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OKCITEPUMEHTA AbHBIE MOAEAN ITEPUKAPAUTA

E.A. A030BCKA’, H.H. APEMIHA, C.b. HUIKI®OPOB, N.A. IIIYPHITVIHA

VIpKyTCcKuMit Hay4qHBII LIeHTP Xupypruu u tTpasmaroaorun, Vipkyrck, Poccuiickas ®Peaepanns

CraTbf NOCBALLEHA aKTyaNbHOM Npobaeme pa3sBuUTUA Py6LOBO-CNAEUHOTO NPOLLECCa NMPU ONepauuaX Ha CepaLe C Pa3BUTUEM OCNONKHEHUS B BUAE
aAre3vnBHOTO NepuKapauTa ¢ TpaHchopmaumein B 60see 0CIOKHEHHYIO GOPMY — KOHCTPUKTUBHbINM NepukapanT. OnucaHbl COKHOCTU NPOBEAEHMUA
NOBTOPHbIX OMEpaLMili Ha cepaLe M GpakTopbl MHMLMALMK CNAaeYHOro Npouecca B NepuKapae, STMONaToreHeTUYeckne mexaHusmbl GpubporeHesa c
Y4acCTMEM aKTMBHbIX MMMYHHbIX KNETOK W BbICBOBOMKAEHMEM MPOBOCMASITENbHBIX LIUTOKMHOB. MpoaHain3MpoBaHbl OCOBEHHOCTU Pa3BUTUA KOH-
CTPUKTUBHOTO NEPUKAPAMTA C YAaCTUYHOM AETann3aumii KNETOUYHbIX U MONIEKYAAPHbIX acreKToB B MpOLecce PemMogenvpoBaHva nepukapaa. Jaqa
OLEHKa NPUMEHAEMOMY CETOAHSA KOMM/IEKCY XMPYPTUYECKUX M TEPANeBTUYECKUX MEPONPUATUIA ANA NTPODUNAKTUKM OCIOKHEHUI NOC/E onepauuii Ha
cepaue. O60CHOBaHO aKTUBHOE UCMO/Ib30BAHWUE OPUTMHANBHBIX BUONOTMYECKUX TECT-CUCTEM B BUAE IKCMIEPUMEHTA/IBHDIX }KUBOTHBIX 418 MOHUMAHUA
MEXaHM3MOB Pa3BUTUA aAre3nBHOrO NepUKapanTa Noc/ie ONepaTMBHOTO BMELATENbCTBA HA CEPALE C LIe/bo AanbHenweit ux npodunaktvku. Npeg-
CTaB/EHO ONMUCAHUE Pa3NMUYHbIX IKCNEPUMEHTANbHBIX MOZENel CnaeyHoro npoLecca B Gopme NepukapanTa Npy onepaumax Ha OTKPLITOM cepaLe
Y Mbllen ¢ BBeAeHWEeM 6aKTepuanbHOro areHTa; TajbK-MHAYLMPOBAHHOIO NMepUKapamMTa y Mblleit, CBUHeN, cobaK, KPONMKOB, FeHepPUPOBAHHOMO
MHTpanepuKapananbHon MHbeKLMei 3umo3saHa A, akTMBaTOpa HYK/e0TU-CBA3bIBAIOLLErO JOMEHA, MEXaHUYECKUMMU METOAAMM aKTMBALLMM NepuKap-
[MTa. DKCNEePUMEHTa IbHble Pa3paboTKu B 3T 061aCTW NO3BONAT UCCNEA0BaATb NOTEHLMA/ HOBbIX OPUMMHA/bHbIX MPOTUBOCMAEUYHbIX IEKAPCTBEHHbIX
MONEKY/ C NePCNeKTUBOM UX UCMONBb30BAHUA B KAPAUOXMPYPIUYECKON NPaKTUKe.

