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CocrostHuEe 00MeHa JIUMUIOB IMPU XPOHUUYECKOU HHTOKCUKAIIUU
TAKEJIBIMU MeTa/LIaMU Ha (pOHE IKCIMIEPUMEHTATHBHOTO
aTepocKJIepo3a

P.U. I6parumoB

Hayuno-uccaedosamenwvckuil yenmp Asepbaiioxicancko2o meduyuHcko2o yHusepcumema, baxy, Asepbaiioxcan

AHHOTAIIUA

BBepneHnwue. JlaHHbIe TUTEPATYPHI MTOCJIENHUX JIET IIOKA3BIBAIOT, YTO BO3J/IEUCTBUE TSIKEJIBIX METAJLJIOB SABJIAETCS
BQJKHBIM U HEJIOOLIEHEHHBIM (haKTOPOM PUCKA, CBA3AaHHBIM C PA3BUTHEM aTEPOCKIJIEPO3a U €T0 IIOCIEe/ICTBUM.

IT e 1 b . V3ydeHue BIUSHUS XPOHIMUECKOH HHTOKCUKAIIMY COJIIMU PA3JIMYHBIX TSKEJIBIX METAJUIOB (CysIbdaT KaMusl,
HUTPAT HUKeJIA U HUTPAT K0OaIbTa) HA ITOKA3aTe U JINIIHTHOTO 0OMEHA IIPU SKCIIEPUMEHTAIbHOM aTEPOCKIIEPO3E.
MaTepuanab U MeTOJB5bl . IKCIEPUMEHTHI IIPOBOJIUIINCH HA 110 OeJIbIX OeCIIOPOAHBIX KpbIcax-caMIlax. ATe-
pockiepo3 Mozenuposaica 1o M.B. Casunikomy. Ilocsie MosieTpoBaHusA aTepocKaepo3a AKUBOTHBIE I10/IBePrauch Xpo-
HUYECKOMY BO3ZIEHCTBUIO COJIEN TSKEJIbIX MeTa/IoB (CyabbaT KaAMUsA — 1 MI/KT, HUTPAT HUKEJSI — 2 MI/KT ¥ HUTpaT
KOOQJIbTa — 2 MI/KT) Uepe3 MUThEBYIO BOJY B TeUeHUE 60 CYT B UeThIPEX OIBITHBIX CEPUSX. [PYIIION CpaBHEHUS CITY KN
JKMBOTHBIE B UCXOHOM COCTOSIHUM. [IJI1 OLIEHKU COCTOSIHUS JIUIIU/THOTO 0OMeHa U3y4Jasid YPOBEHb 00IIEro XoaecTepruHa
(OX), rpurmunepuznos (TT), munonporenioB HU3kowu mwiotHocta (JITTHIT), mumnonporenioB BbicOKoH tiotHOCcTH (JITIBIT)
u 3HaueHus ko3 dunrenTa areporenaoctu (KA).

PesyanbTarTsl . Ilocie HHTOKCHKAIIMK PA3IMYHBIMU TAXKEJIBIMH MeTa/lJIaMU 3KCIIEPUMEHTAIbHBIX KPBIC C MOJie-
JINPOBAaHHBIM aT€POCKIEPO30M OTMEUAETCS BRIPAKEHHOE YCYTyOIeHNne HapyIIeHU H JIUITHIHOTO 00MeHa — 3HAUUTEILHOE
yBesandeHue ypoHa OX, TT, JITIHII u KA c omHOBpeMeHHBIM cHUkeHUeM ypoBHA JIIIBII B ceiBopoTke KpoBu. Makcu-
MaJIbHbIe U3MeHEeHUs U3YUEeHHBIX [T0OKa3aTeJIel JINIIHTHOTO OOMeHa 0TMEeYAIOTCs K 60-M CyTKaM IOC/Ie MHTOKCUKAIIUY Ha
(oHe vKCIIEPUMEHTATIBHOTO ATEPOCKIIEPO3a.

3aknoueHUe. [IuTesbHOE BO3AEHCTBUE TAKEIBIX METAIIOB (cyabdara KaJMusA, HUTPATa HUKeJIA U HUTpaTa
KobasbTa) ycyryosiseT HapylleHus JUIUAHOT0 oOMeHa, UMeIoIe MecTO IIPU SKCIepUMeHTaIBHOM arepocksiepose. ITo
CTEeIEeHH BBIPAKEHHOCTU TATOJIOTHUECKUX CZIBUTOB B YOBIBAIOIIIEM MTOPSI/IKE CIIEAYIOT: CyIbGbAT KaAMUA — HUTPAT HUKEJIS —
HUTpAT Kobasbra. HecMOTps Ha TO, YTO KOOAIBT SIBJISIETCA OAHUM U3 HEOOXOAUMBIX MUKDPO3JIEMEHTOB, €T0 JIJTUTEIHHOE
IIOCTYIUIEHE TAKKe IPUBOJUT K YCYTYOJIEHIIO HAapyIIeHHH JIUIUTHOTO 0OMeHa IIPU SKCIIEPUMEHTAILHOM aTePOCKIIEPO3e.
Kaouesnble ca08a: 9KCIIEpUMEHTANIBHBIN aTEPOCKIIEPO3, TSXKeJIble MeTaJUIbl, 0OMEH JIUITH/IOB.

