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Pe3iome

Mpl u3ydyaeM peakiu ajanTalid BHYTPEHHUX OpPraHoOB J1a0OpaTOPHBIX
I'PBI3YHOB HA MOCTYIUIEHWE C MUTHEBOW BOJOM KPEMHHUS B TEUCHHE MHOTHX JIET.
Tyunsie knetku (TK) mumbonaHbIx opranoB SBISIOTCS OJHUM U3 00BEKTOB HAIIIETO
uHTepeca. OHU colepkaT HeHpoMeaUaTopHble OHMOTeHHbIE aMUHBI M TEMapHH,
KOTOPBIN MOKHO HEMIOCPEICTBEHHO HAUTU B HUX C IOMOUIBIO aBUJIMHA.

BrisiBnena peakiusi aBuAMH-MIO3UTUBHBIX TK cene3eHku 1a00paTOpHBIX
MBIIIIEH Ha MOCTYIUIEHHE KPEMHHUSI C MUThEBOM BOJIOM B KOHUEHTpauuu 20 mr/i B
TEUEHUE TpeX MecsleB. B skcrepuMeHTe HCHOJb30BAIM OENbIX JTaOOpPaTOPHBIX
HEJIMHEHHBIX MbIIei-camMiioB. KoHTponbHasi Tpymnmna >KMBOTHBIX moiydana ad
libitum muTBEBYIO OYTHIMPOBAHHYIO BOJAY C KOHIICHTparued kpemuus 10 wmr/m,
OMBITHasT — Ty € BOJY, B KOTOPYIO ObLI [00aBlieH METACUJIMKAT HaTpus
JEBATUBOJIHBIN, TaK, YTOObI OOIIas KOHIEHTpalus KpeMHHs coctaBuiia 20 Mr/i.
MaccoByl0 KOHLEHTPALIMIO KPEMHUS B BOJE OMNPEOEIsId C IOMOIIBIO
CIIEKTPOMETPA IMUCCUOHHOTO ¢ MHIYKTUBHO CcBsizaHHOMU 1iazmoit 5110 ICP-OES.
Uepe3 Tpu Mecslia KMBOTHbIE ObUIM BBIBEACHBI U3 IKCIIEPUMEHTA, CENE3CHKY
u3BJeKany, pukcupoBaiu B 10% HelTpamsHOM (hOpMaMHE U 3aJIMBaIH B TapaduH.
JlenapaduHupOBaHHbIE Cpe3bl OKpalliBAJIN aBUJUHOM, MEUYEHHbBIM
dbayopeciieHTHOM MeTkoi 3eneHoro 1peta (Avidin, Alexa Fluor® 488 conjugate,
Invitrogen, ['epmanwms). Ilpemapatbl nM3ydyanu MpU MOMOIIHM JTFOMHHECIIEHTHOTO
MHUKPOCKOTIA C JUTMHOM BOJIHBI BO30Y>k1aromiero ceera 495 um. B kpacHoil mysbIie
CEJIC3CHKHU MBIIICH, IMOJYyYaBIIMX C MUTHEBOM BOJOW KPEMHHUN, HaOJI01aJIOCh
YBEIIMYEHUE KOJIMYECTBA aBUAMH-IO3UTUBHBIX TK. Mennana minomamn TK
CEJIE36HKH MBIIIEH ONBITHOW IPYNIbl UMENA TEHICHIIMIO K YMEHBIICHHUIO 3a CUET
BO3PACTaHMs JI0JM KJIETOK Majoro pazMepa. Y MbIIIEH, MOJYyYaBIIUX C IMTATHEBOU
Bogoi kpemuuii, TK Oonpmoro pasmepa umenu OoJiee BBICOKHE MOKa3aTeld
JIOMHUHECLIHIIMM, TO €CTh, B HMX HaxoauTcs Oosblie remapuHa, yem B TK

CEJIC3€HKHU MBIIIEN KOHTPOJIBbHOU IPYIIIIBL.
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BriBoa. IloctyrieHne ¢ mUTbEBOM BOJOM KpeMHUS B KOHIIEHTpauu 20 mr/i

B TEUCHHE TpPEX MECSLEB, NMPUBOIUT K mepepacnpenesneHuto nomymsuuu TK B
KPAaCHOW MYJIBIIE CEJIE3€HKU MBILIEH MO pa3Mepy, K YBEIUYEHUIO MHTEHCUBHOCTHU
¢yopecueHiun  aBUAMH-o3uTUBHBIX ~ TK ~ Oompmioro  pasmepa,  4TO

CBUACTCIILCTBYCT 00 YBCIIMYCHUHU B HUX KOJIMYCCTBA I'ClIapHHA.