KntoueBble cnoBa: onepayuu Ha cepoye, KOHCMPUKMUBHbIU nepukapoum, mexaHu3mMel hubpozeHesa, NPOPuUAGKMUKA Nepukapouma, sKcrnepumeH-
maneHsle Modenu nepuxkapouma.
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2023;25(4):520-6. https://doi.org/10.25005/2074-0581-2023-25-4-520-526

EXPERIMENTAL PERICARDITIS

E.A. LOZOVSKAYA, N.N. DREMINA, S.B. NIKIFOROV, I.A. SHURYGINA

Irkutsk Scientific Center for Surgery and Traumatology, Irkutsk, Russian Federation

The article discusses a pressing issue in cardiac surgery — the development of cicatricial adhesions and complications that arise from adhesive
pericarditis, which can transform into a more severe condition known as constrictive pericarditis. The article also delves into the challenges of
performing repeated cardiac surgery, the factors that trigger the adhesive process in the pericardium, and the etiopathogenetic mechanisms of
fibrogenesis. These mechanisms involve the participation of active immune cells and the release of proinflammatory cytokines. Specifically, the
article examines the features involved in the development of constrictive pericarditis, focusing on the cellular and molecular aspects of pericardial
remodeling. It also evaluates the surgical and therapeutic measures currently used to prevent complications after cardiac surgery. Using original
biological test systems involving experimental animals is advocated for a better understanding of the mechanisms underlying adhesive pericarditis
after cardiac surgery and the development of effective prevention strategies. A range of experimental models of adhesions caused by pericarditis
during open-heart surgery in mice is presented in this paper. The models include talc-induced pericarditis in mice, pigs, dogs, and rabbits, induced
through the intrapericardial injection of Zymosan A, a known activator of the nucleotide-binding domain leucine-rich repeat and pyrin-containing
protein 3 (NLRP3) inflammasome. Furthermore, the paper also covers mechanical methods of activation of pericarditis. These experimental models
will help researchers explore the potential of new anti-adhesion drug molecules, which can be used in cardiac surgery.
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MocneonepaumoHHbIi cnaeyHbln NPOLECC NPeaCTaBAAET OAHY The postoperative adhesive process is a significant issue in
M3 aKTyasbHbIX Npobnem xupypruv. B Kapamoxvupyprim npu onepa-  surgery, particularly in cardiac surgery. During open-heart sur-
LMAX Ha OTKPLITOM CEpPALE, Kak peakuus Ha onepaTvBHOE BMela-  gery, the pericardial layers undergo an inflammatory reaction as
TeNIbCTBO, BO3HWUKAET BOCMANUTE/IbHAA PeaKLMA IUCTKOB NepuKkapaa,  a response to the surgery. This reaction increases the risk of com-
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YBE/IMUMBASA PUCK NMOBTOPHbIX OMEPaLLMi U OCNOXKHEHUI TEYEHMA OC-
HoBHOro 3abonesaHua [1, 2]. Mpu afeKBaTHOWM XMPYPrMYecKomn Kop-
peKuun 3aboneBaHua cepaua B OTAANEHHbIE MOC/NEONEPALMOHHbIE
CPOKM BO3MOMKHO pa3BUTME afre3MBHOMO NepuKapamTa u TpaHcdop-
MaLms ero B KOHCTPUKTUBHbIN NEPUKAPAUT C TAXKENbIM TedeHuem [3].
CNoXHOCTU NpY NOBTOPHbIX ONEPaLMAX Ha CepALe CBA3aHbI C Hapy-
LUeHWEM BM3yaNMn3aLLMmM OPraHoOB CPEAOCTEHUS, MUSMEHEHMEM aHaTo-
MMWYECKUX CTPYKTYP, PUCKOM TPaBMaTM3aLMM BO BPEMA Kapauoausa
[4].

MoBpeXaeHWe aHAaTOMMYECKMX CTPYKTYP Cepaua Xupyprude-
CKMM MHCTPYMEHTOM, GpU3MYECKOE BO3AENCTBME, LOBHbI MaTepuan,
MHOEKLMOHHbBIN NPOLLECC, CTYCTKM KPOBU B OKOMIOCEPAEYHON CYMKe
NpeacTaBAoT GaKTopPbl PUCKA PA3BUTUSA CMAeYHOro mpouecca npu
onepaumax Ha cepaue [5], Kak U 1Ucnonb3oBaHWe B NocaeonepaLm-
OHHOM MNepUoAE aHTUKOAryNAHTHLIX cpeacTs [6]. Cneunduyecknm
baKkTopom B HOPMMPOBAHUM BHYTPUNEPUKAPAWANbHBIX CMAeK npu
onepaumMax Ha OTKPbITOM cepaLe ABNSAETCA MCMNO/Mb30BaHUE WCKYC-
CTBEHHOTO KpoBoobpaLLeHua [7, 8].

MoKa3aHo, YTO YacToTa MOBTOPHbIX OMepaLmit B Kapamoxmpyp-
rvm onpepensetcs oT 10 a0 20% oT 06Lwero KoaM4YecTsa onepaTBHbIX
BMELLATeNbCTB B rog, [9], netanbHocTb npu 3Tom coctasnset 9-15%
[10].

