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Pesrome. AttetamnHodeH (ITapalieTaMoJI) — OIHO M3 HanboJiee pacIpoOCTPaHECHHBIX aHAJIBIe3UPYIOIINX
U aHTUITMPETUYECKUX CPENICTB, M3-3a YEro 4YacTO BO3HUKAIOT MEPeI03MPOBKU JaHHBIM IIpernapaToM, CBsI-
3aHHBIC C OCTPOU TeMaTOTOKCUIHOCTBIO M TTOCIEAYIOIINM pa3BUTHEM CUCTEMHOTIO BOCHAJICHUS, YXYOIIa-
IOLIIMM TIPOTHO3 s nauueHTa. [Ipu aToM crucTeMHOe BOCIajleHUE XapaKTepu3yeTcsl CUCTEMHOM aKTUBa-
el UMMYHHOI crucTeMbl. OIHAKO, IO JaHHBIM JIMTEPATyphl, CII¢ HENJOCTATOUHO M3yYeH BKJIAI Pa3HBIX
TUIIOB UMMYHHBIX KJICTOK B ITaTOT€HE3 OTPABJICHUS alleTAMUHOMEHOM, UTO M OMNPEIEIUIO 1IeIb JaHHOM!
pabotel. Llenb paboThl — OLIEHUTHh U3MEHEHMSI KOJUYeCTBa KJIETOK, aKcrpeccupylomux CD3*, CD207,
CD45* B TKaHsix opraHoB Mbiieii auHuu C57Bl/6 nipu ocTpoM oTpaBieHUM alieTamuHodeHoM. Mccie-
JIoBaHWe OBLIO BBIIIOJIHEHO Ha IMOJIOBO3pEJIbIX MblIax-camuax JuHun C57Bl1/6. Bo3pacT XKMBOTHBIX Ha
MOMEHT HaydaJla 3KcIlepuMeHTa cocTaBisl 10 Hegesrb. MBI ObUTH pa3nelieHbl Ha 2 TPYIIIHI 110 7 MBI-
el B Kaxaoii. B akcnepuMeHTalbHYIO TPYMIITY BXOAWIU XKMBOTHBIE, KOTOPHIM BBOAMJIM PAcTBOp aleTa-
muHodeHa (Sigma-Aldrich, CIIIA) B mo3e 600 Mr/kr B KoHlleHTpauu 14 mMr/mia. KOHTpoJIbHOI rpyriie
BBOIIIM 3KBUBAJICHTHBIN 00beM (DU3MOJIOTUUECKOTO pacTBopa. 2KMBOTHBIX BEIBOAWIN U3 3KCIEPUMEHTA
gepe3 24 gaca, TIPOBOMAS U3BSITUE BHYTPEHHUX OpTraHOB (TICYECHU, TTOYEK, MOIKEITYIOUHON Keae3bl, JIeT-
Kux, cepmaira). Jasg mpoBemeHUST MMMYHOTHCTOXMMUYECKOro mcciaemoBanuss Ha CD3*, CD20*, CD45*
OBbLIM MCHOJb30BaHbI IEPBUYHBIE KPOIUYbU aHTUTeNa KoMmnaHuil Sigma-Aldrich (CHIA, C7930), Thermo
Fisher Scientific (CILIA, PA5-16701), Abcam (Benuko6purtanusi, ab281586) ¢ pa3BeaeHUeM TUIIOEHTOM
(Leica Microsystems, Iepmanus). Bropuunble anTuTeNa 0bIN B3sIThl KoMmaHuu Thermo Fisher Scientific
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(CIIA, 31820). AHaiu3 oKpallleHHbIX CPE30B MPOBOAUIN Ha CBEeTOBOM MUKpockomne Leica DM2500 (Leica
Microsystems, I[epmanust) ¢ Buneokamepoii Leica DFC420 (Leica Microsystems, Iepmanus). Ctatuctu-
YyecKUi aHaaM3 JaHHBIX OCYILIECTBISJIM C MPUMEHEHUEM MporpaMMHOIo obOecrieueHus Statistica v.10
(Statsoft, CIIIA). IIpu ouenke coaepkanus CD20" kjieTok B TKaHsx opraHoB Mbiiueit C57Bl/6 Habmona-
JIM eAMHUYHBIE KJIEeTKU B moJjie 3peHusl. CTaTUCTUUECKU 3HAUYMMBIX Pa3IMuuil pu 3ToM 1o U-KpuUTepuio
MaHHa—YUTHU BbISIBJIEHO HE ObLIO, YTO TOBOPUT OO0 OTCYTCTBUHU BKjaajaa B-1uMM@OLIMTOB B MaroreHe3
OoTpaBJIeHUs alleTaMUHOMEeHOM B repBble 24 yaca. bbino omnpeneseHo CTaTUCTUYECKU 3HAYMMOE CHUXKE-
Hue koquuectBa CD3* kiteTok B TKaHU cepaia. Yepes3 24 yaca mocje BBeIeHUsI TOKCUKaAHTa OTMeYaeTcs
yBennuyeHue KoandectBa CD45" sakcrnpeccupyrImx MMMYHHBIX KJIETOK B EUYEHU, IPEUMYIIIECTBEHHO 3a
CUeT CErMEHTOSIIEPHBIX HelTpoduiaoB. TakuM 00pa3oM, B TIepBbIe CYTKH TTOCJIE OCTPOIO OTPAaBJICHUS alle-
TaMUHO(MEHOM y BKCIIepUMEHTAJIbLHBIX XKUBOTHBIX HE OTMedaeTcsl 3HaunMoro n3mMeHenuss CD3* u CD20*
9KCIIPECCUPYIOIINX KJIETOK B TKaHsIX. [1py 3TOM MPOUCXOAUT yBEIUYECHUE COAEePKAHUSI UMMYHHbBIX KJIETOK
K TKaHU TIeYeHHU, TIPEUMYIIECTBEHHO 3a CUYeT HENTPOhUIOB.

