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H3MeHeHHA reMaToJIOTHUYEeCKUX I0Ka3aTresjien y KpbIC

npun XpOHquCKOﬁ HHTOKCHKAIINH TAZKEJIBIMHA METaJLJiaMH
HA (I)OHe IKCIICPMMECHTAJIbHOTO aTCPOCKJIEPO3a

P.U. 6parumoB

Hayuno-uccaedosamensvckuil yenmp AsepbaiioxncaHcko20 meduyuHCKo20 yHusepcumema, baxy, Azepbaiioxcax

AHHOTAIIUA

BBeaeHue. Bo3melcTBre TSKEIBIX METAIIJIOB SIBJISETCSA Ba?KHBIM M HEZIOOIEHEHHBIM (DAKTOPOM PUCKA, UMEIOIIUM
OTHOIIIEHHE K PA3BUTHIO aTEPOCKJIEPO3a U €ro nocyeicTBUi. OJHAKO JAHHBIX O FeMATOJIOTHUYECKUX H3MEHEHUSIX IIPH aTe-
POCKJIEPO3€ BCJIEAICTBHE BO3/IEUCTBUS TSAKEJIBIX METAJUIOB B JIUTEPATYPE OOHAPYKUTh HE y/IaJI0Ch, UTO SIBUJIOCH OCHOBA-
HUEM JIJIs IPOBE/IEHUS HACTOSIIEN pabOTHI.

Ilens mccanemoBaHUsa. V3yueHne U3MEeHEHUN IeMaTOJIOTHYECKUX MTOKa3aTeJIed MPU XPOHUYECKOM BO3-
JIEWCTBUY PA3JINYHBIX TSAKEJIbIX METAJVIOB HA (DOHE SKCIEPUMEHTAIIBHOTO aTEPOCKIIEPO3a.

MaTtepuasa @ MeToO bl . VcorenoBanus MpoBeeHbI Ha 110 6e/TbIX HETMHEHHBIX KPhICAX-CaMIfaX, KOTOPbIE TIOcTIe
MOJIEJIMPOBAHUSI aTEPOCKJIEPO3a IO/IBEPTAINCH XPOHUIECKOMY BO3/IEACTBUIO TSKEJIBIX METAJIOB Uepe3 MHUTHEBYIO BOAY B
TedyeHue 60 THeN. ATepOCKIIEPO3 MoziesTupoBasics 1o V.B. CaBUIIKOMY C COABT. HA OCHOBE MYJIbTH(aKTOPHATIBHON TEOPUH Pa3-
BUTH aTEPOCKJIEPO3a U €TO MIOC/IEZICTBUH. B KauecTBe TOKCMKAHTOB HUCIIOJIb30BAHBI CY/Ib(MAT KaIMUS, HUTPAT HUKEJIS U HUTPAT
KobaspTa. I3yueHre reMaToIOTMUECKHX TTOKA3aTeJIel MPOBEIEHO Ha aBTOMATHUECKOM reMaTOJIOTHUYEeCKOM aHAIN3aTope.
PesynbTarsl . Ilocjae HHTOKCUKAIUK PA3JIMYHBIMU TSIKEJIBIMH METAJUIAMU B YCJIOBUAX SKCIIEPUMEHTAIBHOTO
aTepocKIepo3a OTMeUaeTcs: yCyrybieHrne HU3MeHEeHUH TeMaTOJIOTUYeCKUX ToKa3aTesiell, UMeBIINX MeCTO MOCJIe MOZIeTH-
poBaHus aTepockieposa. IIoBbIIIEHHOE KOJTUYECTBO JIEUKOIIUTOB, TUMQPOIUTOB, TPOMOOI[UTOB U PUTPOILIUTOB IIPU SKC-
IIEPUMEHTAJIBHOM aTePOCKJIEPO3€e MOC/Ie XPOHUYECKOW UHTOKCUKAIIMHY TSDKEJTBIMU MeTa/UITaMi HAaUWHAJIO YMEHbBIIAThCS
32 UCKJIFOUEHHEM KOJIMYECTBA TPOMOOITUTOB, KOTOPOE MIPOJI0JIKAJIO YBeIMUUBaThCSA. CHIIKEHHBIN YPOBEHDb reMOTJIOONHA
U €T0 Cpe/iHee COoJIepKaHue B SPUTPOIIUTAX, UMEBIINE MECTO IIPU SKCIIEPUMEHTATLHOM aTEPOCKJIEPO3e, TOC/Ie MHTOKCH-
KaIlU¥ MPOJIOJIKAJIA CHUKAThCS. MaKcUMaIbHbIe HAapYIIEH!UsI OTMEYaINCh K 60-M CyTKaM HHTOKCHKAIUU, a HauboJsee
pe3Kue u3MeHEHUs] OTMEeYaJINCh 1107 /IEUCTBUEM CyIbdaTa KaJiMus, 3aTeEM HUTPATA HUKEJISA U HUTpaTa KobasibTa.
3aknm04ueHHe. Haumune reMaTosOrnyecKux HapyIIeHUH IIPU XPOHUUECKON WHTOKCUKAINHU TAKEJIBIMU MeTas-
JlaMu Ha (DOHE SKCIIEPUMEHTAIIBHOTO aTEPOCKIIEPO3a JUKTYeT HEOOXOAUMOCTD yUeTa JJAHHBIX HaPYIIEHUH B KOMILJIEKCHOM
JIEUeHUU OTPABJIEHUN TSKEJIBIMU MeTa/lJIAMH, 0COOEHHO B CTAPIIUX BO3PACTHBIX TPYIINAX HAIUEHTOB C aTEPOCKIEPOTH-
YECKUM IIOBPEK/IEHUEM COCYZIOB.

Knaoueenle c1068a: 5KCIIepUMEHTATIBHBIN aTEPOCKIIEPO3, TAMKEIbIE METAILIIbI, FeMATOJIOTUUECKHIE TOKA3ATEIIH.
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YeCKOH MHTOKCHUKAIINHY TSKEIBIMU MeTa/UlaMy Ha (poHe SKCIIepUMEeHTaIbHOTO aTepockieposa // Journal of Siberian
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Changes in hematological parameters in rats with experimental
atherosclerosis under chronic heavy metal intoxication

R.I. Ibragimov

Scientific Research Center, Azerbaijan Medical University, Baku, Azerbaijan

ABSTRACT

Introduction. Exposuretoheavy metalsis an important and underestimated risk factor related to the develop-
ment of atherosclerosis and its consequences. However, data on hematological changes in atherosclerosis under exposure
to heavy metals could not be found in the literature, which was the reason for carrying out this study.

Received 17.07.2024
Revised 20.08.2024

IToctynuia B peJlakiuio 17.07.2024
IIpomuia penieH3upoBaHUe 20.08.2024

IIpuHATa K IyOIMKanuy 10.09.2024

Asmop, omeemcmeeHHblil 3a nepenucky

H6parumos Paman M6parum: Hay4Ho-ucciezioBaTesIbcKUil eHTp Asep-
6aii/PKaHCKOTO MeJUIIMHCKOr0 yHHUBepcuTera. AZ1022, AsepbaiikaH,
. baky, yi1. AuBepa I'aceiM3ane, 14.

E-mail: iri-71@mail.ru

Accepted 10.09.2024

Corresponding author

Rashad I. Ibragimov: Scientific Research Center, Azerbaijan Medical Uni-
versity, 14, Anver Gasymzade str., Baku, AZ1022, Azerbaijan.

E-mail: iri-71@mail.ru

Journal homepage: http://jsms.ngmu.ru

21



Hbpazumos P.H. / Journal of Siberian Medical Sciences T. 8, N 4 (2024)

A im . Study of changes in hematological parameters under chronic exposure to various heavy metals in experimental
atherosclerosis.

Material and methods. Theexperiments were conducted on 110 outbred male albino rats which, after
modeling atherosclerosis, were exposed to chronic heavy metals through drinking water for 60 days. The model of athero-
sclerosis was created according to 1.V. Savitsky et al., based on the multifactorial theory of the development of atheroscle-
rosis and its consequences. Cadmium sulfate, nickel nitrate and cobalt nitrate were used as toxicants. The measurement of
hematological parameters was carried out using an automatic hematology analyzer.

