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Nzyuanu BnusiHue pU3MOJIOTMYECKOrO COCTOSTHUS HAa KOHLICHTPALIMIO JIM3011MMa B IIeYeH!, IovKax, cejie-
3eHKe U CHIBOPOTKE KPOBH, a TakKKe 00IIee KOJTMIECTBO (hepMeHTa B OpraHax, y caMmIioB 1ryku Esox lucius L.,
1758 B pa3HbIX yCJIOBUSIX rogoBoro 1nukiaa. OGHapyeHa pa3HOHAIIpaBJeHHasi BHYTPUTOA0Basi JMHAMUKa
COMAaTUYECKUX MHACKCOB OPTaHOB 1 KOJTMYECTBEHHBIX TTOKa3aTesIeil TM301MMa B TKaHIX U opraHax pbIo,
3aBUCSIIIAsI OT TEMITEPATYPHOTO pexnuma BogoeMa. HecMoTpst Ha 3HaUMTEIbHBIE U3BMEHEHUS pa3MEPOB T1e-
YeHU W KOHIIEHTPALIMHY JIM301IMMa, 00IIIee KOJIMIeCTBO (hepMeHTa B OpraHe — JIM30IIUMHBII MHIEKC, OCTa-
BajoCh MOCTOSIHHBIM. [1og06HbIi pe3yabTaT oOHapyXeH U s ceje3eHKU. [Tpy MUHUMU3aluK BIUSTHUS
TeMIlepaTypHOTo (haKTopa B YCIOBUSIX HU3KUX TEMIIEpaTyp IToKa3aTeIu IeYeHn CMEHUJINCh Ha TIPOTHUBO -
MOJIOKHBIE, a B TOYKaX OCTaIMCh 6e3 u3MeHeHu . Takoii TeMIiepaTypHBIii pesKUM He BJIMsUT Ha TToKa3aTeu
ceJIe3eHKM U KOHIIEHTpaLMIo depMeHTa B CBIBOPOTKe. [1pH CyliecTBEHHBIX pa3InyrsIX MO KOHIICHTPALUY
depmeHTa 1 pa3MepaM MeXIy ITeYeHbIO U CeJIE3eHKOM MX JIM30LIMMHbIC MHAEKChI ObLIM MOKa3aTeIsIMU OJI -
Horo ypoBHs. CTaauy 3peJIOCTH TOHAM, BIWSUIM Ha MHACKC MeYeHU W KOJTMYECTBO JIM30IIMMa B TTOYKaX, HO
KoppeJisuust hepMeHTa MoYeK CO 3pe0oCThIio He TOCTOBepHa. JIM30LUM MOoYeK M nmoKasaTelu Cele3eHKU
KOPpEJMPOBAIN C MacCoii prId 6€3 OpraHoB, XOTs Macca U JUTMHA PHIO He ObUIH BIMSIONIMMU (DaKTOpaMU.
Pa3zmep mouek, B OTJIMYME OT CeJIe3eHKM, He BIUsI Ha hepMeHT B TKaHsIX pbl6. KoHlleHTpanus (pepmeHTa
B MIeYEHM U MOYKaX, M JU3OLUMMHBIN WHAEKC TTOYeK ObLIIM B 00paTHOI KOPPEJSIIIMU C pa3MEPOM TeUeHU.
BrIsiBJIeH CJIOXKHBII XapaKTep B3aMOCBsI3¢eil (hepMeHTa B OpraHax, Ipyu KOTOPOM KOJIMYECTBO JIM3011MMa B
OIIHOM OpTraHe MOTJIO BJIMSITh Ha KOJIMYECTBO (pepMeHTa B mpyroM. He oGHapykeHO CBSI31 KOHILICHTpALINU
CBIBOPOTOYHOTO JIn3oLuMa ¢ MOphodU3NOJOrn4yecKMMU apaMeTpaMu pbl0 B YCJIOBUSIX CTAOMIbHO HU3-
KHX TeMIIepaTyp Bomoema.

Karouesnie crosa: JIM3011UM, OpTraHbl, CbIBOPOTKAa, COMAaTUYCCKHUE U JIM3OUMMHBIC MHIOCKCHI, (I)I/ISI/IO]IOFI/I‘IG—
CKO€ COCTOAHUE, TEMIIEpaTypa, CE30H
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M3MmeHeHus ycioBUM cpeabl oOUTaHUS WU hU-
3MOJIOTUYECKOTO COCTOSIHMSI BBHI3BIBAIOT KOMILIEKC-
HbIe M3MEHEHUSI B opraHn3Me pui0o. Takne m3amMeHe-
HUSI OOHApPYXXMBAIOTCS KaK Ha OMOXMMUYECKOM, TaK
1 MOP(OJIOTTYECKOM YPOBHSIX. DTO B paBHOI1 CTEIIEHU
pacIpoCTpaHsIeTCs 1 HAa UMMYHHYIO CUCTEMY. ApceHan
MMMYHOJIOTUYECKMX MCCeI0BaHUM OoraT pasiMuyHbI-
MU METOOMYECKMMMU ITOAXOMaMU, YTO IO3BOJISIET aHa-
JIM3UPOBATh UMMYHUTET PHIO 110 MHOTMM MOKa3aTeIsIM.
B skcrniepuMeHTaIbHBIX padoTax OLIEHKY BIMSTHUS
Kakux-a160 (akTopoB HAa UMMYHUTET IIPOBOIST B
CpaBHEHUN C KOHTPOJBbHBIMH OCOOSIMH, KOTOpPHIC
JIMILIEHBI TaKOro Bo3aeicTBUsA. OOHAKO B IJIUTEIb-
HBIX 9KCIIEPUMEHTAaX KOHTPOJbHBIE PBIOBI TAKXKE MO-
IyT J€MOHCTPUPOBATH CYIIECTBEHHbIE WM3MEHEHUS
(Subbotkin, Subbotkina, 2018). IToaToMy BO3HUKaET
BOIIPOC O BJIMSIHUU WHBIX BO3ACHCTBUIA, KOTOPHIE HE
KOHTPOJIMPYIOTCS B OIIbITE. Takue BO3OECTBUS MO-

I'YyT ObITh BBI3BAHBlI €CTECTBEHHBIMU (DPU3UOJOTHUYC-
CKMMH TIpOIeCCaMU pa3BUTHS MJIN agalTalliy PhIo,
HE 3aBUCSIIMMU OT UCCIeNoBaTeNsl. DTU HOPMasb-
HbIE XXKU3HEHHBIE IIPOIIECCHI COITPOBOXIAIOTCS U3Me-
HEHUSIMU BHYTPEHHUX OPTaHOB, B TOM YMCJIE BBITION-
HSIOIIUX MMMYHHBIE (DYHKITUH.

B xxu3HeHHOM LIMKJIE PHIO aOCOIIOTHBIE M OTHO-
CUTEJIbHbIE pa3MepPbl OPraHOB HEMOCTOSTHHBI U MOTYT
3aBHCEThb OT pa3MEpOB TeJla, a TaKKe BHYTPEHHUX
(GpU3NOIOrMIEeCKMX IIPOLIECCOB B pa3HbIE€ CE30HBI T'O-
na (Medford, Mackay, 1978; Hansson et al., 2006;
Bennett, Janz, 2007; Rohlenova et al., 2011). Mopdo-
dusnoIornyecKre pasimuusi OpraHOB HMMMYHHOI
CUCTEMBI MOTYT OBITH CBSI3aHEI ¢ 1010M phIO (Kortet
et al., 2003). B cBsI3u ¢ 3TUM BO3HUKAET BOIIPOC O
BJIMSIHUM M3MEHEHUI pa3MepoOB OpraHoB, KOTOPEIC
MOTYT OBITb OOYCJIOBJIEHBI €CTeCTBEHHBIMU MPUYH-
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HaMM WA UHBIM BO3IEHACTBUEM Ha HNMMYHOJIOTHNYC-
CKHME IMoKa3aTejin.

