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_ AHHOTALIUA

Beeoenue. Anomunuii —00uH us Haubonee pacnpoCmpaHeHHbIX
NEMEHMO8, WUPOKO UCNONbIYENICS 8 NPOMBIULIEHHOCU U ObiMmY,
4mo npUBOOUN K 20 HAKONIEHUIO 8 OKpYJicaioweli cpede nocpeo-
CMBOM NPUPOOHLIX NPOYECCOB U AHMPONOLEHHBIX UCHIOYHUKOB.
Xponuueckoe 6o30eticmsue c8A3aHO ¢ pazgumuem HeupooezeHe-
PamugHbIX 3a001e6aHULL U HAPYUIEHUSMU 6 (DYHKYUOHUPOBAHUUL
KOCMHOU, NeYeHOYHOU, NOYEUHOU U 2eMAMON0SUYECKOU CUCTEM, YO
06ycnosaugaem napyuenue MUmoxoHoOpUaIbHo20 MemadoIu3Ma,
06pazoeanue paouKanios u nospescoeHue Kiemounblx Memopan.
C yuemom akxmyanbHOCmu nPoOeMbl ATIOMUHUEEOU UHIMOKCUKA-
yuu 0anHoe Uccied08anue HanpasieHo Ha uzydenue usMeHeHus
MPaHcKpunyuonHou akmuenocmu 2enog Zip8, Mtla u Mt2a.

Llens —u3yuenue usmenenus MpaHCKPUNYUOHHOU AKMUBHOCHIUL
2€H06 NP CYOXPOHUYECKOU UHTMOKCUKAYUU UOPOKCUOOM ATTOMUHUSL.

Mamepuanvt u memoowt. B sxcnepumenme ucnonvsosanu 48
benvix aymopeoHsix Kpblic 000ux noios ¢ maccoi meia om 170
00 230 2, cnyuaiinbim 06pazom pacnpedeneHHblX Ha Yemvlpe 2pynnsl
€ PABHBIM COOMHOUEHUEM CAMYO8 U CAMOK. Tpu dKcnepumeHmanb-
Hble 2pYNnbl ROLYYALU NEPOPATILHO PACMBOP 2UOPOOKUCH ATIOMUHUS
6 dosuposkax 0,015, 0,15 u 1,5 me/ke maccel mena, a KOWmpoIbHAas—
9aKeUoOwLeMHblil 2 % pacmeop Kpaxmand, 6600UMbLIL 6 medeHue
08yX Mecsyes namv pas 6 neoeno. 1o 3agepuienuu dxcnepumenma
Kpbicam npo8ooULACh I8MAHA3UL METNOOOM OeKaAnUMayuu, a ux
ouonocutecKull Mamepuan nooeepeaics KOMNIeKCHbIM 1a6opa-
MOopHbIM ananuzam. Pezynomamul oyeHusanuce ¢ ucnonb3o8anuem
memoda 2N-AACt) u cmamucmuuecko2o anarusa Ha niamegpopme

IBM SPSS Statistics 21, ¢ nposepkotl HOpMaibHOCMU pacnpeodeie-
HUS U npUMeHeHUeM 0OHOPAKMOPHO20 OUCHEPCUOHHO20 AHATU3A
¢ mecmom Toitoku npu nopozcosom 3navenuu p = 0,05.

Pe3ynomamel. YcmanosneHo, 4umo cyOXpoHuueckoe 6030elicmeiie
2UOPOKCUOA ATIOMUHUSA NPUBOOUN K 00303A8UCUMOMY CHUICCHUIO
MPAHCKPUNYUOHHOU AKMUBHOCTU 2eHA ZiPS U 00HOBPEMEHHOMY
BHAYUMETLHOMY NOGbluLeHUIo dKcnpeccuu eenos Mtla u Mt2a
6 neuenoyHol mranu Kpuic. Ipu maxcumanbho 003¢ moKCUKAH-
ma HabI00AI0Cy CHUdCenue sxenpeccuu Zip8 0o (2,48 + 0,32),
moeda xak yposuu Mtla u Mt2a yeenruuunucey 6onee wem 6 mpu
Pasa no cpagHeHuio ¢ KOHMpPOIbHOU 2pynnou. dmu oannvie ceu-
0emenbCmayiom 0 HapyuweHUuU NPoyeccos MpaHcnopma u 20meo-
cmasa Memainiog ¢ akmusayueli KOMNeHcamopHviX KiemouHlx
3AUUMHBIX MEXAHUMOB.