R e sults. Afterintoxication with various heavy metals under conditions of experimental atherosclerosis, an aggrava-
tion of changes in hematological parameters, that occurred after modeling atherosclerosis, took place. The increased count
of leukocytes, lymphocytes, platelets and erythrocytes in experimental atherosclerosis after chronic intoxication with heavy
metals began to decrease, with the exception of the platelet count which continued to increase. The increased level of hemo-
globin and mean corpuscular hemoglobin, which occurred in experimental atherosclerosis, continued to decline after
intoxication. Maximum disturbances were observed by the 60oth day of intoxication, and the most pronounced changes
were noted under exposure to cadmium sulfate, then nickel nitrate and cobalt nitrate.

Conclusion. Thepresence of hematological disorders following the long-term exposure to heavy metals in exper-
imental atherosclerosis necessitates to take these disorders into account in the comprehensive treatment of heavy metal
poisoning, especially in older patients with atherosclerotic damage to the vessels.

Keywords: experimental atherosclerosis, heavy metals, hematological parameters.
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BBEJIEHUE

3arpsi3HEHUE OKPYKAIOIIEH Cpeabl TIKEeTbIMHI
MeTa/JlaMH OKa3bIBAaeT IaryOHOe BO3JeWCTBHE Ha
3I0POBBE UeJIOBEKA U IIPUBJIEKAET BCe OOJIbIlIee BHU-
MaHWe BO BceM Mupe. BcemupHas opraHusamus
3paBOOXPAHEHMUS VKe JaBHO PACCMATPUBAET TsIKe-
JIble MEeTaJIBl KaK HauboJiee OmacHbIe JIJIsl 37I0POBBS
JIO/IE TOKCHKAHTHI [1], ¥ B II€JIOM TOKCHUYHOCTH
METaJIJIOB, BOBHUKAIOIIAS U3 Pa3HbIX MCTOYHUKOB,
SIBJISIETCS TIPOOJIEMOM BO3pacCTalollell 3HAUYUMOCTU
[2]. Tsazxenbie MeTaIBI B pe3yIbTaTe OMOAKKYMYJIsI-
MU ¥ CIIOCOOHOCTU B3aMMOJIECTBOBATH C PA3JINY-
HbBIMH (DepMeHTaMU U OGMOMOJIEKYJIaMU HU3MEHSIIOT
MHOKECTBO (PUBUOJIOTHYECKUX IPOIECCOB B Opra-
HU3Me 4YeJIoBeKa. B HacTosiInee BpeMsi OTMEYaeTcs,
YTO TOKCUYHOCTD TSI’KEJIBIX METAJLJIOB CBsI3aHA C pa3-
BUTHEM OUYEHb MHOI'UX 3a00J1eBaHui [3—6].

B suTepaType HMOCIEAHUX JIET UMEIOTCS PabOThI,
B KOTOPBIX OTMEUAETCS CBSI3b MEK/Y COJIEPKAHUEM
TSI’KEJIBIX METAJIJIOB U Pa3BUTHEM TeMaToJIOTHYe-
CKHUX HapyIIEHUH KaK y JIFJIEH, TaK U B SKCIIEPUMEH-
TAJIBHBIX HCCAEJOBAHMAX Ha KUBOTHBIX [7—9].
[lempaTphl YKa3bIBAIOT HA HAJIMYHE OTPUIATETBHOMN
CBS3H MEXK/y KOHI[EHTpAI[ed CBUHIA ¥ TEMOTJIO0H-
HOM [10], a Tak)Ke MeXIy COep:KaHUEM CBUHIIA U
KOJIMYECTBOM BPHUTPOIUTOB, CPETHUM YPOBHEM
reMOrJIO0OMHA B 9PUTPOIIUTAX U KOJIMYECTBOM TPOM-
6o1uToB [11] y zeteit. [lpyrre uccieoBaTes il OTMe-
YalT OTPULATETbHYI0 KOPPEJIAIUI0 MEXKIy YpPOB-

INTRODUCTION

Environmental heavy metals pollution affects
human health adversely and draws attention to it
worldwide. The World Health Organization has
already long considered heavy metals as the most
dangerous toxicants [1], and in general, metal toxic-
ity from different sources is a growing challenge [2].
Because of bioaccumulation and the ability to inter-
act with different enzymes and biomolecules, the
heavy metals interfere with a lot of physiologic pro-
cesses in the human body. Currently, it is considered
that heavy metal toxicity is associated with the devel-
opment of a number of diseases [3—6].

In the literature of recent years, there are works
showing the relationship between heavy metal con-
tent and hematological disorders both in humans
and experimental animals [7—9]. Pediatricians point
to the negative correlation between lead concentra-
tion and hemoglobin [10], as well as between lead
concentration and erythrocyte count, mean corpus-
cular hemoglobin and platelet count [11] in children.
Other authors note the negative correlation between
the hair mercury level in adolescents and hemoglo-
bin concentration [12].

Currently, it is known that atherosclerosis and its
consequences are the pathological basis for a num-
ber of cardiovascular and cerebrovascular diseases,
the prevalence of which is growing yearly [13, 14]. An
analysis of the literature of recent years shows that
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HEM PTYTH B BOJIOCAX Y IIOJIPOCTKOB M KOHI[EHTpPA-
el remorsioouHa [12].

CerojiHsl YETKO YCTAHOBJIEHO, UTO aTEPOCKIIEPO3
M €ro IIOCJIEJICTBUS SABJISIOTCA IIATOJOTHYECKOM
OCHOBOM MHOKECTBA CEPJIEUHO-COCY/ITUCTHIX U IEpe-
OpOBacKyJISIDHBIX 3a00JIEBAaHUU, PaCHPOCTPAHEH-
HOCTb KOTOPBIX B MUP€ YBEJTUUNBAETCA U3 TO/1a B O/
[13, 14]. AHanu3 uTepaTyphl IMOCIEIHUX JIET ITOKA-
3BIBAET, YTO BO3/IEHCTBHE TSKEJIBIX METAJLJIOB SABJIsA-
€TCs BAYKHBIM U HEJOOIeHEHHBIM (haKTOPOM PHCKa,
UMEIOIINM OTHOIIIEHNE K PA3BUTHUIO aTEPOCKIIEPO3a
¥ ero mocaeAcTBuii [15—17]. OfHAKO JaHHBIX O reMa-
TOJIOTHYECKUX N3MEHEHUSIX ITPU aTEPOCKIEPO3E IIPU
BO3JIEHICTBUH TSKEIBIX META/JIOB B JINTEPAType
0OHAPYKUTh HE YAAJI0Ch, UTO SIBUJIOCH OCHOBaHUEM
JUTSL IIPOBEJIEHUST HACTOSIIIEH PabOTHI.

ITEJIb NCCJIEAOBAHUA

I/IsyquHe BJIMAHHUA PA3TUYHBIX TAMXEJIbIX METaJI-
JIOB Ha reMaTOJIOTHYECKHE IMOKa3aTeJInu IIPU 9KCIIe-
PHUMEHTAIbBHOM aTEPOCKJIEPO3E.

MATEPUAJIBI 1 METO/IbI

IKCIEPUMEHTHI BBHITTOJTHEHBI HA 110 HEJTMHEHHBIX
OesibIX KpbICax-caMIlax, Maccoi 200—230 r. IIpu
MIPOBEJIEHUH OTIBITOB CJIEOBATN « MeXKyHapOTHBIM
PEKOMEH/IaIusAM II0 IPOBEJIEHUI0 MeINKO-OH0JI0-
TUYECKUX UCCIIEIOBAHMI C UCII0JIb30BAHHEM KUBOT-
HbIx» (CTpacoypr 1986). Kpbichl B IEPHO/ UCCIIEO-
BaHUU COJIEPKAIUCh IIPU €CTECTBEHHOM OCBeIle-
HUH, TOJyJYad CTAaHJIAPTHBIA IHUIIEBOH paIoH U
UMen cBOOOMHBIN OCTYI K BOJe U muile. JlanHoe
HCCIIEZIOBAaHUE OJ00PEHO ITUYECKUM KOMHTETOM
Azepbaii/I>KaHCKOTO MEIUITUHCKOTO YHUBEPCHUTETA.