Knrouesovie crosa: auemaMLmod)eH, napauemamon, ompaeneHue, UMMYHHble KAemMKU, UMMYHON02UA, ﬂuMd)OL(umbl

IMMUNE CELLS IN EXPERIMENTAL MODEL OF ACUTE
POISONING WITH ACETAMINOPHEN
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Abstract. Acetaminophen (paracetamol) is one of the most common analgesic and antipyretic agents.
Therefore, the overdosage with this drug are often observed, being associated with acute hepatotoxicity and
systemic inflammation, worsening the clinical prognosis. In this case, systemic inflammation is characterised
by systemic activation of immune system. However, the contribution of different types of immune cells to
pathogenesis of acetaminophen poisoning has not been sufficiently studied thus determining the purpose of this
work. The aim of this study was to evaluate changes in the number of cells expressing CD3*, CD20*, CD45"
in organs of C57Bl/6 mice during acute acetaminophen poisoning. The study was performed with sexually
mature male C57BI/6 mice. The mice were divided into 2 groups of 7 mice in each group. The experimental
group included animals treated with acetaminophen solution (Sigma-Aldrich, USA) at a dose of 600 mg/kg
at (14 mg/mL). An equivalent volume of physiological solution was administered to the control group. The
animals were taken out of the experiment after 24 hours, and internal organs were removed. Primary rabbit
antibodies from Sigma-Aldrich (C7930), Thermo Fisher Scientific (PA5-16701), Abcam (ab281586) were used
for immunohistochemical study for CD3*, CD20*, CD45" cells. Secondary antibodies were purchased from
Thermo Fisher Scientific (31820). When assessing the content of CD20* cells in organ tissues of C57B1/6
mice, only single cells were observed in the field of view. Statistically significant differences were not revealed
by Mann—Whitney U test thus suggesting absence of B cell contribution to the pathogenesis of acetaminophen
poisoning in the first 24 hours. A statistically significant decrease in the number of CD3* cells in heart tissue
was determined. 24 hours after the toxicant administration, an increased number of CD45* expressing immune
cells was noted in liver, mainly, as segmented neutrophils. Hence, we did not found any significant changes in
cell numbers of CD3* and CD20* expressing cells in the studied tissues by 24 hours after acute acetaminophen
poisoning in experimental animals. At the same time, there is an increased content of immune cells in the liver
tissue, mainly due to neutrophils.

Keywords: acetaminophen, paracetamol, poisoning, immune cells, immunology, lymphocytes
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HmmynHble KaemKUu npu ompaséneHuu
Immune cells in experimental poisoning

Pabota BbInmoHEHA NMpU (DMHAHCOBOU MOIIEPXK-
ke rpanta PH® Ne 24-25-00469 «Pojib CUCTEMHOTO
BOCITQJICHUsI B TIATOTEHE3€¢ OTPABJICHUS alleTaMU-
HodeHoMm (N-aueTun-napa-aMUHO(MEHOJIOM)» U C
ucnonb3zoBaHueM obopynoBaHus LIKIT MuctutyTa
uMMyHosioruu u pusuoniornu YpO PAH.

