.
The first and second groups of animals were exposed to tobacco smoke for one and two months. The third
experimental group underwent intramuscular injections with sodium aminodihydrophthalazindione for 3, 7,
14 days. The content of IL-6, IL-10, IL-18, TNFa in blood plasma was determined by enzyme immunoassay
technique.

In 1% group, the TNFa level in blood plasma increased to 452.14+176.18 pg/mL (in intact animals,
15.23+3.13 pg/mL); in the 2™ group, this index decreased to 9.8; in group 3, these values showed a sharp
increase (to 167.44+5.93 pg/mL). The level of IL-6 showed maximal values after 4 months of tobacco
intoxication (group 3). The following IL-10 changes were observed: in the 1 group, its amounts increased by
1.2-fold; in the 2" group a sharp decrease in the indindex was noted (13.7 times); in the 3™ group a decreased
content of the cytokine was found (28.8 times) as compared with intact animals. After administration of
aminodihydrophthalazinedione for 3 and 7 days, the content of TNFa showed sharp increas (14.8 times and
7.6 times, respectively); after 14 days of treatment, the level of TNFa decreased by 1.3 times compared to intact
animals. We noted fluctuations in the levels of pro-inflammatory cytokines (IL-6 and I1L-18). The level of IL-10
in blood plasma had a statistically significant increase (5.3-fold at 3 days after drug administration); 8.2-fold 7
days after administration of the drug, and 23-fold after 14 days of treatment, as compared with the 3™ group.

The plasma concentrations of TNFa., IL-6, IL-10, IL-18 showed sufficient changes under the conditions of
tobacco intoxication. The immune response is characterized by increased levels of pro-inflammatory cytokines
in blood plasma. Upon corrective therapy with sodium aminodihydrophthalazindione, an increase in the anti-
inflammatory IL-10 cytokine occurs, along with systemic decrease in the TNFa, IL-6, and IL-18 contents.

Keywords: IL-6, IL-10, IL-18, TNFo., tobacco intoxication, aminophthalhydrazide

Ocobas pyHKILMS 3TOTO OejKa 3aKII0vYaeTcs B Mpe-
JIOTBpAIlEeHUX YPE3MEPHON BOCHATUTEBHON peak-
U1, KOTOpast MMEEeT MaTOJIOTHICCKIT 3(p(deKT, Tak
KaK IIpY M30BITOYHOM BOCITAJICHUM MTPOMCXOIUT MO-
BpEeXXIEeHME 3M0POBbIX KIeToK. Ilenb uccienoBanus —
OLICHUTH YPOBEHb UTOKMHOB — IL-6, IL-10, IL-18,
TNFo B ycioBusix Ta0aUHOU MHTOKCUKALIUU U TIPU
BHYTPUMBIIIIEYHOM BBEACHUN aMUHOMTaATUAPA3UAA
B TeueHue 3, 7 u 14 cyTok.

BeegeHve

IMporpeccupyioiie MOBpeXIeHUsST TIEUeHU U
dopmupoBaHue (uUOpPo3a HeEpa3pbIBHO CBI3aHO C
WUMMYHHBIMU MEXaHU3MaMUd M XPOHUYECKUM BOC-
najeHueM, BKJIIoYasi aKTMBalUIO T-TMMMOIUTOB,
MoHo1uToB/Makpodaros [1, 2, 3, 4, 5]. B psae pa-
00T ObLIO MOKa3aHO, YTO HapylIeHUE CTPYKTYPhI
Me4YeHU MPU BUPYCHBIX M TOKCUYECKUX ITOPAKEHUSIX
3a4acTylOo CBSI3aHBl C M3MEHEHUWEM KOHIIEHTpalluKu
LHUTOKUHOB [6, 7, 8]. MI3BeCcTHO, YTO TIPOBOCITAIM-
TEeJIbHBI LIMTOKMH — IL-6 siBasercss MeanaTopom

Matepuans! 1 MeTogbl

OCTPOTO BOCIAJICHUSI, aKTUBUPYET OCJKU OCTPOU
da3bl, KJIeTKU UMMYHHOI CUCTeMbl M Makpodaru,
CITIOCOOCTBYs Tpoaudepalny KJIETOK eYeHu U Pu-
opo3y [3]. TNFo — cuHTEe3upyeTcss MOHOLMTAMU
u Makpodaramu, ctumynupyet npoaykouio IL-1,
I1L-6, 1L-8. Huroxkun IL-10 saBiasercss IpoTHUBO-
BOCTHIAJIMTEJIBHBIM, 00pa3yeTcsi B MOHOIIUTAX W Ma-
Kpodarax, B MEHBIIIC CTeIIeHW — B JIMMMOIIMTAX.

