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INFLUENCE OF CHRONIC COMBINED INTOXICATION
WITH ZINC, COPPER AND ARSENIC SALTS ON THE CHANGES
IN HEMATOLOGIC BLOOD INDICATORS OF RATS

Abstract. This article indicated the investigation results of the chronic combined poisoning effect with zinc,
copper and arsenic salts on hematologic blood indicators. Since one of the assessing criteria of the effects of toxic
substances on the body is hematological indicators and one of the research objects are indicators of environmental
contamination at the organism level, animal experiments have been performed to determine the cytological blood
composition. As a result of the conducted investigations, it was revealed that in case of chronic combined intoxi-
cation with zinc and copper, copper and arsenic salts, the number of leucocytes increases, and with intoxication with
zinc and arsenic salts only the amount of leucocytes decreases. In the first case, there is a development of so-called
leucocytosis and leucopenia in the second case. There was also identified an increase in the concentration of erythro-
cytes, hemoglobin, and mean erythrocyte volume in all experimental groups. Possible causes of changes in morpho-
functional blood parameters were revealed and substantiated as well. It was found out that certain groups of heavy
metals possess various toxic effects.

Keywords: heavy metals, zinc, copper, arsenic, chronic combined intoxication, blood indicators.

Introduction. Environmental pollution caused by toxic elements emissions, such as heavy metals, is
now attracting the interest of researchers all around the world, because toxic elements can accumulate in
soil and crops, animal and human organisms [1]. As a result of the rapid development of industrial
production, especially in developing countries, the use of heavy metals and synthetic chemicals has
rapidly increased. Pollution of the environment with heavy metals creates a danger to human health in
particular, as they can bio-accumulate at all levels of the food chain [2]. It is known from scientific studies
that heavy metals such as copper, zinc, cadmium, chromium, manganese, lead, arsenic are considered to
be toxic to both humans and animals [3].

As for Kazakhstan, pollution of the environment with toxic substances is a topical subject, especially
in the areas of mining and processing industry. Akmola region is not an exception. There are mining
deposits, where gold, uranium, titanium, iron, manganese, molybdenum are being extracted. One of the
largest gold deposits is Vasilkovskoye deposit. The accompanying element in this gold deposit is arsenic,
which is why during gold mining process, arsenic enters the environment. Also, soils in Kokshetau area
contain such heavy metals as lead, copper, cadmium and zinc [4].

Zinc is considered to be an important element for all life forms, as it is a part of many body's enzy-
mes, it promotes cell growth, takes part in the exchange of proteins, nucleic acids, and vitamin A. There-
fore, zinc is of great importance for human health as a trace element [5]. The human body contains 2-3 g
of zinc, and it also occurs in muscles, bones, liver, kidneys, lungs, brain, heart and pancreas [6]. 30-40%
of zinc is concentrated in the cell nucleus, 50% in the cytosol, and the rest is a part of the cell membranes
[5]. Zinc plays a special role in the maintenance of immune functions (cellular and humoral immunity). A
lack of zinc can affect congenital and adaptive immunity [7]. Zinc deficiency is associated with acute and
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chronic liver disease. Adding zinc to the diet helps protect against toxin-induced liver damage and is used
in the treatment of hepatic encephalopathy [8].

However, zinc is considered to be relatively non-toxic to humans [9]. There are three main ways of
getting zinc into the body: inhalation (by inhaling air polluted with heavy metals), alimentary (through the
gastrointestinal tract during eating), through the skin [10]. Zinc is excreted from the body through the kid-
neys, skin and intestines [11]. An increase in the concentration of zinc in the body is often associated with
copper deficiency. The absorption of copper decreases if there is an increase in the consumption of zinc [12].

