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BUODJIEKTPUUECKU UMITEJAHC TEJIA KPbIC JAHUU BUCTAP
PA3HOI'O ITOJIA ITPU MOHOKPOTAJIMHOBOH MOJEJIN
JIETTOYHOU APTEPUAJIBHOU I'NIIEPTEH3UN
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Pe3stome. Ilenv pabomer — wm3ydeHne OMODIEKTpHYE-
CKOTO MMIIE/IaHCa Tela y KPhIC 000ero moia Npy HHIY-
LHUPOBAHHOW MOHOKPOTAJIMHOM JICTOUHON TUIEPTECH3UU.
Mamepuanvt u memodvl. MHOTOYaCTOTHBIC OHOMMIIE-
JTAaHCHBIE MCCIIEZIOBAHUS Tela KPBIC 000€ro rosa nposee-
HBI CITyCTSI MECSAII TTOCIIe BBEACHNUS MOHOKPOTAJIMHA (71032
60 Mr/KT, TONKOXKHO). Pe3yivmamol. BriapneHa rumep-
TpodHst MPABOTO KEIMYIOUKa Cep/ia y KUBOTHBIX C JKC-
MEPUMEHTATBHO BBI3BAHHOM JIETOUHOM TUMEpTEH3UEH CO
3HAYUMO OOJIbINICH TOJIIIMHON CBOOOTHOW CTEHKH TPaBO-
IO JKeJTyZ04Ka y CaMIIOB 110 CPaBHEHHUIO C caMKkaMu. MeTo-
JIOM JTUCIIEPCUOHHOIO aHalM3a MOKa3aHO 3HAaYMMOE BJIU-
STHHE B3aMMOJICHCTBUS (haKTopa Iosia U ACUCTBUS MOHO-
KpOTaJliHa Ha TOKa3aTesy (aMIUIUTYy/a, OTHOIIEHUE CO-
MIPOTHUBIICHUH MPU HU3KOW U BHICOKOW 4acTOTE TOKa) OUO-
ANEKTPUUECKOTO MMIIe/laHca Tena. AMIUTUTYIbI OHOdJIeK-
TPUYECKOTO UMIIEAAHCa Tela, HOPMUPOBAHHBIC HA JJIUHY
Teja, 3HAYMMO HM)KE y CaMIIOB U BBILIE Y CaMOK KPBIC C
SKCIIEPUMEHTAIBHOM JIETOUHOM rUIepTeH3UeEN MO CpaBHE-
HUIO ¢ KOHTPOJIbHBIMU >KMBOTHBIMH TOTO K€ moja. ¥ ca-
MOK KPBIC C MOHOKPOTQJIMHOBOW MOJEJbIO JIETOUHOU T'h-
TIePTCH3UN 3HAYMMO HUKE OTHOIICHUS aMIUTHTYH OHnod-
JIGKTPUYECKOTO MMIIe/IaHca Tejla IPU HU3KOW M BBICOKOU
4acTOTE TOKA [0 CPaBHEHHUIO C KOHTPOJbHBIMU >KUBOT-
HbIMU. Bb1600wt. VI3MeHEHUSs CONPOTUBIICHUS TEa KPBIC
MIPU JICTOYHON TUNEPTEH3UH CBUJICTEILCTBYIOT O BOCIA-
nuTensHOM Mporecce. [lonoBeie pa3zianyuus B U3MEHEHUH
MoKa3areseil 6ModIeKTPUIECKOro MMIIEIaHCa Tesla YKasbl-
BalOT Ha OoJIee TsHKeNoe MPOSBICHNE JIETOYHON THIIEPTEH-
3UM Y CaMLOB.
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Jlerounasi aprepuanbHas TUIEPTEH3Us] — mnaroduzno-
JIOTUYECKOE COCTOSTHHE, COIPOBOKIAIOIIeecs YBeIHue-
HHUEM JIETOYHOTO COCYUCTOTO COTIPOTUBIICHNUS, THIIEPTPO-
(bueit mpaBoro Kemymnodka ¢ TaJbHEUITUM Pa3BUTHEM TH-
Kenoi cepaeunort Hepocrarounoctu [1]. [HomoBeie rop-
MOHBI MOTYT OBITh KJIFOUEBBIM (PAKTOPOM HaOJIFOaeMbIX
pa3nuYmii B CKOPOCTH Pa3BUTHUS U TSHKECTHU CEPACUHBIX 3a-
OoreBaHunii B 3aBUCUMOCTH OT 11ona [2, 3]. OxHako 11s mo-
HUMaHUs TOJIOBBIX Pa3fIMyui B MMaTOT€HE3€ JISTOYHOM ap-
TEepHUaIHLHON TUTIEPTEH3UH HEOOXOMMBI JIOTIOTHATEIIBHBIE
uccienoBanus [4].

MexaHU3MbI BIUSHUSA TTOJTOBBIX TOPMOHOB Ha Pa3BUTHE
JIETOYHOM apTepuaIbHON TUTIEPTEH3UNU MOXKHO PACKPBITh
B HCCIICIOBAHUSAX Ha MOIEIAX JKMBOTHHIX [5]. Kiaccu-
YECKOM MOJIeNIbI0 JIETOYHOW apTepualibHOM TUIEpPTEH-
3WH SBJISETCS BBEJIEHNE MOHOKPOTAIMHA KUBOTHBIM [6].
MOHOKpPOTaIUH — MUPOJU3UAUHOBBIA AJIKOJIOUM, W3-
BJICYCHHBIN 13 ceMsiH Kporonspun Hapsanoi (Crotalaria
spectabilis), WCMONIB3yeMblii ISl IPOBOKAIIMUA Pa3BUTHUS
CTPYKTYPHBIX U3MEHEHHI JIETOYHBIX apTepuil, PUBOIS-
LIUX K OTEKY JIETKUX U TSKEJION JIETOYHOM apTepuanbHOM
runepreH3uu [7].

B kadectBe mHAUKATOPOB MOP(HOPYHKIIMOHATBHBIX U3-
MCHEHHI B OPTaHU3ME YEJIOBEKA U YKUBOTHBIX UCIOB3Y-
0T DIIEKTPUYECKHUE CBOMCTBA TKaHEH. DIEKTPHIECKOE CO-
MPOTHBIIEHUE TKaHEH, W3MEpPEeHHOEe Ha BBICOKHX YacTo-
Tax TOKa, IMO3BOJISIET OLEHUTh BHYTPHUKIETOYHBIE H3Me-
HEHUS, 2 B HU3KOYaCTOTHOM JIMara30He 00yCIIaBIUBACTCS
pasMepaMu MEXKKIJIETOUHBIX MPOCTPAHCTB, YPOBHEM KpO-
BEHAIOJIHEHUS U rujparaiuu Tkaneil. [lokazana Bo3mMox-
HOCTH OTIPENEJICHUs TepepacipeeieHuss 00beMOB KU/I-
KOCTEW U AJEKTPOJIUTOB MEX]Ty BHE- U BHYTPHUKIIETOYHBI-
MU MPOCTPAHCTBAMH, HAPYIICHUSI CTPYKTYpHOU OpraHU-
3allM¥ TKaHEed C MOMOILBIO OTHOLICHUS COMPOTUBICHUIMA
IIPU HU3KOM U BHICOKOW 4acTOTE TOKa [8].
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General Pathology

BrIsIBICHBI TIOJIOBEIC pa3ilyusl aKTHBHOTO CONPOTHBIIC-
HHUS 6I/IOE)J'ICKTpI/I‘-ICCKOFO uMIicaaHca Te€ijla 1 OTHOIICHUA
COTIPOTHBIICHUN TeJIa TIPHU PA3HBIX YaCTOTAX TOKA Y 37I0PO-
BBIX Jtionieit [9, 10]. Ilpu aToM pasaudms moka3aTesnei ono-
UMIIEIaHCHOM CIIEKTPOCKOIUH TeJla MPU JIETOYHOU rurep-
TEH3WHU OCTAIOTCS HE N3YYCHHBIMU.

