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Mcnonb3oBaHMe MUHMATIOPHBIX CBUHEN B KaYeCTBe G1MONOrnYeckmnx
mMopenei OCHOBbIBaeTCA Ha 60NbLIOM CXOACTBE MX aHaTOMUK 1 GU3no-
NOrNN CepLAeYHO-COCYANCTON CMCTEMbI, MOpdonorumn u grsronorum
KOKW, OPraHOB MULLEBAPEHNA B CPAaBHEHUN C YeJTOBEKOM 1 CMOCO6-
CTBYET peLleHunio Npobrem KceHoTpaHcnnaHTauun. OgHako, HecMo-
TPA Ha WMPOKNI MHTEPEeC K AaHHOW MOpoJe *KNBOTHbIX, OCTAlOTCA
Masiou3yYeHHbIMM 0CO6EHHOCTU pacnpeaeneHna Bofbl U SNeKTPOn-
TOB B TKAHAX MUHU-CBUHEN, YTO SIBUJTOCH LIEJIbIO HACTOALLEro Uccsie-
foBaHuA. M3yueHo pacnpeaeneHmne KaTMOHOB HaTPUA, Kanna 1 Bogbl

B CKeJIETHbIX MbILWLAX, MMOKAPAE, MaAKOMbILLIEYHbIX 1IeMeHTax
COCYANCTON CUCTEMBI, MEYEHUN U KOXE MUHW-CBUHEN, pa3nuyatoLyx-
CA MO Mony 1 NoBeAeHYECKON peakLmy MO OTHOLIEHUIO K YENOBEKY.
KonuuectBeHHOEe cofiepKaHNe KaTMOHOB HAaTPUA 1 Kanusi onpeaenanu
METOZIOM aTOMHO-afiCOPOLIMOHHO cnekTpockonuu. MokasaHo, UTo
CKeneTHbIe Y FNafKue MblLLbl OTIMYAKOTCA MO MEKTPONIUTHOMY COCTa-
BY. [1p1 5TOM B CKENETHbIX MbILWLAX BblsiBEHa 3aBNCUMOCTb CoflepKa-
HUA SNEKTPONINTOB OT TWMNa NOBEAEHNA MO OTHOLLEHUIO K YESTIOBEKY.
MonyyeHHble faHHble NOATBEPXKAAIOTCA U ABYXPAKTOPHbIM Ancnep-
CUOHHbIM aHann3oM. O6HapyXeHO HaKomneHne Bofbl B 06pasLax
MbILUEYHOW TKaHN PYYHbIX CAMLIOB MO CPaBHEHMIO C TPYCSIVBLIMY, YTO
TaKKe AOKa3blBaeTCA pe3ynbTaTaMun UCCiefoBaHNA AUCNEPCUOHHOTO
Komnnekca. /i3yyeHve pacnpepneneHuns an1eKTpoNnTOB B KOXe CBUe-
TeNIbCTBYET O BAMAHNM TVNa NOBELEHUA Ha COaepKaHue HaTpua. Mon
MKUBOTHBIX U TVM NOBEAEHMSA He NOBAVANN Ha pacnpeaenenne Kanus

1 MacCOBYIO JOJTI0 BOAbl B KOXE M NeYEHN UCCNefOBaHHbIX XUBOTHbIX.
B xope paboTbl He BbIABNEHO BAVSIHWA NONA U TMa NOBeAEHMUs XUBOT-
HbIX Ha coflepKaHme HaTpYA B NMeYeHn, OfHAKO O6HaPYKEHO 3Haun-
TesflbHOe CofiepKaHve Kanma no CPaBHEHMIO C HAaTPUEM, YTO, BO3MOX-
HO, CBAA3aHO C BbICOKOV MNIOTHOCTbIO KNETOUYHbIX 3/IEMEHTOB. YCTaHOB-
NeHbl HEKOTOPbIe Pa3NiMymaA pacnpeneneHna OCHOBHbIX KaTUOHOB
BHEK/ETOUYHOIO 1 BHYTPUKNETOYHOIO CEKTOPOB, @ TaKXe 3aBUCMOCTb
cofiepKaHnA 3NeKTPONNTOB OT GYHKLMOHANbHbIX 0COGEHHOCTEN
TKaHei. MonyyeHHble faHHble AEMOHCTPUPYIOT, YTO MUHW-CBMHBU
NUul moryT ABnATbCA MHGOPMATUBHON MOLENDIO ANA NCCNefoBaHUA
BNAHUA reHeTUYeckmx (non) n peHoTnnmyecknx (Tun noseaeHusn)
0CobeHHOCTEN Ha MapameTpbl BOGHO-3/IEKTPONIUTHOrO roMeocTasa.