Zinc intoxication can cause a decrease in the level of copper, immunity, lipoprotein and copper-
containing enzymes. High doses of zinc negatively affect the physiology of urination [13]. They also can
inhibit the absorption of copper, sometimes resulting in copper deficiency and, as a consequence, cause
anemia. [14] Jerome Nriagu, professor of University of Michigan, has shown that zinc salts are irritating,
can cause erosive pharyngitis, gastritis, gastrointestinal bleeding, pancreatitis and also oral, throat, and
stomach injuries after swallowing. Prolonged zinc exposure leads to hypoplasia, anemia, leucopenia, and
neutropenia, as well as impaired pancreatic function, resulting in increased release of amylase, lipase and
alkaline phosphatase into the bloodstream [15].

Copper is an important element for cellular metabolism. It is a cofactor-oxidation-reduction reaction
involving intracellular proteins and enzymes such as cytochrome oxidase and superoxide dismutase [16].

Also, copper is a composite component of all soils, an essential element for plants and animals, si-
tuated in small amounts in plants and animal organisms, although an increase in copper concentration
leads to toxic effects on soil inhabitants. Large doses of copper can cause the destruction of red blood
cells and, as a consequence, it can lead to the development of anemia [17]. The main organ, the target,
which is struck by chronic copper intoxication firstly, is the liver. Studies conducted on animals have
shown that taking large doses of copper can lead to liver and kidney disease. Also, due to the high
concentration of copper, hemolytic anemia can be developed. It is caused by acute hepatic necrosis. In
some cases, kidney functions may be impaired. As a result of the destruction of liver cells, a large amount
of copper enters the bloodstream, damaging the red blood cells [18].

Hepatic and sometimes renal changes are the most common effects found in animals that receive
high concentrations of copper. In the organisms of rats, mice, rabbits, chronic copper intoxication leads to
mortality increase and retardation growth. In rats, which were subjected to copper sulfate intoxication,
there were various cellular cell destruction and membrane disorders, increase in the amount of lysosomes,
swelling of mitochondria and tubular microvillus [19].

Arsenic is one of the most toxic metalloids. It can be found in the environment, as a result of natural
and anthropogenic influences. It appears in rocks, soil, air, water in small amounts. In nature, arsenic has
organic and inorganic forms. Inorganic forms are mainly represented by the form of trivalent metaarsenite
(As’") and pentavalent arsenate (As ") [20]. Studies of arsenic toxicity show that chronic effects can cause
serious impairment of organ functions [21]. Arsenic is a serious carcinogen, intoxication which can lead
to the development of malignant tumors, large tumors of the lungs, bladder, and prostate [22]. And also it
seriously impacts the cardiovascular system, cause developmental anomalies, neurological and neuro-
biological disorders, diabetes, hearing loss, hematologic disorders - anemia, leucopenia and eosinophilia
[23]. In areas with a high level of arsenic contamination, there was a high death rate from bladder,
kidneys, skin and liver cancer [24].

Arsenic and its compounds are excreted from the body with urine and bile and breast milk in small
quantities [25]. During the experiment on rats, using chronic arsenic primer, after 12 weeks, arsenic was
found in the blood, liver and kidneys [26].

According to Khanturina G.R. date, with chronic zinc, copper and iron salts intoxication, a decrease
in the level of leucocytes, erythrocytes, hemoglobin in the blood was revealed [27].

Despite the fact that the influence of heavy metals on the body is well known throughout the world,
there is no evidence of the effect of chronic combined intoxication with salts of zinc, copper and arsenic.
Therefore, the study of the combined chronic effects of zinc, copper and arsenic salts on the body is of a
great interest.