Heab pabdoTbl — u3y4YeHHE OMOAIEKTPUUECKOTO UM-
TMeIaHca Tesa y KpbIC 000€ero moJja Mpu WHyIIUPOBAHHOM
MOHOKPOTAJITHOM JIETOYHOW THITEPTEH3UH.

MarepuaJjibl 1 METOABI

HccnenoBanust mpoBeeHbI HA YETBIPEXMECSUHBIX KPbI-
cax NTMHUU Bucrap, Mogy4eHHBIX U3 MUTOMHHUKA Jadopa-
TOPHBIX JKUBOTHBIX «PammomnoBo» (T. Cankt-IlerepOypr).
JKuBOTHBIX comepkaqu B YCJIOBHAX CBOOOIHOTO JI0-
CTyna K BOJIe W KOPMY B IIOMEIIEHHH C €CTECTBEHHO-
HCKYCCTBEHHBIM OCBelleHneM. KpbIchbl HAXOIWINCH B BEH-
TUIMPYEMBIX KJIETKaxX TPyIIaMu Mo 2—3 0coOH MpH TeM-
neparype 20—22°C Ha OICTHIIKE U3 IPEBECHBIX CTPYKEK.
Coneprxanue, yxol M BCE MaHUMYIALNH, KOTOPBIM TIOJ-
BEprajich >KUBOTHBIE BO BPEMs HCCIEIOBAHUSA, MPOBO-
JITA B COOTBETCTBUU C MEKIYHAPOIHBIMH TIPABUIIAMHA H
HOpMaMH.

Kpbicbl ObUTH pa3liesieHbl Ha YeThIpe TPYIIIbL: CaMITbl-
KOHTPOJIb (N=5) M CaMIIbI C JIETOYHOI runeprensueii (n=9);
CaMKH-KOHTPOJIb (N=0) U CaMKH C JIETOYHOH THIIEPTEH3H-
et (n=13). lms MomenupoBaHUs JETOYHON THIIEPTEH3UN
9KCIIEPUMEHTAIILHBIM KUBOTHBIM 000€T0 M0J1a OJHOKPAT-
HO TOJIKOKHO BBOAMIM MOHOKpOTanuH (60 MI/KT Beca Ku-
BoTHBIX; Sigma-Aldrich; Germany). KOHTpOJIBHEIM caM-
[1aM U caMKaM KpbIC OJHOKPATHO TIOAKOKHO BBOJMIIN CO-
TTOCTaBUMYIO TI0 00BEMY KHUAKOCTH 03y (hr3uosornye-
ckoro pactsopa (0,9% NaCl).

Wamepsuimm nuny (L) Tema 6e3 xBocTa y KphIC B CaH-
TuMeTpax. MHaekc Macchl Tena BRIYUCISUIN KaK OTHOIIIE-
HHEe Macchl Tena (T) K KBaapary JuinHbl Tena L (em?). Mac-
Cy Tesla KpPBIC U CepAlia ONpEeNeNsiIi ¢ MOMOIIBI0 J1a0o-
paTOpHBIX IEKTPOHHBIX BecoB Acom JW-1 (Kopes, Tou-
HOCTh 0,05 T).

bronmnenancHble Hccae0BaHNs y KPBIC OBUTH TTPOBeE-
JICHBI Yepe3 YeThIpe HEENU TOCIe BBEACHHUS Iperapara
1 (U3UOIOTUYECKOTO PacTBOpa. bruosnekrpuiyeckuii um-
MeIaHC TejJa PErUCTPUPOBAIN TPHU MTOMOIIH aHATU3aTopa
(bm3nYecKnx CBOWCTB MaTepuaioB M BemecTB 126094W
(Solartron Analytical, Bemuxobpuranus). W3mepeHus
OHMOAIIEKTPHUECKOTO UMIIEIAaHCa TeJla BBIMTOHSIIA TEeTPa-
MOJISIPHBIM METOZIOM Y JKUBOTHBIX, JISKAIIUX HAa CIHHE U
HAXOJISIIIUXCS TTOJT 30JICTUIIOBBIM HapKko3oM (3,5 mr/100 .
Beca Tesla, BHYTPHUMBIIIEYHO). OIEKTPOIBI-KPOKOIMIIBI
YCTaHaBIUBAJIHN MTOTIAPHO HA JIEBYIO TIEPEAHIOI0 M TIPABYIO
3JTHIOIO JIambl (pUCYHOK 1). ITorydeHHbIe H3MEpEHHUS OT-
pakalli yCpeIHEHHYI0 BO BPEMEHH (B T€UEHHE YEThIPeX
CEKYHJ) XapaKTEPUCTUKY BIEKTPUUYECKOrO COMPOTHBIIC-
HUSL.

PucyHok 1. Cxema pacnofioXKeHua 5/1eKTpPoLoB MonapHoO
Ha 1eBOM nepeaHelt 1 NpaBoi 3aaHen nanax Kpbicbl (To-
KOBbl€ 3/1eKTPOAbI OblIN pasmeLLeHbl Ha 3aMnAacTbe U CTOo-
ne, U3IMepAKLLIME — B JIOKTEBOM M NpeanatocHeBoln 06-
nactu).

Ilociie okoHYaHMS SKCTIEPUMEHTA CEP/LIE BBIpE3au, U3-
MEpsUIH €r0 Maccy, TOTOBHJIM TONIEPEYHBIE THCTONIOTHYe-
CKHME Cpe3bl TOJIIMHON 7 MKM Ha MHUKpPOTOM-KpHOCTaTe
(“Leica” CM 1510S). Omnpenensuii TONIIMHY CBOOOJI-
HOM CTEHKH TPABOTO JKENYJ0YKa CepiIla KPhIC Ha ypOB-
HE OCHOBaHMS NaNWUISIPHBIX MBILIILL JIEBOTO JKEITYI0UKa.

Brrancisimm k03 GUIEeHTs! MoJsipu3auy, paBHbIE CO-
OTHOIIEHHUIO aMIUTUTYZ Z OMO3JIEKTPUIECKOTO MMITEIaH-
ca Tena Kpeic mpu HU3Ko# (5, 10, 40 xI'1r) m BeIcOKO# (120
k') gacToTe cuHyconganpHOTO ToKa. Koaddwurmenr mo-
JSpU3alUKM HE 3aBUCHT OT PACCTOSIHHSA MEXIY HU3MeEps-
IOUIMMHU BIIEKTPOAaMHu, O00beMa HCCIIEAYEMOrO ydYacTKa
TeNna, XapakTepu3yeT KPyTH3HY AMCIEPCHU COMPOTUBIIE-
HUS (YMEHBIICHNUS COPOTHUBIICHHS C YBETNYSHNEM HacTo-
THI TOKa) )KHBOW TKaHHU.

