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PE3IOME

Beedenue. B nacmosuiem uccredoganuu uzyuanu GUOAKKYMYAAUUIo KAOMUsi 8 20HA0AX PA3HONOAbIX KPbIC U OUCHUAU 8030elicmeue HU3KUX 003 Kaomus Ha
YDOBEHb ICCEHUUANbHBIX INeMEHMO08 NPU CYOXPOHUUECKOL UHMOKCUKAUUY NepopanbHuim nymém. Hawu pesynbmamot nokasanu, 4mo KaOmuil HaKanaueaemcsi
KaK 8 JCeHCKUX, MAK U 8 MYNCCKUX Penpo0yKmuUBHbsIX 0peanax He3agucumo om 003bl 6030eiicmeis, a maKice eausem Ha codepiucanie Kaivyus, YuHKa u meou
6 20HAOAX JHCUBOMHYIX.

Mamepuaavt u memoowt. Tpém epynnam pasHononvix Geavix 6ecnopoOHbIX Kpbic elce0He8HO 6 meueHue mpéx Mecsuyes 6HympuicenyO0ouHo 68600UNU pacmeop
xaopuda kaomusi, cooepucauweeo 1 (Cdl), 10 (Cd10) u 100 (Cd100) mke kaomus Ha ke maccet meaa. Bozdeiicmeue kadmuem oyerusanoce yepes 1; 4; 12; 30; 60
u 90 oneir. Konyenmpayuu kaomus, kaivyus, Meou U YUHKA 8 20HA0aX UMepsnu Memooom amomHo-abcopOUUOHHOL CHeKMpPoMempuil.

Pesyavmamut. Yepes 1 densv 60 6cex epynnax Habardaiu peskoe yseauverue kKonuenmpayuu kaomus. Codepicanue npesvicunro KoHmpoas 0o 60 pas. Yepes
4 0Hs yposens Kaomus 8o écex epynnax chusuacs 0o 0,02 me/ke u ocmagancs npumepHo Ha 00Hom yposHe 00 30 OHeil. B cemeHHUKaX 6bis6.1€HO ROBbLUIEHUE KOH-
UeHmpayuu Kaomus 8 Havane SKCNepuUMeHma, 3amem HabAOAA0Ch NAABHOE CHUICEHUE, HO K KOHUY UCCAe008aHUSI KOHUESHMPAYUs KAOMUs OCMABAAACY Bblllie
no cpasneruio ¢ Konmpoawvroii epynnoii. Codepicanue meou 8 AUMHUKAX CAMOK He USMEHSN0Ch, 8 MO 8PeMs KAK Y CAMU08 BbIABAEHO Y8eauHteHlUe 80 6CeX ePynnax
6 1,7 paza. Konyenmpayus karvyus 6 AUMHUKAX CAMOK ONbIMHBIX 2PYNN OblAA blilie NO CPABHEHUID ¢ KOHMPOAbHOU epynnoli é 1,4—1,6 paza, 6 mo epems Kak
Y camyo8 ycmanoseaena meHOeHyus CHuUNceHus codepicanus 0annoeo snemenma. Codepicanue YUHKA 8 AUMHUKAX CAMOK He MEHSA0Ch He3a8UCUMO om 003bl
Kaomus, 8 0peanax y camyos Habaoaiu Heboavuioe ygeauderue.

Oczpanuvenus uccaedosanusn. OyeHKa HAKONAeHUS KAOMUS 8 20HA0AX PA3HONOABIX HCUBOMHbIX NPOGedeHa be3 usyueHus penpomoKCUHOCIU U RAMomop@ono-
euu.

3axarouenue. B nacmosuem uccaedosanuu HabAOANUCH 3aMeNHble USMEHeHUs 8 KOHUEHMPAUULU ICCEHYUANbHBIX 2NEMEHIO08 8 20HA0AX Aa00PAMOPHBIX JCU-
BOMHBIX, 4MO MOXCem Obimb NOKA3amenem HapyueHus KAemo4Ho20 eomeocmasa. Beisieneno, umo eonadsl camok bonee gocnpuum4ugsl K KaOMur, maxk Kak
codepaicanue OGHHO20 I1eMeHma Obino Bblule, Yem 8 20HA0AX CaAMUY08.
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HCUBOMHBIX, UCROABIYEMBIX 0151 IKCHEPUMEHNO8 UAU 8 UHBIX HAYYHBIX UEeNsiX.
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ABSTRACT

Introduction. The present study examined the bioaccumulation of cadmium in the gonads in heterosexual rats and assessed the effects of low doses of cadmium
on the level of essential elements during subchronic intoxication by oral route. Our results showed cadmium to accumulate in both female and male reproductive
organs, regardless of exposure dose, and also affects the calcium, zinc, and copper content in the gonads in animals.