3aknrouenue. Hccnedosanue nokasano, umo cyoXpoHudeckas
UHMOKCUKAYUS 2UOPOKCUOOM ATIOMUHUS Bbl3bIEACI 00303A6UCU-
Mble USMEeHeHUs MPAHCKPUNYUOHHOU AKMUGHOCMU 2€HOG 8 NeYeHU
Kpbic: cHudcaemes skenpeccus Zip8 u 3HauumensHo NOGbIuaemcs
axmusHocmuv 2enos Mtla u Mt2a. Dmu usmenenus: yrasviearom
Ha HapyuleHue pe2yisayuu 00MeHa Memainiog u akmueayuio Kom-
NEeHCAMOPHBIX KACMOUHBIX 3AUWUNHBIX MEXAHUMO8, MO NO0-
meeparcoaen NOMeHYUAI UCNOTb308ANUS OAHHBIX 2CHOB 6 KAUecmae
ouoMapkepos MOKCUKOIOSUYECKO20 B030€UCBUsL ANIOMUNU.

Kniouesvie cnosa: cudpoxcud anomunus, cyoxXponuveckas
UHMOKCUKayus, mokcuxonoeus, een Zip8, ecen Mtla, een Mt2a,
MPAHCKPUNYUOHHASL AKINUBHOCMD.
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__ ABSTRACT.

Introduction. Aluminum, one of the most abundant elements,
is widely used in both industry and everyday life, resulting in its
accumulation in the environment through natural processes and

anthropogenic sources. Chronic exposure is associated with the
development of neurodegenerative diseases as well as disturbances
in the skeletal, hepatic, renal, and hematological systems, which
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are linked to disruptions in mitochondrial metabolism, free radical
formation, and damage to cellular membranes. Given the relevance
of aluminum intoxication, this study aims to examine the changes
in the transcriptional activity of the genes Zip8, Mtla, and Mt2a.

Objective. To investigate the alterations in the transcriptional
activity of genes under conditions of subchronic intoxication with
aluminum hydroxide.

Materials and Methods. The experiment was conducted using
48 outbred white rats of both sexes, weighing between 170 and 230
g, randomly divided into four groups with an equal ratio of males
to females. Three experimental groups received an oral solution
of aluminum hydroxide at dosages of 0,015, 0,15, and 1,5 mg/kg
of body weight, while the control group received an equivalent
volume of a 2 % starch solution, administered five times per week
over a two-month period. At the end of the experiment, the rats
were euthanized by decapitation, and their biological material
was subjected to comprehensive laboratory analyses. The results
were evaluated using the 2N~AACt) method and statistical anal-
ysis performed on the IBM SPSS Statistics 21 platform, including
tests for normality and one-way analysis of variance (ANOVA) with
Tukey's post-hoc test at a significance level of p = 0,05.
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Results. It has been established that subchronic exposure to
aluminum hydroxide results in a dose-dependent decrease in the
transcriptional activity of the Zip8 gene, alongside a significant
increase in the expression of the Mtla and Mt2a genes in rat liver
tissue. At the highest dose of the toxicant, Zip8 expression decreased
to (-2,48 £ 0,32), while the levels of Mtla and Mt2a increased more
than threefold compared to the control group. These findings indi-
cate a disturbance in metal transport and homeostasis processes,
accompanied by the activation of compensatory cellular defense
mechanisms.

Conclusion. The study demonstrated that subchronic intoxica-
tion with aluminum hydroxide induces dose-dependent changes in
gene transcription in rat liver: the expression of Zip8 decreases,
while the activity of Mtla and Mt2a significantly increases. These
alterations indicate a disruption in metal homeostasis regulation
and the activation of compensatory cellular defense mechanisms,
underscoring the potential of these genes as biomarkers for the
toxicological impact of aluminum.