JKHBOTHBIX pacIpeIe UM B 11 TPYIII IO 10 KPBIC
B K&KJIOU: 1-5 TPYIIIIa — UHTAKTHBIE JKUBOTHBIE; 2-51
rpyIIlia — >XKUBOTHBIE C MOJEJTUPOBAHHBIM aTepo-
CKJIEPO30M; KUBOTHBIE C SKCIIEPUMEHTAILHBIM aTe-
POCKJIEPO30M, IIO/[BEPTaBIINECS WHTOKCUKAIINMHU
cynbGhaToM KaJIMUs, COCTABUIU 3, 4 U 5-10 TPYIIIIHI;
HUTPATOM HUKEJISI — 6, 7 ¥ 8-10 TPYIIIBI 1 HUTPATOM
kobasibTa — 9, 10 U 11-10 TPYIIIBI COOTBETCTBEHHO.
WHTOKCUKAIIHA TPOBOIMJIACK HA 15, 30 B 60-€ CyTKU
JIJI KasKIOTO MeTaJljla B OT/IeJIbHOCTH.

Mojiesib  aTepocKepo3a  Cco3JjaBajiach IO
1.B. CaBuiikomy ¢ coaBT. [18], koTopast OCHOBaHA Ha
MyJIbTH(PAKTOPUATBHON TEOPUU PA3BUTHUS aTEPO-
CKJIEPO3a W €ero mocJiesicTBUi. KpbIChl IMOJydain
MEPKa30JIWJI — 25 MI/KI, METHIIPEIHU30JI0H —
0.17 MI/Kr U 15% BOJHBIA PaCTBOP STUIOBOTO
CITUPTA B CBOOOIHOM JIOCTYIIE BMECTO BOJIBI HA (pOHE
aTeporeHHOU AueThl (1 % xojecTeposia, 20 % HeHa-
CBIIIIEHHBIX U 20 % HACHIIIEHHBIX }KUPOB) B TE€UEHHE
2 Hen. [l MOATBEPIK/IEHUS aTEPOCKIEPOTUUECKUX

the heavy metal exposure is an important and under-
estimated risk factor related to the development of
atherosclerosis and its consequences [15—17]. How-
ever, data on hematological changes in atherosclero-
sis under exposure to heavy metals could not be
found in the literature, which was the reason for car-
rying out this study.

AIM OF THE RESEARCH

Study of changes in hematological parameters
under the long-term exposure to various heavy met-
als in experimental atherosclerosis.

MATERIALS AND METHODS

The experiments were conducted on 110 outbred
male albino rats weighing 200-230 g. The experi-
ments were conducted in compliance with the
requirements of the International Guiding Principles
for Biomedical Research Involving Animals (Stras-
bourg, 1986). The animals were kept in standard
vivarium conditions with natural light and free
access to water and food. This study was approved by
the Ethics Committee of the Azerbaijan Medical Uni-
versity.

Animals were divided into 11 groups (10 rats in
each group): group 1 — intact rats; group 2 — animals
with modeled atherosclerosis; animals with modeled
atherosclerosis, which were exposed to cadmium
sulfate, made up groups 3, 4 and 5; nickel nitrate —
groups 6, 7 and 8; cobalt nitrate — groups 9, 10 and
11, respectively. Heavy metal exposure was per-
formed on the 15th, 30th and 6oth days of the exper-
iment. The model of atherosclerosis was created
according to Savitsky et al. (2016) [18], based on the
multifactorial theory of the development of athero-
sclerosis and its consequences. The rats received
mercazolyl 25 mg/kg, methylprednisolone 0.17 mg/
kg and 15% ethanol-water solution in free access
instead of water amid atherogenic diet (cholesterol
1%, saturated fats 20% and unsaturated fats 20%) for
2 weeks. To confirm atherosclerotic changes, 2 weeks
after, the serum levels of cholesterol, triglycerids,
high and low density lipoproteins were measured.

After modeling atherosclerosis, the animals were
intoxicated with water-soluble salts of heavy metal at
the following doses: cadmium sulfate — 1 mg/kg,
nickel nitrate — 2 mg/kg and cobalt nitrate — 2 mg/kg
through drinking water. The 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.
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U3MEeHEeHUU dYepe3 2 HeJA ONPENessId YPOBEHb
00IIIero XoJieCTEPHUHA, TPUTJIUIEPH/IOB, JTUIIOIIPOTE-
W/IOB HU3KOH IIOTHOCTH U JIUIIOTPOTEUIOB BBICO-
KOU IIJIOTHOCTH B CBIBOPOTKE KPOBH.

[Tocie MonmeTMPOBAaHUA ATEPOCKIEPO3a JKUBOT-
HbI€ TI0/[BEPTaTUCh WHTOKCUKAIIMU BOJIOPACTBOPH-
MBIMH COJISIMH TSI?KEJIBIX METAJIJIOB B JI03€e: CyJIbdaT
KagMHsI — 1 MT/Kr, HUTpAT HUKEJIS — 2 MT/KT U
HUTPAT KOOAJIbTA — 2 MT/KT uepe3 MUTHEBYIO BOIY.
MaTOYHBIH PACTBOP TSKEJIOTO METAJIA PACCUUTHI-
BaJjics o popmysie

A=(X-B)-C,

rae X — ko3 unmenT, paBHbIA 6.77;

B — cpegHasa macca Tesa KpbICHI;

C — cpenHecyTOYHOE TIOTPEGIEHIE BOBI KUBOT-
HBIMU.

[To OKOHYAHWM SKCIEPUMEHTA y >KUBOTHBIX
3a0Upay KPOBb /IS T€MATOJIOTUYECKOTO HCCIIE0-
BaHUsA U BBIBOAWIN UX U3 HKCIIEPUMEHTA C HCIIOJIb-
30BaHUEM THOIIEHTAJIOBOTO HapKo3a. l3yueHme
reMaToJIOTUYECKUX II0Ka3aTesedl IPOBEJEHO Ha
aBTOMATHUYECKOM T'eMaTOJIOTUYECKOM aHAIN3aTOPe
RT-7600 (Germany). Ompe/iesisiivd KOJIMUeCTBO JIeH-
korutoB (WBC), rpanysnomuroB (GRA), mumdonu-
toB (LYM), TtpombGonutoB (PLT), spuUTpOIUTOB
(RBC), xounenTpanuio remorsiiobuna (HGB) u cpen-
Heks1eTouHbIA remoryioonn (MCH).

O6paboTKy MOJyYeHHBIX ITU(PPOBBIX Pe3YJIbTa-
TOB TIPOBOJWJIN C MOMOIIbI0 mporpamm Microsoft
Excel 2010, BioStat 6.0, Statistica 10.0. I'pymmoBbie
mmoKkasaresii ObUTU PACIIOJIOKEHBI B BADUAITUOHHBIH
pAx, ¥ U KaXKAOU TPYIIBI ONPEEsIA CpeHee
apudmernueckoe 3HaueHue (M), ero craHJapTHYIO
omubky (m), TakKe yKasblBajIach IMUPHUHA 95%
nmoBeputesnbHOro nHTepBasa (P). [To mpuunne mpe-
BJIMPOBAHUSA [1aPAMETPOB, UMEBIIUX paCIIpezieie-
HUe, OTJINYHOE OT HOPMAQJIBHOTO, CTAaTHCTUYECKUI
aHAIN3 PE3YIbTATOB UCCIIENOBAHUS OCYIIIECTBIIIICS
C UCI0JIb30BAHUEM HeNlapaMETPUUIECKUX KPUTEPUEB
aHaIN3a: /IBe HE3aBHUCHUMbIE TPYIIIbI CPABHUBAJIUCH
nocpesacrtsoM U-kputepusa ManHa — YutHu. 3Haue-
HU€e YPOBHS CTaTHCTUYECKOH 3HAYMMOCTH INPUHU-
MaJIOCh IIPHU P < 0.05.

PE3YJ/IBTATDI

PesysibTaThl WCCAEAOBAaHUA TE€MATOJIOTHYECKHUX
MoKasaTesel mocjie MHTOKCUKAIIMH Cy1bhaToM Kajl-
MU Ha QOHE SKCIIEPUMEHTAIBHOTO aTEPOCKIEPO3a
mpeJicTaByieHbl B Taba. 1. Kak BumHO m3 Tabi. 1,
rmocjae MOJEJTHPOBAaHUs aTepockaepo3a Haubosee
3HAYUTEIBHO U JIOCTOBEPHO YBEJHMUYUIIOCH KOJIMYeE-
CTBO JIEUKOIUTOB — Ha 76 %, TuMGOoIruToB — Ha 28 %
U TpOMOOITUTOB — Ha 33% 110 CPABHEHHUIO C MHTAKT-

In the end of the experiment, blood samples were
taken from animals followed removing from the
experiment under anesthesia with thiopental. Hema-
tological parameters (white blood cells (WBC), gran-
ulocytes (GRA), lymphocytes (LYM), platelets (PLT),
red blood cells (RBC), hemoglobin and mean corpus-
cular hemoglobin) were measured using a RT-7600
analyzer (Germany).