B omnbiTe ncronb3oBaHo 50 6eCIOPOAHBIX OEJIBIX
KPBIC-CaMIIOB, KOTOPBIX pa3ie/Iind Ha CIeAyIolie
rpynnel: uHTakTHas (n = 10) — HaxoaAWIUCh B 3a-
TpaBOYHOI KaMepe 6e3 TabauyHOro apiMa. OTIBITHBIC
rpyrasl (1, 2, 3) (n = 30, mo 10 XXMBOTHBIX B KaxX-
JIOW TpymIie) — HaXOAWJIWCh B TabAa4HOM JIbIME Ha
npotskeHun — 1, 2, 4 MecsueB (aBa pa3a B IEHb).
st onbITOB MpUMeHsiiach kamepa — V = 0,3 M3, B
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H3menenue yumoxunos Ha pone mabauHol UHMOKCUKAUUU U UX KOPPEKUUS
Cytokine level in tobacco intoxication and drug correction

KOTOPOW MPOUCXOAMIIO 3aIbIMJIIEHUE TIPU CTOPaHUN
curapeT. TpeTbell ONBITHOM rpymre ((KUBOTHBIE Ha-
XOIMJUCH B 3aTPaBOYHOM Kamepe 4 Mecsiiia) BBOAU-
JIM BHYTPUMBIIIEYHO aMUHOAUTUAPOMTAIIa3UHIANOH
HaTpus B TeueHue 3, 7, 14 gHel.

Copepxanue 1L-6, IL-10, IL-18, TNFo B ruias-
Me KPOBHU OMNBITHBIX >KMBOTHBIX OINpPEAessiiu METO-
IOM HMMYHOMEPMEHTHOTO aHaju3a C TOMOIIbIO
npubopa Lazurite Automated Elisa System (Dynex
Technologies Inc., CIIIA) cornacHO WHCTPYKUUU
TTPOU3BOIUTEIIS.

DTHYecKas IKCIepTU3a

DKCIIEPpUMEHThl OCHOBBIBAJIM Ha NPUHIIMIIAX
TYMaHHOCTH, M3I0XeHHBIXx B JupektmBe CoBeTa
EBponeiickoro Cotoza (86/609/EDC), a Takxke B
T'OCT P 53434-2009 ot 1 mapta 2010 r. «ITpuHuM-
nbl HaAJEXallel 1adopaTopHOIl MpakKTUKU» (MIeH-
TnueH GLP OECD). IlpoBeneHue skcriepuMeHTa
OI00pPEeHO 3TUIYECKUM KOMUTETOM MapuiicKoro ro-
CydapCTBEHHOro yHHUBepcuTeTa (IIpoToKoa Ne 1 oT
28.04.2023 1).

CraTtuctudeckasi oopadboTka MpoBOAUIACH B TIPO-
rpamme Statistica 10 (StatSoft Inc., CIIIA). Pesynb-
TaThl OLICHWBAJIMCHh HEIlapaMETPUICCKUM METOIOM
ManHa—YuTHU.