Oo60pasen mutupoBaHusa: VoparumoB P.M. CocrosiHue o6MeHa JUNUAOB MPU XPOHUYECKOW HHTOKCHKA-
WU TsOKEJTBIMU MeTa/utaMu Ha (GoHe SKCIIepUMEHTAIFHOTO aTepockieposa // Journal of Siberian Medical Sciences.
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Lipid metabolism during long-term exposure to heavy metals
in experimental atherosclerosis
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ABSTRACT

Introduction. Recentliterature shows that exposure to heavy metals is an important and underestimated risk
factor related to the development of atherosclerosis and its consequences.
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A im . To study the effect of chronic intoxication with different heavy metal salts (cadmium sulfate, nickel nitrate, and
cobalt nitrate) on lipid metabolism in experimental atherosclerosis.

Materials and methods. Theexperimentswere conducted on 110 outbred male albino rats. Atheroscle-
rosis was modeled according to 1.V. Savitsky. After modeling atherosclerosis, the animals were chronically exposed to
heavy metal salts (cadmium sulfate — 1 mg/kg, nickel nitrate — 2 mg/ kg and cobalt nitrate — 2 mg/kg) via drinking water
for 60 days in four experimental series. The comparison group consisted of intact animals. To assess lipid metabolism, total
cholesterol (TCH), triglycerides (TG), low-density lipoproteins (LDL), high-density lipoproteins (HDL) and the values of
the atherogenic coefficient (AC) were determined.

R e sults. Afterintoxication with various heavy metals of rats with modeled atherosclerosis, a marked aggravation of
lipid metabolism disturbances — a significant increase in the level of TCH, TG, LDL and AC with a simultaneous decrease
in the level of HDL in the blood serum is revealed. The maximal changes in the parameters of lipid metabolism are observed
by the 60th day after intoxication in experimental atherosclerosis.

Conclusion. Long-term exposure to heavy metals (cadmium sulfate, nickel nitrate and cobalt nitrate) exacer-
bates lipid metabolism disorders occurring in experimental atherosclerosis. According to the severity of pathological
changes, the following are in descending order: cadmium sulfate — nickel nitrate — cobalt nitrate. Despite the fact that
cobalt is one of the essential microelements, long-term exposure to it also leads to an aggravation of lipid metabolism dis-
orders in experimental atherosclerosis.

Keywords: experimental atherosclerosis, heavy metals, lipid metabolism.
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BBEJAEHUE

Kak m3BeCTHO, aTEPOCKIIEPO3 SBJAETCSA I1ATOJIO-
THYEeCKOl OCHOBON MHOXKECTBA CEP/IEYHO-COCY/IHC-
TBHIX U IIepeOPOBACKY/IAPHBIX 3a00JI€BAHUH, PACIIPO-
CTPAHEHHOCTh KOTOPBIX B MHPE HEYKJIOHHO PACTeT.
JlosirocpouHble MOCTIEICTBUA aTepoCcKIepo3a OcTa-
I0TCA OCHOBHOU IPUYUHOU CMEPTHOCTU B PA3BUTHIX
¥ pa3BHBaWIIUXCcsA cTpaHax [1-5]. CoryacHO craTu-
CTHYECKUM JIAHHBIM OT CEP/IEYHO-COCY/TUCTHIX 3200-
JIEBAaHUH TOJILKO B 2019 T. ymepsu 18.6 MJIH Ues. u
34.4 MJH craiu uHBanugamu [3]. Cuuraercs, uro
aTepocKyIepo3 MeJ[JIEHHO pa3BUBAeTCA Ha BCeX BTa-
Iax »KU3HU YeJIOBEKA, U B €r0 MaTOTeHe3€e yUacTBYeT
MHOKeCTBO (DaKTOPOB, BKJIIOUas reHeTH4YecKre hak-
TOPBI U (PaKTOPBI OKPYKAIOIIEN cpeibl [6].

AHanu3 JUTEpaTyphl MOCTIEIHUX JIET IOKa3bI-
BaeT, YTO BO3/EHCTBUE TSKEIBIX METAJIOB SIBJIS-
eTcsl BAKHBIM U HeI0OIleHEHHBIM (paKTOPOM PUCKa,
CBA3AHHBIM C DPAa3BUTHEM aTEPOCKJIEPO3a U €ro
MOCJIEACTBUM [7—11].

VccnemoBaHue 2023 T. IOKa3aslo, YTO BO3JleH-
CTBUE HU3KUX /03 Ka[MHA SABJsAeTca (HaKTOPOM
pHCKa aTepocksepo3a COCYZOB WM3-3a IOBBIMIEHUS
ypoBHA akropa Bunebpanza B miaszme [12].
B KJIMHUYECKUX HCCIE0BAHUAX TIOKA3aHO, UTO BO3-
JIECTBUE KaJIMHs CBA3aHO C PAa3BUTUEM CYOKJIUHU-
YECKOTO aTePOCKJIEePO3a B COHHBIX U OepeHHBIX
apTepusAx B IMOIYJISIIIUOHHONH BBIOOPKE >KEHIIIH
cpemHero Bospacra (n = 599), y KOTOPbIX U3MePSLICS
ypoBeHb Kajgmusa B kpoBu [13]. B. Fagerberg et al.