B nocneaHue roabl NosBWAOCH AOCTaTOYHOE YUCNO WUCCNEAO-
BaHMWM1, PacKpPbIBAOLLMX STUOIOTMYECKME M MATOFEHETUYECKME MeXa-
HM3MbI CNlae4yHOro npoLiecca B rpyaHol nonoctu [11]. Hapsay ¢ atum,
aKTVMBHO pa3pabaTbiBaloTcA M NPOPUAAKTUYECKME MEPONpPUATUS,
NPENATCTBYIOLLME 3TOMY OC/NIOMKHEHUIO MPK OMEPALLUAX HA OTKPLITOM
cepaue [12]. NaHHbIli 0630p AUTEPATYpPbl MMEET CBOEM LeNblo pac-
KPbITb MMEIOLLMECH IKCMEPUMEHTANIbHBIE UCCea0BaHMA B 061acTh
MOZENMPOBAHMA NEPUKAPANTA, C BOSMOMKHOCTbIO UCMOb30BaHUA MX
ONA NepcneKTUBHbIX Pa3paboToK NeKapCTBEHHbIX CPEACTB U Mepo-
NPUATUIA NO NPOPUNAKTUKE STOTO OCNIONKHEHUA.

M3BECTHO, YTO MO/IEKYNAPHbIE NATOreHEeTUYECKME MEXaHWU3MbI
¢dvbporeHesa ABNAOTCA 0BLWMMU 4157 BPIOWMHDI, NAEBPbI, NEPUKapP-
[a, TaK KaK ux cepo3Has 0b60/104Ka NpeacTaBieHa Me30TeNnabHbIM
anuTtennem [13], M xupypruyeckoe BMeLATeNbCTBO MHULMUPYET B HUX
eanHbIN mopdodyHKLMOHaNbHBIN npouecc [14]. MoBpexaeHne anu-
TENMANbHBIX UKW SHAOTENNANbHBIX KAETOK FeHepUpyeT aKkTUBALMIO
BOCMA/IMTENIbHON PEeaKLMMU C MPUBIEYEHNEM AKTMBHBIX MMMYHHbIX
KNETOK M BbICBOOOMKAEHWMEM NPOBOCMANIUTE/bHbIX LLUTOKMHOB (OCHOB-
HbIM U3 HUX sBAseTcA dakTop Hekposa onyxonn TNF-a [15]. UHTep-
neiiknnH-13 (IL-13) n dpakTop pocra B (TGF-B), yepes (Smad-3aBucumbie
1 He3aBUCKMMbIE) CUrHanbHble NyTu [16] akTnBMpyrOT dubporeHes. B
9KCNEPUMEHTE YCTAHOBNEHO, YTO ME30TENNA/IbHAA pereHepaLma Ha-
YMHAETCA B TeYeHue 24 YacoB Noc/ie TPaBMaTU3aLLMK C NOABAEHUA Ha
paHeBOVi NOBEPXHOCTU NOMYAALMM KKPYIbIX» KNETOK, U 3TOT NpoLece
OKaHUMBAETCA OpraHM3aLMelt HapyLweHHON NOBEPXHOCTH PaHbl Me30-
Te/IMaNbHbIMM KNeTKaMu B cpeaHem Ha 7-10 cyTkm [17].

KOHCTPUKTMBHDBIM NEPUKAPAUT YaCTo CBA3AH C HapyLLEHWEM ap-
XUTEKTOHUKU Me30TeNIMaNbHbIX KNeTOK, PEHOTUNMYECKUMM U3MEHE-
HUSMM 1 AecKBamMaumMei me3oTenuns, TpaHchopmaumei Ux oT «nio-
CKOM» K «KyboBUAHOW» HOpPME, aKTUBALMEN XEMOKMHOB, MONEKYN
aaresuu [18]. HenocpencTBeHHO € npoueccom TpaHcandpdepeHum-
POBKM TaKxke B3anMocBA3aH TGF-B v KOCTHbIA MoporeHeTUYecKmit
6enok 2 (BMP-2). NMokasaHo, yto TGF-B nosbiwan skcnpeccuto mPHK
KonnareHos | v Il B nepmKkapamanbHbiX MHTEPCTULMANBHDIX KNETKaX,
BK/IOYEHHBIX B CUHTE3 3KCTPALEN/IONAPHOTO MaTPUKCa M npoLecc
KanbUMPUKaLMM B NEPUKAPAE, @ TaKKe YMeHbLUaN KOHLEHTPaLuto
MPHK MmaTpuKcHO meTannonpoteasbl-2 U -9, peryaupys KAeTou-
HO-MOIEKYNAPHBIE MEXaHW3Mbl ¢pUBpOreHesa Yepes KOHTPO/b IKC-
NPeccumn reHoB, OTBETCTBEHHbIX 3a ¢pubpo3 [19].