Materials and methods. Three groups of different-sex white outbred rats were intragastrically injected with a cadmium chloride solution containing 1 (Cd1),
10 (Cd10) and 100 (Cd100) ug of cadmium per kg of body weight daily for 3 months. Cadmium exposure was assessed after 1, 4, 12, 30, 60, and 90 days.
Concentrations of cadmium, calcium, copper, and zinc in the gonads were measured by atomic absorption spectrometry.
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Results. After 1 day, a sharp increase in cadmium concentration was observed in all groups. The content exceeded the control up to 60 times. After 4 days, cadmium
levels in all groups decreased to 0.02 mg/kg and remained approximately at the same level until 30 days. An increase in cadmium concentration was detected in
the testes at the beginning of the experiment, then a smooth decrease was observed, but by the end of the study the cadmium concentration remained higher than
in the control group. The copper content in the ovaries of females did not change, while in males an increase by 1.7 times was detected in all groups. The calcium
concentration in the ovaries of females was by 1.4— 1.6 times higher than that in controls; in males, on the contrary, a trend towards to a decrease in calcium was
established. The zinc content in the ovaries of females did not change regardless of the dose of cadmium; a slight increase was observed in the organs of males.
Limitations. The assessment of cadmium accumulation in the gonads of heterosexual animals was carried out without studying reprotoxicity and pathomorphology.
Conclusion. In the present study, marked changes in the concentration of essential elements in the gonads of laboratory animals were observed, which may be an
indicator of disruption of cellular homeostasis. The gonads of females were revealed to be more susceptible to cadmium, since the content of this element was higher
than in the gonads of males.
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Compliance with ethical standards. The study was approved by the local ethics committee of the Ufa Research Institute of Occupational Medicine and Human
Ecology of Rospotrebnadzor (protocol No. 01—02 of 02.08.2024), and was conducted in accordance with the European Convention for the Protection of Vertebrate
Animals Used for Experiments or for Other Scientific Purposes.

For citation: Usmanova E.N., Karimov D.O., Daukaev R.A., Khusnutdinova N.Yu., Afonkina S.R., Musabirov D.E., Zelenkovskaya E.E., Fazlieva A.S. Peculiarities of cadmium
content in the gonads in heterosexual laboratory animals. Gigiena i Sanitariya / Hygiene and Sanitation, Russian journal. 2024; 103(5): 483—488. https://doi.org/10.47470/0016-
9900-2024-103-5-483-488 https://elibrary.ru/qdngjt (In Russ.)

For correspondence: Elza N. Usmanova, junior researcher of Ufa Research Institute of Occupational Health and Human Ecology of the Federal Service for Supervision in
Protection of the Rights of Consumer and Man Wellbeing, Ufa, 450106, Russian Federation. E-mail: 4usmanova@gmail.com

Contribution: Usmanova E.N. — the concept and design of the study; collection and processing of material; statistical processing; writing a text; Karimov D.O., Daukaev R.A. — the
concept and design of the study; editing; Khusnutdinova N.Yu. — design of the study; collection of material; Afonkina S.R. — collection and processing of material; collection of
literature data; Musabirov D.E. — collection and processing of material; collection of literature data; Zelenkovskaya E.E., Fazlieva A.S. — collection of literature data. A/l authors
are responsible for the integrity of all parts of the manuscript and approval of the manuscript final version.

Conflict of interest. The authors declare no conflict of interest.

Acknowledgement. The study was carried out within the framework of the industry research program of the Federal Service for Supervision in Protection of the Rights of
Consumer and Man Wellbeing for 2021—-2025. “Scientific substantiation of the national system for ensuring sanitary and epidemiological well-being, managing health risks and
improving the quality of life of the population of Russia”, research work No. 6.1.9 “Experimental substantiation of highly sensitive markers of the effects of toxic metals on the
body and development of preventive measures.”

Received: February 14, 2024 / Revised: March 13, 2024 / Accepted: April 9, 2024 / Published: June 17, 2024

HO YYBCTBUTEJIbHBI K 3TOMY TSKETOMY METAILTY, U TOKCUYECKOE
BO3/ICICTBHEC OOBIYHO CBS3aHO C HECKOJBKMMU MEXaHU3MaMU,
TaKMMHU KaK BOCHaJeHMUE, IMTOTOKCUYHOCTh, OKUCIUTEIbHBII
crpecc. Kaamuii cHuXaeT OMOXMMUYECKYIO (DYHKIIMIO TOHAMI
W CTEPOMIOTEHHYI0 aKTMBHOCTh, YTO MPUBOAUT K CHIKCHUIO
MY>XCKOTO penpoayKTHBHOTO noreHuuana [12]. Hapsny ¢ Bo3-
NECTBUEM Ha MYXCKYIO PEIPOAYKTHUBHYIO CHUCTEMY, YXYIIIe-
HHUEM criepMaToOreHe3a W MOABMKHOCTH CIIEPMATO30MIO0B Kall-
MU TakKe HapyllaeT XeHCKYI0 PeNpPONYKTUBHYIO (YHKIIUIO
W TOPMOHAIBHBIA OajlaHC, BIUSIET HAa MEHCTPYAJIbHBINA ITUKIL.
Ha ocHoBaHuM MUTEepaTypHBIX JAHHBIX MOXHO cAeJaTh BBIBOI
0 ToM, uto Bo3nelicTBue Cd B HU3KMX J03aX OKa3bIBaeT Hebsiaro-
MPUSITHOE BO3IEHCTBYE M HA MYXKCKYIO, M Ha XKEHCKYIO PEIIPOIyK-
TUBHYIO CUCTEMY, BJIMSIET Ha OepeMeHHOCTb U (WK) e€ ucxon [13].
Lleav uccnedosanus 3axkiodyanach B ONpeIeIeHUM 3aKOHO-
MEpHOCTEl HaKOIUJICHUs KaaMUs B TOHagaxX JiabopaTOPHBIX
>KUBOTHBIX, @ TAKXe B U3YUYEHUM €rO BIWSIHUSI Ha COIepXXaHUe
5CCEHIIUABbHBIX 3JIEMEHTOB (LIMHK, Melb, KaJblIMUil) TIpU CyO-
XPOHMYECKON MHTOKCUKALIMY B YCIOBUSIX, TPUOIMKEHHBIX K e~
POpPaTEHOMY MOCTYILICHUIO TOKCUKAHTA B OPTaHM3M YeJIOBEKa.