Keywords: aluminum hydroxide; subchronic intoxication; toxi-
cology; gene Zip8; gene Mtla, gene Mt2a, transcriptional activity.
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BBEJI[EHUE

AJIOMUHUH SBIISETCA OHUM U3 HanOoJiee pacpocTpaHeH-
HBIX DJIEMEHTOB 3eMJIH, €r0 COeTMHEHU I HAXO AT IIUPOKOE
IIPUMEHEHHE B IPOMBIIILIIEHHOCTH U ObITY [1]. EcTecTBeHHbIE
IIPOLIECCHI, TAKKE KaK BEIBETPUBAHUE FOPHBIX OPOJ U BYJIKa-
HUYECKas aKTUBHOCTb, TPOUCXO/SIINE C AHTPOIIOT€HHBIMU
HCTOYHHKAMH — OT HCTIONB30BAHUS XUMHUUECCKIX, Oy MasKHBIX
Y UILEBBIX IPOJYKTOB IO IPUMEHEHUS B AIEKTPOTEXHUKE
U CTPOUTENBCTBE, —IPEIyCMaTPUBAOT HAKOILICHHUE BO3IEH-
CTBUH BO BHelHeH cpene [2—3]. Takum 00pazom, 4enoBeK
MOZIBEPraeTcsl BO3JCUCTBUIO BO3yXa, BOJBI M THIIH, YTO
MOKET MIPUBECTH K TOKCHYECKHUM IOCIIEICTBUSIM, OCOOCHHO
MIPH ITTUTENHHOM WIJIH BBICOKOY POBHEBOM BO3JICHCTBUH [4].

MHOro4HCIIEHHBIE UCCIIEIOBAHMS TIOKA3bIBAIOT TO, UTO
XPOHUYECKOE BO3JICHCTBUE CBSI3aHO C Pa3BUTHEM HEil-
polereHepaTuBHbIX 3a00JeBaHUM, HApYyIlIEHHEM OOMeHa
HEUPOTPAaHCMUTTEPOB, a TAKXKe C NOPAKEHUSIMH KOCTHOHH,
TeMaToJIOT MYECKOH, TICYCHOUHOW 1 TOYEUHON CUCTeM [5—7].
K mMexaHM3MaM TOKCHYECKOTo AEUCTBUS OTHOCSTCS Hapy-
IIEHWEe MUTOXOHAPHUAIBHOTO MeTaboIn3Ma, 00pa3oBaHue
paIuKaIoB U OBPEKACHHE KICTOTHBIX MEMOPAH, YTO IO/~
TBEPIKICHO IKCIIEPUMEHTAIbHBIMU JaHHbIMH [8]. Hakonenue
BO3HHUKAET B PA3JIMYHBIX TKAHSIX, BKIFOUAs TOJIOBHOM MO3T,
KOCTH, TICYCHB U TTOYKH, YTO MPUBOIUT K CTPYKTYPHBIM H3-
MEHEHUSIM M U3MEHEHHSIM B OpraHax, IPUBOISAIIUM K Ce-
PBE3HBIM MMATOJIOIMYECKUM COCTOSTHUAM [9].

YuuThIBas aKTYaJIbHOCTbH MIPOOJIEMBI ATIOMUHHEBON HH-
TOKCHUKALIUU U HEOOXOAMMOCTD yTITYOJICHHOTO N3yYEHUS ee
MOJIEKYJISIPHBIX IPUHIIMIIOB, HACTOSILAs! pab0Ta HallpaBiieHa
Ha HCCIIeIOBAaHNE TPAHCKPUIILIMOHHON aKTUBHOCTH T'€HOB
Zip8, Mtla u Mt2a, 9T0 TO3BOIUIIO OMIPECITNTH BO3MOKHBIE
HapyILEHUs B PEryJIALUN TPAaHCIIOPTHBIX BEIIECTB.

LEJIBb paboTh! —U3ydeHHE U3MEHEHUS TPAHCKPUIIIIHOH-
HOI aKTUBHOCTH F'€HOB IIPH CyOXPOHHYECKON HHTOKCUKAIIH
TUAPOKCHIOM aJTFOMUHUSL.