plications of the underlying disease and the need for repeated
operations [1, 2]. Adhesive pericarditis can develop into constric-
tive pericarditis with a severe course if heart disease is not ade-
quately corrected through surgery in the long-term postoperative
period [3]. Difficulties in performing repeated cardiac surgery
arise due to impaired visualization of mediastinal organs, changes
in anatomical structures, and the risk of injury during cardiolysis
[4].

During cardiac surgery, the anatomical structures of the
heart can be damaged by surgical instrumentation, physical im-
pact, suture material, infectious process, or blood clots in the
pericardial sac. These are all risk factors that can lead to the de-
velopment of adhesions. Additionally, using anticoagulants in the
postoperative period can increase the risk of adhesion formation.
Another specific factor that contributes to the formation of intra-
pericardial adhesions during open heart surgery is the use of car-
diopulmonary bypass (CPB) [7, 8].

It has been reported that 10-20% of cardiac surgery patients
require re-operations yearly [9], with a mortality rate of 9-15%
[10].

Numerous recent studies have revealed the etiology and
pathogenesis of chest cavity adhesions [11]. As a result, preven-
tive measures are being developed to avoid complications during
open heart surgery [12]. This literature review aims to identify
experimental studies on pericarditis modeling to facilitate drug
development and prevention measures. It is known that the
pathogenetic mechanisms of fibrogenesis are common to the
peritoneum, pleura, and pericardium since their serous mem-
branes are made up of mesothelial epithelium [13], and surgical
interventions trigger the same morphofunctional process [14].
Activation of the inflammatory response occurs when epithelial
or endothelial cells are damaged, leading to the recruitment of
active immune cells and the release of proinflammatory cyto-
kines such as TNF-a [15]. Interleukin-13 (IL-13) and transforming
growth factor B (TGF-B) activate fibrogenesis through SMAD-de-
pendent and independent signaling pathways dependent and in-
dependent signaling pathways [16]. After a trauma, mesothelial
regeneration starts within 24 hours, as evidenced by the appear-
ance of a group of round-shaped cells on the wound surface. This
process typically concludes within 7-10 days as damaged meso-
thelial cells become organized on the wound surface [17].

Constrictive pericarditis cell morphology. The changes in-
clude the disintegration and exfoliation of the mesothelial cells
and their transformation from a flat to a cuboidal shape. It can
also lead to the activation of chemokines and adhesion molecules
[18]. TGF-B and bone morphogenetic protein 2 (BMP-2) are di-
rectly associated with transdifferentiation. Studies have shown
that TGF-B increases the expression of collagen | and Il mRNA,
which is crucial for synthesizing the extracellular matrix and calci-
fying process in the pericardium. Additionally, TGF-B reduces the
concentration of matrix metalloprotease-2 and -9 mRNA, regu-
lating the cellular and molecular mechanisms of fibrogenesis by
controlling the expression of genes responsible for fibrosis [19].