Proceeding from the above mentioned, the purpose of our study was to study the influence of com-
bined chronic intoxication with zinc, copper and arsenic salts on the change in hematological blood
indicators of experimental animals.
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Materials and methods. The experiments were carried out on 40 white uncontaminated rats. The
laboratory rats were divided into four groups for these experiments. They were daily injected intra-
gastrically with solutions of heavy metal salts for three months. The first group (n = 10) consisted of
control animals, which were kept under standard conditions, including usual food and water diet. The
animals of the second group (n = 10) were injected with solutions of zinc and copper salts, the dose of
copper sulfate II was 13 mg/kg, zinc sulfate was 17.5 mg/kg. In the third group (n = 10), there were
injected the solutions of copper and arsenic salts, the dose of copper sulfate II was 13 mg/kg, sodium
arsenite was mg/kg. Animals of the fourth group (n = 10) were injected with solutions of zinc and arsenic
salts, the dose of zinc sulfate was 17.5 mg/kg, sodium arsenite was 1 mg / kg.

Blood sampling is performed three months after the beginning of the experiment. During the
experiment, all ethical norms and rules were maintained. Blood was taken from the carotid artery of
experimental animals. Hematologic blood indicators were determined on a modern automatic hemato-
logical analyzer Nihon Kohden Celltac E (Japan). Blood indicators such as leucocytes, erythrocytes,
hemoglobin, hematocrit (HCT), mean erythrocyte volume (MCV), mean hemoglobin in erythrocyte
(MCH), mean hemoglobin concentration in erythrocyte (MCHC), ESR using various methods were
determined. So, the number of leucocytes was determined with the help of the unified counting method in
Goryaev's counting chamber, the erythrocyte concentration was determined by a unified method with
0.9% sodium chloride solution, the hemoglobin level was determined by the hemoglobin cyanide method
[28]. The hematocrit was calculated by the formula:

RBC (109 MCV (f1) * cells/!
10

The average volume of erythrocytes was calculated according to the formula:

HCT (%) =

Hematocrit inmel®
Number of erythrocytes in 1 mcl

MCV =

The mean hemoglobin content in erythrocyte was calculated by the formula:
Hemoglobin in g/1

nI CH —
- First three numerals of erythrocytes concentration in 1¢

(pg)-

The mean concentration of hemoglobin in the erythrocyte was calculated by the formula:

Hemoglobinin g/l
MCHC = — + 100
Hematacrit in %

ESR was determined with the help of PR-3 (ESR meter, Panchenkov's apparatus) [29]. The results
were processed using Microsoft Office Excel software, Statistica for Windows. The arithmetical mean
(M), the standard error of the arithmetic mean (m) were calculated. The significance of differences in the
arithmetic mean was estimated using Student's t-test (t) and significance level (p).

Research results and discussion. The results of our studies show that in case of chronic combined
intoxication with zinc, copper and arsenic salts, the number of leucocytes in the blood in the second group
increased by 78.89% (p <0.05), in the third group by 50.88% (p <0, 05), and in the fourth group it de-
creased by 30.94% (p <0.05), in comparison with the control group. Leucocytosis is more marked in the
second group (table, figure).

The development of leucocytosis is probably connected with the increased formation of leucocytes in
the bone marrow and their release into the bloodstream. It is known from the literature that cytokines are
formed in the leucocytes under the impact of toxins in leucocytes, which increase the proliferation and
differentiation of leucocytes, as well as the release of the formed elements from the bone marrow. Leuco-
penia, which is in evidence among the animals of the fourth group, is probably connected with a decrease
in the production of leucocytes and their release from the bone marrow into the blood, i.e. there is an
oppression of leucopoiesis due to toxic effects on leucopoiesis tissue, as well as increased destruction of
leucocytes in peripheral blood and bone marrow.
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Hematological indicators of rats’ blood with chronic combined intoxication salts of zinc, copper and arsenic salts

Groups of experimental animals
Blood o 2" group 3" group 4™ group
indicators (00111 trc%lr (;)glrlopup) (intoxication with zinc (intoxication With copper (intoxicatioq with zinc
and copper salts) and arsenic salts) and arsenic salts)