Craructryeckas 00paboTKa ITPOBEeHA C IIOMOIIIBIO T1a-
KeTa MpOorpaMM CTaTUCTHUYECKOrO aHanmm3a Statistica 10.0
(StatSoft). [lnst mpoBepKHM HOPMAaNbHOCTH pacipeaese-
HUSl KOJIMYECTBEHHBIX TPU3HAKOB MCIIOIB30BAIN KpUTE-
puii Hlanupo-Yunka. Macca U HHIEKC Macchl Tela, OT-
HOCHUTENIbHAs Macca cepiala s BCEeX CpPaBHUBACMBIX
TPyTIT COOTBETCTBOBAIM 3aKOHY HOPMAIILHOTO pacIpee-
nenus. PaBeHCTBO aucniepcuil pacrpelieneHnil Npu3Ha-
KOB B TpyIlnax Mposepsuid nmo kpurepuio Jlerena. Komu-
YEeCTBEHHbIE TPU3HAKH MPE/ICTABICHbI KaK cpesiHee apud-
METHYECKO€e + CTaHapTHOE OTKJIOHEHNE. YPOBEHb 3HAYH-
MOCTU pa3nuuui npuHuManu paBHbIM 0,05. CpaBHeHUA
TPyMIT U3 COBOKYITHOCTEH C pacIpe/ieieHneM, OTINYar0-
LIMMCST OT HOPMaJILHOTO (Macca cepAua y caMIoB B KOH-
TpoJie, JUIMHA TeJla U TOJIIMHA MIPABOTo JKeITy04uKa cep/l-
[1a y CAMOK KpBIC C JIETOYHOW THUIEPTEH3UEH), TPOBOIH-
TN TI0 KpuTeputo MaHHa—YUTHH (C OTIEICAaHUEM 3HAYCHIUS
U-kputepusi, 3Ha4eHU Z U p), C HOPMAIBHBIM pacIpee-
JIeHHeM — ¢ nomouibto t-kpurepus CrbioneHTa (¢ omu-
CaHMEM 3HAa4YCHUS t-KPUTEpHsl, YUCIIa CTENIEHEH CBOOOIBI
df, 3HaueHus p). Vcroyib30Banyu JUCIIEPCUOHHBIA aHAIIN3
JUTS M3yYeHUS BIUSHUSA (PAKTOPOB «I10J» (CaMIIBl U CaM-
KH), «Tpymia» (KOHTPOJbHASI U C JIETOYHOUN THIIEPTeH3U-
eil) Ha ToKa3areian OMOIIEKTPUYECKOTO MMITEaHca Tena
KpBIC (aMIIUTYy/1a ¢ HOPMHUPOBKOHM Ha JJIMHY Tela, KOdg-
¢unmeHToB nonsipusanun). [IpuMeHsIn npouenypy armo-
CTEpUOPHOTO CPaBHEHHUS CpeAHHX (MO KpUTepusiM boH-
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¢depponu wm Hetomana-Keyica), kputepuit CTbrofenTa ¢
MIOIIPABKOM YPOBHS CTaTUCTUYECKON 3HAUUMOCTH .
YpoBeHb KOppersiiuy paccuuThiBaiu 1o CriupMeny.

PesyabTarnl u 00cyxaenue

YV caMI110B KpBIC € JIETOYHOM THIIEPTEH3UEH Macca cepl-
na o6euta G6onbme (U=5,5, Z=-2,2, p=0,028), yem y KOH-
TPOJIBHBIX CAMIIOB. Y CaMOK KPbIC KOHTPOJIBHOM U DKCIIE-
PUMEHTAJILHOM TPy HE BBISBICHO 3HAYUMBIX Pa3TAINi
Macchl cepana. Y caMmIioB KpbIC € JIETOYHON TUIEPTEH3HU-
el macca cepama (1=2,9, df=18, p=0,010) Obia 3HAYNMO
0oJbIIle, YeM y CaMOK KPBIC B IKCIIEPUMEHTAIBHON TPYII-
nie (Tabnwuma 1).

MHneke Macchl Tella M OTHOIIIEHUE MACCHI CepIia K Mac-
Ce Tella 3HAYNMO HE Pa3INdaiuch Y CaMIIOB H CAMOK KPBIC
JUHUM BucCTap B KOHTPOJIBHOM W 3KCHEPUMEHTAIbHOU
rpynnax. Macca u JJidHa Tejla y CaMLOB U CAMOK KPBIC C
JISTOYHOU THITEPTEH3UEH 3HAYUMO pa3indaiach (st Mac-
cel Tena: =3,5, df=19, p=0,002; nns nusel tena: U=27,5,
7=-2,0, p=0,042).

Tabnuua 1
MopdomeTpuryecKkme nokasaTesn y CaMLLOB M CAMOK KpbIC
B KOHTPOJIE 1 C /IEFOYHOM rnnepTeH3nen

Camupl € Camku ¢ ne-
Camubl- o CamKu- .
NIeroyHom rOYHOW M-
MapameTp KOHTPO/b KOHTPO/b o
(n=5) rmnepTeH- (n=6) nepteHsunen
3umeit (n=9) (n=13)
Macca Tena, r 239114 267124 248125 230422%
[nvHa Tena, cm 22+1 23+1 22+1 22+1%
n
HAGKC MACCBL | 5 49+0,04 | 0,52+0,07 | 0,520,05 | 0,50:0,05
Tena, r/cm
Macca cepaua, r 1,040,1 1,1+0,1* 1,040,2 1,0+0,1%
OTHOCUTENb-
HaA macca cepa- 4,0£0,3 4,1+0,4 4,1+0,2 4,210,4
ua, r/Kkr
TonwwuHa npa-
BOTrO *Kenyaou- 1,3%0,2 1,840,3* 1,1+0,1 1,5+0,1*%
Ka, MM

MpumeyvaHune. 3Haynmble pasinymMAa NpU CPABHEHUU MNO-
KasaTesiell KOHTPOJSIbHOM W 3KCMepUMeHTasbHOM rpynn
CaMOK M CaMLOB OTMEYEeHbI «*». 3HauMMble pasnnumsa y
CaMOK KpbIC C IerO4YHON rnnepTeH3nel No CPaBHEHUIO C
camLaMmn oTMeyeHbl «&»,

MOHOKpOTaTMHOBAasT MOIETh JIETOYHON TUIEPTCH3UU
XapaKTepU3yeTCs] TOKCHIECKAM TIOBPEXKIACHUEM Tepude-
PUYECKHUX COCYIOB JIETKHMX, CEpALA, APYTUX OPraHoB, U
BocnasieHueM [11]. OnHokpaTHOE BBEIECHUE MOHOKpPOTa-
JIMHA B 3aBUCUMOCTH OT J103bI BBI3bIBACT PA3BUTHUE JIETOY-
HOM TMIIEPTEH3UU, TUIIEPTPO(UU IPABOTO JKEITYI0UYKA UITH
BBIP)KEHHOH IPaBOKEIYI0YKOBOM CEpIEYHON HEN0CTa-
toyHoctu [12, 13].

IIpu rucrosornyeckoM HCCIEIOBAHUU YEPE3 YEThIpE
HeJIeTN TIoCIie BBEJCHHUSI MOHOKpOTannHa B j03e 60 mr/
KI HaM# ObLIa MIOKa3aHa TUIIEPTPOdUs IPaBOTo JKEIy104-
Ka cepllia y KpbIC C 3KCIEPUMEHTAIbHON JIETOYHOU T'u-
neprer3ueit. Tonmuuaa cBOOOAHON CTEHKU MTPABOTO KEITy-

JI0YKa cep/ilia y KpbIC C MOHOKPOTaJIMHOBON MOJEIBIO Jie-
TOYHOM THIEepTEeH3UH ObLIa 3HAYMMO OOIbINE, YeM Y JKH-
BOTHBIX B KOHTPOJIBHOM TPYIITE TOTO e MoJja (y caMIlOB:
=-3.6, df=11, p=0,004; y camox: U=0, Z=-3,2, p=0,001).