It is widely accepted that TGF-B plays a significant role in de-
veloping pericardial fibrosis by regulating the expression of extra-
cellular matrix components. The concentration of CTGF increases
during pericardial remodeling [20] as it stimulates fibronectin,
collagen type |, and PAI-1 in cardiac fibroblasts and myocytes
[21]. At the same time, CTGF, in contact with vascular endothelial
growth factor (VEGF), inhibits its angiogenic functions, confirming
their close interaction in the process of pericardial fibrogenesis
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O6BbEKTUBHO yTBEPKAAETCA, YTO TGF-P BbINONHAET 4OMUHUPYHO-
LLyto pPO/ib B Pa3BUTMM GpUBPO3a B NepuKapae, KOHTPOAUPYA SKCMpec-
CMI0 KOMMOHEHTOB BHEK/IETOYHOTO MaTpMKca. B npouecce pemogenu-
pOBaHWA NepuKapAa YBENMUMBAETCA KOHLEHTpauua daktopa pocTa
coeguHuTenbHol Tkanu (CTGF) [20], Tak kak CTGF akcnpeccupyetcs
B cepaeyHbix ¢dubpobnactax M cepaeyHbIX MUOLMTAX, CTUMYMPYSA
JanbHenwWwyto aKkcnpeccuio GbPOHEKTUHA, KonnareHa Tmna | u UHMm-
6uTOpa aKkTMBaTOPa NnasmmHoreHa-1 [21]. B 1o e Bpems CTGF, KoH-
TakTMpys ¢ GakTopom pocTa sHaoTenus cocynos (VEGF), nHrmbumpyer
€r0 aHrMoreHHble GyHKLMK, 0B6BEKTUBU3NPYA UX TECHOE B3aUMOEeN-
cTBME B npouecce dpnbporeHesa nepukapaa [22]. MpakTUYecku He uc-
CNefiloBaHHbIMM OCTAOTCA MEXaHU3Mbl, NpeaonpeaenaoLye Gopmu-
POBaHWE Pa3/IMYHbIX NO TOLLMHE CMAEK UK BaCKYNAPU3UPOBAHHDIX
CPALLEHWIA, KaK 1 MeXaHU3Mbl Ux perpeccuu [23].

CerogHa ana NpoduNaKTMKM CNaeyHoro npoLecca npv onepa-
LIMAX Ha OTKPLITOM CepALie aKTMBHO MPUMEHAIOTCA XMpypruyeckue
MeToAbl (ManoTpaBMaTUYHbIE ONEepPaTUBHbIE JOCTYMbl, NO3TAMNHbIN re-
MOCTa3), TepaneBTUYecK1e (KOMMIEKCHOE NPUMEHEHUE HECTEPOUS-
HbIX NPOTUBOBOCMAIUTE/NbHBIX CPEACTB, FOPMOHA/bHBIX NPenapaTos,
aHTMbMOTKKOB), dr3noneyeHne u Bruoaerpaampyemble NPUPOAHbIE,
CUMHTETUYECKME bapbepHble cpeacTsa [24-26].

HecmoTpa Ha uMetoLLeica nporpecc B U3y4eHUm CnaevyHoro npo-
Llecca, MHOrMe NPaKTUYecKne acneKTbl NPOPUAAKTUKM ITOMO OC/OXK-
HEHWA OCTalOTCA HEU3yYeHHbIMM, YTO NpeJonpeaenseT AabHeNLWnii
Hay4HbIM MOWCK PALMOHANbHBIX PELLIEHUI Ha OCHOBE 3KCMepUMEH-
Ta/IbHbIX MOZeNe pa3BuTUA pybLOBOro NpoLecca Npu onepaLmnax Ha
OTKPbITOM CepZLe Y 1abopaTOPHbIX }KUBOTHBbIX.

KasHaueesbim HH c coasT. (1988) 6bina pa3paboTtaHa aKcnepu-
MEHTa/IbHasA MOAe/b NepuKapamTa NyTém pasapaxeHus ¢pubposHoro
CNoA NepuKapaa Npu onepaTMBHOM BMeLLATENbCTBE TPaHCCTEPHaNb-
HbIM BBEAEHMEM MUKPOBHbBIX TEN 3010TUCTOrO CTadUIOKOKKa. benoi
KpblCe OCYLLEeCTBAANCA NPOKOA Tena rpyAvHbl Ha YpoBHE NpuKpene-
HUA yeTBEpToro pebepHoro xpaLa. anee B 3arpyAuHHYHO KNETYATKY
1 GVOPO3HBIV CNOV NepUKapaa BBOAUAUCH 25 MAPZA. MUKPOBHDBIX TEN
30/10TUCTOrO CTadUNOKOKKA (lWTamm 209P) Ha 1 Kr macchl KMBOTHO-
ro. Yepes 72 yaca KpbiCbl NNAHOBO BbIBOAWANCH U3 IKCMEPUMEHTA.
Mpw BCKPLITUM B MONOCTM NepuKapaa obHapyxunsanu 0,7 ma remop-
parMyecKkoro aKccyAata, Ha BHYTPEHHEM CEepO3HOM CNoe Nnepukapaa
UMenncb NNEHKM dubpuHa. CeposHblit cnoit Bbin GarpoBoro LBeTa,
CoCyApl paclWwupeHbl M nepenoiHeHbl KpoBbio. Matomopdonormye-
CKMe MCCNefoBaHUA NOATBEPAMAN HanuuMe npouecca BOCMaeHus,
XapaKTepum3yoLLeroca MHGUALTPALLMEN COEANHUTENBHON TKAHW Nen-
KOLMTaMM U MUrpaLMent MX Yepes CTEHKY cocyaos [27].