Leucocytes , *10°/L 6,82+0,11 12,20+0,33* 10,29+0,09* 4,71+0,32*
Erythrocytes,*10'%/L 7,8+0,16 9,27+0,03* 8,95+0,12* 9,58+0,07*
Hemoglobin, g/L 1274£2,97 156,1£1,60* 146,3+£2,2* 155+0,61*
Hematocrit, % 47,0+1,13 48,93+0,37 46,49+0,68 49,56+0,36
MCV, fL 49,4+0,64 52,78+0,27* 51,914+0,08%* 52,24+0,59%*
MCH, pg 17,25+0,04 16,84+0,15 16,33+0,06* 16,24+0,12*
MCHC, g/L 350+5,19 319,1£1,56* 284,8+21,08* 313,5+1,76*
ESR, mm/h 4,8+0,10 4,3+0,11** 4,3+0,11** 3,7+0,11*

*The differences are significant compared to the control group, with p <0.05; ** - the differences are significant in com-
parison with the control group, with p <0.01, n - the number of animals in the groups.

200
180 -
160 -
140 -
120
100
80
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20

B ]st group

® 2nd group
3rd group

¥ 4th group

Dynamics of hematological indicators in chronic combined intoxication with salts of zinc, copper and arsenic

There were also changes in the leukocyte formula. The number of lymphocytes decreased in the
second group by 14.42% (p <0.05), in the third group by 19.36% (p <0.05), in comparison with the cont-
rol group. In the fourth group, the results were practically equal to the control group. The number of mo-
nocytes increased in the second group by 220% (p <0.05), in the third group by 155% (p <0.05), in the
fourth group by 61.18% (p <0.05) in comparison with the control group of animals. The number of
segmented neutrophils increased in the second group by 26.5% (p <0.05), in the third group by 83.13% (p
<0.05), in the fourth group by 37.35% (p <0.05), in contrast to the control data.

An increase in red blood cells was observed in all experimental groups. In the second group it was
18.85% (p <0.05), in the third group was14.74% (p <0.05), in the fourth group was 22, 8% (p <0.05). At
the same time, the amount of hemoglobin also increased in the second group by 22.9% (p <0.05), in the
third group by 15.20% (p <0.05), in the fourth group by 22% (p <0,05), in comparison with the results of
the control group. It can be assumed that this increase in the number of erythrocytes is connected with a
thickening of the blood due to excessive loss of body fluid, or increased formation of erythrocytes in the
bone marrow as a result of oxygen deficiency. Perhaps, this can be explained by the hyperproduction of
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erythropoietin in the defeat of kidney tissue and the resolution of the liver parenchyma. It is well known
that erythrocytosis lead to an increase in blood viscosity, aggregation of uniform elements, microcir-
culation and the appearance of dystrophic changes in organs and tissues.

The parameters of the hematocrit remained within the norm, in comparison with the control data. So,
the value in the second group increased by 4.11%, in the third group it decreased by 1%, in the fourth
group it increased by 5.45%.

The mean erythrocyte volume increased in the second group by 6.8% (p <0.05), in the third group by
5.08% (p <0.01), in the fourth group by 5.75% (p <0.01), although the mean hemoglobin concentration in
the erythrocyte decreased in the second group by 2.38% (p <0.05), in the third group by 5.33% (p <0.05),
in the fourth group by 6.09% (p <0.05). An increase of this indicator may show the development of liver
diseases, as well as a violation of bone marrow activity in severe leucocytosis, which is confirmed by the
results of our studies.

The mean hemoglobin content in the erythrocyte decreased in the second group to 8.83% (p <0.05),
in the third group to 18.63% (p <0.05), in the fourth group by 10.43% (p <0, 05). Also, the mean and
hemoglobin concentration in the erythrocyte in all the experimental groups decreased, in the second group
to 2.38% (p <0.05), in the third group to 5.33% (p <0.05), in the fourth group to 6, 09% (p <0.05)
compared with the control data. This is possibly due to the development of absolute hypochromia of
erythrocytes, as a result of a violation of iron assimilation.