DdepMeHT TU301IUM — OOUH U3 aKTUBHO aHAIN3U-
pyeMbIX Hecnne(pUIeCKUX UMMYHHBIX ITapaMeTpPOB
y pbi6. OH ILIMPOKO pacIpoCTpaHEH B OpraHu3Me
PBIO M OTHOCUTCS K OOHOMY M3 HanOojIee N3y4YeHHBIX
roka3zaresieit Hecreu@UuIecKoi 3aluThl. JIn3omum —
OYeHb JIJAOMJIbHBIN ITOKa3aTellb, Ha (QIIyKTyallud KO-
TOPOI0 OKa3bIBAIOT BIMSIHNE MHOTHE BHYTPEHHHUE U
BHeIIHUE (haKTopbl. B MccienoBaHUsIX peakliuu op-
raHOB UMMYHHOI1 CUCTEMBI U JIN30LIMMAa MOXHO BbI-
JIeIUTDh HaIlpaBieHMs: (a) aHaIu3 JU300uMa B OHMO-
JIOTUYECKUX KUIKOCTSX (CHIBOPOTKA WJIM TIUIa3Ma
kpoBu) u B opraHax (Kyposckast, Ctpuibko, 2016,
Ren et al., 2019; Tarnawska et al., 2019; Sun et al.,
2020); (6) aHaIMU3 TU30LMMAa B CBIBOPOTKE WJIU TIJ1a3-
Me KpoBU 1 MOP(HO(GU3NO0IOrMUEeCKUX UHAECKCOB Op-
raHoB uMmyHHO# cuctemsl (Feng ef al., 2011; Qiao
etal.,2013; Cornet et al., 2021); (B) aHaIM3 IN30LIUMA
B CBIBOPOTKE M OpraHax MMMYHHOM CUCTEMBbI, a TaK-
ke MOop(POoPU3NOIOrNIeCKIX MHAEKCOB 3TUX Opra-
HoB (Li et al., 2013; Wang et al., 2020).

B HacTos11Iee BpeMsI OTCYTCTBYIOT UCCJIEIOBAHMS,
B KOTOPbBIX M3y4daeTcsl BIUSIHUE U3MEHEHUIl pa3me-
pPOB OPraHOB UMMYHHOM CUCTEMBI HAa YPOBEHbB JTU30-
LMMa B 3THUX OpraHax U KaKux-jan6o GMOJIOrndyecKnx
KMOKOCTSIX. MOXHO NPEarnojiOoXuTh, YTO NPU CTa-
OUIIbHOM UMMYHHOM COCTOSIHUM PBIO €CTeCTBEHHEIE
dusnonornyeckue M3MeHeHMs B OpraHax JOJIKHBI
BJIMSTh Ha IoKasaTeau MMMyHUTeTa. OgHaKO IToKa
HESICHO KaK MOTYT OBbITh B3aMMOCBSI3aHbI TAKKE TTPO-
LIECCHI.

Llenpio HacTosleil paboThl SIBISETCS U3ydeHUE
€CTeCTBEHHON (PU3MOJIOTUIECKON W3MEHYMBOCTHU
OpraHoB UMMYHHOI1 CUCTEMBI 1 €€ BIIMSTHUE Ha KOJIV-
YeCTBEHHBIE ITOKAa3aTeIU IM301LIMMa pbI0. AHAJIN3 ce-
30HHBIX U3MEHEHUI Yy IUKUX PbIO, BKIIIOYAsl MOJIO-
BYIO 3PEJIOCTh, SIBJISIETCSI alcKBAaTHLIM MOAXOI0M JIJIST
Takux ucciienoBaHuii. OOLEKTOM UCCIEN0BAHUI ObI-
JIM caMIibl YK PBIOMHCKOro BOJOXpaHUINILA, OT-
JIOBJIECHHBIE B pa3HbIe CE30HbI TOAOBOIO IIMKJIA.

MATEPHAJIBI 1 METObBI

CaMOpl KW OBUIM OTJIOBJIEHBI B IIPUOpPEKHON
30He PBIOMHCKOTO BOJOXpaHMJIMINA B paiioHe IocC.
bopok u B p. CyTka, B paiioHe c. BepxHe- Hukymb-
cKoe. B Teruibie Mecsmpl 00pa3ibl KpOBU OTOMpaIn
Ha MecTe, cpa3sy 3Ke ITocjie BhUIOBA PHIObI. 3aTeM phIO
MOMeIIaJIv B TEPMOC CO JILIOM U JOCTABJISUIM B 1a00-
paTopuio. B 3uMHuMe Mecsbl 0TO0p 00pa3loB Mpo-
BOIMJICS B JJabopaTopuu, KyJaa pblda JOCTaBIIsIach B
KMBOM BHUIE, cpa3y mnocie BbuioBa. Ilepen orbopom
KPOBU pbIOY 00€3IBMXKMBAIN PE3KUM YIAapOM II0 TO-
JnoBe. KpoBb Opajii 13 XBOCTOBBIX COCY/IOB U U3 HEe
IOIy4Yaar CBIBOPpOTKY. OOpa3iibl CBIBOPOTKM, TKAHEI
MeYeHu, IMMoYeK 1 CeJIe3eHKM OO0 aHaIu3a XpaHWINCh
3aMopoxkeHHbIe TIpu —18°C B TeueHMe HECKOJIbKMX
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CYTOK. Y PBIO M3MEPSUTH JJINHY 10 KOHIIA YEeIITYyITHOTO
MOKpPOBa, B3BSLIMBAJIM ISl OTIpeAesIieHUsI o011eii Mac-
CBI, MacCHI Tejla 6e3 BHYTPEHHOCTEH!, a TakKe OoIpe-
mensny cragum 3penoctu roHan (CakyH, bynkas,
1963). INeyeHb, MOYKM U CEJIE3EHKY B3BEIIMBAIN 110
OTHENBLHOCTU [IJisl OMNpEAeIeHUS WX COMATHUYECKMX
MHAeKCcOoB. Bcero 0bUIM MpoaHaan3upoBaHbl 62 caM-
11a, BpeMs coopa u MOopPodPU3NOIOTNYeCKEe MOoKa-
3aTeNii, KOTOPBIX MPEACTABIEHbI B TA0I. 1.

KoHlieHTpalMio au3ounMa B TI€YEHU, TTOYKaX,
celie3eHKE U ChIBOPOTKE KPOBU OIPEIENISIIIA METO-
oM “mmddy3um B arap”, Kak OMMcaHO HAMU paHee
(Cyb6o6otkuHa, Cyo60oTkuH, 2003). MeTon ocHOBaH
Ha CIOCOOHOCTH (pepMeHTa JTU3UPOBATh KIIeTKU Mi-
crococcus lysodeikticus (Schroeter 1872), mucieprupo-
BaHHBIC B ¢JI0€ arapoBoro rejist. C ToMOIIbIO 3TOTO Me-
TONa OOMHAKOBO YCIEIIHO aHAJIM3UPYIOTCS HE TOIbKO
MPpO3pavyHbIe XXUIKOCTH, TAKUE KaK CBIBOPOTKA KPOBU,
HO TakK>Xe MyTHbIE 1 MHTEHCUBHO OKpallleHHbIe HaJ0-
caJlouHbIe XMUIKOCTY TOMOIreHAaTOB TKaHeil. [Ilunamerp
30HBI MIPOCBETIICHUSI TTPOIOPILNOHANIEH Jorapudmy
KOHLeHTpalmu jusonumMa (Osserman, Lawlor, 1966).
KoHlieHTpalnio TU30L1Ma B UCCIIEAyeMbIX 00Opas-
ax onpeaessiid 1o KaIuGpOBOYHOI KpUBOil Ha OC-
HOBE CTaHIApPTHOrO Tperapara U3 Oejika KypUHbIX
UL U BbIpaXkaJd B MKI/T TKaHU OpraHa U MKI/MJI
CBIBOPOTKU KPOBMU.

Comarnueckue nHaekch neuyenu (MIleu), mouek
(ATIlou) u cenezenku (M Cen) paccunThiBaim Kak Mac-
ca opraHa/Macca TeJjia 6e3 BHyTpeHHUX opraHoB X 100.

B namem uccienoBaHuu ObUT IIPUMEHEH HOBBIM
TTOJIXO/I, KOTOPhIi OCHOBAH Ha CUHTe3¢ (PU3UOIOTM-
YEeCKOT0 U UMMYHOJIOTUYECKOTO aHau3a. JIjis1 3Toro
MBI UCIO/JIb30BaJIM HOBBIN ITOKa3aTeib, KOTOPbIA Ha-
3BaIU “JIM30LIMMHBIN MHACKC opraHa”.

JInzoummusie nHaekcol nedenu (JIMIleq), mouek
(JIWIIou) u ceneszenku (JIMCen) paccunThiBaiv Kak
KOHIIEHTpaLMsI TU30LIMMa B MKT/T TKAH! OpraHa X UH-
JIEKC COOTBETCTBYIOIIETO OpraHa.

st oleHKM BHYTPMIOJOBOI BapuabeIbHOCTU
OO0IIIeT0 KOJTMYECTBA JIU30IIMMAa B MCCIIETyeMbIX OpTa-
Hax cyMmMupoBaiu uHaAeKchl opraHoB (CHMO) u nuzo-
LOUMHBIE UHAEKCHI opraHoB (CJINO).