BBenenne

KanMuit cuutaeTcss OMHUM M3 CaMbIX TOKCUYHBIX TSKEBIX
METaJUIOB, TIPUCYTCTBYIONIUX B OKpyXkartotieit cpene. [TpoMbrti-
JIEHHasl U CebCKOXO3SIUCTBEHHAsT NesATeNbHOCTh (100bIYa TMOo-
JIE3HBIX MCKOMAaeMbIX, IUJIaBKa U OYUCTKA PYAbl, TPUMEHEHUE
yaoOpeHUil U MEeCTULINIOB U Op.) CIIOCOOCTBYET 3arpsi3HEHUIO
OKpyxXalolieil cpenbl kagMmueMm. Kanmuii, comepkaiiuiicsa B
TOYBEe U BOJIE, MOXET IOTJIONIAThCSI HEKOTOPBIMU CEIbCKOXO0-
351IICTBEHHBIMU KYJIbTYpaMu U BOJHBIMU OpraHU3MaMu U HaKa-
TUIMBaThcs B nmuieBoil enw [1]. Xopo1o u3BeCTHO, YTO Mulla
SIBJISIETCSI OCHOBHBIM WCTOYHWKOM TIOCTYIUIEHUSI B OPTaHU3M
KaaMUs JUISI HEKYpSILLEro U He TMolBeprarlerocs: npodeccu-
OHaJIbHOMY Bo3neiicTBulo HaceneHus [2]. [locie nomnanaHus B
OpraHM3M CKOPOCTh DKCKpPEIUMU KaaMUsl He3HAuYMUTeJIbHa, YTO
MPUBOAUT K IJIMTEJbHOMY €ro HAaKOIUICHUIO U CHOCOOCTBYET
TPOSIBJIEHUIO TOKCUYHOCTA M AUCOYHKIIMM MHOTMX OPTaHOB
[3, 4]. KagMuii MOXeT OKa3biBaTh KaK KaHILEPOTreHHOEe, TaK U
HEKaHIIePOTeHHOE BO3/IeMICTBYE Ha pa3IMYHbIE OPTaHbl, BKIIO-
yas JIETKUe, TeYeHb, MTOYKHU, KOCTH M COCYIUCTYIO cucTeMy [5].
Ha xiierouHoM ypoBHe Cd BbI3bIBa€T OKMCIUTENbHbBIN CTpecce,
KOTOPBIii MOXET IIPUBECTH K aItomTo3y [6, 7], Hapyiaer paGoTy

) Marepuajnbl 1 METObI
OHAOKPUHHON CHUCTEMBI, ABJIFACTCA PEHIPOAYKTUBHBIM TOKCHU-

KaHToM [8], BausieT Ha (pepTUIBLHOCTh Yepe3 MpsiIMble TOHAI0-
TOKCHUeckre u crepMmuorokcuueckue 3¢dexrsr [9]. Cyme-
CTBYIOT JaHHBIE TUTEPATYPBI O PENPOAYKTUBHON TOKCUIHOCTH,
BBI3BAHHOW KamgMueM, Jaxe MPU HU3KHUX 033X M KPaTKOBpe-
MeHHOM BosaeiictBuM [10, 11]. Myxckue roHaabl ype3Bblyaii-

JIu3aiiH uCCIeI0BaAHUS

HakormuieHne kangmust B roHagax U3ydyalad Ha MOJOBO3PENbIX
OeJibIx OecTopOMHBIX KpbIcax (caMibl U caMku, # = 180, macca
tena 180—200 r). JAusaiiH vcciaenoBaHus MpeacTaBieH B TaOIM-
11e. 2ZKUBOTHBIX COAECPKAIU B CTAHAAPTHBIX KOHTPOJIUPYEMBIX yC-
JIOBUSIX C TBEHAMIIATUYACOBBIM IIUKIIOM «I€Hb — HOUb», PETyIH-

Design of a study
Ipynna MKT .ﬁ;ﬁﬁﬁfp :4;?;;1:; Tela JlauTe1HOCTS KCepuMenTa, KosmmyecTBo KMBOTHBIX Cnioco0 BBeeHMs
JHA
Groups Exposure doses, . . Number of animals Method of administration
ug of cadmium per kg of body weight Duration of the experiment, days
Cdl 1 1;4; 12; 30; 60; 90 6 moarpymn 1o 10 ocobeit BuyTtpmkenynoyHo,
A A . (5 camL0B 1 5 caMOK) 1 pa3 B cyTKH

Cdl10 10 1545 12; 30; 60; 90 6 subgroups included 10 animals Intragastrically once a day
Cd100 100 1; 4; 12; 30; 60; 90 (5 males and 5 females)
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Camku / Femal
Cd, mrlkr (mglkg) amu 7 Femaies

C / Mals
Cd, mrlkr (mglkg) awuel 7 Vales

0.351 0.084
0.3 1 0.07 1
0.25 0.06+
0.051
0.2 1 il
B
0.04- (S
0.151 B3
1k
0.03- S
£5¢]
0.1+ I
0.02- £
N ] A el
0 R e N0 g Sl - P
KoHtponb 1 4 12 30 60 90 KoHTponb 1 4 12 30 60 90
Control OnuTenbHOCTb aKCnepuMeHTa, AHU Control OnuTenbHOCTb 3KCneprMeHTa, AHU
Duration of the experiment, days Duration of the experiment, days
[ | KonTpons / Control Cd1 [3 cd10 Cd100

Puc. 1. 3aBMCMMOCTb Cpe/Heil KOHLEHTPaUNIN KaaMmUs B FOHaax CaMoK M CaMLIOB KPbIC OT BPEMEHU UHTOKCMKALWK NPy BO3AEACTBMN Pa3NnyHbIX 103
KaaMus, Mr/Kr.