INTRODUCTION

As is known, atherosclerosis is the pathological
basis of many cardiovascular and cerebrovascular
diseases, the prevalence of which is growing world-
wide. The long-term effects of atherosclerosis remain
the main cause of death in developed and developing
countries [1-5]. According to statistics, 18.6 miln
people died from cardiovascular diseases in 2019
alone and 34.4 mln became disabled [3]. Itis believed
that atherosclerosis develops slowly at all stages of
human life, and various factors are involved in its
pathogenesis, including genetic and environmental
factors [6].

An analysis of the literature in recent years shows
that exposure to heavy metals is an important and
underestimated risk factor associated with the devel-
opment of atherosclerosis and its consequences
[7-11].

A study of 2023 revealed that exposure to low
doses of cadmium is a risk factor for vascular athero-
sclerosis due to von Willebrand factor increase in
plasma [12]. Clinical studies have shown that cad-
mium exposure is associated with the development
of subclinical atherosclerosis in the carotid and fem-
oral arteries in a population sample of middle-aged
women (n = 599), in whom blood cadmium was mea-
sured [13]. Fagerberg et al. has been shown that in a
cohort of 64-year-old women who had never smoked,
blood cadmium levels also correlate positively with
plaque area, and the authors believe that cadmium is
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MOKa3aJIk, YTO B KOTOPTE 64-JIETHUX HUKOI/A HeE
KYPHUBIIIHX KEHIIIIH YPOBEHD KaJMHUS B KDOBH TaK:Ke
MTOJIOJKUTEJIPHO KOPPEJINPYET ¢ pa3MepaMu aTepo-
CKJIEPDOTUYECKUX OJISAIIEK, ¥ aBTOPHI CUUTAIOT, UTO
KagMHUH SIBJISETCS HE3aBUCUMBIM (haKTOPOM, CBsI-
3aHHBIM C Pa3BUTHEM OJIAIIEK, U TMOJYEPKUBAIOT
HEOOXOIMMOCTh ydYeTa KaJiMUs KaK IpOoaTepOreH-
HOTO MoJUIIOTaHTa [14].

BrilieorMeueHHBIE DAKThI JUKTYIOT HEOOXOIH-
MOCTbD JIaJIbHEHIIINX UCCIIEIOBAHNN BIANAHUSA TIXKE-
JIBIX METAJIJIOB JIJIST YJIydIlIeHUsT IOHUMAaHUsA MeXa-
HU3MOB Pa3BUTHUS aTePOCKJIep03a C IeJIbI0 paspa-
OOTKH HOBBIX JIeueOHO-TMAarHOCTUYECKUX CTpaTe-
Ui JledeHUs U TPOMUIAKTUKYU IPU JaHHOU maTo-
JIOTHH.

ITEJIb UCCJIE/IOBAHUSA

VisyueHre BIUAHUA XPOHHUYECKOH WHTOKCHUKA-
IIUY COJISIMU PA3JIMYHBIX TSKEJIBIX METAJLIOB (CyIb-
dat KagMus, HUTPAT HUKEJIS U HUTPAT KOOaIbTa) Ha
[TOKa3aTeJI JIUIHUJHOTO oOMeHa IIPH HKCIIepUMEH-
TaJIbHOM aTePOCKJIEPO3e.

MATEPUAJIBI 1 METO/bI

IKCIEPUMEHTHI IIPOBOJUIINCH Ha 110 OeJibix Oec-
MMOPOAHBIX KpBICAX-CAMIIaX Maccod 200—250 T B
IATH CEPHUAX IO 10 >KUBOTHBIX HA KAXKIBIH CPOK
uccienoBanud (tab. 1). [pynmoii cpaBHeHUs ABJIA-
JINICh JKUBOTHBIE B CXOJTHOM COCTOSTHUY. JKUBOTHBIE
COZIEPIKAINCh B CTAHAAPTHBIX YCJIOBUAX BHUBAPHUS

an independent factor associated with plaque forma-
tion, and emphasize the need to consider cadmium
as a pro-atherogenic pollutant [14].

The abovementioned necessitates further study
on the influence of heavy metals to improve under-
standing of the mechanisms of atherosclerosis devel-
opment in order to work out new therapeutic and
diagnostic strategies for the treatment and preven-
tion of this pathology.

AIM OF THE RESEARCH

To study the effect of chronic intoxication with
different heavy metal salts (cadmium sulfate, nickel
nitrate, and cobalt nitrate) on lipid metabolism in
experimental atherosclerosis.

MATERIALS AND METHODS

The experiments were carried out on 110 outbred
male albino rats weighing 200—250 g in five series of
10 animals for each time period (Table 1). The com-
parison group was presented by animals in the base-
line condition. The animals were kept in standard
vivarium conditions with natural light and free
access to water and food. The experiments were con-
ducted in strict compliance with the requirements of
the European Convention for the Protection of Ver-
tebrate Animals used for Experimental and Other
Scientific Purposes (Strasbourg, 1986) [15] on the
care of experimental animals, as well as their removal
from the experiment and subsequent disposal. This

Ta6una 1. CBoiHbIe JaHHBIE 10 CEPUSAM IKCIIEPUMEHTOB (KOJNYECTBO XKHUBOTHBIX)
Table 1. Summary of the series of experiments (number of animals)