Ponb oTnensHOrO opraHa oleHUBaJIM KaK €ro J10-
JIFO OT CyMMbI MUHAEKCOB U paCCUMTBIBAIU KaK MHIEKC
opraHa/cyMMa MHIEKCOB OPTaHOB.

JlaHHBIE B cTaThe IOKa3aHbI KaK cpeaHss + cTaH-
JapTHas olurbka. B cBsd3M ¢ HEOOJBIIUM KOJWYE-
CTBOM PBIO B OTIEIBHBIX IPYIIIAX PACCUYUTHIBAIM HE-
napamerpudyeckue kputepuu. CTaTUCTUYECKUE pa3-
JIMYUS OTIpeNeIsIn 110 KpUuTepuio MaHHa—YUTHU, a
KOPPEISILMOHHBIE CBSI3M Mo Kputepuio CrmpMmeHa
(r,). BoamoxHoe BiusiHuE (haKTOPOB Ha aHATIU3UPY-
eMBble IoKa3aTeju LIYKW OLIEHWBAaJIU 110 KPUTEPUIO
Kpackena—Yomwmca (H). CTaTUCTUYECKYIO 3HAYM-
MOCTb KpuTepueB olieHuBanu npu p < 0.05.
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CYBBOTKHWH, CYBBOTKMNHA

Tabomuna 1. Mopdodusnonornueckre nokasareau pblo
8 Macca pbi6**, (1) Macca opraHos**, (1)
E E) JmaHa**
Mecaupr | §°_ | n | Cragusa 3penaocTu 6€3 BHYTpeH-
E 3 (), em ob1ag . IeYyeHb MOYKU |cese3eHKa
== HOCTEN
o o
= a
VII 19-23| 9 |LI-II 28.5—35.8 182—393 160—371 2.0-4.5 | 0.9-3.5 | 0.3—1.8
314+ 1.2 | 267.3£34.3 | 248.6 £329 | 28+0.3(2.0+0.2| 0.7+£0.2
IX—X 6—13 9 |11, IT-III 34—-48.5 255—-970 230—885 2.6—10.4 | 2.4-79 | 0.4-2.1
40.3£2.3(593.3+£99.5|5347+£903|6.1x1.1[45+£0.7| 1.2%+0.2
XII 0 15 |II, 1111, II1 45—-56 860—1820 760—1460 |13.3-35.1| 5.2—12.8 | 1.2—3.2
51.5+0.9|1307.7 £ 75.1 | 1140.5 £ 59.8 |126.8 £2.1{ 9.2+ 0.6 | 2.1 £ 0.1
111 0 8 | II-III, III-1V 41.5—-46 615—1050 560—927 12—18.4 | 5.4-6.7 | 0.5-2.0
4471+ 0.8| 797.5+43.6 | 720.0 +37.1 [16.2+1.4|6.2+0.3| 1.0£0.2
v 0-3 13 |11V, IV, IV-V | 41.4—56.5| 780—1675 710—1465 16—-58.6 | 5.7—10.5 | 0.7-2.7
47.3+1.0| 993.1 £70.1 | 872.5+59.0 |284+3.2|73+04| 1.4+£0.2
\Y 7 8 I, II, II-III 36.5-57.5| 415-1575 375—1408 5.6—16.6 | 2.6—11.3 | 0.4-3.9
432+2.8(764.4+158.1|688.5+1445|9.5+16 6311 1.5+04

* — ByropuH u ip. 1982; ** — B KOJIOHKaX: B BEpXHEU CTPOKE AMaNa30oH BapbUPOBaHUS IMOKAa3aTeNsl, B HUXKHEN CTpOKe cpefqHss + cTaH-

apTHasl OIIMOKa.

PE3VYJIIbTATbBI UCCJIEAOBAHUA

HawnbGoJpinast KoHIEHTpauus JU301ruMa OOHapy-
KeHa B ITOYKax, Jajiee CIEAYIOT Cele3¢HKa > ChIBO-
poTKa > 1edeHb. BapbupoBaHue KojimyecTBa dep-
MEHTa MeXIy MUHUMAJIbHBIMA WM MaKCUMaJIbHBIMU
CpeIHMMU 3HAYEHUSIMU B T€YEHUE roga 0oJiee BCETro
MPOSIB/ISUIOCh B CBIBOPOTKE U MOIJIO HOCTUraTh 11-
KpaTHBIX BenuuH (puc. 1). Ce30HHAs TMHAMKKA 10~
Ka3aTeJIsl IPOosIBIIsiiach TAKUM 00pa3oM, YTO B MapTe-
ampee, Ieped HEpeCcToM, KOHLIEHTpalus ¢hepMeHTa
B IICYE€HU 1 CHIBOPOTKE ObLIa camasi HU3Kasl, a B IIOYKax
MOHVDKEHHAsI MOCA€ MaKCUMAaJIbHBIX 3MMHMX 3Hade-
Huii. ITociie HepecTa, B Mae, Bce 3HAYCHUS ITOKA3aTeIst
BO3POCJIM M1 MAKCUMAJIBHO B CHIBOPOTKE — 0OoJiee YeM B
8 pa3. B oceHHME MeCSIIBI, TIPY TTOXOJIOTAHNH, ITIPON30-
IIJTO CHIDKEHWE KOHLICHTPALIMK JIM301LI1MA B TIEYSHU U
CBIBOPOTKE, KOTOPOE IPOTOKMIIOCH 3MMOM 1 J1ajiee,
JI0 BecHHBI. B 11oukax, Ha000pOT, OCEHBIO HAOJIIOMAJICS
pOCT KoJm4yecTBa (pepMeHTa, KOHIEHTPALUSI KOTO-
pOro 3UMOI ITOBBICHJIACH 10 MAKCUMAaJIbHOTO YPOB-
Hs1. KoHLIeHTpanus 1n301iMMa B CeJIe3eHKe IoKazaja
CTaOMJIBLHBIN XapaKTep U He pa3jinyajach BO BCE UC-
clienoBaHHBIe Mecsbl (p > 0.05).

ITeyenb, mpu cpaBHEHUM C APYTMMU OpraHaMu
LIyKU, 00J1agaeT Hanboiee BBICOKUM COMAaTUYECKUM
WHJIEKCOM, KOTOPBIH MOKa3aJl CaMblid IIUPOKUI, MO-
yTH 3-KpaTHBII, 1uara3oH BapuadeabHocTH. s ce-
JIE3EHKU XapaKTEPEH CaMblil MAaJICHbKUI UHIEKC — B
3—5 pa3 meHbiie MITou u B 8—11 pa3 meHbie MIley.
VYV UCen, B otmnune ot UIleu, Habmromanack MpoTH-
BOMoJioXHas1 romoBast nuHamuka. MIloy mokaszan
CTaOMJIBHOCTh He3aBUCUMO OT ce30Ha (p > 0.05) u B
OTHIeNbHBIC IIepuoabl ObLT coroctaBuM ¢ Mlleu
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(tabn. 2). CnegyeT OTMETUTH, YTO CaMble BBICOKHE
coMaTHUYeCcKNe MHACKCHI CeJIe3eHKHN OBIIM OOHapy-
JKEeHbI Y MOJIOJIU.

B moukax oOHapyXeHbI caMble BBICOKME JU30-
LIMMHbBIE MHIIEKChI, KOTOPbIE ObLIU B 8—12 pa3 BhIllIE,
yeM B rieueHu, u B 7—10 pa3 BEIIIIE, YeM B CeJIE3CHKE.
Buayrpurogosasi nmHamuka JIMITou u KoHLIEeHTpaLKU
¢depMeHTa B MovyKax ObUIM CXOIHBIMU, MOCKOJIbKY W3-
MEHEHMSI COMaTUYECKOIo MHEKCa opraHa ObLId Hecy-
1ecTBeHHbI. HeoxkraaHHbIM OKa3ajcsl CXOMHbBIN ypo-
BEHb 0O0IIlero KojinuyecTa ¢bepMeHTa B MEYEHU U ce-
JIe3eHKe, HE CMOTPS Ha OY€Hb OOJIbIIIME PA3IUUUS 110
pa3zMepaM OpraHoOB M KOHLEHTpaluu JU301MMa B
Hux. Y JIIIeu u JINCen, HanpoTUB, BHYyTPUTOO0OBAs
JMHAMUWKa OTCYTCTBOBaJla MPU HAIMYUU 3HAYUTENb-
HBbIX M3MEHEHMI, KaK KOHILIeHTpaluu ¢depMeHTa B
opraHax, Tak 1 COMaTU4YECKUX MHAEKCOB (Ta0. 2).