[Ipu MonenMpoBaHWY JIETOYHOUN TUTIEPTEH3NUU Y CaMIIOB
KPBIC BBISIBJICHBI OOJBIINE THIEPTPOPHUUECKUE H3MEHE-
HUS Cep/ilia, YeM Y CaMOK. Y JKHBOTHBIX C MOHOKPOTAJIHU-
HOBOH JIETOYHOM THUTIEpTEH3MEN OTMeueHa 3HaYUMO 00JIb-
masi TOJIIMHA CBOOOTHOW CTEHKH IPABOTO IKEMyTOodKa
cep/Ia y camIioB B cpaBHeHUH ¢ camkamu (U=11, Z=-2,5,
p=0,011).

JlerouHasi TMTIEPTEH3USI U THIIEPTPOQHS IPABOTO JKEIY-
JI0YKa cepJilla pa3BUBAIOTCS TO-Pa3HOMY y CaMOK U caM-
IIOB y KPBIC.

IIpu neroyHoOM THIIEPTEH3UN y CaMOK KPBIC OBLIO BBISB-
JIeHO OoJiee BBIPAXKEHHOE YBEIMYCHHE MEIUAIIbHOW TOIl-
LIMHBI B MEJIKUX JIETOUHBIX apTepusiX. Y CamIloB, B OTIH-
Yyre OT CaMOK, OOHapy)KeHa MHQWIbTpalMs MEJIKUX Jie-
TOYHBIX apTEepUil BOCTIAIUTEIbHBIMU KICTKAMH, aJIBEHTH-
UATBEHBIN 1 MeTuanbHBIA Guopos [14].

Jlerounas rurnepTeH3us, BHI3BaHHAS MOHOKPOTAINHOM B
no3e 60 MI/KT, y caMOK KpBIC OTMEYeHa C MEHBIINM pe-
MOJICTTMPOBAaHUEM IIPABOTO Keyaouka cepaua [15], ¢ 6o-
Jiee BBICOKMM aJIallTallMOHHBIM TTOTEHIMAJIOM CHCTEM pe-
TYJSIITUN COKpAaTUMOCTH MuoOKapaa [16, 17] B cpaBHeHHH
C CaMIIaMHU.

BrisiBiteH 3amuTHBIN 3G ¢GEKT ICTpaanona OTHOCUTEb-
HO pa3BHTHUS JIETOYHOH TUTIEPTEH3UU. B MOHOKpOTAIHHO-
BOM MOJIENH JIETOYHOM TUIIEPTEH3UH [IPU BBEJCHUHU CTpa-
nrona 174 KpbicaM MOKa3aHO 3HAYUTEIbHOE OcliabieHue
peMOIIeTTUPOBAHUS JICTOYHBIX cocynoB [18], momaBiaeHue
BocmanieHus u ¢pudposa [19], ymeHsInenrne odbemMa 0TCU-
HOM xujkocTu [20] B Ierkux.

[Ipu GuomMIIeIaHCHOM HCCIIEI0BaHUN B MOHOKPOTAJIH-
HOBOI MOJIETT HAMH OBUTH BBISIBIICHBI PA3IMYHS HIICKTPH-
YEeCKOTO COMPOTHBIICHHUS TEJIa IPU JIETOYHON THITEPTEH3UH
Y KpBIC 000€T0 ToJa.

MHoroMepHbId JTUCTIEPCUOHHBIA aHAIU3 aMIUTUTYIbI
OHMOAIIEKTPHUECKOTO UMITeJIaHCa Tella KPBIC, HOPMHPOBAH-
HOU Ha JUIMHY Tena, npu yacToTax Toka 5, 10,40 u 120 x['1
MOKa3all B3aUMOJEHCTBUE (AKTOPOB «IOJ»* «TPYTINay
(F,,s=6,3, p=0,001). Post-hoc ananu3 (kpurepuii borpep-
POHH) TO3BOJIMII BBISIBUTH CBS3aHHBIE C [1OJIOM CTaTUCTHU-
YEeCKH 3HaYMMBbIC PA3NUuUsl Y JKUBOTHBIX U3 KOHTPOIb-
HOM M 3KCHEPUMEHTAIBHON T'PYIII, MEXKIPYIIIOBBIE CTa-
THCTUYECKH 3HAYNMBbIE Pa3INYHs Y CAMIIOB 1 CAMOK KPBIC
MIPH BCEX YaCTOTaxX TOKA. Y CaMIlOB KPbIC C JIETOYHON TH-
MepTeH3rel aMIuTuTya OMO3JIEKTPUIECKOTO MMITEAaHca
Tena Obljla 3HAUUMO HUKE, a Y CAMOK — 3HAYMMO BBILIE
M0 CPaBHEHHIO C KPBICAMU KOHTPOJIBHOM IPYIIITBI TOTO ¥Ke
nona (Tabmmma 2).

YV camok kpeic (06€3 ydeTa TPYIITBl) BBISIBICHBI 3HAUN-
MBbI€ TTOJIOKHUTEIHLHBIE KOPPEIAIINOHHBIE CBSI3H MEXKLY I10-
KazaTeJsiIMU OMOZJICKTPUUECKOTO MMIIEJaHca Tela U TOJ-
IIMHOW CBOOOJHON CTEHKHM MPaBOTO JKEIyHOYKa Cepi-
na (npu 5 kl'u: r=0,69, p=0,002; npu 10 xI'u: r=0,73,
»=0,0005; mipu 40 xI'w: r=0,73, p=0,0003; mpu 120 kI'w:
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r=0,75, p=0,0002). ¥ caMI0B KPbIC HE OTMEYEHbI 3HAYU-~
MBbI€ CBSA3HM MEXJy 3TUMH IapamMeTpamH.

3HaYMMO MEHbIINE 3HAYCHHUS OWODIEKTPUYECKOTO M-
Melanca Tela y CaMIIOB KPbIC € 9KCIIEPUMEHTATBHOH Jie-
TOYHOW THIIePTEH3HEeN B CPAaBHEHUH C KOHTPOJIBHOU IpyT-
10 MOTYT CBUAETEIBCTBOBATH O HAKOIUIEHUH BHEKJIETOY-
HOM JKUAKOCTH B OpraHU3ME B pe3yJbTaTe BOCHAIUTEIb-
HOTO TpoIecca.

ITokazano cHmwkeHre OnonMIiejanca Tena y OONbHBIX C
HEJ0CTAaTOYHOCTHIO KPOBOOOPAIIEHHSI, OTPaXKaroliee Io-
BBIIICHUE CTETIeHN KJIIETOYHOH U BHEKJICTOYHOW TUTIEPTH-
naparanu [8]. [Ipu BocnannuTebHOM MPOLECCE AIEKTPH-
YECKUW MMIIE/IaHC TKaHEHN Tejla BHadalle, IIpYU MOBPEKIE-
HUU MEMOpaHHBIX CTPYKTYp KJIETOK, yBEJINYHBAETCS, B
craauu uHbUIsTpaTa — cHmKaercs [21]. Ilpu dbubpose
ANIEKTPUUECKOE COMPOTHBIICHHE TKaHW (MHUOKapnaa) CHH-
Kaercs [22].