KntoyeBble cfi0Ba: MUHW-CBMHBU; aTOMHO-aiCOPOLOHHaA
CNeKTPOCKOMNWA; HAaTPUIA; Kanuid; 06pasLbl TKaHei.
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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 METUKO-OMOIOTHYECKUX HC-
CIICIOBAHUI MUHHUATIOPHBIC CBUHBH KaK HOBBIH BUJI
nabopatopHbIX KUBOTHBIX (Morisson et al., 2000; Hukutun
u 1p., 2014). MHOTHE CHCTEMBI MHHU-CBHHEH (CepAeIHO-CO-
CyIHUCTasl, MUIICBAPUTEIIbHAS, KOJKA) UMCIOT 3HAYUTEIHHOC
aHATOMHUYECKOE U (PU3HOIIOTUIECKOE CXOACTBO C CHCTEMaMU
YeJI0BEKa, UTO MO3BOJISICT UCIIOIh30BaTh TOT BU/] B KAYECTBE
OHMOJIOTHYECKOM MOJIETH, a TaKXKe B MPOIEccCaX KCCHOTPaH-
crutanranuu (Kanananze, 2006; AiitHazapos u ap., 2014).
Jns MenKo-OroornIeckux 1eset Buepble B Poccuiickoii
®enepanun B ULul" CO PAH BriBenena nopoaa MUHHU-CBUHEN
MyTEM OTAAJICHHON THOPUIN3AIIUH U CIIOKHBIM BOCIIPOU3BO-
JTUTETHHBIM CKPEIIMBAHUEM JIOMAITHUX U TUKUX CBHHEH €B-
poneickoro u asuarckoro npoucxoxaenus (Tuxonos, 2010).
HecmoTps Ha akTHBHOE N3yUYeHNE JAHHOW TTOPOJIbI JKUBOTHBIX,
0COOEHHOCTH JIOKAJIM3AIIUH BOJBI U AJIEKTPOIUTOB B TKAHIX
MUHH-CBUHEH 0CTAIOTCS MAJIOM3YYCHHBIMHU, YTO TIOCTYKHIIO
LIEJIbI0 HACTOSIIETO UCCIICIOBAHMUS.

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 PEAKIMU MOBEACHUS MO OTHOLIEHHIO K YesIOBe-
Ky (TpycimBo-00OpoHUTENbHAS U pydHas). VMccnenoBanne
MIPOBEJICHO C CcOOIO/ICHNEM XeIbCHHKCKOH JeKJIapaiy o
I'YMaHHOM OTHOILEHHH K dKMBOTHBIM.

Jis ananm3a comepykaHus AIEKTPOIUTOB OBIITH OTOOPAHBI
00pa3Isl MBIIICYHOM TKaHM (CKeIeTHass OepeHHast MBIIIIIA,
cepiedHast MblIIa (MHOKapA JIEBOTO KelyldodKa), aopTa,
To1asi BeHa), a TakXKe KOXKU M TedeHH. Kycoukn TKaHM BbI-
CYIIMBAJIH JI0 OCTOSTHHOM Maccsl rpu Temmneparype 100 °C.
KonuuecTBeHHOE conep)kaHNe KaTHOHOB HATPHS U Kalus
OTIpEEIISUIM METOJOM aTOMHO-aJICOPOLMOHHON CHEKTpPO-
cxormuu (Hitachi Z-8000, SImorwmst). MaccoByIO JOIO BOIBI
paccuMTBHIBAIIN KaK OTHOIIEHHE MACChI BOJIbI K Macce o0pasia
BO BJIQ)KHOM COCTOSTHHH.

