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Mcnonb3oBaHMe MUHMATIOPHBIX CBUHEN B KaYeCTBe G1MONOrnYeckmnx
Mopenei OCHOBbIBAeTCA Ha 60NbLIOM CXOACTBE MX aHaTOMUK 1 GU3no-
NOrNN CepLAeYHO-COCYANCTON CMCTEMbI, MOpdonorumn u grsronorum
KOKW, OPraHOB MULLEBAPEHNA B CPAaBHEHUN C YeSTOBEKOM 1 CMOCO6-
CTBYET peLleHunio Npobrem KceHoTpaHcnnaHTaumn. OgHako, HecMo-
TPA Ha WMPOKWI MHTEPEeC K AaHHOW MOpofie *KNBOTHbIX, OCTAOTCA
Masiou3yYeHHbIMM 0CO6EHHOCTU pacnpeaeneHnsa Bofbl U SNeKTPOn-
TOB B TKAHAX MUHW-CBUHEN, YTO SIBUJTOCH LIESbO HACTOALLEro Uccse-
foBaHuA. M3yueHo pacnpepeneHmne KaTMOHOB HaTPUA, Kanna 1 Boabl

B CKeJIETHbIX MbILLAX, MMOKAPAE, MaAKOMbILLIEYHbIX 1IeMeHTax
COCYANCTON CUCTEMBI, MEYEHUN U KOXE MUHW-CBUHEN, pa3nnyatoLmx-
CA MO Mony 1 NoBeAeHYECKON peakLmy MO OTHOLIEHUIO K YENOBEKY.
KonuuectBeHHOEe cofiepKaHne KaTMOHOB HAaTPUA 1 Kanusi onpeaensanu
METOZIOM aTOMHO-afCOPOLIMOHHO cnekTpockonuu. MokasaHo, UTo
CKeneTHbIe ¥ FNafKue MblLULbl OTIMYAIOTCA MO NEKTPONIUTHOMY COCTa-
BY. [1p1 5TOM B CKENETHbIX MbILWLAX BblsiBEHa 3aBUCUMOCTb CoflepKa-
HUA SNEKTPONINTOB OT TWMNa NOBEAEHNA MO OTHOLLEHUIO K YENTOBEKY.
MonyyeHHble faHHble NOATBEPXKAAIOTCA U ABYXPAKTOPHbIM Ancnep-
CUOHHbIM aHann3oM. O6HapyXeHO HaKomneHne Boabl B 06pasLax
MbILUEYHOW TKaHN PYYHbIX CAMLIOB MO CPaBHEHMIO C TPYCSIMBLIMY, YTO
TaK>Ke AOKa3blBaeTCA pe3ybTaTaMun UCCiefoBaHNA AUCNEPCUOHHOTO
Komnnekca. Mi3yyeHve pacnpepneneHus an1eKTpoNnTOB B KOXe CBUe-
TeNIbCTBYET O BAMAHMM TVNa NOBELEHUA Ha COAepKaHne HaTpua. Mon
MKUBOTHBIX U TVN NOBEAEHMSA He NOBAVANN Ha pacnpeaenenne Kanus

1 MacCOBYIO JOJTI0 BOAbl B KOXE M NeYEHN UCCNefOBaHHbIX XUBOTHbIX.
B xope paboTbl He BbIABNEHO BMSIHWA NONA U TMa NOBeAEHMUS XXNBOT-
HbIX Ha coflepKaHme HaTpUA B NMeYeHU, O4HAKO O6HaPY>KEHO 3Haun-
TesflbHOe CofiepKaHve Kanma no CPaBHEHMIO C HAaTPUEM, YTO, BO3MOX-
HO, CBSA3aHO C BbICOKOV MNIOTHOCTbIO KNETOUHbIX 3/IEMEHTOB. YCTaHOB-
NeHbl HEKOTOPbIe Pa3NnynaA pacnpeneneHnsa OCHOBHbIX KaTUOHOB
BHEK/ETOYHOIO 1 BHYTPUKNETOYHOIO CEKTOPOB, @ TaKXe 3aBUCMOCTb
cofiepKaHNA 3NeKTPONUTOB OT GYHKLMOHANbHbIX 0COGEHHOCTEN
TKaHei. MonyyeHHble faHHble AEMOHCTPUPYIOT, YTO MUHW-CBMHLU
MUul moryT ABnATbCA MHGOPMATUBHON MOLENDIO ANA NCCNefoBaHUA
BNAHUA reHeTUuYeckmx (nosn) n peHoTnnmYecknx (Tun noseaeHusn)
0CobeHHOCTEN Ha MapameTpbl BOGHO-3/IEKTPOIUTHOTO roMeocTasa.