MATEPHUAJIbI U METO/[bI

st mpoBenieHus CyOXpOHHYECKOTO SKCIIEPUMEHTA OBI-
JI1 0TOOpaHbI 48 OENBIX ay TOPETHBIX JTa0OPATOPHBIX KPBIC
00oux noJioB ¢ maccoit tena ot 170 no 230 r. B Havase uc-
CJIeZIOBAHUS )KMBOTHBIC OBLIM CIyYallHBIM 00pa3oM pac-
MpeieNieHbl Ha YeThIpe TPyNmbl o 12 ocobel, mpu SToM
B KQXJIOW T'PYIIIEe paBHOMEPHO MPHCYTCTBOBAIU CAMIIBI
U CaMKHU. B COOTBETCTBHM ¢ METOJUYECKUMHU PEKOMEH 1A~
[USIMH 110 OPTaHU3aluU CyOXPOHUYECKHUX IKCTIEPUMEHTOB
KpbICaM U3 TPEX SKCIEPUMEHTAIBHBIX Py OCPEICTBOM
CIIEIMATBHOT0 30H/1a IEpOPaIbHO BBOAMIIH PACTBOP THAPOO-
kucH amomunust (115,6 r/n B 2 % pactBope kpaxmana). B Te-
YeHHE JIByX MECSIIEB, IISITh Pa3 B HEJEIIO, KK IO IpyIIre
Ha3Ha4asach CBOS 1032 TOKCUYIHOTO BEIIECTBA: MUHUMAJIbHAS
no3a coctariisiiaa 0,015 mr/kr Maccsl Tena, cpeansisi —0,15 mr/
KT, @ MaKCIMaJbHas — 1,5 MI/KT. JKHBOTHBIM KOHTPOJIBHON
TPYTIIEI BBOIWIIH SKBHOOBEMHBIN 2 % pacTBOp KpaxMaia
0e3 100aBieHHs TOKCHKaHTA. [10 OKOHYaHWH JIByXMecsd-
HOT'O NIEPUOJIa BCE KPICHI ObLITN ABTAHA3HUPOBAHBI METOJIOM
JICKaIUTaIMH, TIOCTIe Yero MX OMOIOTHYECKUI MaTepHall He-
3aMeJIMTeITLHO HAMPABIISJICS Ha IPOBEICHUE KOMILJICKCHBIX
n1a00paTOPHBIX HCCIICAOBAHHN.

OlieHKa IOy YeHHBIX pe3yJIbTaToOB MPOBOAMIIACH C TIPH-
MeHeHueM metona 2" (—AACt). Cratuctuueckas oopadoT-
Ka JaHHBIX BBITIONHSIIACH HAa MPOrPAMMHOM KOMILIECKCE
IBM SPSS Statistics 21 (IBM, CILIA). HopmansHOCTE pac-
MIPEICIICHHS TPOBEPSIIACH C UCIIONB30BAaHUECM KPHUTCPHS
Kommoroposa — CMupHOBA, a 1715 BBISIBIICHUS CTaTUCTAYE-
CKH 3HAYUMBIX Pa3IHIdil MEXAY TPYyTIaMi TPHMEHSIICST
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0HO(aKTOPHBIN TuciepcHoHHbIH aHanu3 (ANOVA) ¢ mo-
CJIETYIOIINM HCIOJIb30BaHueM TecTa Thioku. PesynbraTe
MPECTABICHB B BUAC CPEAHUX 3HAUCHUI ¢ yKa3aHHEM
CTAHJAPTHOTO OTKJIOHEHUS,  TIOPOTr0Basi 3HAYUMOCTb yCTa-
HOBJIeHa Ha ypoBHe p = 0,05.