IMocae moaenn- Iloc/ie MTHTOKCUKAL YUY HA

poBaHusd (l)OHe aTepoCKJIepo3a, CYTKH
Ne Cepus HnTakTHO® aTepocK/ieposa After intoxication following
n/m oo e EUEBRLLE A atherosclerosis modeling, day
No. Baseline .
atherosclerosis 15-e 30-e 60-e
modeling 15th 30th 60th
1 MHTaKkTHOE cocTosiHUE (KOHTPOJIb) 10 - - - -
Intact animals (control)
2 MopenrpoBaHUe aTepoCKaepo3a - 10 - - -
Atherosclerosis modeling
3 XpoHHUYecKass MHTOKCUKALUSA CYylbGaToM - - 10 10 10
KaZIMHs TI0CJIe MOJIeINPOBAaHUS aTepoCKIepo3a
Chronic intoxication with cadmium sulfate after
atherosclerosis modeling
4 XpoHHUYecKass UHTOKCUMKAL U HUTPAaTOM HUKeJs — - 10 10 10
[0CJIe MOZIeIMPOBAHUS aTePOCKIepo3a
Chronic intoxication with nickel nitrate after
atherosclerosis modeling
5 XpoHHUyYecKass UHTOKCUKaL U HUTPAaTOM - - 10 10 10
KOo0aJIbTa 1ocJie MoJieJTMPOBaHUS
aTepocKJieposa

Chronic intoxication with cobalt nitrates after
atherosclerosis modeling
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IIpU €eCTECTBEHHOM OCBEIIEHWH U CBOOOZHOM
JIOCTyIle K BOJIe U IUIlle. JKCIIEPUMEHTHI ITPOBOJU-
JIUCHh CO CTPOTUM cobJtio/ieHreM TpeboBanuii EBpo-
nedickoii koHBeHIuHM (Crpacbypr, 1986) [15] 1o
COZIEPIKAHUIO0, KOPDMJIEHHIO W YXOZY 32 IIOZOIBIT-
HBIMH YKUBOTHBIMH, & TAKKE BHIBO/IY UX U3 DKCIIEPHU-
MEeHTA U HocJIeyiollel yruniusanun. JJanHoe necie-
JIOBaHUE OJIOOpPEHO DTHYECKHUM KOMHTETOM A3sep-
6aiKaHCKOTO METUITTHCKOTO YHUBEPCUTETA.

Mogiesnib  aTepockjepo3a  co3jaBajach IO
N.B. CaBuikomy c¢ coaBT. (2016) [16], Ha ocHOBe
MIOJIUITHOJIOTUYECKOU TEOPUU PA3BUTHS aTEPOCKIIE-
posa. MojieniupoBaHue IIPOBOAWJIOCH HA KpbICaX-
caMIiax, KOTOpbIe MOJIyJaIu aHTUTUPEOUTHBIN Tpe-
mmapat MepKas3oJIWI B JIOBUPOBKE 25 MTI/KI MacChl
TeJla, UMMYHOCYIIPECCUBHBI IIperapaT MeTUJIIIPe/I-
HU30JIOH B JIOBUPOBKE 0.17 MI/KI Macchl Teja
JKUBOTHOTO ¥ 15% BOJHBIA pacTBOpP STHUJIOBOTO
cupTa B CBOOOTHOM JIOCTYTIE BMECTO BOZIBI HA (hOHE
aTeporeHHOU JIUeThI B TEUeHNE 2 HEl.

[Tocie MomeMpoBaHUA aTEPOCKIEPO3a JKUBOT-
Hble IO/[BEprajiuCh XPOHUYECKOMY BO3/EHCTBUIO
coJiel TSKeJIBIX MeTalJIOB uepe3 IUThEBYIO BOAY B
TeueHHe 60 JHel. MaTOYHBIN PacTBOP COJIU THXKe-
JIOTO MeTaJljla pacCYUThIBaJICA 110 popMyJie

A=X-B-C,

rae X — k03 GUIMEeHT, paBHBIHN 6.77;

B — cpemHsis macca Tesia KpbICHI;

C — cpemHECyTOUHOE TTOTPebJIeHNE BOJBI JKUBOT-
HBIMH.

JI71s1 THTOKCUKAIIUK HCIIOJIb30BAHbI CIIEAYIOIINE
BOJIOPACTBOPHUMBIE COJIU TSKEJIBIX METAJIJIOB: CYJIb-
dar kagmusa (1 Mr/Kr), HUTpAT HUKEJIS (2 MT/KT) U
HUTpAT Kob6asbTa (2 Mr/kr). Ilo OKOHUaHUU DKCITEe-
pUMeHTa >KUBOTHBIX BBIBOJWJIM W3 OIBITA IIyTEM
JleKarmuTanuy Ha ¢GoHEe THOIEHTAJI0OBOTO HAPKO3a C
MTOCJIEAYIOIUM B3SITHEM I1€JTbHOM KPOBHU /151 OMOXU-
MUYECKHX aHAJIN30B.