Fig. 1. Dependence of the average concentration of cadmium in the gonads in female and male rats on the time of intoxication when exposed to various
doses of cadmium, mg/kg.

pyeMoli TeMnepatypoii (rtoc 22 + 3 °C) 1 BIaXXHOCTbIO BO3yXa,
CO CBOOOITHBIM OCTYITOM K TIUIIE U Boe. ZKUBOTHBIE DKCIIEpH-
MEHTAJIbHBIX TPYIIIT MOJIyYaIv BHYTPIIKETYIOYHO Yepe3 30H BO-
IHBII pacTBOP XJIOpUAA KaAMMUSI, XKUBOTHbIE KOHTPOJIBHOM Ipym-
Bl — AUCTWJUTUPOBAHHYIO Boay. KphIC comepxKaay v BEIBOIWIA
M3 BKCIepUMeHTa Nnekanurauueit ¢ codmoneHueM «[lpaBun u
MEXIYHAPOIHBIX peKOMeHmanuii EBponeiickoil KOHBEHIIUN TT0
3alIUTe TTO3BOHOYHBIX KMBOTHBIX, MCITOB3YEeMBIX UISI JKCITe-
PYMMEHTOB WJIM B MHBIX Hay4HbIX Lesix» (Crpactypr, 1986). I1o
OKOHYAHUU 3KCIIEPUMEHTA Y XKMBOTHBIX U3BJICKAIN CEMEHHUKH
U AMYHUKY. ['OHambl TTOATOTaBIUBAIM B CUCTEME MUKPOBOJIHO-
BOTO Pa3JIOKEeHUST B COOTBETCTBUM C PEKOMEHIAIIASIMU TTPOM3BO-
nurens (Speedwave XPERT, Berghof, 'epmanust) u onpenenstig
MacCCOBYIO JIOJII0 KaJAMUSI C TIOMOIIbI0 METOa aTOMHO-a0copo-
LIMOHHOMW CIIEKTPOMETPHUU C IJIEKTPOTEPMUIECKOI aTOMU3aIl-
eii Ha mpudope VARIAN AA240Z (ABcTpaius), a coaepKaHHue
LIMHKA, MEJIW U KaJIbIIUs ONpeaessid METOIOM aTOMHO-abcopo-
LIMOHHOM CITEKTPOMETPUH C TUTAMEHHOM aTOMU3alreil Ha TIpy-
oope VARIAN AA240FS (ABctpanus).

B kavecTBe KpuTepusi HOPMAJIBHOCTH pacrpeieeHUs
MPU3HAKOB B M3YyYaeMBIX TpYIMIaX MCIOJb30BAIM KPUTEPUIiA
KonmoropoBa — CwmupHoBa. Paznuuus OblIM MpoBepeHbl Ha
CTATUCTUYECKYIO 3HAYMMOCTh C ITOMOIIbIO OXHO(MAKTOPHOTO
nucnepcroHHoro aHanusa (ANOVA) u anocTepuopHBIX KpH-
TepreB Thioku 1 TaMxeiiHa ¢ MCITOIB30BAHUEM ITPOTPAMMHOTO
ob6ecnieueHus SPSS Statistics 21.0. TenaeHMU 1 paccestHuE KO-
JIMYECTBEHHBIX TPU3HAKOB, UMEIOLIMX HOPMaJIbHOE pacrpenesie-
HUe, ONUCHIBAJIA CPeITHUM 3HaUeHueM (M) 1 olIMOKO cpeaHero
(m) B bopmate M * m, ypoBeHb CTATUCTUIECCKOM 3HAYUMOCTU —
5% (p < 0,05).

Pe3yabTaThi

OnHoMaKTOPHBINA TUCIEPCUOHHBINA aHAIN3 IOKa3ajl CTaTH-
CTUYECKHM 3HAYMMBbIC Pa3IvyuMsi COAEpKAHUSI KaaMusi B TOHa-
nax caMok kpeic (F = 9,478, p = 0,0001; F= 7,661, p = 0,0001;
F=28,685, p=0,0001 gyt rpyrt Cd1, Cd10 u Cd100 coorBeT-
cTtBeHHO) (puc. 1). Yepe3 onuH AeHb BO Bcex rpyrmrax HabJto-
I Pe3KOe YBEJIMYEHUE KOHLEHTPALMU KaIMUSI OTHOCUTETb-
HO rpynmnbl KoHTpojst. B rpymme Cdl ona Beipocia B 16 pas,

B rpyrme Cd10 B 9 pas, a B rpynme Cd100 conepxaHue mpeBbICH-
JI0 KOHTpoJTb B 60 pa3 u coctaBuiio 0,23 + 0,04 mr/kr. Yepes ve-
TBIpPE THSI YPOBEHB KaJIMUSI BO BCEX TPYIIIaX CHU3UJIICS B CPETHEM
1o 0,02 Mr/Kr 1 octaBajics IPUMEPHO OAMHAKOBBIM 10 30 THE.
ITocne 60 qHe OTMeYald CHUXKEHUE KOHIIEHTPALUK KaaMHUs 110
0,005 mr/xT, a yepe3 90 qHEl BBHISBIEHO YBEIMUYEHUE NO 3HAYE-
HUIi, KoTopble Habmonanu nocie 30 qHei SKcnepuMeHTa.