PE3YJIBTATHI

B pamkax uccienoBaHus TPAaHCKPUITLIMOHHON aKTUBHOCTH
reHa Zip8 B ICYeHH KPBIC YCTaHOBIICHBI CTATHCTHYECKH 3HA-
YIMBIC Pa3THYIS MEKIY SKCIICPUMEHTATBHBIMU IPYyTIIIAMH
(F=19,1; p <0,010), xak MpONILTFOCTPUPOBAHO HA PUCYHKE
1. AHayiu3 1aHHBIX BBISIBHII 3aKOHOMEPHOCTb, 3aKJII04at0-
IIYIOCS B TIOCTETICHHOM CHIKCHUH Y POBHSI OKCIIPECCHH TeHA
C YBEJIMYCHHEM J036I TIPUMEHSEMOT0 TOKCHUECKOT O areHTa.
Tak, B rpynmnax, NoABEpriinxcs BO3ACHCTBUIO T IPOKCUAA
amomuHust B 1o3ax 0,015 mr/xr u 0,15 mr/kr, Habaroma-
JIOCh YMEHBIIICHHUE KOJTMUECTBA TPAHCKPUIITOB JI0 yPOBHEH
(0,68 + 0,09) u (0,98 + 0,13) coorBeTcTBeHHO. [Ipu sTOM
CYIIECTBEHHOE OTJIMYUE OT KOHTPOJIBHOU T'PyMIIBI OBIIO
3a(DUKCUPOBAHO MCKIIOYHTEIBHO B IKCIICPUMEHTAIBHON
TpyTIIIe, TTOMyYaBIIeH TOKCHKAHT B 03¢ 1,5 MI/KT, T1e 9KC-
npeccust reHa CHU3MIIAch /10 (—2,48 & 0,32). Otu pe3ynbrarhl
CBUICTEIBCTBYIOT O J0303aBUCHMOM YTHETCHHH TPaHC-
KPHUIIIIHOHHON aKTUBHOCTH I'eHa Zip8 TpH CyOX pOHHUYECKON
WHTOKCHUKAIIUHI THIPOKCHIOM AJTIOMHHHUS, YTO MOXKET yKa-
3BIBaTh HAa HAPYIICHNE PETYISAIIUN METa0OIHMYECKUX TPO-
IIECCOB B IICUCHH IO/ BO3/ICHCTBIEM TOKCHUYECKOTO areHTa.

Ipu uccnenoBanuy SKCIIpecCUy reHa Mt/a B Ie4eHOUHOM
TKaHH KPBIC BBISBIICHBI CTATUCTUYECKU 3HAYMMBbIEC Pa3Jiu-
qUsT MKy SKCIepUMEeHTaIbHbIMU Ipynnamu (F = 21,98;
p <0,010) (puc. 2). B rpymnmnax, mory4aBIirX TOKCHKAHT B JI0-
3ax 0,015 mr/kr u 0,15 MI/KT, ypOBEHb TPAHCKPUIITOB TAHHOIO
reHa He OTIIMYAJICS OT KOHTPOJIGHOMU TPYIIIBL, IIPH ATOM Cpell-
Hue nokaszarenu coctapuiu (—0,72 £ 0,15) u (0,20 £ 0,23)
COOTBETCTBEHHO. B oTit4mne 0T HUX, B TPyTIIe, IOy YaBIICH
AI(OH); B to3e 1,5 MI/KT, Ha0II0/1aJI0Ch 3HAYNUTEITBHOE T10-
BhIIeHue 3kcnpeccuu Mtla (p < 0,010); cpennee 3HaucHMe
KPaTHOCTH dKcnpeccun gocturio (3,08 + 0,62) mo cpaBHEHNIO
¢ (0,52 £ 0,38), 3a¢uKCHpPOBAHHBIMHU B KOHTPOJIBLHOM TPYIITIC.

AmnanoruuHblil aHaIu3 SKCIIpeccuu rena Mt2a B IeYeHN Tak-
Ke TIPOJIEMOHCTPUPOBAJT HAJTMUHUE CTATHCTUIECKU 3HAYUMBIX
pasnuunii mexay rpynmnamu (F =28,97; p < 0,010) (puc. 3).
B rpynmnax ¢ nozamu tokcukanta 0,015 mr/kr u 0,15 mr/kr
YPOBEHb TPAHCKPHUIITOB I'eHa M{2a He TIoKa3all J0CTOBEPHBIX
pa3nu4unii Mo cpaBHEHHIO ¢ KOHTposieM. OIHAKO IPHMEHE-
HEE JT035I 1,5 MI/KT IPHBEIIO K CYIIECTBEHHOMY YBEITNICHUTO
KPaTHOCTH SKCIIPECCHH HCCIICTyEeMOro TeHa, TAe CpeIHee
3HaueHHe cocTaBmo (3,16 + 0,47), uto GoJiee 4eM B TpH pasa
MIPEBBIIIAIIO TIOKa3aTeIl KOHTPOIBHOU Tpyms (p < 0,010).
Pesynbrars! Hccne[oBaHNS CBUACTENBCTBYIOT O TOM, UTO BO3-
JICUCTBHE THIPOKCH A ATFOMUHUS B BRICOKOH J103€ IIPHBOTAT
K 3HaYUTEIILHOMY TOBBIIIICHUIO TPAHCKPUITIIMOHHOM aKTHB-
HOCTH reHoB Mtla u Mt2a, uTo MOXXET yKa3bIBaTh Ha HapyIlle-
HUE HOPMaJIbHBIX OMOXMMUYECKHX MPOIIECCOB B IEYEHOYHON
TKaHU MIpU CyOXPOHMYECKONH HHTOKCUKALINH.