Kojima A et al (2019) paspabotanu TanbK-MHAYLMPOBAHHYIO
MOAeNb NepuKapAManbHbIX CMaeK Ha Mblax. BocbMuHenenbHbIm
CaMLUaM Mbilel MoA, UHFAaNALMOHHBIM HapKO30M Yepe3 BpioLHyto
NOJIOCTb CO CTOPOHbI Anadparmbl B NepUKapaMasbHOe NPOCTPAHCTBO
BBOAM/IM PACTBOP Ta/ibKa B Pa3/IMuHbIX A03MpOBKax. Yepes 1, 2 n 4
Heaenu nocne onepauuu NPOBOAWAN TUCTONOTUYECKOE UCCNEen0Ba-
HUWe TKaHel cepaua. YCTaHOBAEHO, YTO NpUMeHeHue 2,5 mr/r Tanb-
Ka NpW OAHOKPATHOW MHBEKLMM Yepes [Be Heflenu AeMOHCTpUpyeT
06BbEKTUBHBIN pe3ynbTaT GOpMUPOBAHUA NEPUKAPAMUANBHBIX CAEK Y
Mmblwei [28].

PacTBop Ta/bKa TaKKe BBOAWAN cObaKaM, CBUHbAM B NepuKap-
[ManbHOE MPOCTPAHCTBO MpPY OTKPLITON onepauuu Ha cepaue, YTo
cTMmynupoBano GopmupoBaHue BepuOULMPOBAHHOMO CMAEYHOro
nepukapauta [29].

Mauro A et al (2021) npeanoxuam HoByt 3KCNEPUMEHTANbHYIO
MOAEe/b OCTPOTo NEPUKAPANTA Y MbILLEN, UHAYLIMPYEMYIO MHTPanepu-
KapAuanbHoW vHbeKumMel 3umosaHa A, aKTMBaTOpa HYKeoTUA-CBA-
3bIBaOLLEro 4OMEHa, 6oraToro NeMUMHOM, U UHPIAMMACOMbI, BK/HO-
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[22]. The mechanisms that determine the formation and regres-
sion of adhesions, including vascularized adhesions, are poorly
understood [23].

Currently, during open heart surgery, various methods are
used to prevent adhesions, including minimally invasive surgical
approaches, staged hemostasis, a combination of non-steroidal
anti-inflammatory drugs, hormonal drugs, and antibiotics, phys-
ical therapy, and the use of biodegradable natural and synthetic
anti-adhesion barriers [24-26].

Although progress has been made in understanding the
adhesive process, many practical aspects of preventing this
complication have not been studied. This lack of data necessi-
tates further research using experimental models to understand
better the development of the scarring process in laboratory
animals during open-heart surgery. Kaznacheev NN et al (1988)
developed an experimental model of pericarditis by inoculating
Staphylococcus aureus into the fibrous layer of the pericardium
during surgery through transsternal injection. The procedure in-
volved puncturing the sternum of a white rat at the fourth costal
cartilage level. After that, 25 billion colony-forming units (CFU) of
Staphylococcus aureus strain 209P were injected per 1 kg of an-
imal weight into the retrosternal tissue and fibrous layer of the
pericardium. The rats were then removed from the experiment
after 72 hours. Upon autopsy, it was found that there was 0.7 ml
of hemorrhagic exudate in the pericardial cavity with fibrin films
present on the inner serous layer of the pericardium. The serous
layer had purple discoloration with dilated blood vessels filled
with blood. Morphological studies confirmed the presence of
an inflammatory process characterized by leukocytes infiltrating
connective tissue and their migration through the vascular wall
[27].

Kojima A et al (2019) created a model for talc-induced peri-
cardial adhesions in mice. The experiment involved administering
a talc solution of varying dosages to 8-week-old male mice un-
der inhalation anesthesia through the abdominal cavity into the
pericardial space from the diaphragm. Heart tissue histological
examination was conducted 1, 2, and 4 weeks after surgery. The
findings established that using 2.5 mg/g talc with a single injec-
tion after two weeks produced significant results in the formation
of pericardial adhesions in mice [28].

A talc solution was administered to dogs and pigs during
open heart surgery, which caused verified adhesive pericarditis
[29].