The statistical processing of the obtained results
was performed using Microsoft Excel 2010, BioStat
6.0, Statistica 10.0. Variable data were arranged in
variation series, and the arithmetic mean (M), stan-
dard error (m), as well as confidence interval were
calculated for each group. Since non-normal distri-
bution prevailed, a statistical analysis was conducted
using non-parametric tests: a comparison of two
independent groups was carried out using the Mann-
Whitney test. The value of statistical significance was
assumed to be 0.05.

RESULTS

The resulting hematological parameters after
intoxication with cadmium sulfate are presented in
Table 1. As can be seen from Table 1, after modeling
atherosclerosis, the count of leukocytes, lympho-
cytes and platelets increased significantly by 76, 28
and 33%, respectively, compared with the intact
group. The count of granulocytes and erythrocytes
increased insignificantly; however, the decrease in
the mean corpuscular hemoglobin was of impor-
tance — by 15% compared with the intact group.
Such imbalance between the erythrocyte count and
hemoglobin concentration indicated relative eryth-
rocytosis associated most likely with an increase in
blood viscosity.

The subsequent intoxication with cadmium sul-
fate changed hematological parameters as follows
(Table 1). On the 15th day of intoxication with cad-
mium sulfate in experimental atherosclerosis, the
blood cell count began to increase compared with fig-
ures in the group after modeling atherosclerosis.
Thus, the leukocyte count in comparison with the
intact animals was already significantly lower — by
23%, however, 30% less, than in animals after mod-
eling atherosclerosis. The lymphocyte and granulo-
cyte counts decreased by 16 and 23%, respectively,
compared with animals after modeling atherosclero-
sis. The erythrocyte count on the 15th day of intoxi-
cation changed insignificantly; but the concentration
of hemoglobin and mean corpuscular hemoglobin
content was less than in animals after modeling ath-
erosclerosis by 9 and 11%, respectively, which indi-
cates significant qualitative changes in erythrocytes.
At the same time, the platelet count after the start of
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Ta6Jmua 1. lemaTosiornyeckue mokKasaTesau KPBIC IPX UHTOKCUKAUH CyJIb(i)aTOM KaaMHd Ha (l)OHe 3KCIIEpUMEHTaJIbHOI' O

aTepocksieposa (M + m)

Table 1. Hematological parameters of rats after intoxication with cadmium sulfate in experimental atherosclerosis (M + m)

IMocne MOA€e/IMPOBAaHUA Ilocsie MTHTOKCMKALMK HA (l)OHe ATEepPOoCKJIepo3a, CYTKHA

HNHTaKTHBIE aTepocKJepo3a After intoxication amid atherosclerosis, days
Tloxasaress Intact rats After modeling
Parameter _ . 15-e / 15th 30-e / 30th 60-e / 60th
(n=10) atherosclerosis
(n=10) (n=10) (n=10) (n=10)
WBC (10°/x) 6.67 + 0.94 11.74 £ 0.91 8.2+£0.67 6.55+0.73 5.69+0,92
WBC (10°/1) p, <0.001 p,<0.001 p,- p, < 0.02
p,<0.05 p,< 0.001 p,< 0.001
LYM (10°/x) 4.33+0.66 5.55+0.22 4.65+0.33 4.14+0.53 4.18+0.21
LYM (10°/1) p,<0.001 P, - p,- p,-
p,<0.05 p,<0.05 p,<0.01
GRA (10°/x1) 6.16 + 0.69 6.83 + 0.69 525+1.11 4.74 +0.62 4.18+0.27
GRA (10°/1) P, - p,<0.05 p,<0.001 p,<0.001
pa- p,< 0,05 p,< 0.01
RBC (10?/1) 5.63+0.67 6.39 +0.48 6.25 + 0.45 5.66 + 0.49 526+0.5
RBC (10*2/1) p,<0.05 p, - p, - p,-
p,- p,- p,<0.05
HGB (r/n) 135.5+10.7 115.4+£7.92 104.9 £5.22 98 +5.01 95.4 +5.38
HGB (g/1) p,<0.001 p,<0.001 p,<0.001 p, <0.05
p,- p,- p,<0.05
MCH (mr) 29.18+1.7 29.18 £ 2.37 26.01 £ 2.66 21.68 +£2.08 20.73 £1.13
MCH (pg) p, - p,<0.01 p,<0.001 p,<0.001
p,- p,<0.05 p,<0.01
PLT (10°/n) 336+39.9 446.1 +42.4 5334 +42.1 573.1+25.8 595,9 +21,8
PLT (10°/1) p, < 0.001 p,<0.001 p,<0.001 p,<0.001
p,<0.05 p,<0.05 p,<0.01

Mpumeuanus: WBC - neiikouuts;; LYM - suméouuter; GRA - rpanynonuts;; RBC - sputpouutsr; HGB - remorso6un; MCH -

CcpeZiHeKJIeTOYHbIN reMor1061H; PLT - TpOMGOLUTHI.

p,—TpUCPpaBHEHNHN CIAHHBIMHU IO TPYTIII€ MHTAKTHBIX )XMBOTHBIX; P, — TPU CPABHEHWH C JTAHHBIMH I10 TPYTITE€ )KUBOTHBIX C3KCIIEPUMEHTA/IbHBIM

aTepOoCKJIePO30M.

Notes: WBC - white blood cells; LYM - lymphocytes; GRA - granulocytes; RBC - red blood cells; HGB - hemoglobin; MCH - mean corpuscular

hemoglobin; PLT - platelets.

p, - in comparison with values of the intact group; p, - in comparison with values of the group with experimental atherosclerosis.

HBIMH >KHUBOTHBIMH. KOJIMYECTBO TI'pPaHYJIOIUTOB,
SPUTPOLIUTOB  YBEJIUYHUBAJIOCH HE3HAUUTEJIHHO,
OJTHAKO CpeJIHEee COJleprKaHue reMOIJIOOMHA B DPU-
TPOITUTAX OBLJIO CTATUCTUYECKH 3HAYUMO HUIKE, YEM
V MHTAKTHBIX )KUBOTHBIX, Ha 15 %. [10100HBIH Avic-
bajlaHC MeK/Ty KOJTUYECTBOM SPUTPOIIUTOB U COAEP-
JKQaHHEM T'eMOTJIOOMHA Mocjie MOJIEJTUPOBAHUS aTe-
pOCKJIEPO3a CBUIETEHCTBOBATI 00 OTHOCUTEIHHOM
SPUTPOIUTO3€E, CBSI3aHHOM, CKOPEE BCETO, C IOBBI-
[IeHUEM BSI3KOCTU KPOBH.

[Tocnenyromas MHTOKCUKAIUA CyIb(aroM Kaj-
MU U3MEHSIa TeMaTOJIOTHYECKUe TIOKa3aTeJH CJie-
JIyroimuM obpaszom (cMm. Tabs. 1). Uepes 15 cyT mocye
WHTOKCUKAIMH Cy/IbhaToM KafiMus Ha GOHE aTepo-
CKJIEPO3a TIOBBIIIIEHHOE KOJUYECTBO (POPMEHHBIX
9JIEMEHTOB KPOBU II0 CPAaBHEHUID C JIAHHBIMH
TPYIIIBl TIOCJE MOJEJIUPOBAHUA aTEPOCKIEPO3a
HAYMHAJIO YMeHbIaThcs. Tak, KOJMYECTBO JIEHKO-
[IUTOB 10 CPABHEHUIO C IMOKA3aTeJIIMH WHTAKTHBIX

intoxication continues to increase and was higher by
20% than in the group after modeling atheroscle-
rosis.

The changes with similar trend kept on increasing
in subsequent periods. On the 30th day of intoxica-
tion with cadmium sulfate, compared to the data of
the intact animals with atherosclerosis, the count of
leukocytes, lymphocytes and granulocytes increased
significantly by 44, 25 and 30%, respectively. The
erythrocyte count and hemoglobin concentration
decreased by 11 and 15%, respectively, and the mean
corpuscular hemoglobin concentration was signifi-
cantly less already — by 26%. The platelet count in
that period was significantly higher than prior to
intoxication by 28%.