[NonyueHHbIe B X0O/I€ UCCIIEIOBAHUS PE3yJIbTaThl AEMOH-
CTPUPYIOT, 4TO CYOXpOHUYECKOE BO3ICHCTBHIE THIPOKCH I
AJIOMUHUS Ha TICICHOYHYIO TKAHBb KPBIC COMTPOBOYKIACTCS
BBIPa)KCHHBIMU N3MEHEHUSIMU TPAHCKPHUITIINOHHOHN aKTHB-
HOCTH TEHOB, UTPAIOIINX KIIOUYEBYIO POJIH B PETYIAIINN

BIOMEDICAL AND BASIC RESEARCH

Pucynok 1 — Dxcripeccusi reHa Zip8 B 1eueHN KPbIC B YCIOBHUSIIX
CyOXPOHHYECKOI HHTOKCUKALINY THIPOKCHIOM JIFOMHUHHUS

B 3aBHCHMOCTH OT JJO3BI

Figure 1 — Expression of the Zip8 gene in rat liver under subchronic
intoxication with aluminum hydroxide as a function of dose

Pucynok 2 — Dxcripeccust reHa Mtla B Ie4eHH KpbIC B YCIIOBHSX
CyOXpOHHYECKOH MHTOKCHKALIMU THAPOKCUJIOM aJIFOMHHUS

B 3aBHCHMOCTH OT JJO3bI

Figure 2 — Expression of the Mtla gene in rat liver under subchronic
intoxication with aluminum hydroxide as a function of dose

Pucynok 3 — Dxcnpeccust rena Mt2a B Ie4eHN KPBIC B yCJIOBHSX
CyOXPOHIYECKOH HHTOKCHKAIIMH THAPOKCHIOM aTIOMHUHUS

B 3aBHCHMOCTH OT JJ03bI

Figure 3 — Expression of the Mt2a gene in rat liver under subchronic
intoxication with aluminum hydroxide as a function of dose

0oOMeHa METAJIJIOB M KJIeTOYHOM 3amurte. Habimronaemoe 1o-
303aBHUCUMOE CHMYKEHHE DKCIIPECCHH Ir'eHa ZipS CBUACTENb-
CTBYET O HapyIICHUH ITPOLIECCOB TPAHCIIOPTA M TOMEOCTa3a
METaJIJIOB, YTO KOPPEIUPYET C TAHHBIMH PaHEe TPOBEICHHBIX
uccnenosanuii [10]. C npyroii cTOpOHBL, SKCIIPECCUSI TEHOB
Mtla v Mt2a, xomupyromnuX MEeTaIIOCBA3bIBAIOIINE OCIIKH,
CYIIECTBEHHO BO3PacTaeT MpU MPUMEHEHUH HaUBBICIICH
JI03bI TOKCUKaHTa. Takoe yBelInyeHne TPAaHCKPUITITHOHHOM
AKTUBHOCTHU MOXKET PaCCMaTPUBATHCA KaK KOMIIEHCATOPHBIN
MEXaHU3M KJICTOYHOH 3aIUTHI, HATIPABJICHHBIH HA HEHTpa-
JIM3aITHIO0 M30BITKA CBOOOTHBIX HOHOB METAJIIOB M CHH)KCHUE
OKHCIIUTEIFHOT0 CTPECCa, YTO IOATBEPKAACTCS BEIBOIAMHU
psina aBTopos [11]. YBenudeHnne skcnpeccui JaHHBIX TEHOB
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SIBJISIETCS. XapaKTEpPHOM peakuel IeueHn Ha TOKCUYECKOe
BO3JICICTBHE, UTO CBUACTEIBCTBYET O 33/ICHCTBOBAHIH KOM-
TJIEKCHBIX I THBHBIX MEXaHNU3MOB JJI51 BOCCTAHOBJICHUS
TOMEOCTa3a MPU HapYIEHHSIX, BBI3BAHHBIX aJIFOMUHHUEM [12].