KntoueBble CNoBa: MUHW-CBUHbYW; aTOMHO-aACcOpOLMOHHanR
CNEKTPOCKONUS; HAaTPUIA; Kanuii; 06pasLbl TKaHe.
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Striking similarities between human and miniature pig
anatomy and physiology of the cardiovascular system,
skin and digestive organs have made miniature pigs

a successful animal model for addressing problems of
xenotransplantation. However, despite the widespread
interest in this breed of animals, the distribution of
water and electrolytes in the tissues of miniature pigs
remains poorly understood, which led us to conduct
this study. The distribution of sodium, potassium
cations and water in skeletal muscles, myocardium,
smooth muscle elements of the vascular system, liver
and skin of mini-pigs differing in gender and behavior-
al response to humans has been studied. Quantitative
determination of sodium and potassium cations was
performed by atomic absorption spectroscopy. It was
shown that skeletal and smooth muscles differ in elec-
trolyte content. The impact of behavioral response to
humans on the electrolyte level in skeletal muscle was
detected. The data are confirmed by two-factor disper-
sion analysis. The accumulation of water in muscle
samples of “tame” males as compared with cowardly
animals was shown. The impact of different behavior-
al types on the amount of sodium in the skin was
revealed. The impact of the gender of animals or the
type of behavior on the sodium level in the liver was
not detected. However, a significant amount of potas-
sium was found in the liver as compared with sodium
level, which is possibly associated with a high density
of cellular elements. The gender and behavioral type
of animals did not have an impact on the distribution
of potassium and the mass fraction of water in the
skin and liver. Some differences in the distribution of
the main extracellular and intracellular sectors’ cations
were revealed, and so was the dependence of the elec-
trolyte content on the functional characteristics of the
tissues. The data obtained demonstrate that miniature
pigs can be an informative animal model for studying
the influence of genetic (gender) and phenotypic
(behavioral response) aspects on the parameters of
water-electrolyte homeostasis.

Key words: miniature pigs; atomic absorption spectros-
copy; sodium; potassium; tissue samples.



Hacrosiee Bpems 3a pyoexxom u B Poccuu mupoko
BHEJPSIOTCS B MPAKTUKY MEIUKO-OMOIOTHYECKUX HC-
CIICIOBAHUI MUHHUATIOPHBIC CBUHBH KaK HOBBIH BUJI
naboparopHbIX KUBOTHBIX (Morisson et al., 2000; Hukutux
u 1p., 2014). MHOTHE CHCTEMBI MHHU-CBHHEH (CepAEIHO-CO-
CyIUCTasl, MUIICBAPUTEIIbHAS, KOJKa) UMCIOT 3HAYUTEIHHOE
AHATOMHUYECKOC U (PH3HOIIOTUICCKOE CXOACTBO C CHCTEMaMU
YeJI0BEKa, UTO MO3BOJISICT UCIIOIB30BaTh STOT BU/] B KAUECTBE
OHMOIIOTHYECKOM MOJIETH, a TaKXKe B MPOIeccax KCCHOTPaH-
crutantanuu (Kanananze, 2006; AiitHazapos u ap., 2014).
Jns Mmennko-OronornIeckux 1esneit Brepble B Poccuiickoit
®Oenepanuu B ULul" CO PAH BriBeneHa nopoia MUHHU-CBUHEN
MyTEM OTAAJICHHON THOPUIN3AIIUH U CIIOKHBIM BOCIIPOU3BO-
JTUTETHHBIM CKPEIIUBAHUEM JIOMAITHUX U TUKUX CBHHEH €B-
poneicKoro u asuarckoro npoucxoxaenus (Tuxonos, 2010).
HecmoTps Ha akTHBHOE N3yUYeHNE JaHHOW TTOPOJIbI JKUBOTHBIX,
0COOCHHOCTH JIOKAJIN3AIIUH BOJBI M AJIEKTPOIUTOB B TKAHIX
MUHH-CBUHEH 0CTAIOTCS MAJIOM3YYCHHBIMU, YTO TIOCITYKHIIO
LIEJIbI0 HACTOSIIETO UCCIICI0BAHMUS.