BuyTpuromosast HanmpaBJIeHHOCTb CYMMBI COMa-
TUYECKUX U JIM30LIMMHBIX MHIEKCOB OPraHOB OTpa-
2KaeT CXOACTBO U3MEHEHMSI MaCChl OPraHOB U OOIIETo
KoJIu4JecTBa (pepMeHTa B HEKOTOPbIE ITePUOABI, HO
TOJIBKO JIO TIPUOTMKEHUSI HEPECTOBOTO ce30Ha (puc. 2).

Posb oTAenbHOTO OpraHa olleHUBaJIu KakK I0JII0 OT
COBOKYIHOI M3MEHYMBOCTU BCEX TPEX MCCIeNOBaH-
HbIX. [loJis meyeHu, Kak caMoro KpylmHOIo opraHa,
ObLIa TIpeobamaoIIeii, a ee IMHAMHUKA COBIIajgaia C
takoBoii UIleu. B moukax rpu cTabUILHOM XapakTe-
pe coMaTUYecKOoro MHAeKca, NIOJisi opraHa CHUXa-
Jlach IPU YBEJIMYEHUU IOJIU TleueHU. Jloms cene3eH-
KM moBTopsiyia nuHamMuky MCen, HO mpu GosbliemM
JIMana3oHe pasuyrMil MaKCUMaJIbHbIX U MUHUMAaJTb-
HBIX 3HaueHui (Tabd. 3).
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Puc. 1. KoHueHTpauysi 1n301MMa B TKaHSIX OPraHOB M CBIBOPOTKE CaMIOB 11yKK. PazHbie OYKBbI Ha/l CTOI0LIaMU 0003HAYAIOT
JIOCTOBEPHBIE Pa3IUYMs 1JIsI OMHOTO MCTOUHMKA (hepMeHTa B padHble Mecsiibl mpu p < 0.05.

bru1o 06Hapy:XeHO, UTO MOYKU UMEIOT HauoboJiee
BBICOKYIO JOJIIO JIM30L[MMa, KOTOpasl CyLIECTBEHHO
JTOMUHUPYET Hal O0JIMU (hepMeHTa B MeYeHU U ce-
JieseHKe. BHyTpuromoBasi AuHamMuKa aoJieit Tu301u-
Ma Y JJU30LIMMHBIX UHIEKCOB COOTBETCTBYIOLIIUX OP-
raHOB ObLIU CXOMHBIMU. J0IM TU301IMMa B TIEYEHU U
ceJie3eHKe, TaK XK€ KaK JIM30LIMMHbIE UHIEKCHI 3TUX
OpraHoB, ObLTY MOKAa3aTesIsSIMU OTHOTO YPOBHS (Ta0I. 3).

Ipexne yeM BBIICHUTH B3aMMOCBSI3b KOJIMYE-
CTBEHHBIX U3MEHEHUI JIM30IIMMa U BHYTPEHHUX OP-
TaHOB, ObLJIa BHITIOJTHEHA OIIeHKA BIIUSHUS TeMIlepa-
TYpBI BOJIBI HAa aHAIM3UpyeMble TokazaTeau. OmHo-
dakTopHbiii aHanmu3 Kpackena—Yomnca mokasal
3aBUCUMOCTh KOHIIEHTpALIMY JU30LIMMa B MEYCHMU,
TmouKkax, cbiBopoTke n JIMI1o4 oT TeMmepaTypsl BOIBI

B BOJlOE€Me MPHU aHaJIM3€e BCEro Meproia HabIIoneHUIA.
bbuta oOHapyXeHa TIOJIOKMTEIbHAsT KOPpPe s
KOHILIEHTpauu (pepMeHTa B TIEUEHU U ChIBOPOTKE C
CE30HHOI TMHAMUKOM TeMItepaTypbl Bofbl (1, = 0.26 1
r,=0.66 COOTBETCTBEHHO) 1 OTpUIIaTeIbHAST — KOH-
IeHTpaimu Ju3onmma B moukax u JINIlou (r, = —0.46
u r, = —0.40 cooTBeTcTBeHHO). TeMmriepaTypHbIil pe-
JKMM BOJOeMa He BJIUSLI Ha KOHLEHTPALUIO U 00111ee
KoIn4uecTBO (pepMmeHTa B cee3enke. MIleu okazancs
B 0OpaTHOIT 3aBUCMMOCTH OT 3TOr0 BHEIIHETO (hak-
topa (r, = —0.6), a UCen — B npsimoii (r, = 0.39).
TemnepaTtypa BogoeMa 3a BeCh II€pHUO/I HAOIIOACHU
He Biausuia Ha M TTou.

C 1uelblo YMEHBIIEHUS] BIUSHUS (haKTopa TeMIle-
paTypbl, aHAIU3UPYEMbIl MepUoa ObUI OpraHUYEeH

Taomuna 2. CoMaTuyecKue 1 JU30LMMHbIE MHIEKCHI OPTaHOB

ComaTrnyecKrue WHACKCHI JIn3onmMHBIE MTHIEKCHI

Mecsusl | n

TeYyeHb* TOYKU cene3eHka* TeYeHb nouku™* ceie3eHKa
VII 9 [1.20+0.11a,6| 0.84 =0.07 | 0.29 £ 0.04a 448 £0.89 [30.23+7.24a 6.77 £ 1.05
IX—X 9 |1.14+0.09a 0.85x£0.02 | 0.22 £0.01a 379 £0.81 |44.23 +£5.626 5.58 +0.69
XII 15 [2.40+0.138 0.80 £ 0.03 | 0.18 £ 0.016 5.65+0.83 [69.34 +£4.288 5.37 £ 0.89
111 8 [2.27+0.14B 0.86 £0.03 | 0.14 +£0.028 486+ 128 |61.38+12.30a,6,B | 4.29 + 1.32
v 13 |3.19x0.19 0.84+£0.02 | 0.17 £0.016, B 390+ 0.93 |44.53+8.22a,06 5.10 £ 1.71
\'% 8§ |1.48 £0.146 0.94 £0.06 | 0.20+0.03a,06,B | 475+t 1.24 | 71.60 + 12.946, B 7.21 £ 1.38

* — pasHble OYKBBI B KOJIOHKaX 0003HAYaIOT JOCTOBEPHBIC PAa3IMUKsl OMHOIO OpraHa B pasHble Mecsiibl Tipu p < 0.05.
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Puc. 2. BHyTpurogoBas AMHaMUKa CyMMbl COMAaTUYECKUX U IM30LIMMHBIX MHIEKCOB OPTaHOB CaMIIOB IIIyKU. Pa3Hbie OYKBbI B
TOYKaX JIMHUM 0003HAYAIOT IOCTOBEPHBIC pa3inyus B pa3Hble Mecslibl pu p < 0.05.

nekabpeM, MapTOM U aripelieM, KOrjaa IMana3oH TeM-
nepaTypHBIX KoJIeOaHWI MUHUMAaNIbHBIN (Taba. 1). B
9TO BpeMsl KOHIIEHTpalusl Tu3ouuma B roukax u JIN-
ITou Takke oKazajiuch 3aBUCUMBIMU OT TeMIIepaTypbl
BOJIbI B BOJOEME, COXpaHssi 0OpaTHYIO KOPpPeJISIIO
(ry= —0.47 u r, = —0.44 cooTBeTCTBEHHO). B CBsI3U C
Te€M, YTO MOYKH JOMUHUPOBAJIM B OOIIIEM KOJUYECTBE
depmenTa Tpex opranHoB ¢ moseit 0.61—0.86, cymma
JINO takke nmokasajna oopaTHYIO CBSI3b C TEMIIEpaTy-
poii Bonbl (r, = —0.42). bruta oOHapyxeHa oTpula-
TeJIbHasl KOppeJsilivs KOHLUEHTpalUuu JIM30LMMa B
TeYeHu ¢ TeMreparypoit Boasl (r, = —0.36), omHaKo
KpuTepuii H He BBISIBUJI HETIOCPEACTBEHHOTO BIMSTHUSI
TeMIlepaTypbl Ha UMMYHHBbIH TTokazatensb (p = 0.10).