CopnepxaHue KaaMHUsI B CEMEHHHUKaX CaMIIOB pa3jIMYajioch
BO BCEX IKCIEpUMEHTaIbHBIX rpynmax (F = 3,987, p = 0,005;
F=5904, p =0,0001; F= 9,574, p = 0,0001 pnst rpyrnn Cdl,
Cd10 u Cd100 coorBercTBeHHO) (cM. puc. 1). CpenHsst KOH-
LIEHTpaLMs KaaMusl B TpyMIle ¢ caMOil HU3KOU 10301 BbIpocia
Ha 4yeTBEPTHIit aeHb 10 0,016 £ 0,006 Mr/Kr, B TO BpeMsl KaK B
rpynnax Cdl10 u Cd100 mocrturajiia MakCUMaJIbHBIX 3HAYeHU
yXe yepe3 OIMH JeHb TocjIe Hayala SKCIIepUMEHTa U COCTaBUIa
0,042 + 0,014 1 0,027 £ 0,011 MT/Kr COOTBETCTBEHHO. 3aTeM Ha-
Osronaiu MJaBHOE CHUXKEHUE colepxKaHMsl Kaamus, U K 90-my
ITHIO KOHIIEHTpaLMs ero B opraHax cHu3miaach Ha 91; 96 u 94%
OT MakcuMatbHbIX 3HaueHui mst rpyrm Cdl, Cd10 u Cd100 co-
OTBETCTBEHHO, HO Obl1a Bhile KoHTpoJd (0,0003 mr/kr). [Ipu
CpaBHEHUM SKCITEPUMEHTATBHBIX TPYIIT BHYTPU OXHOTO BPEMEH-
HOTO OTpe3Ka pa3inyus OTMEYaJIM TOJbKO Yepe3 OAMH AEHb, B
MaJTbHEMIIIeM 3TH pa3Indvst ObUTM MUHUMAJBHBIMU U CTATUCTH-
YyeCcK1 HeIoCcToBepHBIMH (p > 0,05).

ITockonbKy OCHOBHOI TOKCUYHOM (hOPMOI KaaMUsl SIBJISIET-
csa Cd**, nmpy nomagaHu B KJIETKH OH B OCHOBHOM KOHKYPHPYET
¢ IBYXBaJIEeHTHBIMU MOHamu MetauioB: Ca’*, Zn?*, Cu?*. Yepes
TpU Mecslla dKCMEepUMEHTa CoAepKaHUe 3THUX 3CCEHIIMATbHbIX
3JIEMEHTOB B TOHAlaX CaMOK M CaMIIOB KPHIC U3MEHSUIOCH T0-
pasHomy (puc. 2). Tak, conepkaHue MeIu B SMYHUKAX CAMOK He
HU3MEHSIJIOCh, B TO BpeMs KaK y CaMIIOB BBISIBJIEHO yBEJIMUYEHUE
Bo Bcex rpymnmax B 1,7 paza (p = 0,001). ConepkaHue KaJbIvs
B FOHAJaX CaMOK MOBBIIIAIOCH TIPU YBEJUYEHUU 03Bl KaaMUs
st rpyrn Cd10 m Cd100 B 1,4—1,6 pa3za, B ToHagax camIilOB,
HaIpOTUB, YCTAHOBJICHA TEHACHLIMS K CHIDKEHUIO YPOBHS Kallb-
LIMsI, KOTOpas SIBsiIach CTaTUCTUYECKM 3HAUMMOM TOJIBKO AJIst
repsoii rpymisl (p = 0,006). ComepxaHue HIMHKA B SMYHUKAX Y
CaMOK He MEHSIJIOCh B 3aBUCMMOCTH OT JO3bI KaAMMUSI, B OpraHax
XK€ caMITIOB HaOJTI01aIi HeOoIbIoe eTo yBeaudeHue. OmHaKo pe-
3y/bTaT TecTa ThIOKH, UCITOIH30BAHHBIN TS IIOTIAPHBIX TIOBTOP-
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Puc. 2. Coaep>xanue Kanbuus, MeAn 1 LMHKA B rOHafax camoK U CaMLiOB KPbIC Y4epes3 TpU MecsLa BO34eiCTBNS pasfnyHbIX 403 KagMNs, MI/Kr.
Fig. 2. The content of calcium, copper, and zinc in the gonads in female and male rats after three months of exposure to various doses of cadmium, mg/kg.

HBIX CPaBHEHUI, HEe MOKa3aJjl CYILeCTBEHHOU pa3HUIIBI B COAEP-
JKaHUY MEIM U IMHKA B CEMEHHUKAX IPY Pa3HBIX J03aX KaIMHUSI.