Beenenne Monokporaiuna (npu goze 60—100 mr/kr)
MPUBOJIUT K TOKCHYHOMY MOBPEKIACHUIO, OTEKY, (hUOpO3y
serkux [7]. CycTst MecsIl mocjae BBEACHUS MOHOKPOTa-
JIUHA B JIETKUX Y KPBIC OTMEUYEHBI CTPYKTYypHBIE U (PyHK-
[IMOHATIFHBIE N3MEHEHUS JIETOYHBIX COCY/IOB, KPOBOM3IIH-
STHU€ W TUIEPEMUs], BOCHAJIEHHE C HEKPO30OM aJIbBEOJISIp-
HOM neperopoaku [7, 23, 24].

Y caMOK U caMIIOB KpbIC ¢ MOHOKPOTAJIMHOBOI Moje-
JBI0 JIETOYHOW THUIEPTEH3UH TMO-pa3sHOMY H3MEHSETCS
OMODJICKTPUICCKUH UMITEAHC JICTOYHON TKAaHHW B CpaBHE-
HUU C KOHTPOIILHOW TpynIoi. Panee y caMok KpwIc mpu
MOHOKPOTAJIMHOBOM MOPAKEHUN HAaMH BBISIBIICHO 3HAYU-
MO€ yBEJINYEHHE aKTUBHOI'O COMPOTHUBIEHUS U aMILIUTY-
JIbl OMOAJIEKTPUYECKOTO UMITEaHCa JIETOYHON TKaHH, YKa-
3BIBafOIIEe (MMPY HU3KOW YaCcTOTE TOKA) HA TIOATBEPKICH-
HBIE THCTOJIOTHYECKH SM(PH3eMaTO3HbIE N3MEHEHHS B JIET-
KX ¥ (Tipu OoJiee BHICOKOH 4acTOTE TOKa) BOCIIAJIUTEIh-
HbIE IOBPEXKICHUS JIETOYHOM TKaHU ITPY MOHOKPOTAIMHO-
BOM TOpaK€HUH, Cy’KEHHE TIPOCBETa KPOBEHOCHBIX COCY-
JIOB B JIETKHX [25]. ¥V caMI110B KpBIC TP MOHOKPOTAIMHO-
BOW MOJIEJIM JIETOYHOM TUIEPTEH3UH TTOKA3aHO yMEHbIIIEe-
HUE AIIEKTPUYECKOTO COMPOTHUBIICHHS JIETKUX, YKa3bIBAO-
Iiee Ha HAKOTUICHHE BHEKJIETOUHOW KHUJIKOCTH B OpTaHH3-
Mme [26].

JIMCnepCUOHHBIN aHaIW3 MOBTOPHBIX M3MEPEHHUM I0-
Kasal, 4To ko3()puuueHTsl nonspusauuu Z o 1 Z, o
OuomMIleIaHCa TeNla KPBIC OKa3aJlHCh B 3aBUCHMOCTH OT
B3aMMOJICHCTBUS (PAKTOPOB «IIOJI» ¥ (TPYyIIITa» (F1’29:5,8,
p=0,023). Post-hoc ananmu3 (kpurepuii Heromana-Keyica)
MTO3BOJIMII BBISIBUTH CBSI3aHHBIE C IIOJIOM CTaTHCTHYe-
cKkd 3HaunMble pasnmuums (p=0,021) Mexnay KXUBOTHBI-
MH JIByX KOHTPOJbHBIX Tpynm. Ilokasarens Z,, . vy ca-
MoK (1,070+0,012) B KOHTpOJIBHOU rpymIie KpbIC ObLI 3HA-
4UMO HIKe, 4yeMm y camioB (1,097+0,019, =-2.8, df=12,
p=0,015, xputepnii CthrofneHTa). MeXTpYIITOBEIE CTATH-
CTHYECKH 3HaYMMBbIE pa3Inyus HaOIIIa y CaMOK KPBIC
(xputepnit Hetomana-Keynca, p=0,046). 3nauenus xos3¢-
¢unmeHToB Z nuz y CaMOK C JIETOYHOW T'UIEPTEH-

10\20 40\120

3uell Obun 3HauuMo Hwke (Z,, 0 1,075£0,012 B cpas-

Henuu ¢ 1,097+0,019, =3,2, df=19, p=0,0046, xpurepuii

CrelozieHTa) B CpaBHEHUU C KOHTpoJeM (PucyHok 2).

Tabnnua 2

AMNANTYAQ BUO3NEKTPUYECKOTO MMMNeAaHca Tela y cam-
LLOB M CAMOK KpbIC B KOHTPOJE U C IETOYHOWN FMnepTeH-
3nen

3HayeHune 3HayeHune
lpynna »u-
[OCTUTHY- Kputepus
lpynna *u- BOTHbIX U
Toro ypos- | CTblofeHTa u
BOTHbIX M aM- | amniuTyaa
YacTo- HA CTaTUCTW- | OCTUTHYTOTO
nauTypa 6mos-| 6uoanek- .
Ta TOKa, YecKol 3Ha- | ypoBHsA CTa-
NEeKTPUYECKO- | TPUYECKOro .
Ky, YMMOCTU MO | TUCTUYeCKoW
ro UmnegaHca | umnegaHca
KpuTepuio | 3HaYMMOCTH
Tena, Om/cm | tena, Om/
BoHdeppo- (8 cpaBHe-
cm o
HU HUIA)
2: t=—3,5, df=18,
. + =|
4:116,1+18,0 89,1415 1 p=0,030 20,003
4: _ t=—4,9, df=17,
> 116,1¢18,0 | P20093 | 26,0001
3:71,8+21,0 1.
1173262 | P70002
2: t=—4,1, df=19,
4:113,1+17,4 =0,021
31174 g3 74143 | P00 p=0,0006
4: ~ t=-5,3, df=18,
10 113,1¢17,4| * =0,0003 0=0,00005
3:68,1+20,3
1: 0003 | 136 d=11,
11444258 | P~ p=0,004
2: t=—4,1, df=20,
. + =|
4:104,1+16,6 7754134 p=0,031 =0,0006
4: ~ t=—6,0, df=20,
40 10414166 | P~00004 p=0,000007
3:57,5%£19,7
1: 0003 | =42 df=13,
106,0424,5| P p=0,001
2: t=—4,0, df=20,
. + =
4:96,8+15,4 72,0413,1 p=0,031 =0,0007
4: ~ t=—6,2, df=20,
120 96,8+15,4 | 00004 p=0,000005
3:52,7+18,1
1: 000 | =43, 913,
99,1¢232 | P™ p=0,0009

MpumeyaHue: 1 — camubl B KOHTPOJIbHOM Fpynne Kpbic,
2 — caMUpbl C IEFTOYHOM rMNepTeH3nNelN, 3 — CAMKU B KOH-
TPOJIbHOM rpynne, 4 — CaMKM C IEFOYHON FnnepTeH3nen.

CHIKeHUe OTHOLICHUS aMILTUTY/ UMIIEIaHca TeJla Mpu
HM3KOM M BBICOKOW HaCTOTE TOKAa OTMEUYEHO MPH MOCIIE0-
MEepalOHHOM OTEKEe, HapyILICHUM IMOYEHYHOW U cepiey-
HOM (yHKmuU [27]. [loka3arens MMeeT 3HAYMMYIO CBS3b
C YpOBHEM KpeaTHHHHA W ajhbOyMHUHA B KPOBH, SIBISET-
Csl MapKEPOM BOCIAJICHHsI Y TAIIMEHTOB ¢ 0OJIE3HBIO I10-
yek [28, 29]. ConpoTuBieHUE TeNa YeI0BeKa IPU HIU3KOU
JacTOTE TOKA 3HAYMMO MEHBIIE MPU XPOHUIECKOM 3a00-
JIEBAaHUU NIBIXaTEIbHONU U CEPIEYHO-COCYIUCTON CUCTEM,
pa3uyue MEeXy 3HAUCHUSIMU UMIIEJAHCOB NPU HU3KOU U
BBICOKOM YaCcTOTE TOKA 3aMETHO YMECHBIIACTCS, YKa3bIBas
Ha CBsI3aHHBIC C 0OJIE3HBIO KJICTOUHBIC MOBpexaeHus [30,
28].