By the end of the second month of intoxication
with cadmium sulfate, there were the most pro-
nounced changes: compared to the data of the intact
animals after modeling atherosclerosis, the count of

Journal homepage: http://jsms.ngmu.ru

25



Hbpazumos P.H. / Journal of Siberian Medical Sciences T. 8, N 4 (2024)

JKUBOTHBIX OBLJIO y3Ke TOCTOBEPHO MeHbIIe Ha 23 %,
O/THAKO MEHBIIIE, UEM Y }KHBOTHBIX ITOCJIE MOJIETUPO-
BaHUs aTePOCKIIepo3a, Ha 30 %. KonmuuecTBo JUM-
(oIuTOB M TPAHYJIOIUTOB IO CPAaBHEHUIO C JIaH-
HBIMH B TPYIIIE ITOCJIE MOJETUPOBAHUS aTEPOCKIIe-
po3a cHusmioch Ha 16 U 23 % COOTBETCTBEHHO.
KosinuecTBO 3pUTPOIUTOB HA 15-€ CYTKH HHTOKCH-
KAy U3MEHSJIOCh HE3HAYUTEILHO, OJTHAKO COZIED-
JKaHHUe reMOTJIOONHA U CPeJlHEee COJIEPKAHUe TeMO-
IOOWHA B SPUTPOIUTAX OBLIIO MEHBIIE, YEM TOCTIE
MOJIEJTUPOBAHUS aTEPOCKIEPO3a, HA 9 U 11 %, UTO
CBU/IETEJILCTBOBAJIO YK€ O KAaueCTBEHHBIX H3MeHe-
HUAX B 9puTponuTtax. OHaKO KOJIMYECTBO TPOMOO-
[UTOB TIOCJIE Hadyajla MHTOKCHUKAIIUU IIPOJ0JIKAIIO
HapactaThb U ObUIO OoJibllle, YEM B TPYIIIIE IOCTIE
MOJIeJIUPOBAHUSA aTEPOCKIEPO03a, Ha 20 %.

N3meHeHus MMOA0OHOW HAIMPABJIEHHOCTH IPO-
JIOJIKAJIM HAapacTaTh B MOCJIEAYIONINE CDOKH HCCTIe-
nmoBaHus. Ha 30-e CyTKM MHTOKCUKAIUU CYIb(aToM
KaJMHS TI0 CPABHEHUIO C JIAHHBIMH B TPYIIIE ITOCTIE
MOZIEJTUPOBAHUS aTEPOCKJIEPO3a JIOCTOBEPHO CHHU-
’KaJIOCh KOJTMYECTBO JIEMKOIUTOB — Ha 44 %, TuMdOo-
[IUTOB — Ha 25 %, TPaHyJIONUTOB — Ha 30 %. Kosuue-
CTBO 3PUTPOIUTOB U TeMOIJIOOMHA YMEHBIIAIOCh Ha
11 U 15 % COOTBETCTBEHHO, a CpPeIHee COJIEPIKAHUE
reMOTJIOOMHA B SPUTPOIUTAX OBLJIO CTATHCTHYECKH
3HAYUMO MeHblIIe yke Ha 26 %. ComeprkaHue TpOM-
OOIIUTOB B yYKAa3aHHBIA CPOK HCCJIEIOBAHUS OBLIO
JIOCTOBEPHO OOJIbIIIE, YeM JI0 Hayajla WHTOKCUKAa-
nuu, Ha 28 %.

K xoHIIy 2-T0 Mecsilla MTHTOKCUKAIINH CyJIb()aTOM
KaMHsI OTMeYaJUCh MAaKCHMAaJIbHO BBIPAKEHHBIE
W3MEHEeHUs: M0 CPABHEHUIO C JAHHBIMHU TPYIIIbI
1ocjIe MOJIeJINPOBAHUSA aTePOCKIep03a KOJIUYECTBO
JIEHKOIIUTOB CHU3WJIOCH Ha 53 %, TUMQOIUTOB — Ha
25 %, TPaHyJIONUTOB — HA 39 %, SPUTPOIIUTOB — HA
17 % cootBercTBeHHO. CozleprKaHIe TeMOIVIOONHA U
CpeTHETO YPOBHs TeMOIVIOOMHA B 3PUTPOIUTAX
OBLIO CHIKEHO Y3Ke Ha 17 U 29 %. KosinuecTBO TpOM-
6o1uTOB OBLIIO OOJIBINE HA 33 %.

PesysibTaThl WCCAEAOBAaHUSA Te€MATOJIOTHYECKHUX
IoKasareyiell IoCjie WHTOKCUKAIIUU HUTPATOM
HUKeJIA Ha (HOHE DKCIEPUMEHTAIBHOTO aTepOCKIIe-
po3a TpejicTaBIeHbl B Tabi1. 2. Yepes 15 cyT mocye
WHTOKCUKAIIUK KOJIMYECTBO JIEHKOIIMTOB OBLIO
JTOCTOBEPHO MEHBIIE HA 35 % 10 CPABHEHUIO C TTOKA-
3aTeJIIMH TPYIIbI TI0CJIE MOJIEJIUPOBAHUS aTepo-
CKJIEPO3a, T.e. 10 Hayajia HHTOKcukanuu. Kommye-
CTBO JIUM(OIUTOB U TPAHYJIOIUTOB YMEHBIITHUIIOCH
Ha 15 ¥ 20 %. KoJIm4ecTBO 3pUTPOIUTOB U TE€MOTJIO-
OuHa uepe3 15 CYT IIOCJIEé UHTOKCUKAIIUU U3MeEHS-
JIOCh HE3HAUYUTEJIBHO, OJJHAKO Cpe/iHee coJlepKaHue
reMOIJIOOMHA B 3PUTPOIUTAX ObLIO MEHBINE, YeM
rmocje MOJEJIUPOBAHUSA aTepOCKiepo3a, Ha 15 %.

leukocytes, lymphocytes, granulocytes and erythro-
cytes decreased by 53, 25, 39 and 17%, respectively.
The concentration of hemoglobin and mean corpus-
cular hemoglobin was already less by 17 and 29%.
The platelet count was higher by 33%.

The obtained results of hematological tests after
intoxication with nickel nitrate in animals with
induced atherosclerosis are presented in Table 2.
On the 15th day of intoxication, the leukocyte count
was significantly less — by 35%, compared with the
parameters of the group after modeling atheroscle-
rosis, i.e. prior to the intoxication. The count of
lymphocytes and granulocytes was less by 15 and
20%, respectively. The erythrocyte count and hemo-
globin concentration on the 15th day of intoxication
changed insignificantly, however, the mean corpus-
cular hemoglobin concentration was 15% less in
comparison with animals after modeling athero-
sclerosis. The platelet count on the 15th day of
intoxication was higher by 19% than before the
exposure.

During the later time points of the experiment
after intoxication with nickel nitrate in experimen-
tal atherosclerosis, in the same manner as in intox-
ication with cadmium sulfate, hematological
changes kept on increasing. For example, on the
3oth and 60th days of intoxication, in comparison
with the parameters of the intact group with ath-
erosclerosis, the count of leukocytes, lymphocytes
and granulocytes decreased significantly by 48
and 50%, 21 and 24%, and 28 and 35%, respec-
tively. The erythrocyte count, as well as the hemo-
globin concentration, decreased on average by
10%, and on the 60th day — by 24 and 26%, respec-
tively. The mean corpuscular hemoglobin concen-
tration in the abovementioned time points was
already significantly less by 24 and 26%, respec-
tively. The platelet count on the 3oth and 60th
days of intoxication was significantly higher by 28
and 31% compared with the data of the group after
modeling atherosclerosis.