YTOoObI BLISICHUTD, SIBISIOTCS JIM MMelolnecs: 3hGheKThl 00-
patiMbIMM, TTociie 90 mHel BBeIeHUST KaIMUS TTpeKpaliain 3a-
TpaBKy Ha 30 mHel (mepuon HaGIIONECHMSI) OIBITHOM TPYIIITHI
JKMBOTHBIX, TOCJIE YEero Ompenessyiu Te Xe mapameTpbl. Cy0-
XPOHUYECKOE TTepopalibHOE BBENEHWE KaIMUsI B TUAIa30He 103,
HCTIOJIb3YeMBIX B 3TOM MCCJICI0BAaHUU, TIPUBOIUIIO K 3HAYNTEIb-
HOMY YBEJIMYEHWIO KOHLEHTpaUUM KaaMMsl B TOHajaX CaMoOK,
Kak MokaszaHo Ha puc. 3. CpenHee 3HaUeHHME KaJAMUs B OpraHax
KpPBIC KOHTPOJIbHOM rpymibl He TipeBbiano 0,004 mr/kr. B mo-
CT3KCITO3ULIMOHHOM TEePUOIe TEHACHIINIO K CHIDKEHUIO KaaMUs
HaOJIIoIaIN 171 BCEX 103, 32 UCKITI0YEHEM CaMOii BBICOKOI, Te
3HAYUTEbHO MOBBILIEHHBIN YPOBEHb COXPAHSJICS B TEUEHUE O~
HOTO MecsIIa TTocjie Bo3aeiicTBrs. Yepes oarH MecsII ITocIIe Tpe-
KpallleHUsI 3aTpaBKU Cofep:KaHMe KaaMMsl B OpraHaxX KMBOTHBIX
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rpynmbel Cdl camsunock B 4 pasa, B rpynmne Cd10 — B 1,6 pa3a.
YpoBeHb Kagmus B roHanax B rpymme Cdl 3a 30 mHeit cHu3MICS
10 TIOKa3aTesIsi KOHTPOJIbHOU TPYIIbI.

Kak u B roHamax caMoK, KOHIIEHTPAIMsl KamaMus B TOHa-
JaX CaMIIOB TakKe BO3pacTajia MpY MCCIEIOBAHHBIX 103aX (CM.
puc. 3). CpenHee yBerueHUE KOHLIEHTPALIMU KaAMMSI B OpraHax
niociie 90-nHeBHOTO BBeeHus 103 1; 10 m 100 MKT/KT Macch Tena
Oob110 B 5; 6 1 10 pa3 GoJiblile COOTBETCTBEHHO 10 CPAaBHEHUIO
C KOHTPOJIbHOM TpyInoii. OnHaKo B OTJIMYKE OT CAMOK Yepe3 Me-
CSI11 TIOCJIe TIpeKpaleHust Bo3aeicTBust 103 1 u 10 MKT/KT Macchl
Tesa B TOHAIax He HAOJIONANM CHUXKEHMSI KOHLIEHTpaluy KaJ-
MMSI: OHA COXPaHSUIaCh MPAKTUUYECKW Ha OTHOM YPOBHE ITOCIE
OKOH4YaHUs mepuona BBeneHus. [lpu aToMm B rpymme, KoTopoit
BBOIWIN KagMmuii B mo3e 100 MKT/KT Macchl Tejia, HabJIoaaaoch
pe3Koe yBeJTMUeHUe COMePKaHuUsl KamMusi B 6 pa3 B MOCTIKCIIO-
3ULIMOHHOM Tepuonae — 1o 0,020 £ 0,001 mr/kr.
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Puc. 3. CopepxaHue Kagmus B roHafjlax camoK 1 camuoB Kpbic Yepe3 90 aHeii BO3AencTBMA kagmuns 1 Hepes 30 AHel nocne BO3LEACTBUSA, MI/KT.
Fig. 3. Cadmium content in the gonads in female and male rats after 90 days of exposure to cadmium and 30 days after exposure, mg/kg.
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Oo6cyxknenue

[MonydeHHBIe HAMU Pe3YIIBTaThl IOKA3aJIU, YTO OMOAKKYMYJIsI-
1M1 KaAMUsT B TOHaIaX XKUBOTHBIX MPU CYOXPOHUYECKOI MHTOK-
CUKAIMM MaJio 3aBucena oT no3bl. Hakomnenue Cd B penpomyk-
THUBHBIX OpraHax pa3HOMOJIbIX XXUBOTHBIX He muddepeHInpyeTcs
MEXIy HU3KUMU U 6oJsiee BHICOKMMU Ao3amMu. Ho mpu aTtom, He-
CMOTpS Ha OTCYTCTBHE ITU(PdEPSHIIMPOBKHU, BO3MOXKHBI MOp(do-
JIoruyeckuie u MoppoMeTprudecKre U3MEHEHMsI, 0 YEM CBUIETE I b-
CTBYIOT JIUTepaTypHble faHHble. Tak, B padote [14] mokaszaHo, 4TO
3aII1Ta TOHAA OT HAKOIUIEHUS KanMus 3¢ (eKTUBHA B 3aBUCUMO-
CTH OT YPOBHSI MPUCYTCTBYIOILEro MetauiotnoHenHa (MT). Kan-
MMiA, cBsI3aHHBIN ¢ MT, HeTOKCHUeH, a GajlaHC MeXITy KOMIUIEK-
coM Cd-MT u cBOOOAHBIM KaIMMEM B TKaHU MMeEET pellarollee
3HaueHue i1 TokcuaHocTH [15]. Bomee Toro, aBropsr [15, 16]
YTBEpPXKIAIOT, YTO MHTOKCUKAIIS KaaMUeM MHIYLIMPYET BHIPAOOT-
KY METaJUTOTUOHEMHA, HO B paMKax HACTOSIILIErO UCCIICTOBAHUS MbI
He onpenensuiu ypoBeHb MT. Tokcuueckue 3¢hheKThl, BEPOSITHO,
BO3HUKAIOT, Koraa KoanyectBO MT cTaHOBUTCSI HEMOCTATOYHBIM
IUISl CBSI3BIBAHUSI C MPUCYTCTBYIOIIUM KaJMMEM, YTO MPUBOAMUT
K OKHUCJIMTEIBbHOMY CTpeCCYy M HapylIeHUIO CIIepMaTOTeHe3a.
Takxe cienyeT OTMETUTb 3HAYMTENIbHbBIE Pa3InMsl B KOHIIEHTpa-
1Y KaJIMUST Yepe3 OIMH IeHb OT Havyajla SKcIriepuMeHTa. Bo3Moxk-
HO, OCHOBHBIC TTOBPEXKICHUS B TOHAIAX BO3HUKAIOT B 9TOT MOMEHT.