Cpenu MmopdodHU3M0JIOTMISCKUX UHASKCOB TOIb-
ko MTleu mokaszan 3aBUCUMOCTD OT TeMIIEpPaTyphl BO-
Il B BOJOEME, KOTopasli Tellepb OblIa IIpsMasi
(r,=10.48). B pesynapTare Takoro usmMmeHenuss C1O u
JIOJIsI TIEUeHM TaKKe IONYYUSIM TIPSIMYIO 3aBHCH-
MocThb (r, = 0.44 v r,= 0.40 COOTBETCTBEHHO), a JI0JIU

Taomuna 3. Jloay coMaTUYECKUX U JIM30LUMHBIX MHIEKCOB

CeJIe3eHKM 1 MOYeK O0OpaTHYI0, OT 3TOTO BHEITHETO
daxropa (r,= —0.43, p <0.05, u r,=—-0.32, p > 0.05
COOTBETCTBEHHO). J10JIsl MoYeK B COBOKYITHOI Macce
TpEeX OpraHoOB, He 3aBHCeJIa OT pa3Mepa opraHa, TOraa
KaK U3MEHEHUE pa3MepoB MEeYCHU U CEIE3eHKH CO-
OTBETCTBYIOIIIUM OOpPa3oM OTpaXajaoCh Ha JIOJSIX
atux opraHos (r, = 0.75 1 0.76). U3smeHeHue pa3mepa
TeYeHN TaKKe OKa3bIBAJIO CYIIECTBEHHOE OOpaTHO
HaTpaBJIeHHOE BIUsSTHUE Ha HOJo ovek (r, = —0.76).

AHanu3 BAUSTHUS (PUBUOJOTUUECKOTO COCTOSTHUS
PBIO BBISIBUJI CBSI3b KOJIMYECTBA JIM30LIMMA B MOYKaX
CO CTaAVSIMU 3pEJIOCTU TOHAM o KpuTepuio H, omHa-
KO KOPpesIINsI KOHIIEHTpauuu (pepMeHTa B opraHe
un JINTIou ¢ aTuM (pakTopoM He TiposiBiisiiiach. Cpenau
COMaTUYECKUX MHAEKCOB TOJILKO pa3Mep MeYeH! 3a-
BUCeN OT 3pesiocTtu ToHaxn (r; = 0.61), 4TO BIMSIIO Ha
CHO, nonu rmedyeHn U MNo4YeK, HO He BIIUSLIO Ha JTOJI0
ceyie3eHKU. bblia oOHapy>XeHa KoppeJsius KoJInye-
CTBEHHBIX MTOKa3arteJieil Tn301rMa B IodKax U cefie-
3eHKe, a Takke MCen, ¢ Maccoii Te1a 6e3 BHyTpeHHO-

OpraHoB

Jlom coMaTUYeCKUX MHIECKCOB J oy TU30IMMHBIX MHIEKCOB
Mecsupl| n
MeYeHb™ TMOYKU™® ceyie3eHKa™ neYeHb TMOYKU™* ceyie3eHKa™

VII 9 0.51+0.02a | 0.36 £0.01a 0.12 £ 0.01a 0.13+£0.02 | 0.69 = 0.05a 0.18 £ 0.03a
IX—X 9 0.51 £0.02a | 0.39 £0.016 0.10 £ 0.01a,6 | 0.08 £0.02 | 0.81 £0.03a,6 | 0.11 £0.02a,6
XII 15 0.70 £ 0.016 | 0.24 +0.01B 0.05 £ 0.01B 0.07+£0.01 | 0.86+0.016 0.07 £ 0.01B
111 8 0.69 £0.016 | 0.27 £ 0.01B 0.04 = 0.01r 0.08 £0.02 | 0.86+0.036 0.07 £0.028
v 13 0.75 = 0.01 0.21 £ 0.01 0.04 + 0.004r 0.09+£0.03 | 0.82 £ 0.046 0.09 £ 0.020, B
\% 8 0.56 £0.03a | 0.36 £0.02a,6 | 0.08 £0.016,B | 0.06 £0.01 | 0.85%0.036 0.09 £ 0.0206, B

* — pasHble OYKBBI B KOJIOHKaX 0003HAYaIOT JOCTOBEPHBIC PAa3IMUKsl OMHOIO OpraHa B pasHble Mecsiibl Tipu p < 0.05.
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creit (r, = 0.33—0.39), HO onHOMaKTOPHBII aHAIU3
He BbISIBWI BJAUSTHUSI MACCHI TeJIa Ha 9TU IMOKa3aTeJIu.
KonnyecTtBo pepMeHTa B TKaHSIX OCOOE U coMaTu-
YeCKME UHIEKChl OPTAHOB He 3aBUCE/IM OT JJIMHBI PHIO.

PasMepnl reyeHu U MoYeK He OKa3bIBaIW BIMSI-
HMS Ha JIU30LIMM B OpraHax II0 Kputepuio H, XoTsa
KOHILIEHTpalus epMeHTa B TKaHsX, a Takke JIMIIou,
MOKa3aju OTPULIATEILHYIO KOPPEJISILIMIO C pa3MepoM
neueHu (r, = —0.40...—0.49). OGHapyxXeHO BAUsSIHUE
pa3zMepa 1edyeHr Ha (pU3NOJI0rnIecKue IoKa3aTeiu,
takue kak CHUO (r, = 0.92), a Takxke J0IU NEYEHU U
nouexk (r,=0.76 u r,= —0.76 COOTBETCTBEHHO). AHa-
JI3 110 KpUTepuio H BBISIBUII 3HAUYUTEIIFHOE BIIMSHUE
pasmepa ceneserku Ha JI Cen (r,= 0.76) 1 moJtto 1130~
1umMa B oprase (r, = 0.68). bruta 06GHapy>keHa Koppesi-
LIMs1 KOHLIEHTpaluu Ju3zouuma B oprade (v, = 0.51) u
noau nuzouuma B moukax (v, = —0.40), ¢ UCen, HO
o Kputepuio H HermocpeacTBEHHOE BIMSIHUE pa3Me-
pa celJie3eHKH He TIOATBepAnIoChk. PasMep ceneseHKu
OKa3bIBaJl BIMsSIHUE Ha (DM3MOJIOTNYecKre mapaMeT-
poI, Takue Kak UIleu, CUO, mos neyeHn u 101 ce-
JIE3EHKH, HO TOJIbKO B TTOCJAECAHEM ClTydyae 3TO UMEJIO
KOPPESILIMOHHYIO 3aBUCUMOCTb (¥, = 0.75).

B nepuon HU3KUX TeMMepaTyp U He3HAUUTEIbHBIX
W3MEHEHHI TeMIIepaTypHOTO peXnmMa BogoeMa (Jie-
KaOpb—MapT) oOHapyKeHa CWJIbHAS CBSI3b KOHLIEHTpa-
LU JIM30LIMMA B TIEUYEHU C ero O0IIUM KOJIUYECTBOM B
oprane (r, = 0.85—0.87). KoHueHTpauuu dbepMeHTa B
TTIOYKAaX M CeJie3eHKe, a TAKKe JIM3OLMMHBIE MHICKCHI
STUX OPTaHOB MOKA3TN MPSIMYIO0 KOPPEJSIIINIO ¢ KOH-
1eHTpanueil epmenra B rieuenu (r, = 0.39—0.45), on-
Hako omHOMhaKTOPHBIN aHATN3 HE BBIIBIII 3aBUCMOCTh
3TUX TMTOKa3aresiei ot im3ouuma nedeHu (p > 0.05).

KoHrmeHTpatms mn3onMa B MOYKax TeMOHCTPH-
poBaJia MAaKCUMAJIbHYIO CBSI3b C JIM3OLIMMHBIM WMH-
JICKCOM OpraHa M oOIIMM KOJUYeCTBOM (hepMeHTa B
Tpex opraHax (r, = 0.95). KoHueHTpauuu auzouuma
B MIEYCHM U CeJIe3eHKe TaKXKe MOKa3aIu CBI3b C KOH-
LeHTpauueil dpepmerTa B noukax (r, = 0.48 u r, = 0.53
COOTBETCTBEHHO), onHako koppeisuus JIMCen c
KOHIIEHTpalMel iuzoluuma B noukax (r, = 0.43) no
Kkputepuio H okaszanach ciaydaiiHoii (p > 0.05).