Intoxication with cobalt nitrate amid experimen-
tal atherosclerosis has shown the following changes
in hematological parameters (Table 3). On the 15th
day of intoxication in atherosclerosis the 17%
decrease in the leukocyte count was recorded, how-
ever, the lymphocyte and erythrocyte count, as well
as the concentration of hemoglobin and mean cor-
puscular hemoglobin increased insignificantly com-
pared to the data of the intact group with atheroscle-
rosis. On the 15th day of intoxication, the platelet
count was 20% higher than prior to intoxication. In
the subsequent periods of the study, hematological
parameters began to decrease, and on the 60th day,
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Ta61mua 2. lemaToJioruyeckue nokasaTesau KPbIC 10CJI€ MHTOKCUKALUX HUTPATOM HUKEJIA Ha Q)OHG JKCIIEpUMEHTAJJIbHOI'O

arepocksepo3sa (M + m)

Table 2. Hematological parameters of rats after intoxication with nickel nitrate in experimental atherosclerosis (M + m)

IMocnae MO e/IMPOBAHUA

Ilocsie MTHTOKCUKaL MU HA (l)OHe aTepocCKJ/iepo3a, CYTKH

l'l WUHTaKTHbIE aTepockJiepo3a After intoxication amid atherosclerosis, days
OKa3areJib p
Parameter Intact rats After modeling
(ﬂ = 10) atherosclerosis 15-e / 15th 30-e / 30th 60-e / 60th
(n=10) (n=10) (n=10) (n=10)
WBC (10°/x) 6.67 £ 0.94 11.74 + 091 7.55 + 0.64 6.15 + 0.59 5,87 £0,63
WBC (10°/1) p,<0.001 p, <0.05 p,- p, <0.05
p,<0.001 p,<0.001 p,<0.001
LYM (10°/n) 4.33 £0.66 5.55+0.22 4.69 £ 0.34 4.36 £0.48 4.22+£0.18
LYM (10°/1) p,<0.001 p,<0.05 P, - P, -
p,- p,<0.05 p,<0.05
GRA (10°/n) 6.16 £ 0.69 6.83 + 0.69 5.46 £ 0.95 4.87 +0.52 4.45+0.23
GRA (10°/1) P, - p,<0.05 P, <0.001 P, <0.001
p,<0.05 p,<0.001 p,<0.001
RBC (10?/n) 5.63 +0.67 6.38 £ 0.48 6.1 +0.59 5.77 £ 0.41 5.18 £ 0.32
RBC (10*2/1) p, <0.05 p,- p,- p,-
HGB (r/n) 135.5+10.7 1154+79 1104 +5.2 104.3+ 6.6 98.4 +2.8
HGB (g/1) p,<0.001 p,<0.001 p,<0.001 p,<0.001
p,- p,- p,<0.05
MCH (nr) 29.18+ 1.7 29.18 +2.37 24.8+2.17 22.29+2.05 21.42 +1.65
MCH (pg) p, - p,<0.001 P, <0.001 P, <0.001
p,<0.05 p,<0.001 p,<0.001
PLT (10°/) 336+39.9 446.1 +42.4 531 +50.7 569.8 +27.6 588.2 +21.7
PLT (10°/1) p,<0.001 p,<0.001 P, <0.001 P, <0.001
p,<0.05 p,<0.001 p,<0.001

Ipumevyanus: WBC - selikouutsl; LYM - sumdouutsr; GRA - rpanynouuts;; RBC - sputpouuts;; HGB - remorno6un; MCH -

CpeHeKJIeTOYHbIH reMorso6us; PLT - TpoMGOIUTEL.

p,—TpUCpaBHEHUH CIAaHHBIMHU IO TPYTIE UHTAKTHBIX )KMBOTHBIX; P, — IPU CPAaBHEHWH C JAaHHBIMH 110 TPYMIE )KUBOTHBIX C3KCNIEPUMEHTAJ/IbHBIM

ATEePOCKJIEPO30M.

Notes: WBC - white blood cells; LYM - lymphocytes; GRA - granulocytes; RBC - red blood cells; HGB - hemoglobin; MCH - mean corpuscular

hemoglobin; PLT - platelets.

p, - in comparison with values of the intact group; p, - in comparison with values of the group with experimental atherosclerosis.

Yuciio TPOMOOIIUTOB Ha 15-€ CYTKH I10CJIe MHTOKCH-
Kall¥ IPEBBIIIAJIO JIAHHBIE JI0 Hayajla MHTOKCHKA-
nuu Ha 19 %.

B mocsenyromnmue CpoKH HCCIIEIOBAHUS IIOCTIE
WHTOKCHUKAIIMK HUTPATOM HUKeJA Ha (oHe dKcre-
PUMEHTATLHOTO aTEPOCKJIEPO3a TaK Ke, KaK U MPHU
WHTOKCUKAIUU CyJIbGaTOM KaJ[MHs, FeMaTOJIOTHYe-
CKHe HapylleHus MpoAoJrKaId HapacTaTh. Tak, Ha
30 U 60-e CyTKH HCCJEeOBAHUS TI0 CPAaBHEHUIO C
JIAHHBIMH TPYMIIBI IIOCJIE MOJIEJTUPOBAHUS aTEPO-
CKJIEPO3a KOJIMYECTBO JIEHKOIIUTOB JIOCTOBEPHO
YMEHBIIIAJIOCh Ha 48 1 50 %, TUMGOIUTOB — HA 21 U
24 %, TpaHyJIOIUTOB — HA 28 U 35 % COOTBETCTBEHHO.
KosmmuecTBO 5pUTPOITUTOB, KaK U CO/IEP:KaHHE TeMO-
r7100MHa, Ha 30-€ CYTKU WHTOKCUKAIIMU CHIYKAJIOCh
B cpefiHeM Ha 10 %, a cmycrs 60 ¢yT — Ha 19 U 15 %
cooTBeTcTBeHHO. CpefiHee cojiep:KaHUe TeMOTJIO-
O1HA B 9PUTPOIUTAX B OTMEUYEHHbBIE CPOKHU UCCIIENI0-
BaHUs I10CJIE UHTOKCUKAIIUH OBLJIO CTATHCTUYECKH
3HAYMMO MEHBIIIE Y2Ke Ha 24 U 26 % COOTBETCTBEHHO.

the most pronounced changes were recorded. Thus,
the counts of leukocytes, lymphocytes, granulocytes
and erythrocytes showed a statistically significant
decrease by 40, 26, 21 and 16%, respectively, com-
pared with the intact group after modeling athero-
sclerosis. The concentration of hemoglobin and
mean corpuscular hemoglobin decreased already by
11 and 25%, respectively. The platelet count was sig-
nificantly higher — by 33%, compared to the data
before the exposure started.

DISCUSSION

The results of our experiments showing the
changes in hematological parameters after intoxica-
tion with cadmium sulfate, nickel nitrate and cobalt
nitrate meet the literature data on toxic effect of
heavy metals on hematological parameters as much
as in healthy people and experimental animals. Thus,
in the experiments on rats, it was shown that intoxi-
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Ta6smua 3. leMaTosiorMyecKye MoKasaTe M KpbIC IPU UHTOKCUKALIUY HUTPATOM KobasibTa Ha GOHe 3KCIepUMEHTAIBHOTO
arepockseposa (M = m)
Table 3. Hematological parameters of rats after intoxication with cobalt nitrate amid experimental atherosclerosis (M + m)

Ilocne MOAe/IMPpOBaHUA

Ilocsie MTHTOKCUKaL UMY HA (l)OHe aTepocCKJiepo3a, CYTKH

n HWHTaKTHBIE aTepOCK/JIepo3a After intoxication amid atherosclerosis, days
OKa3areJib .
Parameter Intact rats After modeling
(n = 10) atherosclerosis 15-e / 15th 30-e / 30th 60-e / 60th
(n=10) (n=10) (n=10) (n=10)
WBC (10°/.x) 6.67 + 0.94 11.74 + 091 9.73£0.7 7.89 £ 0.59 6,69 £ 0,67
WRBC (10°/1) p,<0.001 p,<0.001 p,<0.05 p,-
p,- p,<0.05 p,<0.001
LYM (10°/x) 4.33£0.66 5.55+0.22 5.24 £ 0.64 4.71+£0.45 4.11+0.33
LYM (10°/1) p,<0.001 p,<0.01 p,- p,-
p,- p,- p,<0.05
GRA (10°/n) 6.16 + 0.69 6.83 £ 0.69 7.2+1.53 6.28 +1.19 5.41 +0.59
GRA (10°/1) p,<0.05 p,- p,- p,<0.05
p,- p,- p,<0.05
RBC (10?/x) 5.63 £0.67 6.38 £ 0.48 6.09 £ 0.65 5.55 +0.46 5.34 + 0.44
RBC (10%/1) p,<0.05 p,- p,- p,-
HGB (r/n) 135.5+10.74 1154+7.92 111.8+6.73 106.9 +8.59 102.6 +5.9
HGB (g/1) p,<0.001 p,<0.001 p,<0.001 p,<0.001
MCH (nr) 29.18+1.69  29.18+2.37 27.06 + 2.46 23.44 +2.02 2195+ 1.74
MCH (pg) p,- p,£0.05 p,<0.001 p,<0.001
p,- p,<0.05 p,<0.001
PLT (10°/n) 3352+40.8 432.1+443 523.6 +20.3 523.5+18.9 576.1 +23.1
PLT (107/1) p,<0.001 p,<0.001 p,<0.001 p,<0.001
p,<0.05 p,<0.05 p,<0.001

Ipumevanus: WBC - sedikonuts; LYM - sumdouutsl; GRA - rpanysouuts;; RBC - spurtpouurts;; HGB - remorsno6un; MCH -
CpeJHeKIeTOYHbIA reMorio6uH; PLT - TpoMGOIUTEL
p,~TIpY CPaBHEHWH C JAHHBIMU 10 TPYTINe MHTAKTHBIX )KUBOTHBIX; P, ~ IPY CPAaBHEHUH C JAHHBIMH I10 TPYTIIE )KUBOTHBIX C3KCIIEPUMEHTalbHbIM

ATepPOCKJIEPO30OM.