KiaroueBble cJjioBa: Cele3€HKA, TYYHbIE KIETKHA, aBUIWH-TIO3UTHBHBIC

KJICTKH, KDEMHUH, CUIMKAThI, TeapHUH.
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Abstract

We investigated the adaptation of the inner organs of laboratory rodents to the
intake of silicon from drinking water during many years. The mast cells (MC) are
the important objects of our interest. They contain neurotransmitter, biogenic amines
and heparin, which can be directly found in them with help of avidin staining. We
studied the reaction of avidin-positive MC in the spleen of laboratory mice, which
intake the silicon with drinking water at a concentration of 20 mg/l during three
months. The white laboratory male mice were divided in two groups. The control
group (not treated) of animals received ad libitum bottled drinking water with a
silicon in concentration of 10 mg/I, the experimental group received the same water
to which nine-water sodium metasilicate was added, so that the total silicon
concentration was 20 mg/l. The mass concentration of silicon in water was
determined using an inductively coupled plasma emission spectrometer 5110 ICP-
OES. After three months, the animals were removed from the experiment, the spleen
was removed, fixed in 10% neutral formalin and embedded in paraffin. Dewaxed 6
micrometers-thick sections were incubated for 30 minutes at room temperature and
stained with avidin labeled with a green fluorescent label (Avidin, Alexa Fluor® 488
conjugate, Invitrogen, Germany). The preparations were studied using fluorescence
microscope with an exciting light wavelength of 495 nm. An increase in the number
of avidin-positive MC was observed in the red pulp of the spleen of mice treated
with drinking water with silicon. The median size of MC in the spleen of mice in the
experimental group tended to decrease due to an increase in the proportion of small
cells. In mice treated with drinking water with silicon, large TC mast cells have
higher luminescence indices, that is, they contain more heparin than in the TC mast
cells of the spleen of mice in the control group. Conclusion. The intake of silicon
with drinking water at a concentration of 20 mg/l for three months leads to a
redistribution of the population of MC in the red pulp of the mouse spleen in size, to
an increase in the fluorescence intensity of avidin-positive MC of large size, which

indicates an increase in the amount of heparin in them.
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1 BBenenue

BosgenictBue KpeMHMs, TOCTYNAIOMIEr0 B OPTaHU3M KPEMHUS C IUTHEBOU
BOJIOM UCCIENYETCS HAMM YK€ Ha MPOTSHKEHUU IITUTEIBRHOTO BpeMeHU. OTIeNIbHOE
BHUMaHue ynensercss TK, koTopble, Kak HM3BECTHO, BOBJICUYECHBI B MPOLIECCHI
aJanTalliy K OKPYXaIOIIEe Cpe/ibl U SIBISIOTCS MOCPETHUKAMH MEXK1y HEPBHBIMU U
MMMYHHBIMH [POLECCAMH, MTPOXOIAIIMMHA B OpraHU3Me KaK B HOpME, Tak W IpHU
narosjoruu. Mcrnosib30BaHWE OKpaIllIMBAaHUE TOJTYUJIMHOBBIM CUHUM W BBIYUCIICHUE
uHJeKkca cyiabdatupoBanus [4], MO3BOJIWIO HaM paHee BBIICHUTH TK THMyca
7a00paTOPHBIX KPBIC, MOJTYYABIIMX C MUTHEBOW BOAOW KPEMHHUH B TEUYEHHE ABYX
MECAIIEB, YMEHBIIAIOTCS B pa3Mepax H coiaepxkaTr Oojiee Cynb(paTUPOBAHHBIN
renaput, yeM TK KpbIC, MOTy4YaBIIMX MUTHEBYIO BOJY O€3 100aBICHUS KPEMHUS.
TK cene3€éHKH KphIC TaK)KEe UMENH TEHACHIUIO K MeTaxpoMasuu. i uccienoBanus
TK B meuyeHu KpbIC B HAIUX MOCIEAHUX paboTax ObUI MCIOJIB30BAH MEUYEHHBIN
JIOMUHECHEHTHOM MeTKOM aBuiuH [3]. M3BeCTHO, 4TO TJIMKONPOTEHU]l ABHUJIHH
CEJICKTUBHO CBS3BIBACTCSI C TeMapuHOM [2, 6], W HWHTEHCUBHOCTHh €rO
bayopeciieHIIMU NMPSMO MPONOPLUHUOHATIbHA KOJWYECTBY IenapuHa B rpanyiax [7].
YuuThiBasi OTCYTCTBUE JIAaHHBIX JTUTEPATypPbl O BIUSIHUM KPEMHUS HA MOMYJISIIIUIO
TK B cene3eHke MbllIei, B HacTOsIIed padOTe Mbl MPUMEHUIN MEUYEHHBIN
JIFOMHUHECLIEHTHON METKOU aBHUIIMH.