BeeneHve

AttetamMrHOMEH (TTapalieTamMoj) — OTHO M3 Hal-
Oosiee PpacCMpPOCTPAHEHHBIX aHAJIbIEe3UPYIOIINX U
AHTUIIMPETUUECKUX CPENCTB, KOTOPBII BXOAUT B CO-
ctaB 6osiee 200 n1eKapCTBEHHBIX MpenapaToB, OTMY-
ckaembIx 0e3 peuenta [2]. M3-3a TaKOTro OOLIMPHOTO
WCIIOJIb30BAaHUSI YAaCTO BO3HUKAIOT TEPEIO3UPOBKU
NIAaHHBIM TIpeTiapaToM, CBsI3aHHBbIE C OCTPOW rera-
TOTOKCUYHOCTBIO M TIOCJIENYIOIIUM Pa3BUTUEM CH-
CTEMHOTO BOCTTAJICHUSI, YXY/IIAIOIIMM TPOTHO3 ISt
MalueHTa.

CucreMHOE BOCIAJIEHUE — 3TO MATOJIOTUYECKUIA
MpoLeCcC, Pa3BUBAIOIIUICSI TPU CUCTEMHOM MO-
BPEXICHUU M XapaKTePU3YIOIIUICS TOTaIbHOM BOC-
MaJuTeIbHOM PEaKTUBHOCTHIO IHIOTEIUOIUTOB,
TUTAa3MEHHBIX U KJIETOYHBIX (h)aKTOPOB KPOBU, COCTH -
HUTEJIbHOU TKaHU, a Ha 3aKJIOUMTEJIbHBIX dTarnax u
MUKPOILMPKYJISITOPHBIMU PACCTPOUCTBAMU B KU3-
HEHHO BaXXHbIX opraHax v TkaHsx [5]. [Tpu aTom cu-
CTEMHOE BOCIMAaJ€HUE XapaKTepU3yeTCs CUCTEMHOM
aKkTUBAalME UMMYHHO# cucteMbl. OMHAKO IO JaH-
HBIM JIUTEPATYpPHhI €llle HeJTOCTaTOUHO M3YYeH BKIaM
Pa3HbIX TUIIOB UMMYHHBIX KJIETOK B MaTOT€HE3 OT-
paBJieHUsI alleTaMUHOMEHOM, 4YTO W OIPEeNeJUIOo
eJib JaHHOU paOOTHI.

Ilea» wuccnenoBanus — OLEGHUTb W3MEHEHUS
KOJIMYeCcTBa KJIETOK, JKcrpeccupylommx CD3",
CD20*, CD45" B TKaHSIX OpraHOB MbIlIEH JUHUU
C57Bl/6 npu ocTpoM OTpaBJICHHUU alleTaMUHOMDe-
HOM.

MaTtepwuarbl 1 MeToabl

WccnenoBanuve ObLIO BBITIOJTHEHO Ha MOJIOBO3pe-
JIBIX MblIlIax-camiiax Juauu C57B1/6. Bospacr xu-
BOTHBIX HA MOMEHT Hayajla 3KCIIEpPUMEHTa COCTaB-
asn 10 Hemenb. Bce MaHUMYISIIMUA € XXKUBOTHBIMU
ObUTM TTPOU3BeIeHBI B BUBapuu MHCTUTYTa UMMYHO-
JIOTUU M (PU3NOIOTUN YpaJIbCKOro otnaeiaeHus Poc-
cuiickoit akagemuun Hayk (MWD YpO PAH). Opra-
HU3aIUs UCCIeIoBaHus OblIa 0100peHa 3TUYECKUM
komutretom ®I'BYH MNUD® YpO PAH, mporokon
Ne 04/22 ot 18 Hos10pst 2022 1.

MpIu ObLIM pa3aeeHbl HA 2 TPYMITLI 110 7 MbI-
1Iel B Kaxkaoii. B akcrepuMeHTalIbHYIO TPYIIITY BXO-
VTV KUBOTHBIE, KOTOPHIM BBOJIMJIN PACTBOP alleTa-
muHobeHa (Sigma-Aldrich, CIIIA) B no3e 600 Mr/kr

B KOHLICHTpauu 14 mr/mMi1. BEIOOp 103MpOBKYU Mpe-
napata ObLT 00YCJTOBJICH paHee MPOBSACHHBIMU MC-
cnegoBaHusmMu [1]. KoHTposbHOI rpyrine BBOAUIN
SKBUBAJEHTHBI O0BEM (PU3MOJOTUYECKOTO pacT-
BOpa.