CocrossHHE JTUNUAHOTO oOMeHa OIeHUBaIoCh B
HMCXOJHOM COCTOSTHUH, I10 UCTEYEHHUHN 2 HeJl 1J1A 110~
TBEPIKJAEHUSI aTEPOCKIEPOTUYECKUX WU3MEHEHWH U
COOTBETCTBEHHO HA 15, 30 U 60-€ CyT IIOCJIE UHTOK-
cUKaInuu Ha GoHe SKCIEPUMEHTAIBHOTO aTEPOCKIIE-
posa. Jlyiss 3TOTO y KpbIC 3abupaysiach KpOBb JIJIsSt
onpezeneHus obiero xosecrepuHa (OX), umornpo-
TeUI0B BhICOKOU miotHocTu (JITIBII), mumonporen-
JIoB HU3KoH 1toTHOCTH (JITTHIT) v TpUriuiepuion
(TT). Ilokazareu JUMUITHOTO OOMEHA B CHIBOPOTKE
KPOBH OIPEJIEISIIN SH3UMATUUYECKUM METOZOM C
HCIIOJIb30BaHUEM CTaHAApPTHBIX HabopoB Human Ha
O6uoxuMuueckoM aHasmzaTope BioScreen MS-2000
(CHIA). Takxe paccuuThiBamu KO3(GUIUEHT aTe-
porennoctu (KA) o dopmye

study was approved by the Ethics Committee of the
Azerbaijan Medical University.

The model of atherosclerosis was created accor-
ding to 1.V. Savitsky et al. (2016) [16], based on the
polyethological theory of atherosclerosis develop-
ment. The modeling was performed on male rats
who received the antithyroid drug, mercazolil at a
dose of 25 mg/kg body weight, the immunosuppres-
sive drug, methylprednisolone at a dose of 0.17 mg/
kg body weight, and a 15% aqueous ethanol solution
in free access instead of water, in presence of athero-
genic diet for 2 weeks.

After modeling atherosclerosis, the animals were
chronically exposed to heavy metal salts through
drinking water for 60 days. A stock solution of heavy
metal salt was calculated using the formula

A=X-B-C,

where X — coefficient equal to 6.77;

B — mean body weight of a rat;

C — mean daily water consumption by animals.

The following water-soluble salts of heavy metals
were used for intoxication: cadmium sulfate (1 mg/
kg), nickel nitrate (2 mg/kg) and cobalt nitrate
(2 mg/kg). At the end of the experiment, the animals
were removed from the experiment by decapitation
under anesthesia with thiopental, followed by taking
whole blood for biochemistry.

Lipid metabolism was assessed at baseline, after
2 weeks to confirm atherosclerotic changes, and on
the 15th, 30th and 6oth days, respectively, after
intoxication in experimental atherosclerosis. For
these purposes, blood was taken from rats to deter-
mine total cholesterol (TCH), high-density lipopro-
teins (HDL), low-density lipoproteins (LDL) and tri-
glycerides (TG). These parameters were determined
by the enzymatic method using standard Human kits
on a BioScreen MS-2000 chemistry analyzer (USA).
Besides, the atherogenic coefficient (AC) was calcu-
lated using the formula

AC=TCH - LDL / HDL.

The statistical processing of the results was per-
formed using Microsoft Excel spreadsheets and IBM
SPSS Statistics software. As a parametric test was
used the Student’s t-test, and the Mann-Whitney and
the Wilcoxon tests were used as nonparametric tests.

RESULTS AND DISCUSSION

The results of the study of lipid metabolism
parameters after modeling and, accordingly, after
intoxication with heavy metal salts in experimental
atherosclerosis are presented in Tables 2—4 and
Fig. 1-3.
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KA = OX — JITTHII / JITIBII.

Cratuctuueckyio  06pabOTKy  IOJIyYeHHBIX
pe3yIbTaTOB MPOBOAYJIN HA IEPCOHATBHOM KOM-
MBIOTEPE — B 3JIEKTPOHHOM TabJIMYHOM DPeJaKTOpe
Microsoft Excel, a 06paboTKy pe3yIbTaToB — ¢ IIOMO-
mpio mporpammer IBM SPSS Statistics. 113 mapame-
TPUYECKUX KPUTEPHUEB BBIUUCIIIIA KpUTepuii CThIo-
JIEHTa, a U3 HemapaMeTPUYECKUX — KPUTEPUH
MasnHa — YuTHU U KpuTepuil BuikokcoHa.

PE3YJ/IBTATBI 1 OBCY2KIEHUE

PesysbTaTh! Hce/leIOBaHUSA IIOKa3aTesleH JINua-
HOTO OOMeHa Iocjle MOZEJTHUPOBAHUS U COOTBET-
CTBEHHO IIOCJIe HMHTOKCHUKALUU COJIAMHU TSKEJIBbIX
MeTaJJIOB Ha (POHe JKCIEePHMEHTAIBHOTO aTepo-
CKJIEPO03a MIPE/ICTABJIEHBI B Ta0JI. 2—4 U HA PHUC. 1-3.

Kak BumHO 13 TabJ1. 2—4, OCIIe MOJIEJTUPOBAHUS
aTepoCKJIepo3a IOKa3aTelu JIMIUJIHOTO oOMeHa B
CBIBOPOTKE KPOBU IIOJIBEPTINCH H3MEHEHUAM.
Cogzepxxanre OX u TT' B cbIBOPOTKE KPOBHU 110 CpaB-
HEHUIO ¢ MCXOJHBIM YPOBHEM IIOCJIe MOJeJINpOBa-
HUSA aTePOCKJIep03a MOBBIIIAJIOCH B CPETHEM Ha 29 U
10 % cooTBeTcTBeHHO. YpoBeHb JIITHII Bo3pacTai B
cpegHeM Ha 60 %, ¢ IapaJUleJIbHBIM CHUXKEHUEM
conepskanus JITIBIT Ha 16 % (p < 0.05). YkazaHHBIE
HU3MeHEeHUs COITPOBOXKAANNCh pocToM KA Gosiee uem
B 2 pasa.