Kanmuii cam 1o cebe He CriocoOeH reHeprupoBaTh CBOOOIHBIE
pagvKaibl, 1 MHAYLUPOBAHHBIM OKUCIUTEIBHBIA CTPECC MOXET
BO3HMKATh ABYMS IMyTsIMU. B mepBoM cilyyae moCpeacTBOM MO-
nexyssipHoit MuMmukpun Cd 3amMerniaeT B IIMTOIUIA3MaTHYECKUX
W MeMOpaHHBIX OeJIKax Apyrue MeTaulbl (LIIMHK, KaJdblUi M
Mellb), TEM CaMbIM YBEJIMYMBAsI UX KOHLIEHTPAILIMH, YTO BbI3bIBa-
€T TIePEITPON3BOJACTBO aKTUBHBIX (hopM Kuciaopona (APK) [17].
Bo BTOpOM Cilyyae Kagmuii B3aMMOACHCTBYET C CYAbOTUAPUIIb-
HBIMH TPYNIIaMU aHTHOKCHIAHTHBIX (DEePMEHTOB, BJIMSST Ha HX
AKTUBHOCTh. YUMTHIBAsl, YTO KJIETKH FOHAIl MMEIOT BEICOKOE CO-
Jep>KaHUEe HEHACBIIIEHHBIX XKUPHBIX KUCIOT, OHU Ype3BbIYaliHO
BocripuMunBel K ADK [18]. B Hamem uccnenoBaHUM KagMuid
BJIMSIT HA CONEPXKaHUE SCCEHIIMATbHBIX 2JIEMEHTOB, YBEJIMIMBast
KOHIICHTPAIIMIO MEM B TOHAZaX CAMIIOB U KOHLIEHTPALUIO Kajlb-
s y camok. Cynd 1o Bcemy, HakoruteHre Cd B Apyrux opraHax-
MUIIEHSX (IMTOYKHM, TTeYeHb, KOCTU) TPUBOIUT K BBICBOOOXKIECHUIO
3CCEHIMATLHBIX 2JIEMEHTOB B KPOBSTHOE PYCJIO, BCIEACTBHE YETO
WX KOHIICHTPAIIMU B TOHAIAX YBEJIMINBAIOTCS.

B HacrosiiieM McciienoBaHMM ObUIM YCTaHOBJIEHBI pasiny-
HbIe MOJEIW TONJIONICHUS KaIMWSI B 3aBUCMMOCTH OT IIOJIa.
B nepuon Bo3aeiicTBYsI KOHLIEHTpALIUS KaAMKS B TOHAIaX CaMOK
CHavajia OBICTPO yBEJIMYMBAJACh, a 3aTeM yMEHbIIAIAach U CTa-
OMIM3UpPOBajiach. AHAIM3 ComepKaHUS KaaMUsS B CEMEHHMKAX
CaMIIOB TakxKe MoKa3ajl HayaJlbHOE yBeJMYEHMEe KOHIICHTpall1H,
HO 3aTeM HaOJTI0AIOCh IJIaBHOE CHUKEHME COIepKaHUSsI CO Bpe-
MeHeM, TPU 3TOM YacThb HAKOIUIEHHOTO KaaMHUs OCTaBajiach B
TKaHSX. YCTaHOBJIEHO, YTO HAKOIUIEHME KaJAMusl B TOHaIaX pa3-
JIMYHO B 3aBUCUMOCTH OT T10JI1a XKMBOTHBIX U OT BPEMEHH, a HE OT
1036l Bo3aeicTBus. C TeUeHMEM BpeMEHHU TP €XKeTHEBHOM BO3-
NEUCTBUY KaJIMUSI €T0 COIepXKaHKe B TOHAIaX YMEHbBIIAIOCh, HO
OCTaBaJIOCh BHIIIIE KOHTPOJIBHBIX 3HAYCHUM, KOTOPBIE B CPETHEM
coctanisum 0,006 Mr/kr mist camiioB 1 0,012 Mr/Kr st caMoK.