3AKJ/IIOYEHHUE

IIpoBeneHHOE UCCIAEAOBAHUE JEMOHCTPUPYET, UTO CYO-
XpPOHMYECKass MHTOKCUKALMS THAPOKCHIOM aTIOMHHUS
MIPUBOJUT K 3HAUUTEJbHBIM, 10303aBUCUMBIM U3MEHEHUSIM
TPAHCKPUIILIMOHHON aKTUBHOCTH I'€HOB B IEYEHOUHOM TKaHU
kpbic. CHUKEHHE yPOBHS IKCIIPECCUU reHa Zip§ B codueTa-
HUU C BBIPAKEHHBIM ITOBBIILIEHUEM aKTUBHOCTH reHOB Mtla
u Mt2a yxa3pIBaeT Ha HAINYIHE TUC(YHKITNH B IIPOIEccax

METaJIJIOB HAa OPraHu3M M pa3zpaboTka Mep MpOopUIaKTHKI.
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YCIIOBHUSIX BHBapHs, IJie HEMU3MEHHO MOJICP)KHBAIACh KOMHATHASI TEMIIepaTypa, YCTaHABIMBAJICS 33JaHHbBIH YPOBEHb BIAKHOCTH M 00ECIICUNBAIOCH
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Compliance with ethical standards. The meeting of the bioethics committee of the Federal State Budgetary Institution Ufa Research Institute of
Occupational Medicine and Human Ecology took place on 09.10.2024 (Protocol No. 01-10). Experimental animals were maintained under standard
vivarium conditions, with a constant ambient temperature, a controlled humidity level, and a 12-hour artificial lighting cycle (from 08:00 to 20:00).
The housing conditions and feeding regimen were uniform across all animal groups. Upon completion of the toxicant administration phase, all
animals entered a remission period lasting one month, after which euthanasia was carried out by decapitation.
ITpu opranu3anmy yxoza 3a JKHBOTHBIMH, 00ecIIeYeHMH UX IMUTAHUS H MPOBEIEHNH IKCIIEPUMEHTAIBHBIX MEPONPUSITHIA HCMOJIB30BAIHCH
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000py0BaHs IOMEIICHHIT 1 OPraHU3aLK IPOLE/TyP»; peKoMeH tari Komutera 1o SKCrneprMeHTaIbHO# paboTe ¢ HCIIONb30BaHUEM )KUBOTHBIX HPH
Munsnpase Poceny; ykazanust BecemupHoit oprannsanuu 3npaBooxpanenus (BO3); a taxoxe npeanucanus EBponeiickoil KOHBEHIIMH M0 3alLUTe IT03BOHOUHBIX
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Animals used for Experimental and Other Purposes. The removal of animals from the experiment was executed in accordance with the international
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peryysinuu oOMeHa METaJUIOB M 3allUTHBIX MEXaHU3MOB
KJICTOK TICYCHH TP BO3JICHCTBUHM TOKCUYECKOTO arcHTa.
JlaHHBIE pe3yIBTaThI HE TOJIBKO MOATBEPKAAIOT paHee MOy~
YeHHbIE HAYYHbIE HAOTIO/ICHHU 1, HO M TIOYEPKUBAIOT MMOTEH-
[[MaJI UCTIOJIH30BAHU S TUX F'€HOB B Ka4eCTBE OMOMapKepOB
JUIsL OLEHKH CTENEeHH TOKCHKOJIOTMYECKOr0 BO3IACHCTBUS
aJroMHUHUs. B nanbHeiimemM HeoOX0AUMO MPOBEICHHUE YTITy-
OJICHHBIX HCCIICIOBAHUI, HATPABICHHBIX HA pacIIH(POBKY
MOJIEKYJISIPHBIX MEXaHU3MOB, JIEXKALIUX B OCHOBE HalJIto/1ae-
MBIX U3MEHEHUH, YTO MT03BOJIUT ONITUMHU3UPOBATH CTPATErMH
IPOPUIAKTHKH U KOPPEKITMH MATOIOTHIECKIX IPOLIECCOB,
BBI3BaHHBIX XPOHUYECKUM BO3AECHCTBUEM AJIFOMUHUS.
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