Notes: WBC - white blood cells; LYM - lymphocytes; GRA - granulocytes; RBC - red blood cells; HGB - hemoglobin; MCH - mean corpuscular
hemoglobin; PLT - platelets.

p, - in comparison with values of the intact group; p, - in comparison with values of the group with experimental atherosclerosis.

KosiimuecTBo TPOMOOIIMTOB CITYCTS 30 ¥ 60 CYT IMOCyIe
MHTOKCUKAIUU ObUIO ZI0OCTOBEPHO GoJibIlle Ha 28 U
31 % COOTBETCTBEHHO B CPaBHEHWUU C IAHHBIMU
IPYIIIIBI TIOCTIE MOJIETUPOBAHUS aTEPOCKIIEPO3a.
VHTOKCHKAI[MA HUTPATOM KOBAIBTA ITOCTIE MO/IE-
JINPOBaHUs aTEpPOCKJIepO3a IOKa3aia CJIeAyIoInne
U3MEHEHUsI  TeMaTOJIOTHUYECKUX  ITOKazaTesiei
(Tabs. 3). Yepes 15 CyT IMOC/ie MHTOKCHKAIIUU Ha
(dboHe aTepocKIEpO3a 0TMEYAIOCH IOCTOBEPHOE CHU-
JKEHUE KOJIMYECTBA JIEMKOIUTOB Ha 17 %, OIHAKO
KOJIMYECTBO JIUM(OIIUTOB, SPUTPOIUTOB, & TaKXKe
reMOIJIOOMHA U CpeJHEro CoZiepKaHHs TI'eMOIJIO-
OGUHA B PUTPOIUTAX YMEHBITUIOCH HE3HAUUTETHHO
[0 CPABHEHHMIO C JAHHBIMHU TPYIIIBI IOCTIE MOJEITH-
poBaHus arepockyieposa. KoanuecTso TpoMGOIIUTOB
IPH 3TOM CPOKe HCC/IeZioBaHuA 6bUT0 Ha 20 %
Gostblile, UeM 10 HaYaIa HHTOKCUKAINH. B mocesmy-
I0IIMe CPOKU HCCIIEOBAHUSA KOJIUUECTBO (HOpMeH-
HBIX 3JIEMEHTOB KPOBH HAUMHAJIO CHIKATHCA, U HA
60-€ CYyTKM OTMeUaInuch 6ojiee BhIpasKeHHBIE M3Me-

cation with lead, cadmium and copper [19, 20] cause
changes in hematological parameters, namely a
decrease in the count of various blood cells, as well as
hemoglobin concentration.

It is known that bioaccumulation of heavy metals
(prone to covalent binding, which allows them to
exhibit their toxic properties) have a systemic effect
on human body [21] and lead to toxic effect on differ-
ent tissues and organs. Meanwhile, the common
mechanism in toxic effect of heavy metals is the for-
mation of reactive oxygen species, weakening of anti-
oxidant defense, inactivation of enzymes and oxida-
tive stress [22, 23]. On exposure to toxic metals,
organ dysfunction, metabolic disorders, hormonal
imbalance, immune system dysfunction occur, up to
the development of malignancies [24].

It is known that heavy metals have a tendency to
accumulate in various tissues, including blood and
bones (for example, in chronic cadmium [25] and
lead [26] poisoning). At the same time, accumulation

28
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HeHHA. Tak, CTATUCTHYECKH 3HAYMMO CHU3WJIOCH
KOJIMYECTBO JIEUKOITUTOB — HA 40 %, TUMQOIIUTOB —
Ha 26 %, IpaHyJIOUTOB — Ha 21%, SPUTPOIUTOB —
Ha 16 % COOTBETCTBEHHO B CPAaBHEHUU C JAHHBIMH B
TPYIIle IOCJie MOJEIUPOBAHUS aTepOCKIIEPO3a.
CopneprkaHre TeMOIVIOOWHA U CpelHee CO/IepIKaHue
reMOIJIOOMHA B 9PUTPOLIUTAX OBLIIO CHIKEHO yIKe Ha
11 1 25 % cooTBeTcTBeHHO. KostrmuecTBO TpoMOOITH-
TOB OBLIO TOCTOBEPHO OOJIbIIIE HA 33 % B CDAaBHEHUU
¢ JAHHBIMHY JI0 HAYaJia MHTOKCUKAIUU.

OBCYXXKJIEHHNE

[TosyueHHble HaMW JaHHBIE 10 WU3MEHEHUIO
reMaTOJIOTUYECKOTO CTaTyca IIOC/ie WHTOKCHKAI[UH
KaJIMUEeM, HUKeJIeM U KOOaJIbToM Ha (OHE IKCIEPHU-
MEHTJIHHOTO aTepOCKJIEPO3a COTJIACYIOTCS C JIUTE-
paTypHBIMU JaHHBIMHU IOCTETHUX JIET O TOKCHUYe-
CKOM JIeHICTBUH TSXKEJIBIX META/IJIOB Ha FeMaTOJI0T -
YyecKre IMOKa3aTen JJa’Ke V 3/J0POBBIX JIIO/IEH U DKC-
IMepUMEHTAIbHBIX JKUBOTHBIX. Tak, B AKCIIEPUMEH-
TaJIbHBIX pabOTax Ha KPbICAaX OTMEYAETCs, UYTO IIPHU
MHTOKCHKALIUM CBUHIIOM, KaJMHEeM H MeJbio [19,
20] TPOHUCXOAAT TEeMATOJOTUUECKUEe W3MEHEHUs,
BBIPA’KAOIIHECsS B OCHOBHOM B CHIIKEHUU KOJIUYe-
CTBA TeX WJIX UHBIX GOPMEHHBIX 3JIEMEHTOB KPOBH, a
TaK»Ke TeMOIJIO0nHa.

H3BeCTHO, YTO OMOHAKOIJIEHUE TAKEJIBIX METaJI-
JI0B (CKJIOHHBIX 00Pa30BhIBATh KOBAJIEHTHbBIE CBA3H,
YTO TO3BOJISIET UM MPOSIBJISATh TOKCUUECKHE CBOU-
CTBA) OKa3bIBAET CHCTEMHOE BO3JIEMCTBHE HA Opra-
HU3M YeJIoBeKa [21] ¥ MPUBOJIUT K Pa3TUYHOMY TOK-
CUYECKOMY BO3JIEWCTBUIO HAa pa3JIMUYHble TKAHU H
opraHbl opranusma. [Ipu 3ToM 061IUM MEXaHU3MOM
TOKCHUYECKOIO JeHCTBUA TAXKEJIbIX METAJIJIOB SBJIS-
eTcsl TeHepalusa aKTUBHBIX (POPM KUCIOPOa, OcIa-
OJieHMe aHTHOKCHAAHTHOM 3alllUThl, MHAKTHBAILUA
(epMeHTOB U OKHUCIIUTENBHBIN cTpece [22, 23]. [Ipu
BO3[IEHCTBUN TOKCHUYHBIX METaJJIOB BO3HUKAIOT
IucYHKITNA OPTaHOB, HAPYIIIEHKS 0OMEHA BEIECTB,
TOPMOHAJIbHBIN AucOaaHc, HapylleHue (GYHKIIMH
UMMYHHOH CHCTEMBI, BILIOTH /10 PA3BUTHSA 3JI0KaUe-
CTBEHHBIX HOBOOOpa3oBaHUU [24].