Bbuto BBISIBJIEHO, YTO TOHAJbl CAMOK ObLIM Oojiee BOCIPU-
WMUYMBBI K KaIMUIO, TaK KaK CoaepKaHWe NAHHOTO 3JIEeMEeHTa
OBLIIO BhILIE, YeM Y caMIIoB. CUMTAETCs, UTO KEHCKHE PENPOAyK-
TUBHBIC OPTaHbl TTOABEPKEHBI GOJIBIIIEMY PUCKY ITOBBIIIIEHHOTO
HaKOIUIEHUST KaaMUsl, TIOCKOJIbKY €T0 KOHIIEHTpallusl B KPOBH,
TKaHSIX ¥ MOY€ BbILIE, YeM Y MYXKUMH, 1U3-3a 060jiee HU3KUX KOH-
meHTpanmi xenesa [19, 20]. MHorue uccienoBaHus in vivo CBU-
JIETEILCTBYIOT O TOKCMYECKOM BO3ICMCTBUU KaaMMUSI Ha KEHCKHUE
PETIPOIAYKTUBHBIE OPTaHbl, SHIOKPUHHYIO CUCTEMY B 3aBUCHMO-
CTH HE TOJBKO OT YPOBHS BBEAEHHOU HO3bI, HO U OT ITyTH IO-
CTYIUIEHMSI KCEHOOMOTHKA B opraHusm [21]. M3-3a minTenbHO-
ro OMOJIOTMYECKOTO TIePHOJIa TTOTyBBIBEICHNSI M OYeHb HU3KOU
CKOpPOCTH 3KCcKpeluu HakorieHne Cd B pas3JIM4HBIX OpraHax
TeJla ¢ TeYeHHEeM BPeMEHU CBSI3aHO ¢ HapyllIeHrueM (DYHKIIMOHU -
poBaHUS 3TUX OopraHoB [22]. B skcmepuMmeHTe 4epe3 MecsIl mo-
cJie OKOHYaHUs Mepuoaa BO3MEHUCTBUSI KOHLEHTpaLUs KaaMus
B TOHAIax caMOK CHIDXaysiach. CKOpOCTh SJIMMUHAIIMYA B KOHIIE
repuoaa HabIoaeHusI cocTaBuia 75,3% Mpu BO3AEMCTBUM JO3bI
1 Mxr/Kkr 1 36,5% 1nipu Bo3nelictBun 1036l 10 MKr/Kr. CKOpPOCTh
SJIMMHUHALIMY TIOCJIe BO3AEICTBUS HO3bI 1 MKT/KT ObLIA BHIIIIE,
YyeM 1ociie Bo3aeicTBus n0o3bl 10 MKr/KT, a mpu go3e 100 MKr/Kr
Habsofalloch AalibHellee HakorieHue. Takum obpa3oM, yem
BBIIIIE KOHIICHTPAIIMS ITepOPaTbHO MOCTYMAIOIIETO KaaMUS TIPU
BO3IEUCTBUM, TEM HUXKE CKOPOCTb €ro BbiBemeHus. s cam-
LIOB KPBIC B KOHIIe Tleprona HabmomeHus KoHueHTpauus Cd
B FOHaIax MeJIEHHO CHIKalach WIM OCTaBajach MOCTOSTHHOM,
Kak ¥ 4epe3 TP MecsIia BO3IEHCTBHS, IIO3TOMY pa3HMIIA B CKO-
pOCTH 3JIMMHWHALIMM 3TOTO 3JIeMEeHTa He3HAuWTelbHA IS 103
BosneiictBus 1 u 10 Mxr/kr. g go3st 100 MKT/KT oTMevanach
nanbHewias akkymyasiuust Cd B ceMeHHUKax caMIloB, UTO, T0-
BUIMMOMY, CBSI3aHO C MCTOIIeHHeM 3armacoB MT 1 MexaHM3MOB
NeTOKCUKAITUY.

3akiouenue

[TonyyeHHbBIe pe3yabTaThl CBUAECTEILCTBYIOT O TOM, YTO Cy0-
XPOHUYECKOE BO3AEWCTBUE HU3KUX 103 KAIMUS OKa3bIBAET BJIU-
SIHME KaK Ha XEHCKHUe, TaK M Ha MY>XCKME PENPOAYKTUBHBIE Op-
raHbl. B roHagax caMoK 4epe3 OfuH JIeHb 9KCIIEPUMEHTA BO BCEX
rpyrmnax HabJ01aa0Ch Pe3K0oe OTHOCUTEIbHO TPYITIBI KOHTPOJISI
yBEJIMYEHUE KOHLEHTpaUMW KaaMus, 3aTEM COIEp>KaHUe 3TO-
ro 2JIeMEHTa B SIMYHUKAX YMEHBIIAJIOCh U CTaOUJIM3UPOBAJIOCH.
B cemeHHMKax Takxke OTMeYalloch yBenndeHue comepxanus Cd
4Yepe3 OAMH IeHb, 3aTEM MPOUCXOAUIIO MOCTENEHHOE CHUXXEHHUE,
HO K KOHILy MCCJEAOBAHUS KOHIIEHTpAILMS OCTaBajach BHIIIE
rokazareJjieii KOHTPOJIbHOM TpyIbl. TeM He MeHee Yepe3 MecsIIl
nocje MpeKpalleHUus BO3IEUCTBUSI TOKCMKAHTa B CEMEHHMKax
He Ha0JII01aM CHUXKEHUST KOHIIEHTPAIIMKM KaAMUS B OTJIMYME OT
SINYHUKOB CaMOK.

B HacrosieMm uccienoBaHUM HaOMIOJATUCh 3aMETHBIE W3-
MEHEHHUSI KOHUEHTPALMI 3CCEHIIMAbHBIX 2JIEMEHTOB B FOHaAaX
J1abOPaTOPHBIX XKUBOTHBIX: YBEJIWMYEHUE COAEpPXKAHUS MEIu U
YMEHBbIIEHUE COoepKaHuUsl KaJIbIIMS B CEeMEHHMKAX, a TAKXe yBe-
JIMYEHUE KAJIbLIUS B SIMYHUKAX. TakuM 00pa3oM, MOATBEPKICHO
HapylIeHUE KJIETOYHOrO TOMeOoCTa3a Mpu BO3AECHCTBUU HU3KUX
7103 KaAMUsl.
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