Erythrocyte sedimentation rate decreased in the second group to 10.42% (p <0.01), in the third group
to 10% (p <0.01), in the fourth group to 22.92% (p <0.05). Decrease of ESR is probably due to a violation
of protein synthesis in liver failure, as well as the violation of the columns formation, which is caused by
the change in the form of red blood cells.

Conclusions. Thus, chronic combined intoxication of experimental animals with zinc, copper and
arsenic salts led to the significant deviations from the norm of hematological parameters. In this case, the
development of neutrophilic leucocytosis in groups of combined effect of zinc and copper, copper and
arsenic salts, as a manifestation of poisoning, was observed. The revealed monocytosis in our experiments
is the immune reaction of the organism to the action of heavy metals. Also, leucopenia in the group of
combined intoxication with zinc and arsenic salts was detected. Because the number of erythrocytes
increased, as well as their volume, this led to an increase in hemoglobin and may also indicate a violation
of liver function. The increase in erythrocytes can also be connected with the activation of erythropoiesis
with the increased erythropoietin formation, which is probably caused by a lack of oxygen, possible
neoplasm in the kidneys and adrenal glands.
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P. M. Tasutauunosa', P. P. Beiicenosa’, A. H. I'puropbes’

'1I. Vonuxanos aTbinnarsl Kekineray MemiaekeTTik yuusepcureti, Kokmeray, Kasakcra,
J1. H. I'ymunes ateigarsr Eypasust yiTTeIK yHEBEpCHTeTi, ActaHa, KasakcraH,
3OMOBI MEMJIEKETTIK I1€/[ATOTHKAIBIK yHuBepcureti, OMObI, Peceit

MBIPbBIII, MBIC )KOHE MbIIIbSK TY3JAPBIHBIH
TFEMATOJIOTUAJIBIK KOPCETKIIIPIHIH O3T'EPICIHE KOCAPJIACA
CO3BIJIMAJIBI OCEPI

AnHotanus. OChI 3epTTEY/AC MEIPHIII, MBIC )KOHE MBIIIBSIK TY3IapPBIMEH Kocapiaca CO3BUIMAJbl dCepi HOTH-
JKENIEPIHIe TeMaTOJIOTHSIIBIK KOPCETKIMTEPAiH o3repicTepi Oepiinmi. A¥3ara yIibl 3aTTap OPEKETTepiH Oaranay e-
memIepiHiy 0ipi — TeMaTOJIOTHSIIBIK KOPCETKIMTEP i TaJaay OOk caHaidaabl. JKypri3iireH 3epTreyiiep HOTHKe-
CIHJIE MBIPBIII MEH MBIC, MbIC JKOHE MBIUIBSK TY3JapbIMEH CO3bUIMAIIBI KOCAPJIACKAH YJIaHY Ke3iHAe JeUKOLUTTED
caHbl KOOeWim, aji, MBIPBIII JKOHE MBILIBSK TY3/1apbIMEH YJIaHybl Ke3iHJE JICHKOUHUTTEp CaHbl TOMEH/ETreHl aHbIK-
Tanael. BipiHmi karmaliga JSHKOMUTO3 JKOHE EKIHII »KaFmaiaa jeikoneHuss namuabl. CoHmaii-ak, OapsblK dKCIie-
PHUMEHTTIK TONTAapAa SPUTPOLMTTEPIIH, TeMOTJIO0MHHIH, SPUTPOLMTTEPIIH OPTaIlia KOJIeMIiHIH apTybl KOPCETLIeTi.
Makanazga KaH KOpCETKIMTepiHiH MOp(O-QYHKIIMOHAIIBIK ©3repiCTepi BIKTHUMal CeOenTepl aHBIKTAIFaH XOHE
HeriznenreH. byt ayslp Metangap Oenriii 6ip TonTapsl op TYpPJIi iC-OpeKeTTepiMeH epeKIleICHETIHIH KOPCEeTe/Ii.