KoHueHTpalius iu3oima B ceie3eHKe rokKasaja
CBS$13b C OOJIIITMHCTBOM MMMYHHBIX I1apaMETPOB, KOTO-
pasi B MAKCUMAaJIbHOM cTerneHn nposisisiiack ¢ JIMCen
(r, = 0.85). KoHueHnTpauusi ¢epMeHTa B MOYKAX U
JINTITou B MeHBIICH CTETIEHN KOPPEITMPOBAIIH C CeJIe-
3eHOYHBbIM hepMeHTOM (7, = 0.54 u r, = 0.57 cooTBeT-
crBeHHO). KoHuieHTpauys m3onuMa redeHu u JIN[Ieu
TakXe KOppeJIMpOBaiM C KOHIIEHTpalueil epmMeHTa B
ceneseHke (7, = 0.48 u r, = 0.41 cOOTBETCTBEHHO), XOTs
OMHOMAKTOPHBIN aHAIN3 BBISIBUJI CBSI3b TOJBKO KOH-
LIEHTpalMM TeYeHOUHOTO JIU301MMa C (DEPMEHTOM B
cejie3eHKe. Mexy KOHLIEHTpalluei Ju3onmuma B ce-
JIe3eHKe U JoJjeil ¢hepMeHTa B OpraHe BBISIBJIEHA T10-
JloxuTtenbHast koppessiuus (7, = 0.50), Ho o KpUTepuio
H Takas cBsi3b He noaTeepxaeHa (p > > 0.05). B Toxe
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BpeMsI 00lllee KOJIMYECTBO (DepMeHTa B TpeX opraHax
(CJINO) 6bL10 CBSI3aHO C KOHLIEHTpalLUeH TIM3011uMa
B ceneseHke (1, = 0.65).

KoHlleHTpalius 1u3olrMa B MEYeHU U MoYKax
rnokasajia onrHakoByto Koppessiuuto ¢ JIMCen (r, =
= 0.48), ogHako 110 Kputepuio H TOIbKO (EepMEeHT
Moyexk OblI HEMOCPEACTBEHHO CBSI3aH C OOILIMM KO-
JIMYECTBOM JIM30LIMMa B cejie3eHKe. KoHleHTpanus
Jm3ouuma B neyeHu (7, = 0.43) 1 B CLIBOPOTKE OKa3a-
ychk cBsizanHbIMU ¢ JIMIIou, HO B TTociiemHeM City-
Yyae KaKol-JI1bo Koppeassuuu He oOoHapyxkeHo. O06-
11iee KOJUYECTBO JU30LMMa B TIEUeHU HE BJIUSIO He
Ha KOHIEHTpAalMIO, HE Ha JIM30LIMMHbIE WHAEKCHI
noyek u cenezeHku. JINIled u JINMITou mokazanu
xoppensituio ¢ JINCen (r,= 0.42 u r,= 0.50 cooTBeT-
ctBeHHO), HO eciim JIMIIouy OpUI IpsIMO CBsI3aH C
JIMCen, TO y 1IeYeHU TakKou CBsI3U Mo Kputepuwo H
He BbIsIBJIeHO. O0111ee KOJIMYECTBO JU301IMMAa B TleUe-
HU U CeJie3eHKe OKa3blBaJIO BJIMSIHME Ha J0Ju dep-
MeHTa B aTuX opraHax (r, = 0.71 u r, = 0.67 cooTBeT-
CTBEHHO). Jlo/1s1 In3olurMa B MoyKax He 3aBHUCesia OT
o0l111ero KojinuecTBa hepMeHTa B opraHe, HO IoKasa-
Jia 06paTHYI0 3aBUCUMOCTb OT KOJIMYECTBA JIU301IUMA
B neueHu (r, = —0.54).

OBCYXIEHMUE PE3VJIILTATOB

B HacTos1iee BpeMsi MHOTOYMCIIEHHbIE Pa0OThI
110 KOJIMYECTBEHHOMY aHaIN3Y JIM301IMMa OTpaXKaroT
KOHEYHBI pe3ysibTaT B GPUKCUPOBAHHON pa3MepHO-
CTU: T TKaHU OpTraHa, T 0eaKa XUJIKOCTH, MJI, J1 U T.I.
(Cyo06otkuH, Cyo6oTkuHa, 2020). @ukcrupoBaHHasi
pa3MEpHOCTb He YUMThIBaeT Mopdodusnoioruye-
CKMe pa3jiInursi OpraHOB B KAYECTBE 1IEbIX CTPYKTYD,
1X pa3Mepbl, Maccy, Kak BHyTPU OAHOI 0COOU, TaK 1
Yy CpaBHHUBaeMbIX PbIO pa3HbIX pa3MepoB. B mpakTuke
dusmonornueckux uccieaoBaHuii 1y HUBEIUpPOBa-
HUSI pa3MEpPHO-MAaCCOBBIX Pa3JIMUMii OpraHoB Olle-
HUBaOT UX MOpPOGhU3NOIOrMIecKre WIM COMaTH-
yeckre MHAEKChl. B 1ensax usyyeHus: BO3MOXKHOIO
BJIMSIHUSI pa3MEPOB OPraHOB UMMYHHOI CCTEMBI Ha
KOHIIEHTPALIMIO JIM3011MMa ObLIT UCTIOJIb30BaH HOBbIH
rnokasartefib — JM30LUMHbBI MHAEKC OopraHa, KOTO-
pbiii: (a) oTpaxkaeT KOJIMYECTBO JIM30I[MMa BO BCEM
opraHe, (0) HuBeaupyer MopdodusnosornyecKkue
pazyinyuvs OpraHoB U ocobeii, U ¢ ATUX NO3ULUI MO-
KEeT ObITh 00Jiee OOBEKTUBHBIM KOJUYECTBEHHBIM
KpUTEPUEM.

HMccnenoBaHue mokasanao, YTO B €CTECTBEHHBIX
YCIOBUSIX OOUTAaHUS KOHLIEHTPALUS JTU30L1MA B Op-
raHax ¥ CBIBOPOTKE, a TAKXKEe COMaTUYeCKNE UHIEKCHI
OpraHOB CaMIIOB IIIyKW ObUIM CBSI3aHbI C TEpMUYEC-
CKUM PEXUMOM BomoeMa. B romoBoM 1LimkJie ¢ nuana-
30HOM cpeaHux Temmnepatyp ooiiee 20°C (byropun u
Ip., 1982) Takasi cBsI3b B pa3HbIX OpraHax U TKaHSIX
6b11a pasnuuHoil. KoHlleHTpalys 1M3011Ma B reve-
HH U CBIBOPOTKeE, a Takxke M Cen, 1mokasaam npsmMyro
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3aBHCUMOCTh OT TEMIIEPATYPHI, 3 KOHIEHTPALIUS TV~
3oumnma B moukax u MIleuy oOpatHylo.

AHanmu3 pbeId MPpU OTCYTCTBUM CYIIIECTBEHHBIX M3-
MEHEHUI HU3KOIro TeMIlepaTypHOTro peXumMa MoKa-
3aJl, YTO TIOYKU SIBJISIIOTCS Haubosee CTaOMIbHBIM
opraHoM. CoMaTnueckue UHAEKChl OpraHa He 3aBU-
CeJIM OT TeMITepaTyphl B IIIMPOKOM JMara3oHe Bapbu-
pOBaHMS B TOAOBOM IIUKJIE U Oojiee y3KOM 3UMHE-Be-
CeHHEM Tiepuoje, a KOJIMYECTBEHHbIE MoKa3aTesu
JIN301IMMa BCerjaa JeMOHCTPUPOBAIM OOpaTHYIO 3a-
BUCUMOCTB OT 3TOr0 BHelIHero paktopa. ComaTuue-
CKMI MHAEKC CeIe3eHKU He 3aBUCesT OT TeMIepaTypbl
B YCJIOBMSIX €6 MUHMMAaJIbHBIX U3MEHEHUI, a KOH-
HeHTpauurs pepMeHTa U ero 00I1ee KOTNIESCTBO — HU
B rOIOBOM IIMKJIC, HU B YCJIOBUSIX TTOCTOSTHHBIX TEM-
neparyp. O0lIee KOJIMYECTBO JIM30LIMMa B MEYeHHU,
TakKXe 0Ka3aJoCh HECBSI3aHHBIM HU C KaKUM C TEM-
repaTypHbIM peXrMoM BogoeMa. KoppenssiunoHHbIe
CBSI3U KOHIUEHTpaluu (epMeHTa U COMAaTUUECKOTO
WHJEKca MeUyeHU NMpU MOCTOSIHHO HU3KOM TemIiepa-
Typ€ CMEHWJIUCh Ha MPOTUBOIIOJIOXKHBIE, B CpaBHE-
HUU CO BCEM TOJAOBBIM mepuomoM. CoMaTudyecKuii
WHJEKC opraHa BCerjaa ocTaBajcsl CBSI3aHHBIM C TEM-
rnepaTrypoii Bogoema. XyaHr ¢ coaBT. (Huang et al.,
2016) HaGMIOmANIM ABYKPATHOE CHIDKEHUE MHIEKCA
MeYeHu y MOJIOAM 3epKajibHoro Kapma (Cyprinus
carpio Linnaeus, 1758) 1ipu 60J1ee BEICOKUX TeMIIepa-
Typax, HE3aBUCUMO OT pailioHa, a NBYX(aKTOPHBI
aHau3 MokKa3ajl 3HaUMTeJbHOE BIIMSIHUE TeMIepaTy-
pbI Ha pa3mep nedyeHu puld. HryeH c coaBT. (Nguyen
etal.,2019) oOHapyXWJIM POCT MHAEKCA MMEYEHU Y KO-
ouu (Rachycentron canadum Linnaeus, 1766) ripu no-
BBIIIICHUU TemIiepatypbl Boasl ¢ 30 no 34°C ripu coB-
MECTHOM JIeHiICTBUY C METUOHMHOM B KopMe. OTHaKO
MOBbIIIEHME TeMnepaTyphl ¢ 28.5 1o 31.5°C He BusI-
JIO Ha MHAEKC Te4YeHU aHEMOHOBOM phIOKU (Amphi-
prion melanopus Bleeker, 1852) (Miller et al., 2015). B
yCIIOBUSIX JieTHUX Temmepatyp 21.5 + 1.1°C unzexkc
neyeHun Seriola lalandi (Valenciennes, 1833) yBemu-
YUBAJICS TOJBKO TIOJ BIMSTHUEM BBICOKOIHEPreTuYe-
ckoro kopma (Crowe et al., 2021).