MaTtepwuanbl n metogbl

PaOora BbinonHeHa Ha 40 MUHHATIOPHBIX CBUHBSIX B BO3pAcTe
1 mec., maccoit 8—12 kr, momy4eHHbIX n3 muToMHnKa ULul"
CO PAH. KuBoTHbIe OBIIH pa3feieHbl Ha YEThIpEe IPYIIIHI
0 MOy M PEAKIUU MOBEACHUS MO OTHOLIEHHIO K YesIOBe-
Ky (TpycimBo-00OpoHHUTENbHAS U pydHas). VMccnenoBanne
MIPOBEJICHO C COOIO/ICHNEM XeIbCHHKCKON JeKJIapaiy o
I'YMaHHOM OTHOILEHHH K dKMBOTHBIM.

Jis ananm3a comepykaHus AIEKTPOIUTOB OBIITH OTOOPAHBI
00pa3Isl MBIIICYHOM TKaHM (CKeIeTHas OeApeHHast MBIIIIIA,
cepiedHast MblIIa (MHOKapA JIEBOTO KelyldodKa), aopTa,
ToN1asi BeHa), a TakXKe KOXKU M TedeHn. Kycoukn TKaHM BbI-
CYIIMBAJIH JI0 OCTOSTHHOM Maccsl rpu Temmneparype 100 °C.
KonuuecTBeHHOE conep)kaHHue KaTHOHOB HATPHS U Kalus
OTIpEEIISUIN METOJIOM aTOMHO-aJICOPOLIMOHHON CHEKTpPO-
cxormuu (Hitachi Z-8000, SImorwmst). MaccoByIO JOIEO BOIBI
paccuMTBHIBAIIN KaK OTHOIIEHHE MACChI BOJIbI K Macce o0pasia
BO BJIQYKHOM COCTOSTHHH.

JloCTOBEpHOCTD pa3IHumii MOKazaTeIel MeX 1y rpynnaMn
JKUBOTHBIX OIICHHMBAJIMA B Makete mporpamm Statistica 8.0 ¢
UCTIONIb30BaHUEM TecTa JlyHKaHa M IBYX(aKTOPHOTO AHC-
nepcuonHoro ananuza ANOVA, rie B kauecTBe HE3aBUCUMBIX
MEPEMEHHBIX B3SITHI TI0JI )KUBOTHOTO M PEAKIMs TOBEIACHUS
Ha YeJIOBeKa.

PesynbraTbl n 06CyxaeHune

M3BecTHO, 4TO HATPHH SBIIAETCS OCHOBHBIM BHEKJICTOUHBIM
KaTHOHOM M 00€CIIeUNBACT, HApsAy C y4aCTHEM B ITOAJIepIKa-
HHU BOJHO-COJIEBOIO TOME0CTa3a, & TAKXKE IPOLIECCOB TPAHC-
MEeMOpPaHHOTO TPAHCIIOPTA, TPOIIECC BO30OYKIECHHS B HEPBHBIX
n Mpineunbix kietkax (Nehrke, 2014). B ta6n. 1 npeacrasie-
HBI JIaHHBIE O PACIpe/eSICHNH KaTHOHOB HATPpHs B 00pa3iax
TKaHH, B 3aBUCMOCTH OT [10J1a )KUBOTHBIX M THIIA TOBSICHUS
10 OTHOILICHHMIO K 4eoBeKy. CpaBHEHNE pa3HbIX THIIOB MbI-
IIEYHOM TKaHU IMOKas3ajio, YTO B INIaIKOMBIIIICYHBIX 3JICMCHTaxX
COCY/IMCTOTO pycia (aopTa ¥ 1mojiast BeHa) HaTPHUs COIEPKHUTCS
Ooutblne, 4eM B MHOKap/ie. MeHbIIIe BCEro HaTpyst ONpe/iesis-
€TCs B CKEJICTHOMU MBIIIIIC. B ckenerHbIx MBbIIIIAX PYyYHBIX
CaMIIOB BBISBIICHO JOCTOBEPHO OOJee BBICOKOE CONEpIKaHUE
HaTpysl 10 CPAaBHEHHIO C CaMIaMM C TPYCJIMBOM peaximeit
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noBeaeHus (p < 0.05). ¥V skcrnepuMeHTAIbHBIX JKUBOTHBIX
JKEHCKOTO TeHOTHIIA C PYYHBIM THIIOM MOBEAECHHS OOHAPYKEHO
JIOCTOBEpHOE YMEHBIIEHUE COJIeP)KaHHsI HATPHs B MHOKap/ie
[0 CPaBHEHUIO C TPYCIUBBIMU 0c00siMu (p < 0.05). Takxe B
MHOKap/ie TPYCINBBIX CAMOK BBISIBIISICTCS MOBBIIIEHHOE CO-
Jiep>KaHHUe HaTPUs TT0 CPABHEHHUIO C TPYCIMBBIMU caMIiaMu (p
< 0.05). JIucrepcCHOHHBIN aHATU3 MOJYYEHHBIX TaHHBIX TO-
Ka3aJl I0CTOBEPHOE BIIMSIHUE THIIA TIOBEACHNS HA COZIEPIKaHUE
Harpus B aopre (F, 5, = 6.21, p < 0.05). B ocTanbHEIX 5Kc-
MEPUMEHTAIILHBIX IPYIIAX JOCTOBEPHOTO BIHSHHS ()aKTOPOB
T10J1a, THIIA TOBEJICHUS X MX B3aUMOJCHCTBUSI HE OOHAPYKEHO.