[lenpt0o paboOTBI SBUIOCH W3Y4YEHWE PEAKIIMH aBHIWH-TIO3UTUBHBIX TK
CeJIe3E€HKH Ja0OPaTOPHBIX MBIIIEH Ha MOCTYIUIEHUE C MUThEBOM BOAOW KPEMHHUS B
KOHIIeHTparuu 20 Mr/J1 B TEUEHHUE TPEX MECAIICB.

Marepuanbl W METOABl ODKCHEPUMEHTHI OBUIM TPOBEACHBI Ha OENBIX
HEJIMHEHHBIX JTAOOPATOPHBIX MbIIIax-camiax (n = 6) B CTaHJAPTHBIX YCIOBUSX
BHUBApUS MIPU €CTECTBEHHOM OCBEILICHHH.

JKvBOTHBIE TOJTyYaii B TEUEHUE TPEX MECSIEB MUTHEBYIO OYTUIUPOBAHHYIO
BOAY, B KOTOpPYIO ObUT [100aBieH AEBATUBOJHBIN MeTacuiaukar HaTpus. s
KOHTPOJIbHOM Tpynnsl (N = 3) maccoBas KOHIIEHTpAIUsl PacTBOPEHHBIX (opM
KpeMHusi cocTaBistia 10 mr/m, s ombiTHOM rpymmel (N = 3) — 20 Mr/u.

KOHHCHTpaI_II/IIO KpEMHHUA  ONPCACIIIIM  CIICKTPOMCTPOM  OMHCCHOHHBIM  C
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UHAYKTUBHO cBs3anHoM masmor 5110 ICP-OES [3]. Ilocnme BbiBeacHHS U3

DKCIIEPUMEHTAa Y MBIIIeH W3BICKAIN Cele3eHKy, ¢ukcupoBamu ee B 10%
HEUTpaJIbHOM (popMaNIMHE U 3aJIMBANIM B MapaduH.

JenapaguHupoBaHHBIC CPE3bl TOMMMHON 6 MKM HHKYyOHpoBamu 30 MUHYT C
aBUAMHOM, MEUEHHBIM (DIIyopeciieHTHO MeTKoi#l 3eneHoro mBeTa (Avidin, Alexa
Fluor® 488 conjugate, Invitrogen, I'epmManus) coriacHO MPOTOKOJTY, ONMHMCAHHBIM
Hamu 1ipu u3ydeHun TK B meuenu kpbic [3]. T'oTOBBIE mpenapaThl U3y4yaiu MOJ
JIOMUHECLIEHTHBIM MHUKPOCKOIIOM MpHU IJIMHE BOJHBI BO30Yskaroiiero cera 495
HM [2]. MukpodoTtorpaduu Obltn caenanbl Ha Mukpockore Leica 1000 ¢ momoribio
kamepsl Amscope Mu 1000 u oOnextuBa x40, usmepenue miomaaun TK u
MHTEHCUBHOCTh  HMX  (IyOpECUEHIIMM TNPOBOJIWIM C TNPUMEHEHHEM B
aBTOMAaTUYECKOM pexuMe (YHKIUU «IBETHOM KyO» B mporpamme AmScope
(Bepcus 10.11.2024), uHTEHCUBHOCTh (hIYOPECICHIIMU BhIpaKaJlaCh B YCIOBHBIX
eauHunax ¢ayopecueHuu (y. e.). s omnpeneneHuss B3aUMOCBSI3U MEXIY
IJIOMAJBI0 KIETKH W €€ WMHTCHCUBHOCTBIO (hIyOPECIEHIIMU HCIOIb30BaIN
kodpdunmrent panrooir koppensuuu Crnmpmena (rs). Ilpu sToM cuia
KOPPEISAIUOHHON CBS3M cunTasach ciadboit mpu 0 < rs < 0,29, cpenueit — npu 0,3 <
rs < 0,69, cubraoM — ipu 0,7 <15< 1,0.