OOpaTHasl KoppeJsilivs KOHLIEHTpaluu hepMeH-
Ta B IIEYCHU C TeMIIEpaTypOil BOIBI B 3UMHE-BECEH-
HUI mepuom He OblIa cBsI3aHa ¢ 9TUM (HaKTOpOM, a
BEPOSITHO OOYCJIOBJIEHA MHBIM BIIMSTHUEM, TAKUM KakK
MnpsiMasi 3aBUCUMOCTb 3TOTO MoKa3aTesl OT OO0Ilero
KOJTMYeCTBa JIN30IIMMa B TToukax. [1oaTomMy, KOHIIEH-
Tpalysi TM301MMa B TIEYCHN MOXKET OBITh B KOCBEHHOI
3aBHMCHUMOCTH OT TEPMUYECKOTO pexxrma Bogoema. Jlu-
301IMM CBIBOPOTKH HE ObLI CBSI3aH C TEMIEPaTyPHBIM
(akTOpOM B YCIOBUSIX ITOCTOSHHBIX HU3KHMX TEMITe-
patyp. KoHIleHTpalmsi CBIBOPOTOYHOTO JIU30IIMMA XO-
TS U MOKa3aja 3aBUCUMOCTb OT OOIIEero KOJu4ecTBa
depMeHTa B TTOYKaAX, HO KOPPEISAIUSI MEXIY STUMU
ITOKa3aTeJIsIMM OTCYTCTBOBaJIa, a KaKas-JIu00 CBSI3b C
JIN30IIMMOM TI€YECHU U CeJIe3eHKHM He BbISIBIIEHA BOBCE.
CaH c coaBrt. (Sun ef al., 2020) mokaszanu OTCYyTCTBUE
CBSI3W aKTUBHOCTH JIM3OIIMMA B IUIa3Me W TEYCHH
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MPU TUTIOKCUM Y GONBIIEPOTOro OKyHs (Micropterus
salmoides Lacepede, 1802).

Mopdodusnoiornyeckrue MoKa3aTelI, TaKhe
Kak abCoIIOTHBIE pa3Mepbl 0cobeit, 3peloCTb ToHa,
a TakXke pa3Mepbl OPTaHOB, BbIpaXKeHHbIE YEPE3 CO-
MaTHU4YECKMEe MHIEKCHI, OOBIMHO HE OBIITM (DaKTOpaMM,
BJIMSIIOIIIMMU Ha KOHILIEHTPALIMIO JIM30LIMMa B opra-
Hax U ChIBOPOTKE CaMIIOB IIIYKW, HO KOHLIEHTpaI1s
JIN301IMMa MOTJIa TIPOSIBJISITh KOPPENSIIMIO C 3TUMU
MmokazaTteJisiMiu. DTO OTHOCUTCSI K 0OpaTHOIT Koppe-
JISILIMU KOHLIEHTpaluu (pepMeHTa B IeYeHU U MoYKax
C UHJEKCOM IeYEeHU, a TaKXKe MPSIMON KOppeasiiuu
JI30lIMMa ceJie3eHKU ¢ MHAeKcoM opraHa. Harmpo-
TUB, JJU30LIUM TOYEK U 00l11lee KOJUUYECTBO U301~
Ma B TpeX opraHax, Kak CJIe[ICTBME€ JOMUHUPYIOIIEi
pOJIM TIOYEK, MOKa3aJIu CBSI3b CO 3PEJOCThIO TOHAI,
OIHAKO KOPpeJsIIUY KOJUYECTBEHHbBIX IMOoKa3areseit
¢depMeHTa ToUeK ¢ ToHagaMu B ATUX Cy4yasix HE Ha-
omonanock. BaHr ¢ coaBt. (Wang et al., 2020) oOHapy-
JKWIM TIOBBILIEHUE aKTUBHOCTU JIM30LIMMa B TI€YEHU
0e3 M3MEHEeHMIA MHAEKCa OopraHa y MOJIOOU rudpuaa
rpynepa (Epinephelus fuscoguttatus @ X Epinephelus lan-
ceolatus &), Korga u3y4Jajay BIUSIHUE 3aMEHBI phIOHOI
MYKHJ Ha KOHIIEHTpAT COeBOTo OeaKa B KopMe. Takke
ObUIO OOHApPYXXEHO 3HAUMTEIbHOE YBEJIUYECHHE aK-
TUBHOCTM JM30LIMMA IJIa3Mbl y dopenu Oncorhyn-
chus mykiss (Walbaum, 1792) nox BausiHueMm [3-1ito-
KaHOB 0e3 M3MeHeHusT nHaekca cejne3eHku (Cornet
etal., 2021). OgHako 1pu moOaBJIeHUM TUAMHWHA B
KOpM MoJionu kutaiickoro Kapna Cyprinus carpio var.
Jian akKTMBHOCTbH CHIBOPOTOUYHOTIO JIM30LIMMa MOBBI-
CUJach U YBEJIMYWJICS MHAEKC Cee3eHKU, HO YMEHb-
mmiics uHaekc noyek (Feng ef al., 2011). IloBbliie-
HYE aKTUBHOCTU (pepMeHTa B CHIBOPOTKE U YBeIUUe-
HU€ WHIeKca TMe4YeHUu Habjioaaan y SIMOHCKOTO
Mopckoro okyHst Lateolabrax japonicus (Cuvier, 1828)
o BAustHUeM acadeTtuanl (Xu et al., 2020).

Pasmepsl ITeyeHY 1 TT0YeK He OKa3bIBAId HUKAKO-
ro BJIMSIHUS Ha 00l11ee KOJUYeCcTBO (DEpMEHTA B HUX,
toraa kak JIMCen nmokazaj cyliecTBEHHYIO 3aBUCU-
MOCTb OT pa3Mepa celle3eHKU. PasMep cele3eHKH
OKa3bIBaJI MPSIMOE BIIMSTHUE Ha KOHIIEHTPAIIUIO 1 00-
1Iee KOJM4YeCcTBO Jru301uMa B oukax. C apyroii cTo-
ponbl JIMCen 1 KOHIIEHTpAIIHS CeJIE36HOYHOTO I~
30IIMMa KOPPEIMPOBAIN C OOIIMM KOJIMIECTBOM M
KOHILIEHTpaluell ¢pepMeHTa B MOYKax, HO TPU 3TOM
ITOYKW HETOCPEICTBEHHO He BIUSIIA Ha IMoKa3aTeJIn
cene3eHKH. OOIIee KOJTUIECTBO JIM30IIMMA B TTOIKaX
Y ceJIe3eHKE He 3aBUCENIO OT KOJIMYecTBa (pepMeHTa B
redyeHu. MisMeHeH1e 06IIero KoJmJIecTBa JIN301Ma
B TIEYEHU M CeJie3eHKE OTpaXaJoch Ha JOJISIX dep-
MCHTa B OpraHax, a a0Jisd JIM30o11Ma B IToYKax ImokKa-
3aja oOpaTHYIO 3aBUCHMOCTH OT KOJIMYecTBa ep-
MEHTa B MeYeHW. AHAJIOTUYHAS B3aMOCBSI3b ObLIa
oOHapyXeHa U TpU aHan3€e pa3MepoOB OPraHOB.