ZKVMBOTHBIX BBIBOOAWJIN M3 IKCIEPUMEHTa 4depe3
24 4gaca ¢ uzodJaypaHoBbIM Hapko3oM (Laboratories
Karizoo, Mcnianust), mpoBOAs U3bITUE BHYTPEHHUX
OpraHoB (TIeUYeHM, TTIOYCK, TTOKETYIOUYHOM KeJIe3hl,
JIeTKux, cepaua). Jdagee mpousBoawind (uUKcalnio
opraHoB B 10% HeWTpaabHOM (hopMaiHe C Aajb-
HEHWIIE CTaHOAPTHOM THUCTOJIOTMYECKOM ITPOBOI-
KOl B aBTOMaTU3MPOBAaHHOM TKaHEBOM ITpOlieccope
Leica TP 1020 (Leica Microsystems, [epmanus). ITo-
cJie 4eTro TPOBOMWIN 3aJIMBKY KyCOYKOB OPTaHOB B
napaduH 1 U3TOTaBINBAIN TUCTOJOTUICCKUE CPE3bI
TOJIIIUHOM 2-3 MKM.

st  mpoBedeHUST WMMYHOTHMCTOXMMIYECKOTO
nccnenoanusg Ha CD3*, CD20*, CD45" 6buti nc-
TOJIb30BaHBI TTIEPBUYHBIC KPOJIWYbM aHTUTEIA KOM-
nanuii Sigma-Aldrich (CIHIA, C7930), Thermo
Fisher Scientific (CIIIA, PA5-16701), Abcam (Benu-
KoOpuTaHus, ab281586) ¢ pa3BeaeHUEM IUTIOEHTOM
(Leica Microsystems, IepmaHusi) B COOTHOIIICHUU
1:500, 1:100, 1:2000 cooTBeTcTBeHHO. BTOpuuHBIE
aHTuTesaa ObLIM B39Thl KoMmaHuu Thermo Fisher
Scientific (CILA, 31820) B pa3zBeneHuu 1:1000.

AHaJIu3 OKpallleHHBbIX CpPe30B IIPOBOAWIM Ha
cBeToBOoM Mukpockorie Leica DM2500 (Leica
Microsystems, IepmaHusi) ¢ Bumeokamepoii Leica
DFC420 (Leica Microsystems, ITepmanus). Cratu-
CTUUYECKMI aHaAJIN3 TaHHBIX OCYIIECTBIISLIU C IIPUMe-
HEHMEM ITporpaMMHOro obecrneueHus Statistica v. 10
(Statsoft, CIIIA).

PesynbTathl 1 06CyXaeHme

ITpu ouenke comepxkanuss CD20* kieToK B TKa-
HsAX opraHoB Mbieir C57Bl/6 HaGmomanu enu-
HUYHBIC KJICTKM B Tione 3peHus. CTaTUCTUYECKHN
3HAYMMbIX pas3inuuii npu 3ToM 1o U-Kpurepuio
ManHa—YUTHU BBISIBIIEHO HEe ObLIO, YTO TOBOPUT 00
OTCYTCTBMU BKJIaga B-1rMM@MOIIMTOB B maToreHes oT-
paBlIeHHIS alleTaMIHO(pEeHOM B TIepBhIe 24 Jaca.

Breu1o ompenesieHO CTaTUCTUYECKU 3HAYMMOE
cHkeHue koaudectBa CD3* KJIeTOK B TKaHU cepi-
ua (taba. 1). IIpu aTOM He oTMedaeTcsl U3BMEHEHUST
kojnuectBa CD3+ KJ1eTOK B TKAHU II€YE€HU, KaK OT-
meueHo y O. Krenkel u coaBr. [4].

Yepes 24 yaca 1ocJjie OCTpOro oTpaBJieHUs alleTa-
MUHOMEHOM Y 3KCIIEpUMEHTATBHBIX JKUBOTHBIX OT-
MeuaeTcsd yBeandeHue koaudectsa CD45" skcnpec-
CUPYIOIINX UMMYHHBIX KJIETOK B IedeHU (Tadi. 2),
MPEUMYIIECTBEHHO 3a CYET CErMEHTOSAEPHBIX HEli-
TpopmIoB. DT TAaHHBIE COOTHOCSTCS C TEM, UTO
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TABJALIA 1. COOEPXXAHUE CD3* KNETOK B TKAHAX OPFAHOB MbILLEN NUHAW C57BI1/6 NMPU OTPABNIEHUU

ALETAMUHO®EHOM, Me (Qq ,5-Q, 75)

TABLE 1. THE CONTENT OF CD3* CELLS IN THE TISSUES OF THE ORGANS OF THE MICE OF THE LINE C57BI/6 WITH

ACETAMINOPHEN POISONING, Me (Qg25-Qq75)