3HaYNMBbIC U3MCHEHUSI OTHOIIICHUN aMIUTATY OMODJICK-
TPUUYECKOTO MMIIEIaHCa TeJla Y CAMOK KPBIC C JIETOYHOU
TUIEPTEH3UEH B CPAaBHEHUM C KOHTPOJIEM MOTYT yKa3bl-
BaTh HA BOCHAJCHHE IPU MOHOKPOTAJIMHOBOM IOpaXKe-
Hud. HabmromaeMble MOIOBBIC Pa3inyuus B KOHTPOJIHHOM
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rpyIIe XKUBOTHBIX B KO3((HUIMEHTaX MOJSPU3ALMN Tea
KPBIC C JIETOYHOU TUIIEPTEH3UEH HE OTMEUCHBI.

1,30

1,25

o ——d'y Zionn2o

1,15 i ] R, Ziou20
- @, Zsuz

1,10 % T

1,05 =

1,00 T

C LH

PucyHOK 2. Pe3ynbtaT ABYXaKTOPHOro AMCMEPCUOHHO-
ro aHanM3a aNA OTHOWEHUN Z, U Z, ., aMINTY], 6uo-
3NEKTPUYECKOTO MMMeZaHca Tena KpbiC AMHUKU Buctap:
B3aMmogelicTeme GpakTopoBs «non»*«rpynnay.

YcnoBHble 0603HaYeHUA:

Mo ocum abecumcc: K — KoHTpoAabHble rpynnbl, JIN — rpynna
CaMUOB MM CAMOK C IEFOYHON rMNepTeH3neEN.

Mo ocu opanHar: Zlo\120 7 240\120 — Ko3pPMUMEHTbI nons-
pu3aumm (OTHOLWEHWE aMNANTYA, BMO3NEKTPUYECKOTO M-
neaaHca Tena Kpbic Npu HM3Kow (10 nam 20 Klu) u Bbico-

Ko# (120 Klu) yacToTax ToKa.

3akJjouenue

MetomoM OMOUMITETAHCHOM CIIEKTPOCKOTIHH BBISBICHBI
3HAYUMBIE PA3IINYHS B aMIUTATY/IaX U Kod(hduimeHTax mo-
JISIpU3AIMKA OMOAJICKTPHUECKOTO UMIIeIaHCa Tena y KPbIC
C DKCIIEPUMEHTAJILHO BBI3BAHHOM JIETOYHOW TMIIEPTEH3H-
el B CpaBHEHUHM C KOHTPOJIEM, YKAa3bIBAIOIIINE HAa HAKOIJIe-
HHE BHEKJIETOUYHOM KMIKOCTH B OPraHU3Me CaMIIOB U BOC-
HNajJuTeNbHbINA Mpouecc y caMok. IIpu BbI3BaHHON MOHO-
KPOTOJIMHOM JIETOYHOU TUIIEPTEH3UHU Y CAMIIOB KPBIC BbI-
SIBIICHBI OOJIBIIIHE TUTIEPTPO(DUUISCKUE U3MEHEHUS CeplIa,
yeM y caMoK. [TokazaHHbIE HAMU [OJIOBBIE Pa3JIMUUs B aM-
TUTUTYIE OHMO3JIEKTPUICCKOTO UMITEIaHCA Tela KPBIC MO-
T'YT YKa3bIBaTh Ha OoJiee BRIpaKEHHOE TIPOSIBIICHUE JIET0Y-
HOU TUINEPTEH3UHU Y CAMIIOB 10 CPAaBHEHUIO C CAMKaMU.
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Abstract. The aim of the work was to study the
bioelectric impedance of the body in rats of both genders
with monocrotaline-induced pulmonary hypertension.
Materials and methods. Multi-frequency bioimpedance
studies of the body of rats of both genders were carried
out one month after the administration of monocrotaline
(dose of 60 mg/kg, subcutaneously). Results. Hypertrophy
of the right ventricle of the heart was revealed in animals
with experimentally induced pulmonary hypertension,
with a significantly greater thickness of the free wall
of the right ventricle in males compared to females.
Significant influence of the interaction of the gender
factor and the effect of monocrotaline on the indicators
of the bioelectric impedance of the body (amplitude,
ratio of resistances at low and high current frequencies)
was shown using the method of analysis of variance. The
body bioelectric impedance amplitudes, normalized to
body length, were significantly lower in the male rats and
higher in the female rats with experimental pulmonary
hypertension compared to the control animals of the
same gender. In the female rats with the monocrotaline
model of pulmonary hypertension, the ratio of the
amplitudes of the bioelectric impedance of the body at
low and high current frequencies was significantly lower
than in the control animals. Conclusion. Changes in the
body resistance of the rats with pulmonary hypertension
indicate an inflammatory process. Gender differences in
the changes in the bioelectrical impedance of the body
indicate a more severe manifestation of pulmonary
hypertension in the males.

Keywords: monocrotaline model of pulmonary
hypertension, bioelectrical impedance of the body
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Pulmonary arterial hypertension is a pathophysiological
condition accompanied by an increase of pulmonary
vascular resistance and by right ventricular hypertrophy
with further development of severe heart failure [1]. Sex
hormones can be a key factor in the observed differences
in the rate of development and severity of heart disease
depending on gender [2, 3]. However, additional studies
are needed to understand the gender differences in the
pathogenesis of pulmonary arterial hypertension [4].

The mechanisms of the influence of sex hormones on the
development of pulmonary arterial hypertension can be
revealed in studies on animal models [5]. The classic model
of pulmonary arterial hypertension is the administration
of monocrotaline to animals [6]. Monocrotaline is a
pyrolysidine alkoloid extracted from the seeds of Crotalaria
spectabilis, used to provoke the development of structural
changes in the pulmonary arteries, leading to pulmonary
edema and severe pulmonary arterial hypertension [7].

The electrical properties of tissues are used as indicators
of morphological and functional changes in humans and
animals. The electrical resistance of tissues, measured at
high current frequencies, makes it possible to evaluate
intracellular changes, and in the low-frequency range
the electrical resistance is determined by the size of
intercellular spaces, the level of blood supply and tissue
hydration. The possibility of determining the redistribution
of the volumes of fluids and electrolytes between the extra-
and intracellular spaces, the violation of the structural
organization of tissues using the ratio of resistances at a
low and high current frequency was shown [8].

Gender differences in the active resistance of the
bioelectric impedance of the body and the ratio of the
resistance of the body at different current frequencies
in healthy people were identified [9, 10]. However,
the differences in the measurements of bioimpedance
spectroscopy of the body with pulmonary hypertension
remain unstudied.

The aim of the work was to study the bioelectric
impedance of the body in rats of both genders with
monocrotaline-induced pulmonary hypertension.
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Materials and methods

The studies were carried out on four-month-old Wistar
rats from Rappolovo laboratory animal nursery (St.
Petersburg). The animals were kept in a room with natural
and artificial lighting with free access to water and feed.
They were placed in ventilated cages in groups of 2-3
individuals at a temperature of 20-22°C on a bed of wood
shavings. The contents, care and all the manipulations that
animals were subjected during the study were carried out
in accordance with international rules and regulations.