[Tocie Havyasa MHTOKCUKAIIUU COJIIMH pas3yiny-
HBIX TsOKeJIbIX MeTaJIJIOB Ha (poHe 3KCcIlepUMeHTaIb-
HOrO aTepockjepo3a IIoOKaszaTeJld JIMIHAHOTO
oOMeHa mpeTepHeBain ellle 0oJjiee BBIPAKEHHBIE
U3MeHeHUs, Haxojduuecsd B IIPAMO IIPOIOPIUO-
HaJIBHOU 3aBUCUMOCTH OT JIIUTEIBHOCTH MHTOKCH-
kanuu. Tak, yepes 15 CyT HUHTOKCHUKAIINHU CyIb()aTOM
kagmus yposesb OX, TT" u JITTHII Bo3pacras B cpef-
HeM Ha 38 % (p < 0.05), 21 1 96 % (p < 0.01) COOT-
BETCTBEHHO I10 CPAaBHEHUIO C UCXOJIHBIMU JJAHHBIMU
(cm. Tabsa. 2). Comepskanue JIIIBII 6b10 MeHbIIIE,
YyeM HCXO/IHO, Ha 21 %, a KA ObL1 HOBHIIIEH Oosiee
4eM B 4.2 pasa. CiycTa 30 u 60 CyT 1ocjie THTOKCH-
Kanuu cyabdaroM kanmusa cozgep:xkanue OX 01O
60JIbIIIE, YEM Y JKUBOTHBIX B UCXOJHOM COCTOSTHUU,
Ha 44 % (p < 0.05) 1 54 % (p < 0.01) COOTBETCTBEHHO,
a ypoBeHb TT" moBswImasicss HA 37 U 42 % COOTBET-
ctBeHHO. YpoBeHb JIITHII Ha 30-e u 60-e cyTKu
WHTOKCUKAIIUU BBIPOC B CpeZlHEM B 2.2 U 2.8 pasza
COOTBETCTBEHHO I10 CPAaBHEHUIO C UCXOAHBIMU JIaH-
HbIMU. [TapasniesbHO perucTpupoBaaoCch CHUXKEHNE
ypoHs JITIBIT Ha 35 % (p < 0.05) 1 37 % (p < 0.01),
a KA ObL1 BBIIIIE, UeM UCXOJHO, B 5.3 pa3a u 6 pa3 Ha
30-¢e 1 60-e CyTKU UCC/IeIOBAaHUA COOTBETCTBEHHO.

VHTOKCHKAIIUSI HUTPATOM KOOQIhTa MIPUBOAMIIA
K CJIeAYIOIINM H3MEHEHHAM JIMIUZAHOTO obMeHa

As can be seen from Table 2—4, after modeling
atherosclerosis, parameters of lipid metabolism have
changed. After atherosclerosis modeling, the content
of TCH and TG in the blood serum increased by an
average of 29 and 10%, respectively, compared with
the baseline level. The LDL level increased by an
average of 60%, with a simultaneous decrease in
HDL content by 16% (p < 0.05). These changes were
accompanied by at least 2 times increase in AC.

After the beginning of intoxication phase with
various heavy metal salts in experimental atheroscle-
rosis, the parameters of lipid metabolism had under-
gone more pronounced changes, which are positively
associated with the duration of intoxication. Thus,
after 15 days of intoxication with cadmium sulfate,
the level of TCH, TG and LDL increased by an aver-
age of 38% (p < 0.05), 21 and 96% (p < 0.01), respec-
tively, compared with the baseline data (Table 2).
The HDL content was 21% lower than at baseline,
and AC was increased by more than 4.2 times. 30
and 60 days after intoxication with cadmium sulfate,
the content of TCH was higher than in intact animals
by 44% (p < 0.05) and 54% (p < 0.01), respectively,
and the level of TG increased by 37 and 42%, respec-
tively. The LDL level on the 30th and 60th days of
intoxication increased by an average of 2.2 and
2.8 times, respectively, compared with the baseline
data. Simultaneously, a decrease in the HDL level
was recorded by 35% (p < 0.05) and 37% (p < 0.01),
and AC was 5.3 and 6 times higher than at baseline
on the 3oth and 60th days of the intoxication study,
respectively.

Intoxication with cobalt nitrate led to the follow-
ing changes in lipid metabolism (Table 3). 15 days
after intoxication start, the level of TCH and LDL
increased by an average of 32% (p < 0.05) and 67%
(p < 0.01), respectively, compared with the baseline
data. The TG content did not change, but the HDL
content was 26% lower than at baseline, and AC was
increased by more than 3.7 times. 30 and 60 days
after the beginning of intoxication, the content of
TCH was higher than in the intact animals by 36%
(p < 0.05) and 42% (p < 0.01), respectively, and the
level of TG increased by 29 and 32%. The LDL level
on the 30th and 60th days of intoxication increased
by an average of 2 and 2.3 times, respectively, com-
pared with the baseline values. The HDL content in
these study periods decreased by 31% (p < 0.05) and
36% (p < 0.01), respectively, and AC was 4.3 and
5.2 times higher compared to the initial data.