AXTMBHOCTD JIM30LIMMa B II€4YCHH, IMMoYyKax N Chbl-
BOPOTKE ITOKa3aJia 3aBUCMMOCTDL OT TEMIIEPATYPLI BO-
IIbI B BOJIOEME B TOAOBOI NTMHAMUKE U U3MEHEHUE Xa-
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pakTepa 3aBUCMMOCTU TPU MUHUMM3ALIMU e CTBUS
Temriepatypbl. [loaToMy npu olleHKe BIMSIHUS (hU-
3UOJIOTUYECKUX (haKTOPOB HEOOXOAUMO HUBEJIUPO-
BaThb TaKO€ BO3/IEICTBHE BHEIIHEN Cpelbl. DTOT pe-
3yJIbTaT TAKXKE YKa3bIBAET, UTO MPU Pa3HBIX YCIIOBUSX
BHEIIIHEl cpeabl OTBETHbIE peaKIIMM UMMYHHOM CHU-
CTeMBbl Y OJJHOTO BUAa PbIO MOTYT ObITh HEOTMHAKO-
BbIMU WJIX NpoTUBONOJ0XHBIMU (Cyo0oTKHH, Cy0-
6oTkMHa, 2020). BMecTe ¢ TeM Koppeasiiusi KOHLIeH-
TpalMu JIM30LIMMAa C KaKUM-JIMOO (hakTopoM Wi
rokKasareJjieM BCero opraHu3Ma He BCeria umesa He-
MOCPEACTBEHHYIO 3aBUCUMOCTbh OT HEro Mmpu OIHO-
¢dakTOpHOM aHaM3e, KaK B cilyyae KOHIEHTpaluu
JIN301IMMa [MeYEHU C TEMIIEPATYPOil B TOAOBOM LIUKJIE
WJIM TIOYEK U CeJIE3EHKHU C MacCoil pbiO, IMoYeK ¢ pas-
MEPOM MeYeHU U HEKOTOpbIe ApyTrue.

3AKJIIOYEHHME

KoHueHTpalus nu3oluma Kak rnapamerp, omnpe-
JiesisieMblid B GUKCUPOBAHHOM 00beMe, TIPSIMO 3aBU-
ceJia OT 0011IeT0o KoJinyecTBa (hepMeHTa B OpraHe, Ko-
TOPOE, B CBOIO OYEPENb, HAXOIUIOCH B 3aBUCUMOCTU
oT ero pasMmepoB. IIpu 3HAYUTETBHBIX PABTUUMIX
KOHIIEHTPAIIMU JIU301IMMa B TIEUEHU U Pa3MEPOB Op-
raHa B pa3Hble Mepro/ibl FOJIOBOTO 1IMKJIa 00111ee KO-
JIN4ecTBO (pepMeHTa, T.€. JIU3OLMMHBIN UHIEKC Op-
raHa, ocTaBajaocCh IocTossHHbIM. [lonoOHass ocoOeH-
HOCTb BbISIBJIEHA M Y cejie3eHKHU. Takke MoKa3aHo,
YTO MPU CYIIECTBEHHBIX PA3IUYMIX MEXIY IMEeYEHbIO
U CEJIE3EHKOM 10 KOHIIEHTPAIWU JIM301IMMAa U pa3Me-
paM opraHoB, o0lIlee KOJUYECTBO (hepMeHTa B HUX
oKazajoch Ha OHOM ypoBHe. B moukax, HalmpoTUB,
oOHapyXeHa BapuhadeIbHOCTh OOIIEro KOJIWYEeCTBA
JiuzolmmMa 1 obpaTHasi 3aBUCUMOCTb 3TOTO TMokKa3a-
TeJIsI OT TeMIepaTypbl BOAbI P HEU3MEHHOM COMa-
TUYECKOM HMHIEKCe opraHa. Takum obpa3oM, ObLIO
OOHapyXeHO, YTO U3BMEHEHUE Pa3MEPOB OTAEIbLHOTO
opraHa MOXeT He BJIMSITh Ha KOJIMYECTBEHHbIE IMOKa-
3aTeW JIU30IIMMa B CaMOM OpraHe, HO W3MEHSIET
pOJIb 3TOTO M JPYIMX OPraHOB IPU COBOKYIHOM
OlIeHKEe MMMYHHBIX peakiuil. C apyroil CTOpOHBI,
KOHIIEHTpPAIS JIM301[MMa B PA3HBIX OPraHaxX OKa3bIBa-
€TCs1 3aBUCUMOI OT pa3MepoB 3TUX opraHoB. Kpome To-
ro, B pe3yJibTaTe CIOKHBIX B3aMOCBSI3eli, KOHIIEHTpa-
1M1 pepMeHTa B OTIEIBHOM OpraHe OKasbIBaeTcs He
TOJIBKO B 3aBUCUMOCTH OT OOI1IET0 KOJIMUECTBA JIM3011-
Ma B HEM, HO Takxke HaXOAUTCS IO/ BIUsTHUEM dep-
MEHTA JPYTUX OPTaHOB.

ITpoBeneHHBIE MCCIEeNOBAHUS — 3TO TIepBast Mo-
MTBITKA OLIEHUTH BIUSTHUE (PU3UOJIOTMIECKOTO COCTO-
SIHUSI PBIO, CBSI3aHHOTO C U3MEHEHUEM Pa3MepPOB Op-
raHoB, Ha JUHAMUKY UMMYHOJOTMYECKOTO TToKa3a-
Telsd — KOHIICHTPAIMIO JIM30IIMMa B Pa3IMIHBIX
TKaHsIX. [lojydyeHHbIe pe3ynbTaThl MO3BOIUINA TIPHU-
OGJIM3UTHCS K IOHUMAaHUIO CJIOKHOM B3aUMOCBSI3U KOH-
IIEHTpAllMM JTU30IIMMa B OpraHaX W TKaHSX IIYKW C
HEKOTOPLIMU (paKTopaMU pa3HOM MPUPOALI, KOTO-
pble IPUCYTCTBYIOT B XKUBHEHHOM LIMKJIE PBIO.
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The Intra-Annual Variability of Immune System Organs and Lysozyme Content
in Male Pike Esox lucius L.
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! Papanin Institute of Inland Water Biology, Russian Academy of Sciences, Borok, Nekouzskii district,
Yaroslavl oblast, 152742 Russia
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The effect of the physiological state on the lysozyme concentration in the liver, kidney, spleen and serum, as
well as the total amount of the enzyme in the organs, was studied in male pike Esox lucius L., 1758 under dif-
ferent conditions of the annual cycle. Multidirectional intra-annual dynamics of organ somatic indices and
quantitative parameters of lysozyme in fish tissues and organs, depending on the temperature regime of the
water body, was found. Despite significant changes in liver size and lysozyme concentration, the total amount
of the enzyme in the organ, the lysozymic index, remained constant. A similar result was found in the spleen.
When the influence of the temperature factor at low temperatures was minimized, the liver parameters
changed to the opposite ones, while those in the kidney remained unchanged. Such a temperature regime did
not affect the spleen parameters and the concentration of the enzyme in the serum. With significant differ-
ences between the liver and spleen in the enzyme concentration and size, their lysozymic indices were indi-
cators of the same level. Stages of gonad maturity affected the liver index and the amount of lysozyme in the
kidney, but the correlation of the kidney enzyme with maturity was not significant. The kidney lysozyme and
the spleen parameters correlated with body mass without organs, although fish weight and length were not
influencing factors. The size of the kidney, unlike the spleen, did not affect the enzyme in fish tissues. The
liver and kidney enzyme concentrations and kidney lysozymic index were inversely correlated with liver size.
A complex nature of the enzyme relationships in organs was revealed, at which the amount of lysozyme in one
organ could affect the amount of the enzyme in the other. The relationship between the concentration of se-
rum lysozyme and the morphophysiological parameters of fish under stable low temperature conditions in
the water body was not found.

Keywords: lysozyme, organs, serum, somatic and lysozymic indices, physiological state, temperature, season
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