JloCTOBEpHOCTD pa3IHumii MoKazaTesIel Mex 1y rpyninaMu
JKUBOTHBIX OIICHHMBAJIX B Makete mporpamm Statistica 8.0 ¢
UCTIONIb30BaHUEM TecTa JlyHKaHa M IBYX(aKTOpPHOTO AHC-
nepcuonHoro ananuza ANOVA, rie B kauecTBe HE3aBUCUMBIX
MEPEMEHHBIX B3SITHI TI0JI )KUBOTHOTO M PEaKIMs TOBEACHUS
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 BO30OYKICHHS B HEPBHBIX
n MbineunsIx kierkax (Nehrke, 2014). B ta6n. 1 npexacrasie-
HBI JIaHHBIE O PACIpe/eSICHNU KaTHOHOB HATPpHs B 00pa3iax
TKaHH, B 3aBUCMOCTH OT [10J1a )KUBOTHBIX M THIIA TOBSICHUS
10 OTHOILICHHMIO K YeoBeKy. CpaBHEHHE pa3HBIX THIIOB MbI-
IIEYHOM TKaHU IMOKa3ajio, YTO B INIaIKOMBIIIICYHBIX 3JICMCHTaxX
COCY/IMCTOTO pycia (aopTa ¥ 1mojiast BeHa) HaTPHs COIEPKHUTCS
Ooutblne, 4eM B MHOKap/ie. MeHbIIIe BCEro HaTpHst ONpeiesis-
€TCs B CKEJIETHOM MBIIIIIC. B ckenerHbIx MBbIIIIAX PYyYHBIX
CaMIIOB BBISBIICHO JJOCTOBEPHO 0OJIee BBICOKOE CONEpIKaHUE
HaTpusl 10 CPAaBHEHHIO C CaMIaMM C TPYCJIMBOM peaxiueit
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noBeaeHus (p < 0.05). YV skcrnepuMeHTAIbHBIX JKUBOTHBIX
JKEHCKOTO TeHOTHIIA C PYYHBIM THIIOM MOBEAECHHS OOHAPYKEHO
JIOCTOBEpHOE YMEHBIIEHUE COJICP)KAaHNsI HATPHS B MHOKap/ie
[0 CPABHEHUIO C TPYCIUBBIMU 0c00siMu (p < 0.05). Takxe B
MHOKap/ie TPYCINBBIX CAMOK BBISIBIISIETCS MOBBIIIEHHOE CO-
Jiep>KaHKe HATPHs IO CPAaBHEHUIO C TPYCIMBBIMHU CaMIIaMH (P
< 0.05). JIucriepcCHOHHBIN aHAU3 MOJYYEHHBIX JaHHBIX TO-
Ka3aJl I0CTOBEPHOE BIIMSIHUE THIIA TIOBEICHNS HA COZICPIKaHUE
Harpus B aopre (F, 5, = 6.21, p < 0.05). B ocTanbHEIX 5KC-
MePUMEHTAIILHBIX I'PYIIAX JOCTOBEPHOTO BIHMSHHS ()aKTOPOB
T10J1a, THIIA TOBEJICHUS X MX B3aUMOJICHCTBHSI HE OOHAPYKEHO.

OCHOBHO ITyTh TIOCTYTIJICHUS BOJIBI 1 DJIEKTPOJIUTOB B OP-
raHU3M — JKeIyJJOYHO-KHIIEYHbIH TpakT. KpoBb, OTTEKatomas
OT TOHKOHM KHIIIKH, TIOCTYTAET B MEUECHb, OMHON N3 BaXKHBIX
(DyHKIMI KOTOPOH SIBIISICTCS y4acTre B MHHEpaJIbHOM oOMe-
He. J{ns moayepkaHust BOJHO-COJIEBOTO TOMEOCTa3a BayKHBI
HE TOJIBKO ITyTH TOCTYIUIEHHSI BOABI U JIEKTPOIUTOB, HO U
pa3Mepbl HOTepb, OCHOBHYIO POJIb B 3TOM HUTpaeT Koxa. Paz-
MepBbI TIOTEPh BOJIBI Yepe3 KOXKY ONPENEIISIOTCS CKOPOCTHIO
mupdy3un gepes 3armoIHEeHHBIA JINTHIaMI OPOTOBEBIIHHA
nporekropHbii cioi (MBanosa, 2009). Ananu3 aByxdax-
TOPHOTO ANCIIEPCHOHHOTO KOMILJIEKCa BBISIBUJI BIMSTHHUE THITA
HOBeJIeHNs Ha pacnpesesienre Hatpus B koxe (F, ;o= 11.03,
» <0.01): nabGmoraeTcst yMeHbIIEHHE COJICPIKAHNSI HATPHS Y
PYYHBIX )KUBOTHBIX IO CPAaBHEHHUIO C TPYCIHMBBIMU (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 BHYTPUKIIETOUHOM KU IKOCTH 110 CpaB-
HEHHUIO C BHEKJIETOUHOH sBIsieTcst Kayuit (cM. Tabm. 1). Ipu
CPaBHECHUM pa3HbIX TKaHEH OTMEYEHO MpeoOdiaJaHne Kalus
B CKEJIETHOM MBIIIIIE U MHOKapae. BeraeneHo, uto B mian-
KOMBIIIICYHBIX 3JIEMEHTaX COCYANCTOH CHCTEMBI CAMIIOB CO-
JIepKaHKe KaJIUs BBIIIE Y PYYHBIX )KUBOTHBIX (p < 0.05), uto
MOATBEPKJAETCS BIMAHUEM (haKTOpa THIIA MOBEICHUS TPH
aHajM3e JUCIEPCHOHHOr0 KoMutekea (F 5. =5.21, p <0.05).
B neuenn oOHapyKeHO 3HAUYNTEIBHOE COACPIKAHNE KAJIHSI 110
CPaBHEHUIO C HATPHUEM, YTO, BO3MOXKHO, CBS3aHO C BBICOKOH
TUTOTHOCTBIO KJICTOYHBIX 3J1eMeHTOB. [1on 1 i moBeeHus
’KMBOTHBIX HE MOBIHSIIM Ha PACIpeeNICHNE KaJIus B ICUCHH
1 KOX€ MCCIIEI0BAHHbBIX )KUBOTHBIX.