Intoxication with nickel nitrate in experimental
atherosclerosis led to the following changes in lipid
metabolism (Table 4). On the 15th day of the intoxi-
cation study, thelevels of TCH, TG and LDLincreased
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60 cyT mociae HHTOKCHKauu
60 days after intoxication

30 cyT nmocie HHTOKCHKau|
30 days after intoxication

15 cyT mociie HHTOKCHKALHH
15 days after intoxication

ITocrie MoneIMPOBAHKS
aTepockiepos3a
After modeling atherosclerosis

HWcxonHble TaHHbIE
Baseline data
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TAJILHOTO aTEPOCKIepo3a y KpbIc (¥ p = 0.005; ** p = 0.002; *** p = 0.000 B CPAaBHEHUH C UCXOHBIMHU JTAHHBIMU)
Fig. 1. Changes in the parameters of lipid metabolism during intoxication with cadmium sulfate in experimental
atherosclerosis in rats (* p = 0.005; ** p = 0.002; *** p = 0.000 compared with the baseline data)
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Fig. 2. Changes in the parameters of lipid metabolism during intoxication with nickel nitrate in experimental
atherosclerosis in rats (* p = 0.005; ** p = 0.002; *** p = 0.000 compared with the baseline data)
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Fig. 3. Changes in the parameters of lipid metabolism during intoxication with cobalt nitrate in experimental
atherosclerosis in rats (* p = 0.005; ** p = 0.000 compared with the baseline data)

(cm. Tabs. 3). CoycTs 15 CyT HOCJIE HHTOKCUKAITUU
ypoBerb OX u JIITHII BeIpoC B cpesHeM Ha 32 %
(p < 0.05) u 67 % (p < 0.01) COOTBETCTBEHHO TIO
CpPaBHEHUIO C WICXOJIHBIMHU JaHHBIMU. Co/iep:KaHue
TT' He u3MeHsANOCHh, OfiHAKO cofep:kanue JIIIBII
OBLIIO MEHbIIE, YeM HCXOAHO, Ha 26 %, a KA 0ObL1
TOBBIIIIEH OoJiee ueM B 3.7 pasa. CiycTs 30 u 60 cyT
mocjae HWHTOKCUKAIMU cojiep:kanue OX  ObLIo
0oJIbIlle, YEM y KUBOTHBIX B UCXOJTHOM COCTOSIHUH,
Ha36 % (p < 0.05) 1 42 % (p < 0.01) COOTBETCTBEHHO,
a ypoBenb TT' moBwicuiicsa Ha 29 U 32 %. YpOBeHb
JITTHIT Ha 30-€ u 60-e CyTKU UHTOKCUKALIU BBIPOC
B CPE/THEM B 2 U 2.3 pPa3a COOTBETCTBEHHO I10 CPaBHE-
HUI0O C HCXOAHbIMU BenndyuHamu. CojeprkaHue
JITIBII B ykaszaHHbIe IIePUO/Ibl UCCIENOBAHUSA CHU-
skasoch Ha 31 % (p < 0.05) 136 % (p < 0.01) COOTBET-
CTBeHHO, a KA ObL BBIIIIE B 4.3 U 5.2 pa3a 10 CpaBHe-
HUIO C UCXOHBIMUY JIAHHBIMH.

VHTOKCHKAIA HUTPATOM HUKeJIs Ha (POHE KC-
IIEPUMEHTAIFHOTO aTEPOCKIEPO3a MPUBOMIIA K CJIe-
JIyIOIITAM W3MEHEHUSM TIOKa3aTeJeld JIUIIHIHOTO
obmena (cM. Tabi. 4). Ha 15-e cyTKH HccaenoBaHus
yposeHb OX, TT" u JITTHII yBenuuuBasicsa B cpelHEM
Ha 30 % (p < 0.05), 14 u 81 % (p < 0.01) COOTBET-
CTBEHHO II0 CPABHEHHIO C HUCXOJIHBIMHU JAHHBIMHU.

by an average of 30% (p < 0.05), 14 and 81%
(p < 0.01), respectively, compared with the baseline
data. The HDL content decreased by 28% compared
to the baseline data, and AC was increased by more
than 3.9 times. 30 and 60 days after intoxication
with nickel nitrate, the content of TCH was higher
than in intact animals by 39% (p < 0.05) and 48%
(p < 0.01), respectively, and the level of TG increased
by 27 and 37%. The LDL content 30 and 60 days
after intoxication was higher than in intact animals
by an average of 2.1 and 2.5 times. The HDL level on
the 30th and 60th days of the intoxication study were
reduced by 34% (p < 0.05) and 37% (p < 0.01), and
AC was 4.8 and 5.6 times higher, respectively, com-
pared to the baseline data.