Mauro A et al (2021) proposed a new experimental model of
acute pericarditis in mice by injecting Zymosan A into the pericar-
dium. Zymosan A activates the nucleotide-binding, leucine-rich
domains and inflammasomes, including pyrin-containing protein
3 (NLRP3). The inflammasome (NLRP3) plays an essential role in
the immune system during bacterial, fungal, and viral infections.
Its activation is directly linked to the pathogenesis of inflamma-
tory diseases by releasing proinflammatory cytokines such as
interleukin IL-1a, IL-1B, and IL-18. The injection of Zymosan A
into the pericardium reproduces the typical signs of the inflamed
pericardium, including pericardial effusion, pericardial thickening,
activation of IL-1a and IL-1B, as well as increased expression of
the inflammatory activation marker NLRP3, which is directly as-
sociated with apoptosis. This proposed model is relevant in the
experimental modeling of acute pericarditis, showing the cause-
and-effect relationship between innate and adaptive immunity.
Additionally, it can help in the development of a personalized
therapeutic strategy [30].
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yarowern nupuH-cogepkawmii 6enok 3 (NLRP3). UnHdbnammacoma
(NLRP3) urpaeT BaHyl0 posib B CUCTEME UMMYHUTETA Npy BakTepu-
a/bHbIX, TPUBKOBBIX U BUPYCHBIX MHbEKLMAX, @ €€ aKTUBaLMA Hemno-
CPenCTBEHHO CBA3aHa C NAaTOreHe30M BOCMAUTENbHbIX 3ab01eBaHUi
uepes BbICBOOOKAEHNE NPOBOCMANNUTENBHbIX LIUTOKUHOB (MHTEPNEN-
KvH IL-1a, IL-1B v IL-18). MHTpanepuKapamanbHaa MHbeKLMA 3MMo3a-
Ha A BOCNPOU3BOANT OCHOBHbIE NPU3HAKM BOCMANEHHOTO NepuKapaa:
nepvKapananbHbli BbINOT, YTOALLEHUE NepuKapaa, aktmeaumio IL-1a
1 IL-1B, a TaK:Ke NOBbILUEHHYIO SKCMPECCUI0 MApPKEPa aKTUBALMM BOC-
nanenuna NLRP3, HenocpeacTBeHHO CBA3aHHOrO ¢ anonTto3om. lNpea-
NOEeHHas MOAENb ABMAETCA aKTya/lbHOM B 3KCMEPUMEHTaNbHOM
MOZAENMPOBAHUM OCTPOTO NePUKapANTa, NOKa3biBas NPUUNHHO-CeA-
CTBEHHYO CBA3b MENK/Y BPOXAEHHBIM M aAaNTUBHLIM UMMYHUTETOM,
a TaK¥e AnA pa3paboTkuM NepcoHUGULMPOBAHHONM TepaneBTUYECKO
ctpatermu [30].

YcTaHOBNEHO, YTO NPUMEHEHNE MOHOLIMK/IMHA Bbi3biBaeT Nepu-
KapamanbHble cnaiiku y cobak u ntogei [28].

MepvkapananbHble Cnaiku B sKcnepumeHTe ycnewHo Gopmu-
poBanMCh NPU NPOBELEHWUM OTKPbLITOM OnepaLuy Ha cepale y cobak.
*KMBOTHBIM NMPOBOAWAN BCKPbLITUE NEPUKapAMANbHON NOAOCTU MOA,
obLuelt aHecTesnel, OTKPbITbIE SNUKapAManbHble NOBEPXHOCTU NpPo-
TMpann cyxoit mapnein B TedyeHne 30 MUHYT C NOCAEAYIOWMM YLLIW-
BaHWeM nepukapza. Yepes 6 Hepenb Habntoganoch obpasosaHue
cnaeyHoro npouecca [31]. AHanorMyHas aKcnepUMeHTaNbHas MOAENb
NnepuKapamuTa YCnewHo peann3oBaHa Ha KPOJMKaX, KOTOPbIM MoA
obLiei aHecTesnein NyTém CTEPHOTOMMUM U NEPUKAPAMOTOMUM OCY-
LLECTBAA/IM BbICYLUMBAHUE U HAaTUPaHUE CyXOW MapaeBoi candeTkom
3MNUMKapAa, Noc/e Yero NPOM3BOAWAN YLWIMBaHWeE nepukapaa. Mossne-
HWe NepuKapaManbHbIX cnaek Habnoganu Ha 14-20 aeHb nocae one-
pauwmm [32].