Tyiiin ce3mep: aybip METaIAapP, MBIPHIIIL, MBIC, MBIIIbSIK, KOCapiiaca CO3bUIMAIBI YIIaHy, KaH KOPCETKIIITepi.
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P. M. Tasutaunosa', P. P. Beiicenosa’, A. U. I'puropbes’

'Kokmerayckuii rocyapcTennbliii yauepcutet um. 111, Yanuxanosa, Kokumeray, Kasaxcran,
2EBpa3H17ICKHP”1 HaroHaNeHBIN yHUBepcuteT uM. JI. H. 'ymuneBa, Acrana, Kasaxcras,
3Omcknit rOCyJapCTBEHHBIN MeAarornieckiii yausepcuret, OMck, PO

BJMSTHUE XPOHUYECKON COYETAHHOM MHTOKCHUKAIIUU
COJISIMHU TUHKA, MEJIU U MBILIBSIKA
HA UBMEHEHUE 'EMATOJIOI'MYECKHX ITOKA3ATEJIEM KPOBHU KPBIC

AHHoOTanus. B cratee npeacTaBneHbl pe3ysbTaThl UCCISIOBAHUS BIUSHHUS XPOHUUYECKUX COYETAHHBIX OTPAB-
JICHUH COJSIMU IIMHKA, MEH 1 MBIIIbsIKa Ha TeMaTOJIOTHIECKUE ITOKa3aTenr KpoBH. II0CKOIBKY OHUM U3 KpUTEPHEB
OLIEHKH AEHCTBHUS TOKCHYHBIX BEIIECTB HA OPTaHW3M SIBIISIOTCS TeMaTOJOIMYECKNE MOKA3aTeNId U OJHUM M3 O0BEK-
TOB HCCIIEJOBaHNUS, — MHUKATOPHI 3arPSI3HEHHS OKPYXKAIOIIEH Cpelbl Ha OPraHM3MEHHOM YPOBHE, ObUIM IIPOBEIEHBI
9KCIIEPUMEHTHI Ha >KUBOTHBIX C OIIPEAEIEHHEM IUTOJIOTHYECKOTO COCTaBa KPOBU. B pe3ynbrare mpoBEICHHBIX HC-
CJIEZIOBAaHUM BBISBIIEHO, YTO NPHU XPOHMUYECKOH COUETAHHON MHTOKCHUKAIIMHU COJISIMH LIMHKA M MEIU, MEIH U MBIIIbsSIKA
YBEIMUYMBAETCSA KOJIMUECTBO JIEHKOIIUTOB, a IPX NHTOKCUKAIUH COSIMU LIMHKA U MBIIIbAKA CHIDKaeTcs. Pa3BuBaroTcst
TaK Ha3bIBaeMbIe, JIGHKOIIMUTO3 — B IEPBOM ClIyyae M JICHKOIEHHs — BO BTOPOM. Takyke OOHapy»KeHO yBEIHYCHUE
COZIEpIKaHUSI SPUTPOLMTOB, TEMOIIOONHA, CPETHEr0 00beMa IPUTPOLUTOB BO BCEX IKCIEPHUMEHTAIBHBIX IPYIINax.
BersBieHs! 1 000CHOBaHBI BO3MOXKHBIE ITPUYMHBI U3MEHEHNH MOp(o-(QYHKIIMOHANBHBIX TT0Ka3aTeseld KpoBu. Brisic-
HEHO, 4TO OMpEIeJICHHBIE TPYIIIBI TSHKENIBIX METAJUIOB 00JIa/Ial0T Pa3IMYHBIMU TOKCHUECKHUMU JICHCTBUSIMU.

KitioueBble cjoBa: TsDKeNble METaUIbl, LWHK, ME/b, MBIIIBSK, XPOHMYECKAash COYETaHHAs WHTOKCHKAIWS,
MIOKa3aTel KPOBU
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