[Tony4yeHHble B X0/€ W3MEPEHHsS] BHIOOPKM NPOBEPSIU HAa HOPMAJIbHOCTh
pacrpeneneHus ¢ uenoib3oBannem Kpurepues llamnpo—Yunka n Konmoroposa—
CmupnoBa. [lockonbKy pacnpeneneHrue BbIOOPOK ObLI0O HEHOPMAJIbHBIM, CPEIHUE
JIaHHBIE TIPECTaBJIeHbl KaKk MeauaHa (Me) u uHTepKBapTHIbHBIN pa3zmax [Q0,25—
Q0,75]. B »roM caywae il ONpEAENCHUST CTAaTUCTUYECKON 3HAYUMOCTHU
ucnosibzoBanu U-kpurepuit ManHa—YuTHU. Pa3nuuus cpelHUX BEIUYUH CUUTAIIN

CTaTUCTHYECKHU 3HAaYMMBbIMU T1pu p < 0,05.

PesynbraTtel U oOcyxaeHue. B KpacHOW mynbhne cene3€HKH MblIen
KOHTPOJIBHOM TPYyHNIIbl aBUAMH-TIO3UTUBHbIE TK wumenum sApkyr 3eneHyro
bayopecleHIIMI0, B €IMHUYHBIX KIJIETKaX MNPUTIYIIEHHOTO 3€JIEHOTO CBEYEHHS

BU3YyAIIM3UPOBAIINCH OTHAENbHbIE spkue rpanynsl. KommuectBo TK B kpacHoU
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IyJIbIE CEJIE3EHKU OIBITHOM TPYMIIBI MBIIIEH, IOJY4YaBIIMX C MUTHEBOW BOIOM

KpEMHUI, OBLJIO BU3YyalbHO OOJbINE, YEM Yy MBIIIEH KOHTPOJIbHOUW rpynmbl. [lpu
3TOM BU3YaJIM3UPOBAIUCH KaK OYEHB SIPKUE KJIIETKH, TaK U KJIETKH C IIPUTITYILIEHHBIM
3e7EHBIM CBEUEHUEM, CPEAH KOTOPBIX TaK)KE€ HAOIIOAANUCH KIETKU C €AMHUYHBIMU
apkumu rpanynamu. KommuectBo TK Ha mone 3penuss mpu ysenudenuu X400
COCTaBWJIO B cpenHeM 12-15 KIeTOK, B TO BpeMs KAaK B CEJIE3CHKE MBIIIEH,
NOJIY4aBIINX C TUTHEBOM BOJOW KPEMHUM, UX KOJUYECTBO COCTaBHIIO 20-22 KIETKU.