The rats were divided into four groups: male control (n=5)
and males with pulmonary hypertension (n=9); female
control (n=6) and females with pulmonary hypertension
(n=13). To model pulmonary hypertension, monocrotaline
(60 mg/kg animal weight; Sigma-Aldrich; Germany) was
injected subcutaneously once to experimental animals
of both genders. The control male and female rats were
injected subcutaneously once with a dose of physiological
saline (0.9% NaCl) comparable in the volume of liquid.

The length (L) of the rats’ body without a tail was
measured in centimeters. Body mass index was calculated
as the ratio of the body weight (g) to the squared body
length L (cm?). The mass of the rats’ body and the mass
of heart was determined using Acom JW-1 laboratory
electronic scales (Korea, accuracy 0.05 g).

Bioimpedance studies in rats were performed four weeks
after the administration of the drug and the physiological
saline. Bioelectric impedance of the body was recorded
using an analyzer of physical properties of materials and
substances 126094W (Solartron Analytical, the UK). The
bioelectric impedance of the body was measured with
tetrapolar method in animals lying on their back and
under zoletil anesthesia (3.5 mg / 100 g of body weight,
intramuscularly). Crocodile electrodes were placed in
pairs on the left forefoot and right hindfoot (Figure 1).
The measurements obtained reflected the time-averaged
(during four seconds) characteristic of electrical resistance.

Figure 1. The arrangement of electrodes in pairs on the left
forefoot and right hindfoot of the rat (current electrodes
were placed on the wrist and foot, measuring electrodes
— in the ulnar and tarsal region).

After the experiment, the heart was excised, its mass
was measured, and transverse histological sections with a
thickness of 7 um were prepared on a microtome cryostat
(Leica CM 15108S). The thickness of the free wall of the
right ventricle of the rats” heart was determined at the level

of the base of the papillary muscles of the left ventricle.

The polarization coefficients equal to the ratio of the
amplitudes Z of the bioelectric impedance of the rats’
body were calculated at a low (5, 10, 40 kHz) and high
(120 kHz) sinusoidal current frequency. The polarization
coefficient does not depend on the distance between the
measuring electrodes and the volume of the studied body
section, and characterizes the steepness of the resistance
dispersion (decrease in resistance with increasing current
frequency) of living tissue.

Statistical processing was carried out using the statistical
analysis software package Statistica 10.0 (StatSoft). To
check the normality of the distribution of quantitative
traits, the Shapiro-Wilk test was used. Mass, body mass
index, and relative heart mass for all compared groups
corresponded to the law of normal distribution. The equality
of variances of the distribution of traits in the groups was
checked using the Leven criterion. The quantitative traits
are presented as arithmetic mean + standard deviation.
The significance level of the differences was taken equal
to 0.05. Comparisons of the groups from the populations
with a non-normal distribution (heart mass of the males
in the control group, body length and right ventricular
thickness of the female rats with pulmonary hypertension)
were carried out according to the Mann—Whitney criterion,
with a normal distribution — using the Student’s t-test. We
used the analysis of variance to study the influence of the
factors “gender” (males and females) and “group” (control
and with pulmonary hypertension) on the bioelectrical
impedance of rats (amplitude normalized to body length,
polarization coefficients). We used the procedure of a
posteriori comparison of mean values (according to the
Bonferroni or Newman-Keuls criteria) and the Student
criterion with the correction of the level of statistical
significance p. The Spearman correlation coefficient (rs)
was used to assess the relationship between the variables.

Results and discussion

The heart mass was higher in the male rats with
pulmonary hypertension (U = 5.5, Z = -2.2, p = 0.028)
than in the control males. In the female rats of the control
and experimental groups, no significant differences in the
heart mass were revealed. In the male rats with pulmonary
hypertension, the heart mass (¢t = 2.9, df = 18, p = 0.010)
was significantly higher than in the female rats in the
experimental group (Table 1).

The body mass index and the ratio of heart mass to body
mass did not significantly differ between the male and
female Wistar rats in the control and experimental groups.
The body mass and length in the male and female rats with
pulmonary hypertension significantly varied (for body
weight: 1 = 3.5, df = 19, p = 0.002; for body length: U =
27.5,Z=-2.0,p=0,042).
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Table 1
Morphometric indices in the male and female rats in the
control groups and with pulmonary hypertension

. Females
Males Muailne;nw;h Female with
Parameter control P Y1 control pulmonary
hyperten-
(n=5) sion (n=9) (n=6) hyperten-
" sion (n=13)
Body weight, g 239+14 267+24 248+25 230+22%
Body length, cm 22+1 231 22+1 22+1%
Body massindex, | o 49+0,04| 0,5240,07 |0,52¢0,05 | 0,5040,05
g/cm?
Heart mass, g 1,040,1 1,1+0,1* 1,040,2 1,0+0,1%
Rel'a|t|ve heart 4,040,3 4,1+0,4 4,1+0,2 4,2+0,4
weight, g/kg
The thickness
of the right 1,3+0,2 1,8+0,3* 1,1+0,1 1,5+0,1*%
ventricle, mm

Note. Significant differences when comparing the
parameters of the control and experimental groups of
females and males are marked with «*». Significant
differencesinthefemalerats with pulmonary hypertension
compared to the males are marked with «%».

The monocrotaline model of pulmonary hypertension is
characterized by toxic damage to the peripheral vessels of
the lungs, heart, and other organs, and by inflammation [11].
A single dose-dependent administration of monocrotaline
causes the development of pulmonary hypertension, right
ventricular hypertrophy, or severe right ventricular heart
failure [12, 13].

In histological examination four weeks after the
administration of monocrotaline at a dose of 60 mg/kg, we
showed hypertrophy of the right ventricle of the heart in
the rats with experimental pulmonary hypertension. The
thickness of the free wall of the right ventricle of the heart
in the rats with the monocrotaline model of pulmonary
hypertension was significantly higher than in the animals
in the control group of the same gender (in males:  =-3.6,
df=11, p =0.004; in females: U=0, Z=-3.2, p =0.001).

When modeling pulmonary hypertension, greater
hypertrophic changes in the heart were detected in the male
rats than in the females. In the animals with monocrotaline
pulmonary hypertension, a significantly greater thickness
of the free wall of the right ventricle of the heart was
observed in the male rats compared to the females (U =
11,Z=-2.5,p=0.011).

Pulmonary  hypertension and right ventricular
hypertrophy of the heart develop differently in the female
and male rats.

A more pronounced increase in medial thickness in small
pulmonary arteries was revealed in the female rats with
pulmonary hypertension. In the males, unlike females,
infiltration of small pulmonary arteries by inflammatory
cells, adventitious and medial fibrosis were detected [14].

Pulmonary hypertension caused by monocrotaline at a
dose of 60 mg/kg in the female rats was marked by lower
remodeling of the right ventricle of the heart [15], with

a higher adaptive potential of the systems for regulating
myocardial contractility [16, 17] compared to the males.

The protective effect of estradiol with respect to the
development of pulmonary hypertension was revealed.
In the monocrotaline model of pulmonary hypertension
with the administration of estradiol 174 to the rats, a
significant weakening of pulmonary vascular remodeling
[18], suppression of inflammation and fibrosis [19], and
decrease in the volume of edematous fluid [20] in the
lungs were shown.

In a bio-impedance study in the monocrotaline model,
differences in the electrical resistance of the body in the
rats of both genders with pulmonary hypertension were
determined.