W3BeCTHO, YTO TAXKeJIble MEeTalIbl MMEIOT TeH-
JIGHITUI0O HaKaIlJIUBaTbCA B PAa3JIMUYHBIX TKAHSIX,
BKJIIOYAsi KPOBb U KOCTH — HAIIPUMED, IIPU XPOHUUE-
CKOM OTpaBJIEHHH KajaMueM [25], cBuHIIOM [26].
[Ipy 5TOM MPOUCXOAUT HAKOIUIEHHE TSKEJIBIX
METAJVIOB B IIOYKAX M KOCTHOM MO3r€, U4TO TaKKe
SIBJISIETCSI TIATOTEHETUYECKUM 3BEHOM HapyIIeHUs
Tpoliecca KpOBETBOPEHUsI M OTPaskaeTcsl Ha reMaro-
JIOTHYECKOM CTaTyCe.

YuutbiBass BbIIIEYKa3aHHbIE IATOJIOTHUECKHE
CIBUTHU, MPOUCXOZAIINE II07] BO3JAEHCTBUEM TsIKe-
JIBIX METAJIJIOB, MOKHO OOBSICHHUTH TOKCHYECKOE

of heavy metals in kidneys and bone marrow takes
place, which is also a component of pathogenic
mechanism in the impairment of hematopoiesis and
affects hematologic profile.

Taking into account the abovementioned path-
ological changes in hematological parameters
caused by an exposure to heavy metals, we can
explain the toxic effect of the studied heavy metals
on hematological parameters in experimental ath-
erosclerosis.

Besides, it was shown that an excess of essential
metals, such as copper, leads to destruction of eryth-
rocytes [27] and kidney tissue fibrosis, while iron
[29] and cobalt [30] excess is associated with
increased susceptibility to cardiovascular diseases.
The obtained data on toxic effect of essential element
cobalt on hematological parameters in experimental
atherosclerosis are consistent with the above find-
ings.

Thus, changes in hematological parameters after
intoxication with one or another heavy metal occur
also in experimental atherosclerosis and necessitate
the development of preventive and effective treat-
ment of hematological disorders in chronic heavy
metal poisoning, especially in older patients with
atherosclerotic damage of vessels.

CONCLUSION

The study results showed that after modeling ath-
erosclerosis, there were changes in hematological
parameters expressed mainly in an increase in the
counts of leukocytes, lymphocytes, granulocytes and
platelets. The subsequent chronic intoxication with
salts of various heavy metal was accompanied with a
gradual decrease in almost all blood cells, except for
platelets.

The maximal changes were observed by the end
of the second month of intoxication, certain quan-
titative changes in particular hematological
parameters were recorded. A directly proportional
dependence between the level of hematological
disturbances and duration of heavy metal expo-
sure was noted. The most pronounced hematologi-
cal changes were found by the end of 60th day of
intoxication.

According to the degree of severity of changes in
hematologic parameters, the studied metals can be
arranged in descending order: cadmium sulfate —
nickel nitrate — cobalt nitrate. The presence of
hematological disorders during long-term exposure
to heavy metals necessitates to take these disorders
into account in the comprehensive treatment of
heavy metal poisoning, especially in older patients
with atherosclerotic vascular damage.
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BJIMSIHUE U3YYEHHBIX HAMU TSKEJIBIX METAJJIOB Ha
reMaTOJIOTHYECKHUE IapaMeTphl MPU SKCIEPUMEH-
TQJIHHOM aTEPOCKJIEPO3E.

Kpome Toro, UMeIoTcs TuTepaTypHbIe JAHHBIE O
TOM, 4TO U30BITOK HEOOXOAUMBIX METAJJIOB, TAKUX
KaK MeJlb, IPUBOJUT K Pa3pYIIEHUI0 SPUTPOIUTOB
[27] u dubposy moueuHoi TkaHu [28], a U3OBITOK
sxesnie3a [29] u kobanpTa [30] CBA3aHBI C IIOBBIIIEH-
HOW BOCIHPHUHUMYUBOCTHIO K CEPIE€YHO-COCYIUCTHIM
3abosieBaHusAM. [losyueHHbIE HAMH JAHHBIE O TOK-
CUYECKOM JIEMCTBUHU OCCEHIUAIBHOIO BJIeMEeHTa
KOOaIbTa IIPHU DKCIEPUMEHTATILHOM aTEPOCKIIEPO3E
Ha TeMaToJIOTUYECKUE II0Ka3aTeJu COTJIACYIOTCS C
MIPUBE/IEHHBIMU BBIIIE CBEJEHUSIMHU.

Takum o6pa3oM, H3MEHEHHUs TeMaToJIOTHuYe-
CKHUX IIOKasaTesel NMpU XPOHUYECKOW MHTOKCHUKA-
UM T€M WM WHBIM TSKEJIbIM METAJIJIOM BCJIEM-
CTBHE HMX TOKCHYECKOIO BO3AEUCTBHUA BO3HUKAIOT
Tak)Xe U IPU DKCIIEPUMEHTAIFHOM aTEPOCKIIepo3e
U JUKTYIOT HeOOXOJAUMOCTh pa3paboTku mpodu-
JIAKTUYECKOTO U 3 GEKTUBHOTO JIEUYEHHST TeMaTo-
JIOTUYECKUX HApYIIeHUH B KJIMHUKE XPOHUUYECKUX
OTpaBJIEHUU TSIKEJIBIMU MeTaJlJlaMd, B 0COOEHHO-
CTH y TAaIUeHTOB C aTepPOCKJIEPOTUYECKUMU
MMOBPEK/IEHUSIMHU COCY/IOB.

SAK/IIOYEHUWE

PeSy.TIbTaTI)I IIPpOBEAEHHBIX HCCJIEIOBAaHUU TTOKa-
3aJI, 4YTO IIOCJIEe MOZEJIHPOBAHHUA aTEPOCKJIIEPO3a
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3aTesiell, BBIPA)KABIINECS B OCHOBHOM B IIOBBIIIE-
HUH KOJINYECTBA JIEHKOIUTOB, TUM(MOITUTOB, TPAHYy-
JIoruTOB U TpoMbouuToB. Ilocaenyromas XpoHuye-
CKasl WHTOKCHUKAIIMH COJIIMH PAa3/IMYHBIX TIKEJIbIX
METaJUIOB COIIPOBOK/AJIACh MOCTEIIEHHBIM CHIDKE-
HHEM KOJIMYECTBA IMOYTH BCeX (GOPMEHHBIX 3IeMEH-
TOB KPOBH, 34 UCKJIIOUEHNEM TPOMOOIINTOB.

MaxkcuMabHble CIBUTH HAOIIONAINCh K KOHILY
2-r0 MecsIa MHTOKCUKAIINH, UMEJIUCH JINIIh OIpe-
JleJIEHHbIe KOJIMYeCTBeHHbIE OTINYUS TEX WU UHBIX
reMaToOJIOTUYECKUX  IoKaszaTeseld. OTmeuasach
IIpAMO MPOTOPIMOHAIIBHAS 3aBUCUMOCTh MEKIY
YPOBHEM IeMaTOJIOTUUECKUX HAPYIIeHUH U ITPOJI0JI-
JKUTEJIbHOCTHIO BO3JEHCTBUS TSKEBIX METAJIOB.
MaxkcuMabHbIe HAapyIIeHHs HaOTI0SaTIUCh K KOHITY
60-X CyTOK MHTOKCUKAIIUU.

ITo cTeneHU BRIpAXKEHHOCTH U3MEHEHUH reMaTo-
JIOTUUECKHUX IOKa3aresiell B yOBIBAIOIIEM IOPSAKE
HU3y4JeHHble METJIBl MOXKHO PACIOJIOKUTE B DSA:
cyapdar KaaMus — HUTpaT HUKeJs — HUTPaT
kobanbTa. Hasimure reMaToIornaecKux HapymeHui
IIpU  XPOHUYECKON HHTOKCUKAIINU  TsKETBIMHU
MeTa/ulaMH Ha (OHE HKCIEPUMEHTAIBHOTO aTepo-
CKJIEPO3a JUKTYeT HEOOXOAMMOCTh ydeTa JTaHHBIX
HapyIIEHUH B KOMIUIEKCHOM JIEYEHUH OTPaBJIEHUH
TSOKEJTBIMU METaJIJIAMH, OCOOEHHO B CTapIIUX BO3-
PacTHBIX TpyNmax IMAnUeHTOB, MMEIOIINX aTepo-
CKJIEpOTHUECKHE TOBPEKAEHUS COCY/IOB.
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