PesynbTathl 1 06CyXaeHue

B ycnoBusx TabauHOT MHTOKCHKAIIMKA OTMEYa-
JIOCh U3MEHEHHE IIUTOKMHOBOTO MPOMUJISI: Y OITBIT-

HBIX >KMBOTHBIX IPOMCXOJWIO TOBBIIIEHUE KOH-
neHtpauuu TNFa B miasme KpoBu B 1-0ii rpymme
nokasartejab coctaBui — 452,14+176,18 nr/ma (y
MHTAKTHBIX — 15,23%3,13 rir/mit), Bo 2-ii TPyMIThI —
CHU3MJICS moKazartesb 10 9,8, B 3-i1 rpyIirne — pe3ko
mudpsl yBemuauinch no 167,44+5,93 nr/mi. Ypo-
BeHb [L-6 ObUI caMbIM BBICOKUM I10CJIE 4-MECSUHOM
TabayHO MHTOKCUKALIMK (3-5 rpyrmna) [6], rucrojio-
TUYECKU B NEYEHU ONPEeISIIUCh NPU3HaAKU (hUOpo-
3a [I—III. TIIpoTuBoBOCTIAIUTENbHBIN LIUTOKUH IL-10
uMeJl 3HAaUYUMble U3MEHEeHUs: B 1-i rpynne nudpbl
yBeJMUYMIUCH B 1,2 paza, BO 2-Ii 0TMeUaaoch pe3Koe
CHUXXKeHUE noka3zarens B 13,7 pasa, B 3-if rpynne —
JIaJIbHEN1Iee YMEHBIIIEHUE COAEPXKaHUS [IUTOKUHA B
nja3Me KpoBu B 28,8 pasza 1o cpaBHEHUIO C MHTaKT-
HBIMU XKUBOTHBIMU (TabJ1. 1). MOXHO OTMETHUTB, YTO
TabayHasi UHTOKCUKAIIUS BBI3bIBAET CTATUCTUYECKU
3HaunMoe yMeHblieHue IL-10 B mia3me KpoBu yepes
2 1 4 Mecs1a 3KCIIepMMEHTa B CPAaBHEHUU C TToKa3a-
TEeJSIMU UHTAKTHOU rpyniibl. HauMmeHbie nuamene-
HUs KocHyuch 1L-18 (Tadn. 1).

IMlocne BBemeHUSI aMUHOIUTUAPOMTATIA3MHINO-
Ha HaTpusl B TeueHue 3 u 7 mHEeil comepxkaHue 1u-
TOKWAHOB CTAaTUCTUYECKM 3HAYUMO M3MEHUJIOCH:
TNFa pesko yBennumics B 14,8 pasa u B 7,6 pasa
COOTBETCTBEHHO; 4yepe3 14 mHeit mpuMeHEHUs mpe-
napata ypoBeHb TNFo ymenbmmicsa B 1,3 pasa mo
CPaBHEHUIO C MHTAKTHBIMH XKUBOTHBIMU. OTMEYCHBI
KOJICOaHUST TTOKa3aTesicii ITPOBOCITATUTEIBHBIX IIM-
TOKMHOB — IL-6 u IL-18 (Ta6xa. 1). Yposens 1L-10 B

TABJINLA 1. YPOBEHb LIMTOKMHOB B NIIASME KPOBU OMNbITHBIX XMBOTHbIX
TABLE 1. LEVEL OF CYTOKINES IN THE BLOOD PLASMA OF EXPERIMENTAL ANIMALS

TNFo, nrimn
TNFa, pg/mL

OnbITHbIE XXUBOTHbLIE
Experienced animals

IL-6, nr/mn
IL-6, pg/mL

IL-10, nr/mn
IL-10, pg/mL

IL-18, nr/mn
IL-18, pg/mL

UHTakTHas rpynna

15,23+3,13
Intact group

38,07+6,71 3489,04+£146,09 5,89+1,63

1-a rpynna/ 1%t group 452,14+176,18*

56,33+15,73" | 4531,32+122,15* 7,65+0,21*

2-a rpynna / 2™ group 9,80+1,15*

47,88+7,84* 254,87+9,79* 8,89+0,76*

3-a rpynna / 3" group 167,44+5,93*

96,18+3,57* 121,11+38,22* 6,98+0,52*

BBepeHue
amuHoaurngpodTanasnHguoHa
HaTpusi B Te4yeHue 3 gHen
Administration of aminodihydro-
phthalazinedione sodium for 3 days

224,80+24,78*

58,22+2,31* 652,13+321,21* 6,13+0,44*

BBeaeHue
amuHoaurnapodTanasnHauoHa
HaTpusA B Te4YeHue 7 gHen
Administration of aminodihydro-
phthalazinedione sodium for 7 days

113,22+10,67*

102,32+7,23* 987,22+98,12* 9,34+2,76

BBegeHue
amuHoaurmapocdTanasMHanoHa
HaTpusi B TeyeHue 14 gHen
Administration of aminodihydro-
phthalazinedione sodium for 3 days

11,35+0,33*

134,4545,71% 2786,70+36,15* 6,97+1,89*

MpumeyaHue. * — cTaTUCTUYECKU 3HAYUMbIE Pa3fIMynUA C MUHTaKTHoM rpynnou (p < 0,05).