Ppynnet (Ne) KoHTponbHas (Ne 1) OkcnepumeHTanbHas (Ne 2)
Groups (No.) .
Control (No. 1) Experimental (No. 2)
OpraHbl _ _
n=7 n=7

Organs
MeyeHb 0,01 0,00
Liver (0,00-0,09) (0,00-0,00)
Moukn 0,01 0,00
Kidney (0,01-0,02) (0,00-0,02)
Jlerkne 0,31 0,06
Lung (0,03-0,39) (0,00-0,10)
MopxenynoyHas xenesa 0,01 0,00
Pancreas (0,01-0,04) (0,00-0,01)
Cepaoue 0,03 0,01
Heart (0,01-0,04)** (0,00-0,01)*

MpumeyaHue. CopgepxaHue KneTok paccumtaHo Ha 10 000 MKM? nonsi 3peHus. * — CTaTUCTUYECKU 3HAYMMbIE OTNIMYUA
(U-kputepuit MaHHa-YuTHuU, p < 0,05) ot rpynnbl Ne 1, ** — ctatuctmyecku sHauymmblie otnuumsa (U-kputepuin MaHHa—

YutHu, p < 0,05) ot rpynnsi Ne 2.

Note. The content of cells for 10,000 uM? fields of view is designed. *, statistically significant differences (Mann-Whitney U test,
p < 0.05) with group No. 1; **, statistically significant differences (Mann-Whitney U test, p < 0.05) with group No. 2.

TABINLIA 2. COOEPXXAHUE CD45* KNETOK B TKAHAX OPFAHOB MbILLEN NIMHWAK C578BI1/6 MPU OTPABJIEHUW

ALUETAMUHO®EHOM, Me (Q, ,5-Q; 75)

TABLE 2. THE CONTENT OF CD45* CELLS IN THE TISSUES OF THE ORGANS OF THE MICE OF THE LINE C57BI/6 WITH

ACETAMINOPHEN POISONING, Me (Q,-Qq 75)

Mpynnei (Ne) KoHtponbHas (Ne 1) AkcnepumeHTanbHas (Ne 2)
Groups (No.) :
Control (No. 1) Experimental (No. 2)
OpraHbl _ _
n=7 n=7

Organs
Me4yeHb 0,002 0,007
Liver (0,001-0,004)** (0,005-0,024)*
Moykn 0,001 0,001
Kidney (0,000-0,001) (0,001-0,001)
Nerkue 0,013 0,022
Lung (0,006-0,026) (0,015-0,024)
MopxenynoyHas xene3sa 0,000 0,00
Pancreas (0,000-0,000) (0,00-0,00)
Cepaue 0,000 0,000
Heart (0,000-0,000) (0,000-0,001)

MpumeyaHue. CM. npumeyaHue kK Tabnuue 1.

Note. As for Table 1.

HEUTPO(UIBI MUTPUPYIOT B II€YeHb K OodYaram Io-
BpexXaeHus TKaHu [4].

[Ipu 3TOM MOXHO OTMETUTh, YTO B JIEIKUX, [IOY-
Kax, MOKEJIyI0UYHOM XeJle3e, CepLe HE OTMEYaeTCs
3HAYMMBIX Pa3JIMUHNI TI0 COCTABY MMMYHHbBIX KJIIETOK.

DTO MOXKET OBITh CBSI3aHO C TeM, 4TO 24 yaca Io-
cJie BBeACHUSI TOKCUKAHTa — 3TO MEPexXoa OT CTaaun
paHHEro BOCCTAHOBJIEHUS K (pa3e pereHepanuy I1o-
cJie oTpaBiieHusI [ 3], TO eCTh 3aIyCKalOTCsI IIPOLIECCHI,
CBSI3aHHBIC C pa3pellicHueM 00J1acTell ITOBPEXKICHMSI.
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HeHust CD3" u CD20" sakcnpeccupyolmx KJIETOK

BbiBOAI

Takum 06pa3oM, B TepBble CYTKU MOCJIE OCTPOTO
OTpaBJICHUS alleTaMUHOMEHOM y IKCIIEPUMEHTATb-
HBIX YXMBOTHBIX HE OTMEUAeTCsl 3HAUMMOTO H3Me-

B TKaHsix. [Ipy 3TOM IPOUCXOOUT yBEIUYECHHUE CO-
Iep>XKaHUSI TMMYHHBIX KJIETOK B TKAHU TTEUCHU, TIpe-
MMYIIECTBEHHO 3a CYeT HEUTPO(DUIOB.
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