Thus, the data obtained show that lipid metabo-
lism disturbances present in atherosclerotic changes
are aggravated by long-term chronic exposure to
heavy metal salts, namely cadmium sulfate, nickel
nitrate and cobalt nitrate. A marked increase in the
level of TCH, TG, LDL and AC with a simultaneous
decrease in the level of HDL in the blood serum are
observed. The maximal changes in the parameters of
lipid metabolism were noted by the 60oth day after
the beginning of intoxication in experimental athero-
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Conep:xanue JITIBIT ymeHbBIIATIOCh IO CPABHEHUIO C
HUCXOAHBIMHU JAaHHBIMU Ha 28 %, a KA ObLI HOBBIIIEH
bostee yeM B 3.9 paza. Coyctst 30 B 60 CyT mocie
WHTOKCHUKAIIUU HUTPATOM HUKeJsA cozep:kaHue OX
ObLTO OOJIBIIE, YEM V JKMBOTHBIX MCXOIHO, Ha 39 %
(p < 0.05) 1 48 % (p < 0.01) COOTBETCTBEHHO, a YPO-
BeHb TI' moswimasica Ha 27 u 37 %. CojepkaHue
JIITHIT yepe3 30 u 60 cyT IOcje WHTOKCUKAINU
6BUTO GOJIBIIIE IO CPABHEHUIO C COOTBETCTBYIOIIIIMU
BeJINYMHAMU B MCXOTHOM COCTOSHUU B CPETHEM B 2.1
u 2.5 pasa. Yposenb JITIBII Ha 30-e u 60-e cyTku
HccsIenoBaHus ObUI CHUMKEH Ha 34 % (p < 0.05) U
37 % (p < 0.01), a KA O6bL1 BbIIIIE B 4.8 1 5.6 pa3a cooT-
BETCTBEHHO I10 CPABHEHMUIO € UCXOAHBIMHU JAHHBIMHU.

Taxkum o6pa3oM, MOJIyUeHHbIE JaHHBIE TTOKA3bI-
BAIOT, YTO HAPYUIEHU: JIUIUIHOTO 0OMeHa, MMelo-
muecs NPH aTePOCKJIEPOTUYECKUX W3MEHEHUAX,
YCYTYOJIAIOTCSI TIpU  XPOHUYECKOM BO3/IEHCTBUU
coJied TsIKEeJIBIX MeTaJIJIOB, a UMEHHO CcyJIbdara Kaj-
MU, HUTpaTa HUKeJs U HUTpara kobaiabTa. OTMe-
yaeTcs BbIpakeHHoe yBesinueHue ypoBHs OX, TT,
JIITHIT u KA ¢ napansenbHbIM CHUKEHUEM YPOBHS
JIITBII B cpiBOpOTKE KpoBU. MakcuMasibHble U3Me-
HeHUs IIOKasaTejieldl JINMUAHOTO OOMeHa OTMeda-
10TCS K 60-M CyTKaMm Iocje MHTOKCUKanuu Ha ¢hoHe
SKCIIEPHUMEHTAJIBHOTO aTePOCKiIepo3a. [lomyueHHbIe
Ppe3yJIbTaThl TOAYEPKUBAIOT BRyKHYIO POJIb XpOHUYE-
CKOT'O OTpAaBJIEHUA COJIIMHU TXKeJIbIX MeTaslJIoB B
mporiecce yCyryOJieHusl aTepPOCKIEPOTUUECKHUX TIPO-
[IECCOB, UTO AUKTYeT HEOOXOIMMOCTh pa3paboTKH
IMyTeld KOPPEKIUH XPOHUUYECKOH WHTOKCHKAI[UH
TSOKETBIMU MEeTaJIJIaMH, B OCOOEHHOCTHU JIJIsl TIaIU-
€HTOB C aTepPOCKJIEPOTUYECKUMHU IIOBPEXKIAEHUAMU
COCYZIOB.
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sclerosis. The results obtained suggest the important
role of chronic intoxication with heavy metal salts in
exacerbation of atherosclerotic processes, which
necessitates development of ways for correcting
chronic intoxication with heavy metals, especially for
patients with atherosclerotic lesions of blood vessels.

CONCLUSION

Long-term exposure to heavy metals (cadmium
sulfate, nickel nitrate, and cobalt nitrate) exacerbates
lipid metabolism disturbances occurring in experi-
mental atherosclerosis. According to the severity of
pathological changes, the following are in descend-
ing order: cadmium sulfate — nickel nitrate — cobalt
nitrate. Although cobalt is one of the essential micro-
elements, its long-term exposure also leads to an
aggravation of lipid metabolism disorders in experi-
mental atherosclerosis.

3AK/IOYEHUNE

JlmuTesbHOE BO3/IENICTBUE TSKEIBIX METAJIJIOB
(cynbpdara kamMusa, HUTpaTa HUKEJIs W HUTPATa
kobasibTa) yCcyrybJiseT HapylIeHWs JIAIMAIHOTO
obMeHa, UMeIOIIe MECTO IIPU SKCIIEpUMEHTATLHOM
aTepocksiepo3e. ITo cTenmeHn BBIpaXKEHHOCTH IATO-
JIOTUYECKUX C/IBUTOB B YOBIBAIOIIEM IIOPSIJIKE CJIe-
JIYIOT: CyIbdaT KagMusi — HUTPAT HUKeJIsT — HUTPAT
kobanpTa. HecMoTpst Ha TO, YTO KOOAIBT SIBJISETCS
OJTHUM U3 HEOOXOIUMBIX MHKDPOJJIEMEHTOB, €ro
JUTATEIbHOE MTOCTYIJIEHHE TaKyKe MIPUBOIUT K YCYTY-
OJIEHUIO HApPYIIEHWH JUMUIHOTO OOMeHa IpH dKC-
[IEPUMEHTAIBHOM aT€POCKIIEPO3E.
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