Harpwnii n kanmmid, sIBISISICE OCMOTHYECKH aKTHBHBIMH HOHA-
MH, CIIOCOOCTBYIOT IepepaclpeieiICHUIO BOAbI MEXIY KIIET-
KOH ¥ BHEKJIETOUYHOH KUIKOCTBIO. AHAJIN3 TIOJTyYCHHBIX JaH-
HBIX TT0Ka3aJl HaKOIIJICHHUE BOJBI B CKEJICTHBIX M TJIAJKOMBI-
IIEYHBIX 00pa3lax py4YHbIX CaMIIOB [0 CPABHEHHIO C TpYC-
JTUBBIMH (Ta01. 2), 9TO TIOATBEPKAACTCS PE3YNbTaTaMH JIUC-
MIEPCHOHHOTO aHaJIN3a: (aKTOp THUITA MOBEICHNS JOCTOBEPHO
BIMsAET Ha 00BogHEHHOCTH aopThl (F, 5 = 4.94, p < 0.05)
u nonoi Bensl (F, 5 = 10.27, p < 0.01). Ha conepxanue
BOJIbI B CKEJICTHOW MBIIIIE OKA3aJIM BIMSHUE (DAKTOP TT0JIa
(F, 35 =10.00, p < 0.01) u B3aumozeicTBue (HaKTOPOB MOIA
u Tuna nosegenus (F, 5o =14.25, p <0.001). daxropsl nona
W TUTIa TIOBE/ICHNSI HE BIUSIIOT HA MAaCCOBYIO JIOJIO BOJBI B
KOXKE U TICUCHH.

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

High-technology phenotyping
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Ta6bnuua 1. CopeprkaHne KaTMOHOB HaTPKA 1 KanuaA B obpasuax TkaHu (M + SEM), MKr/Mr cyxoi TKaHu

TkaHb

KaTnoHbl HaTpunA

KaTnoHbl kKanua

* p< 0.05 no CPaBHEHUIO C TPYCSTMBbIMU XKUBOTHBbIMU TOTO Ke Nnosa; # p< 0.05 no CpaBHEHMIO C CaMUaMmn aHaNoOrM4yHoOro Tmna noBeAeHMA.

Ta6bnuua 2. MaccoBas fona Bofbl B 06pasuax TkaHu (M +SEM), %

T A MK
Tpycnmeble pyuHble TpycnmBeble pyuHble
CKen emaﬂ Mb,,_u,_la ................ 7 550 i 0 3 7 ............................. 7 764 i 0 7 1* ............................ 7 584 i 0 2 3 ............................. 7 3801,0 73 S

M Mo Ka pn ................................ 7 756 i o 3 4 ............................. 7 772 i o 5 5 ............................. 7 758 i 0 2 7 ............................. 7 48311 38 ...........................

AopTa ..................................... 5 787i 35 9 ............................. 7 124 i 28 2* ............................ 5 7551 4 8 0 ............................. 6 01212 74# .........................

nonaﬂBeH a ............................ 6 502i 0 8 5 ............................. 7 077i 12 8** .......................... 6 490i 0 98 ............................. 6 647i1 38 o

K O )Ka ....................................... 7 240 i 309 ............................. 6 626 i 22 7 ............................. 7 021i 1 1 8 ............................. 6 462i1 29 ...........................

nquHb ................................... 7 0251, 0 44 ............................. 7 142i 0 62 ............................. 7 ozoi 0 44 ............................. 6 951i0 53 o

*p <0.05," p<0.01 no cpaBHEHWIO C TPYCIMBbIMM XKMBOTHBIMM TOFO e nona, # p < 0.05, ### p < 0.001 No cpaBHeHMIo C cCamMLiaMV aHANOTUYHOTO TV Ma NOBEAeHNA.

INomydeHHbIe JaHHBIE IEMOHCTPUPYIOT, YTO MUHU-CBUHBU
WLul" MoryT sBISTECS THPOPMATUBHON MOJIEITBIO JUISI HCCIIE-
JIOBaHMS BJIMSHUS TEHETUUECKUX (T10J1) U (DEHOTUIHMYECKUX
(THI MoBeIeHNsT) 0COOCHHOCTE! Ha IapaMeTphl BOJHO-3JIEK-
TPOJUTHOIO TOMEOCTA3a.
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