Multivariate analysis of variance of the bioelectric
impedance amplitude of the body of the rats, normalized to
body length at current frequencies of 5, 10,40, and 120 kHz,
showed the interaction of the “gender”*“group” factors
(F4.25=6.3,p=0.001). Post-hoc analysis (Bonferroni test)
revealed gender-related statistically significant differences
in animals from the control and experimental groups and
statistically significant intergroup differences in the male
and female rats at all current frequencies. In the male
rats with pulmonary hypertension, the amplitude of the
bioelectric impedance of the body was significantly lower,
and in the females it was significantly higher compared to
the rats of the control group of the same gender (Table 2).

The female rats (not taking the group into account)
showed significant positive correlation between the
bioelectrical impedance of the body and the thickness of
the free wall of the right ventricle of the heart (at 5 kHz: r =
0.69, p=0.002; at 10 kHz: r = 0.73, p = 0.0005; at 40 kHz:
r = 0.73, p = 0.0003; at 120 kHz: r_ = 0.75, p= 0.0002).
In the male rats, no significant associations between these
parameters were noted.

Significantly lower values of the bioelectric impedance
of the body in the male rats with experimental pulmonary
hypertension compared to the control group may indicate
the accumulation of extracellular fluid in the body as a
result of the inflammatory process.

A decrease in the body bioimpedance in the patients with
circulatory failure was shown, which reflects an increase
in the degree of cellular and extracellular hyperhydration
[8]. In the inflammatory process, the electrical impedance
of body tissues initially increases with damage to the
membrane structures of cells, and decreases in the stage of
infiltration [21]. With fibrosis, the electrical resistance of
the tissue (myocardium) decreases [22].

The introduction of monocrotaline (at a dose of 60-100
mg/kg) leads to toxic damage, edema, and pulmonary
fibrosis [7]. A month after the administration of
monocrotaline in the lungs, the rats showed structural and
functional changes in the pulmonary vessels, hemorrhage,
hyperemia, and inflammation with necrosis of the alveolar
septum [7, 23, 24].

In the female and male rats with the monocrotaline model
of pulmonary hypertension, the bioelectrical impedance
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of the lung tissue changes differently in comparison with
the control group. Earlier, a significant increase in the
resistance and amplitude of the bioelectrical impedance of
the lung tissue in the female rats with monocrotaline lesion
was revealed, indicating (at a low current frequency)
histologically confirmed emphysema changes in the lungs
and (at a higher current frequency) inflammatory lesions of
the lung tissue with monocrotaline lesion and narrowing of
the lumen of blood vessels in the lungs [25]. In the male rats
with the monocrotaline model of pulmonary hypertension,
a decrease in the electrical resistance of the lungs was
shown, indicating the accumulation of extracellular fluid
in the body [26].

Analysis of repeated measurements showed that
the polarization coefficients Z, ., and Z, . of the
bioimpedance of the rats’ body turned out to depend on the
interaction of the factors “gender”*“group” (F1,29=5,8,
p = 0,023). The post-hoc analysis (Newman-Keuls test)
revealed gender-related statistically significant differences
(p=0.021) between the animals of the two control groups.
The index Z,, ,, in the females (1.070 + 0.012) in the
control group of the rats was significantly lower than in the
males (1.097+0.019,t=-2.8,df =12, p=0.015, Student's
test). Intergroup statistically significant differences were
observed in the female rats (Newman-Keuls test, p =
0.046). The values of'the coefficients Z,, , andZ, , inthe
females with pulmonary hypertension were significantly
lower (Z,; ,,: 1,075 £ 0,012 in comparison with 1,097 +
0,019, r=3,2,df=19, p=0,0046, Student's test) compared
to the control (Figure 2).

1,30
1,25
o ——d'y Zionn2o

' 1—// ] ——03y Zso20
1,15 i ] R, Ziou20

- @, Zsuz
1,10 é T
1,05 =
1,00 T
C LH

Figure 2. The result of two-way analysis of variance for the
ratiosZ, and Z, 120 of the amplitudes of the bioelectric
impedance of the body of Wistar rats: the interaction of
the factors «gender»*»group».

Legend:

On the abscissa axis: C — control groups, LH — group of
males or females with pulmonary hypertension.

On the ordinate axis: Z,, ,, and Z, ,, — the polarization
coefficients (the ratio of the amplitudes of the bioelectric
impedance of the rats’ body at low (10 or 20 kHz) and

high (120 kHz) current frequencies).

Table 2

The amplitude of the bioelectric impedance of the body
in the male and female rats in the control and with
pulmonary hypertension

Grqup of The value of
Group of animals . The value of
. the achieved
animals and and the the Student
The fre- . . level of Y
uenc the amplitude | amplitude statistical criterion and
q ¥ of the of the - the achieved
of a . . . .| significance
bioelectric bioelectric . level of
current, | . . according -
impedance |impedance statistical
kHz to the Lo
of the body, of the .| significance (8
Bonferroni .
Ohm/cm body, L comparisons)
criterion
Ohm/cm
2: t=-3,5, df=18,
. + =|
4:116,1%18,0 89,1415 1 p=0,030 =0,003
4: _ t=-4,9, df=17,
> 116,1¢18,0 | P03 | 20,0001
3:71,8%t21,0 T
11738262 | P=0002
2: t=-4,1, df=19,
4:113,1+17,4 =0,021
374 g3 74143 | P00 p=0,0006
4: ~ t=-5,3, df=18,
10 113,1¢17,4 | ° =0,0003 0=0,00005
3:68,1+20,3
1: 0003 | 136 =11,
11444258 | P~ p=0,004
2: t=-4,1, df=20,
: + =
4:104,1+16,6 77,5413 4 p=0,031 =0,0006
4: _ t=-6,0, df=20,
40 104,1+16,6 | P~9009% | ,_0 000007
3:57,5£19,7
1: -0.003 t=4,2, df=13,
106,0¢24,5| P~ p=0,001
2: t=-4,0, df=20,
. + =|
4:96,8+15,4 72,0¢13,1 p=0,031 $=0,0007
4: B t=-6,2, df=20,
120 96,8+15,4 | P79000% | 0000005
3:52,7+£18,1
1: 0002 | =43 913,
99,1¢232 | P7 p=0,0009

Note: 1 — males in the control group of rats, 2 — males
with pulmonary hypertension, 3 — females in the control
group, 4 — females with pulmonary hypertension

A decrease in the ratio of the body impedance
amplitudes at low and high current frequencies was noted
in postoperative edema and impaired renal and cardiac
function [27]. The coefficient has a significant relationship
with the level of creatinine and albumin in the blood, and
is a marker of inflammation in patients with kidney disease
[28, 29]. The resistance of the human body at low current
frequency is significantly lower in chronic diseases of the
respiratory and cardiovascular systems, the difference
between the impedances at low and high current frequency
is noticeably reduced, indicating cell damage associated
with the disease [30, 28].

Significant changes in the ratios of the amplitudes of
the bioelectric impedance of the body in the female rats
with pulmonary hypertension compared to the control
may indicate inflammation with monocrotaline lesion. No
observed gender differences in the polarization coefficients
of the body of the rats with pulmonary hypertension were
noted in the control group of animals.
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Conclusion

Bioimpedance spectroscopy revealed significant
differences in the amplitudes and polarization coefficients
of the bioelectrical impedance of the body in the rats with
experimentally induced pulmonary hypertension compared
to the control, indicating the accumulation of extracellular
fluid in the body of the males and the inflammatory process
in the females. With monocrotoline-induced pulmonary
hypertension, greater hypertrophic changes in the heart
were detected in the male rats compared to the females.
The shown gender differences in the amplitude of the
bioelectric impedance of the rats’ body may indicate a more
pronounced manifestation of pulmonary hypertension in
the males compared to the females.
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