Note. *, statistically significant differences with the intact group (p < 0.05).
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Ta3Me KPOBU MMEJ CTaTUCTHUYCCKU 3HAYMMOE IT0-
BbIlIIEHME MoKa3aress B 5,3 pasza yepe3 3 JHS Tocjie
BBeICHUS IIperrapaTa; B 8,2 pasa 4yepe3 7 THEH I10-
clie TpUMEHEHUSI aMHHOOUTHAPOdTATa3nHANOHA
HaTpus 1 B 23 pa3za 1ociie 14 mHell sKcIiepruMeHTa
(cpaBHEHMe TTOKa3aTeye ¢ 3-1 rpymnmoii).

HMcxons m3 moiaydyeHHBIX TaHHBIX MOXHO OTMeE-
TUTb, UTO B OTBET Ha TaOAYHYIO MHTOKCUKAIIMIO TIPO-
MCXOJIUJIO TIOBBILLIEHUE B IJ1a3Me KPOBU YPOBHSI TIPO-
BocnanuTeabHbIX TNTOKMHOB: TNFa, IL-6 u IL-18
NpU OTHOBPEMEHHOM CHIDKEHUH TTIPOTUBOBOCITIATN-
teabHoro — IL-10. 3HauMMO MOBBLICUJICS IMTOKUH —
TNFa. M3BecTHO, uTO U30BITOUHBIN ypoBeHb TNFo
nociie 90% renaTs3KTOMUU TIPUBOIMI K HAPYIIIEHUIO
MUKPOLIMPKYJISIIUY B TKAHU TICYCHU W YTHETaJI pere-
HepatopHbeIii moreHIuan [4, 5]. TNFo cmocoocTBy-
eT TakKXKe THUMNEPIPOAYKIIMM ITPOBOCITAIMTEIBHBIX
murokuHoB (IL-1, 1L-6, I1L-18), ycuiuBaloiiue He-
KpO3 TeIaToLUTOB, aronTto3 u ¢puodporenes [10, 11].
OnHOBpPEMEHHOE MOBBIIIIEHUE COACPKaHUS MTPOBOC-
nanuteabHbIX TMTOKMHOB TNFo u I1L-6, oueBuaHO,
CBUJIETEJILCTBYET O COMNPSKEHHOCTH Mporpeccuu hu-
Opo3a ¢ akTUBaLIUEN T'yMOPaJIbHOIO 3B€HA UMMYHHO
cuctemsl [6, 7, 8]. Boicokuii ypoBeHb TNFo u I1L-18
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NpU XPOHUYECKUX 3a00J€BaHUSIX CITOCOOCTBYET IMO-
JIMOPTaHHON HEOOCTaTOUHOCTH, CTUMYJUPYS IIPO-
NYKIUIO aKTUBHBIX (DOPM KHCIOPOJa U OKCHla a30-
Ta, KOTOPbIE MOBPEXAAIOT KJIETKU OpraHoB. Beicokoe
comepkanue IL-18 B mia3sme KpoBHM yCUIMBAET TIPO-
BOCITAJIUTEbHBI UMMYHHbIN OTBET, MOBHILIAsI BbI-
pabotky TNFa u IL-1a.

IMocne BBeaeHNSI aMUHOAUTUAPOPTATa3UHANOHA
HaTpus MPOU3OIUIM 3HAYMMbIE U3MEHEHUS: MOHM-
sumioch cogepxkanue — TNFa, 1L-6 u 1L-18, a ypo-
BeHb IL-10 craTucTyecK 3HaYMMO TTOBBICUJICS.
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Takum 06pa3oM, BISIBJIEHO, UYTO B YCJIOBUSIX Tabay-
HOM MHTOKCHKALIMM OTMEYaloTCsl HapylIeHUs B IU-
TOKMHOBOM Mpoduie — U3MEHSIeTCSI KOHLIEHTpaLus
caenyrommx uutoknHoB: TNFa, 1L-6, 1L-10, IL-18.
M MMyHHEBIIT OTBET OOYCIIOBJICH ITOBBIIIICHUEM YPOBHS
MPOBOCHAIUTE/IbHBIX LIUTOKMHOB B IlJIa3M€ KPOBHU.
B ycnoBusIX KoppeKiuny aMUHOIUTUAPOPTATaA3NHIN-
OHOM HaTpusl MPOUCXOAUT YBEIUYEHUE MTPOTUBOBOC-
najuresibHoro nmurokuHa — IL-10 mpu cucteMHOM
cHkeHuu cogepxanust TNFa, 1L-6, 1L-18.
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