OCHOBHO ITyTh TIOCTYTIJICHUS BOJIBI 1 DJIEKTPOJIUTOB B OP-
TaHU3M — JKeIyJOYHO-KHIIEYHbIH TpakT. KpoBb, OTTEKaromas
OT TOHKOHM KHIIIKH, TIOCTYTAET B MEUCHb, OAHON N3 BaXKHBIX
(YHKIMI KOTOPOH SIBIISIETCS] yUacTHE B MUHEPAJILHOM 0OMe-
He. J{ns moaepkaHusi BOJHO-COJIEBOTO TOMEOCTa3a BayKHBI
HE TOJIBKO ITyTH TOCTYIUICHHUS BOABI U JIEKTPOIUTOB, HO U
pa3Mepbl MOTepb, OCHOBHYIO POJIb B 3TOM HUTpaeT Koxa. Paz-
MepBbI TIOTEPh BOJIBI Yepe3 KOXKY ONPENEIISIOTCS CKOPOCTHIO
mupdy3un gepes 3aroNHeHHBIH JINTHIaMU OPOTOBEBIIHHA
npotekTopHblii cioii (MBanosa, 2009). Ananu3 aByxdax-
TOPHOTO ANCIIEPCHOHHOTO KOMILJIEKCa BBISIBUJI BIMSTHUE THITA
HoBe/IeHNs Ha pacnpesenenre Hatpus B koxe (F, ;o= 11.03,
» <0.01): HaOmoraeTcst yMeHbIIEHHE COJICPIKAHNS HATPHS Y
PYYHBIX )KUBOTHBIX IO CPaBHEHHUIO C TPYCIMBBIMU (CaMIIbl:
p <0.05, camku: p < 0.05). B xozme uccnenoBanus He 0OHa-
pyxeHo 3¢dexToB mona U THMA ITOBEJCHUS )KUBOTHBIX Ha
COZIep)KaHUE HATPHs B IICUCHH.

Baxneiimm HoHOM BHY TPUKJIETOUHOM KU IKOCTH 110 CpaB-
HEHHUIO C BHEKJIETOUHOH sBIsieTcst Kanmuit (cM. Tadm. 1). Ipu
CPaBHEHUM pa3HbIX TKaHEH OTMEYEHO MpeodiajaHne Kaus
B CKEJIETHOM MBIIIIIe U MHOKapae. BerasieHo, uto B mian-
KOMBIIICYHBIX 3JIEMEHTaX COCYANCTOW CHCTEMBI CAMIIOB CO-
JIepKaHKe KaJIUs BBIIIE Y PYYHBIX )KUBOTHBIX (p < 0.05), uto
MOATBEP)KIAETCS BAMAHUEM (haKTOpa THUIA HOBEICHUS TPH
aHajM3e JUCIEPCHOHHOr0 KoMIutekea (F 5. =5.21, p <0.05).
B neuenn oGHapyKeHO 3HAYUTEIBHOE COACPIKAHNE KaJTHSI 110
CPaBHEHUIO C HATPHUEM, UTO, BOSMOXKHO, CBS3aHO C BBICOKOH
TUTOTHOCTBIO KJICTOYHBIX 3J1eMeHTOB. [1on 1 i moBeaeHus
’KMBOTHBIX HE MOBIHSIIN Ha Pacrpe/elICHue Kaus B ICYCHH
1 KOX€ MCCIIEI0BAHHBIX )KUBOTHBIX.