Meaunana miomann ¢ayopecuupyromux TK, ompeneneHHas ¢ MOMOIIBIO

2 IS MBIIIEH,

byHKIIUU «1BeTHOM KyO» coctaBuia 60,52 [52,02—-77,58] Mkm
MOJTy4aBIINX MUTHEBYIO BOJLy C KpeMHUEM B KoHLIeHTparuu 10 mr/nu 57,32 [42,01-
75,29] MKM? I MBIIIEH, HONYYaBIIMX IIMTHEBYKD BOAY C KPEMHHEM B
KoHIeHTparuu 20 Mr/ia. Beutn mpoaHanu3upoBaHbl TPU pa3MEpHbIE TPYIIIHL,
TOJIy4eHHbIE ITPU HOMOLIM T'MCTOIPaMMBI: IPYIINa MajibX KiIeTok (< 39,80 Mxm?),
rpynna cpeanux kinerok (39,80-82,40 mxm?), rpynna Gonbmmx Kinetok (> 82,40
MKM?). JIons MajbIX, CPEOHUX M OONBIIMX KIETOK B KOHTPOJBHOW M OIBITHOM
rpynne coctaBuina 12%, 67% u 21%, u 21%, 55% u 24% cOOTBETCTBEHHO. DTO
CBUJIETEIBCTBYET O MEPEPACIPEAEICHUHN KIETOK MO pa3Mepy 3a CUET YBEJIWUYEHUS
JOJIA MaJIbIX KJIETOK M YMEHBIIEHHUsS JOJIM CPEJHUX MO pa3Mepy KieTok. o
oonpmmx 1o pasmepy TK Obwia comoctaBuma B o0eux rpynmax. Cpeasss
UHTEHCUBHOCTh (iyopecueHunn TK cene3eHKH MbIIIe KOHTPOJIBHOW TPYIIIbI
coctaBmia 95,01 [88,63-105,17]y. ., B TO BpeMsi KaK JJIsl MBIIIIEH ONBITHOMN IPYIIIbI
ATOT TokKa3zarenb coctaBuia 105,2 [90,64-113,82] y. e. (p < 0,05). Koaddunuent
KOPpEJSILIUM MEXIY pa3MepoOM KIETKHM W WHTEHCUBHOCTBIO JIFOMUHECLUEHUUU
BBISIBWI MPSIMYIO CBSI3b CPEIHEN CUIIBI U JJ1s1 KOHTPOJIbHOM (Is=0,41), 1 17151 ONIBITHOM
rpynn  (rs=0,50), To ecTh C yBEIMYEHHEM pa3Mepa KIETKH YBEJINYUBAETCA
KOJIMYECTBO B HEW IpaHyl] TemapuHa, ¢ KOTOPhIM CBsi3biBaeTcs aBuAuH. CpenHsis
MHTEHCUBHOCThH (uryopectieHIMM TK y Mblieil KOHTPOJIBHON TPpYMIbl COCTaBHIIA
JUTSL MJTBIX, CpEAHMX 1 00IbIInX KieTok 88,63 [81,77-94,68]y. e., 105,17 [100,09-
106,23] y. e. u 90,12 [86,04—-102,90] y. €. COOTBETCTBEHHO, a B onbITHON — 89,705
[86,64-102,80] y. e., 105,84 [91,24-110,19] y. e. u 114,34 [104,53-119,79] y. e.,
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COOTBCTCTBCHHO. HOHy‘ICHHLIC JAHHBIC JOIIOJHAKOT PAaHCC co6paHHy10 HaMH

uHpopMalmio 00 OOECHEYeHHOCTH CENIe3eHKH MBIIEH THCTaMUHOM TIpU
NOCTYIJIECHUM C TIMTHEBOM BOJOW KpeMHHMs: HaOJI0aJoCch YMEHbIIECHUE
aOCOJIIOTHOM JIIOMUHECLICHIIMY THCTAMUHA B KPACHOMW IyJbII€ CEJIe3€HKU MBIIIEH,
MOJIY4YaBIIIHNX B TEUCHHUE TPEX MECSIIEB C MUTHEBOI BOJIOM KPEMHUI B KOHIEHTPALIUU
20 mr/a [1]. TlockonbKy aBUAMH CBSI3BIBAETCA C T€MapUHOM, a TemapuH Croco0eH
CBS3BIBATh U JI€3aKTUBUPOBATH HEHPOMETUATOPHBIE OMOTEHHBIE aMWHBI [5], MBI
NpEAnojaraéM, 4YTO  OTBETCTBEHHBIMH 332  CHI)KEHHME  MHTEHCUBHOCTHU
JIOMUHECLEHIIMY TUCTAMHUHA B KPACHOM IyJIbIIE CEJIE3EHKH, a CIEI0BATENbHO, U 3a
CHM>KEHHE OJHOTO M3 KOMIIOHEHTOB MMMYHHOTO BocrnaiieHus: aBisirorcss TK. To
€CTh, MO’)KHO CUMTATh, UTO PEAKLIUS CEJIE3EHKH MBILIEH Ha MMOCTYIJIEHUE C TUThEBOU
BOJOW KpPEMHHUs CXOAHAa C TaKOBOM Yy KpbIC B paHee MPOBEJECHHOM HaMHU
skcrepumente [1].

Takum 00pa3om, MOCTYMIIEHUE C MUTHEBOM BOJION KPEMHHUS B KOHIIEHTPALIMH
20 M/ B TEYEHHE TPEX MECAIIEB, MPUBOAUT K mepepacnpenencHuto nomyismun TK
B KPacHOM IyJIbIIE CEJIE3EHKU MBILIEH 10 pa3MepPy, K YBEIUYEHNIO UHTEHCUBHOCTHU
dbayopectieHIu  aBUAWH-MIO3UTHBHBIX ~ TK  Oomeioro  pasmepa,  49TO

CBUACTCIILCTBYCT 00 YBCIIMYCHUHU B HUX KOJIMYCCTBA I'ClIapHHA.
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