B MpKYTCKOM Hay4HOM LieHTpe XMpyprum 1 TpaBmatonorum 6o-
nee 10 neT BeAyTCA UCCNeoBaTebCKMe paboTbl, HaNPaBAEHHbIE Ha
pa3paboTKy HOBbLIX NOAXOAOB K NPOGUNAKTMKE PA3BUTUA CMIAEYHOro
npoLiecca B CEPO3HbIX MOMOCTAX, B TOM YMC/IE U B MONOCTU NepuKap-
Za. PaHee aBTOpamu 6b110 NOKA3aHoO, YTO NPY BbIABNEHUM K/HOUEBbIX
perynaTopoBs CNaeyHOro NPoLLEecca Ha IKCNePUMEHTaNbHbBIX MOAENAX
[OCTUTHYTO CHUMKEHMWE YacToTbl GOPMMUPOBAHUA CNAEYHOrO NpoLecca
B MONOCTV NepuKapaa ¢ 66,7% £0 10% B cpaBHEHUU C TPYNMOMA KOH-
Tpons (p<0,05) npv BBEAEHMM }KMBOTHLIM OCHOBHOM rpynMbl aHTUTEN,
6710KMPYIOLLMX aKTUBHOCTb GrBPOBacTMHecKoro ¢pakTopa pocta [33].
Take yCTaHOBNEHA Ha MOJENW CrMaeyHoro npouecca B bGprowHoOM
nonoctn sddeKTMBHOCTb 610Kaapbl P38 MUTOreH-aKTMBMPYEMOWA NPO-
TEMHKMHa3bl B NAaHe NPOOUNAKTUKM CNAaeYHOro npoLecca, Kotopas
NOATBEPKAEHA Ha MOAE/IN NOBPEXAEHUA NepuKapaa [34].

Taknum 06pa3om, IKCNepUMEHTaIbHbIE MOZEN NepUKapAUTa Ha
NabopaToOPHbIX KMBOTHbIX MO3BONAIOT U3y4aTb NAaTOrEHETUYECKME Me-
XaHW3Mbl Pa3BUTUA CMaeyHOro pybLoBOro NpoLecca U Npy 3TOM aK-
TWMBHO MUCCNEA0BaTh NOTEHLMAN HOBbIX OPUMMHANBHBIX MPOTUBOCNAEY-
HbIX IEKAPCTBEHHBIX MOJIEKYN C NEPCMEeKTUBOM WX UCMONb30BaHUA B
KapAMOXMPYPruyeckon NpaKTUKe Npu onepaTuBHbIX BMeLATeNbCTBAX
Ha OTKPbITOM cepaLe.

The use of minocycline has been demonstrated to lead to
the formation of pericardial adhesions in dogs and humans [28].

As part of an experiment, scientists have successfully estab-
lished a model of pericardial adhesions in dogs during open-heart
surgery. The dogs were put under general anesthesia, and their
pericardial cavity was opened. The exposed epicardial surfaces
were then wiped with dry gauze for 30 minutes before suturing
the pericardium. Six weeks later, the formation of an adhesive
process was observed [31]. A similar experimental pericarditis
model was successfully tested in rabbits. The procedure involved
drying the epicardium and rubbing it with a dry gauze napkin
through sternotomy and pericardiotomy while the rabbits were
under general anesthesia. After that, the pericardium was su-
tured, and pericardial adhesions were developed between days
14 and 20 after surgery [32].

For over a decade, the Irkutsk Scientific Center for Surgery
and Traumatology in Russia has been conducting research to de-
velop new methods for preventing the formation of adhesions
in serous cavities, including the pericardial cavity. Through their
studies, the researchers have identified key regulators of the ad-
hesive process in experimental models. By administering the main
group of antibodies that block the activity of fibroblastic growth
factor, the frequency of adhesion formation in the pericardial cav-
ity decreased from 66.7% to 10% compared to the control group
(p<0.05) [33]. The effectiveness of blocking p38 mitogen-activat-
ed protein kinase in preventing adhesions was demonstrated in a
model of abdominal cavity adhesions and confirmed in a pericar-
dial damage model [34].

Thus, experimental models of pericarditis in laboratory an-
imals provide an opportunity to investigate the mechanisms of
adhesive scar formation and explore the potential of novel an-
ti-adhesive drug molecules. This research can have significant im-
plications for cardiac surgical practice during open-heart surgery.
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