Harpwnii n kanmid, IBISISICE 0OCMOTHYECKH aKTHBHBIMH HOHA-
MH, CIIOCOOCTBYIOT IEpepaCIIPECIICHUIO BOBI MEXY KIIET-
KOH ¥ BHEKJIETOUYHOH KUIKOCTBIO. AHAJIN3 TIOJTyYCHHBIX JJaH-
HBIX TT0Ka3aJl HaKOIJICHUE BOJBI B CKEJICTHBIX U TJIAJKOMBI-
IIEYHBIX 00pa3lax py4yHbIX CaMIIOB [0 CPABHEHHIO C TpYC-
JTUBBIMH (Ta01. 2), 9TO TIOATBEPKAACTCS PE3yNbETaTaMH JTUC-
MIEPCHOHHOTO aHaJIN3a: (PaKTOP TUITA MOBEICHNS JOCTOBEPHO
BIIMsAET Ha 00BogHEHHOCTH aopThl (F, 5 = 4.94, p < 0.05)
u nonoit Bensl (F, 5 = 10.27, p < 0.01). Ha conepxanue
BOJIbI B CKEJICTHOW MBIIIIIE OKA3aJIM BIMSHUE (DAKTOP I10JIa
(F, 35 = 10.00, p < 0.01) u B3aumozeiicTBUE (HaKTOPOB MONA
u Tuna nosezenus (F, ;o= 14.25, p <0.001). daxropsl nona
W TUTIa TIOBEJICHNSI HE BIUSIIOT HA MAaCCOBYIO JIOJIO BOJBI B
KOXKE U TICUCHH.

AHanu3 pe3yabTaToB HCCIEAOBAHUS MO3BOJIMII BBISIBUTH
HEKOTOpPBIE PA3IHUMsI PacHpe/iesIeHHsT OCHOBHBIX KaTHOHOB
BHEKJIETOYHOTO ¥ BHYTPUKJIETOUHOTO CEKTOPOB, a TAKKE 3a-
BHUCHMOCTb COJCPKaHNUS IEKTPOIUTOB OT (PyHKIIMOHATIBHBIX
0COOCHHOCTEH TKaHeH.

High-technology phenotyping
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Table 1. Concentrations of sodium and potassium ions in tissue sampes, ug/mg dry tissue, M +£ SEM
Tissue Sodium Potassium
Ma|es ........................................ |: emalesmales .......................................... F ema|es ....................................
coward|y ......... t ame ................. c oward|ytamecoward|ytamecoward|y .......... t ame ................
animals animals animals animals animals animals animals animals
Skeletalmuscle  260+011  330£030° 281022 280+0.15 12794027 1208+124 1276+145 14274086
Cardiacmusle  467+017  434%021  7.78+167% 469+032* 1262+105 1378+093 12224137 13.05:078
porta 584+078 823£092 578089 753:071  309+037 595:120* 396%054  466%057
Hollowvein 662+020 795:091 614+034 665070  468+0.12 1230+414* 501+043  499+031%
skin 687+051 544+063* 7.10£044 532029° 418+047 369+046  416£032  470%145
lver 290£007 304£010 306+017 314012 995029 971+055 1001£021 10014036
* p < 0.05 vs. same-sex cowardly animals; ¥ p < 0.05 vs. males of the same behavior type.
Table 2. Percentage of water in tissue samples, M + SEM
Males Females

Tissue

*p <0.05,** p <0.01 in comparison to same-sex cowardly animals; * p < 0.05, ## p < 0.001 in comparison to males of the same behavior type.

INomydeHHbIe JaHHBIE IEMOHCTPUPYIOT, YTO MUHU-CBUHBU
WLul" MoryT sBISTHCS HHPOPMATUBHOM MOJIEITBIO JUISI HCCIIE-
JIOBaHMS BJIMSHUSI TEHETUUECKHUX (T10J1) U (DEHOTUIHMYECKHUX
(THI MoBeIeHNsT) 0COOCHHOCTE! Ha MapaMeTphl BOTHO-3JICK-
TPOJUTHOIO TOMEOCTA3a.
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