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Accumulation of heavy metals in rats’ body under chronic combined
intoxication with zinc, copper and arsenic salts

The article indicates the results of a research made on the accumulation of heavy metals in some internal or-
gans of rats under chronic combined poisoning with heavy metals salts (zinc, copper and arsenic). The exper-
iments were carried out on 40 white outbred pubescent rats. They were divided into four groups. Heavy met-
als that can accumulate in the body of animals and humans, can lead to the internal organs dysfunction and
organ systems disruption. Some heavy metals are able to selectively accumulate in a living organism. There-
fore, the study was conducted of certain organs on the degree of accumulation of heavy metals. Salt solutions
such as copper sulphate, zinc sulphate and sodium arsenite, which were injected intragastrically for three
months on a daily basis, were used as toxicants. Sampling of organs was carried out after three months count-
ing from the beginning of the experiment. The content of zinc, copper and arsenic was found in the brain, liv-
er and kidney of a rat. The results of our studies showed that accumulation of heavy metals occurs to a greater
extent in the liver of rats, and the group of copper and arsenic combined action showed the greatest toxicity in
the degree of accumulation.
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Introduction

Over the past decades, industrial production has increased, and the level of environmental pollution by
various toxicants, including heavy metals, has increased as well [1]. Heavy metals are released into the envi-
ronment as a result of the industrial and agricultural activities, vehicles and boilers. The main sources of
heavy metals emissions are enterprises of nonferrous and ferrous metallurgy, mining complexes, and extrac-
tion of solid and liquid fuels [2]. Heavy metals make up a significant part of pollutant emissions, and their
toxicity is a significant environmental problem [3]. Currently, the problem of pollution of the environment
with heavy metals is relevant both worldwide and in Kazakhstan. In many regions of the country, the content
of toxic substances in soils exceeds permissible levels, especially in the areas with developed mining and
processing industries. For example, in Akmola region, there are mining deposits in which gold, uranium, ti-
tanium, iron, manganese, and molybdenum are mined. And the soils are contaminated with lead, copper,
cadmium, zinc, arsenic, etc. [4].

It is known that metal elements whose density in comparison with water is higher are referred to heavy
metals [5]. Many scientists attribute to heavy metals such elements whose atomic mass is above 50 atomic
units, for example, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, Cd, Sn, Hg, Pb, Bi, etc. [6]. Due to its high toxicity,
arsenic is also classified as a heavy metal. It was reported that some metals, for example, cobalt, copper,
chromium, zinc, copper, iron, magnesium, nickel and selenium are part of animal organisms and necessary
for various biochemical and physiological functions. Lack of these elements can lead to various diseases de-
velopment [7]. However, if ingested excessively, heavy metals can cause acute poisoning, as well as chronic
use of toxic doses can cause chronic poisoning, and even death. Contacting the environment, heavy metals
are able to accumulate in the soil, and then, along the food chain, reach plants and animals [8]. Accumulating
in the soil, heavy metals can lead to deterioration in their quality, a decrease in the yield of crops cultivated
on this soil, and a poor quality of agricultural products. This, in turn, creates a greater threat to human health,
animals and the ecosystem as a whole [9].

Despite the biological role of heavy metals, they all have a toxic effect on living organisms, since they
can interfere with metabolic processes, cause mutagenic processes, and also affect reproduction, which can
lead to carcinoma and, ultimately, death. It has been reported that heavy metals usually exhibit chronic tox-
icity [10]. It is known that during intoxication various functional disorders arise, to which the immune sys-
tem, the endocrine and central nervous systems react, and the metabolism is disturbed [11].
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It was reported that with daily intake of zinc into rats’ body, heavy metals are able to accumulate in it
and cause morphofunctional changes in the animal organs with a chronic course. It was noted that the mu-
cous membrane of the animals stomach treated with zinc oxide was altered by the type of catarrhal — hem-
orrhagic inflammation with micro ulcers. There is an increase of Peyer's glands in the small intestine; a
large-drop fatty degeneration and granular fatty degeneration of hepatocytes in the liver; a circulatory disor-
der, granular dystrophy of the epithelium of convoluted tubules in the kidneys; catarrhal endometritis and
endometrial epithelium hyperplasia in the uterus, proliferation of connective tissue in the ovaries; the pro-
cesses of focal carination in the lungs [12].

Once in the body, heavy metals salts decompose into ions, resulting in the formation of insoluble hy-
droxides and phosphates, which are absorbed in the gastrointestinal tract. Free ions can quickly be removed
from the blood and accumulate in the skeleton [13].

In animals, heavy metals and arsenic can be found in high concentrations and accumulate in the kidneys
and liver. It is known that when entering the body, toxicants are able to change their shape and form poorly
soluble compounds. Compounds of the same metal can exhibit different toxic effects [14].

There is the experimental and epidemiological evidence that the combined effect of heavy metals may
differ significantly from the effects caused by the action of only a single metal. It is explained by the fact that
when interacting with other toxic substances of the environment, the compounds which are formed cause
higher toxicity [15-17].

It is known that heavy metals in tissues are usually deposited in the form of complex compounds with
proteins and amino acids. However, their distribution in the internal organs is not the same. Sometimes it is
selective. Summing up the facts mentioned above, it can be seen that it is necessary to study the accumula-
tion of toxic metals in the body, the definition of a target organ. Therefore, the purpose of the study was to
determine the concentration of heavy metals such as zinc, copper and arsenic in some internal organs of rats.

Materials and research methods

Experimental work was carried out on 40 white outbred pubescent rats. Laboratory rats were divided in-
to four groups. The first group (n = 10) is a group of control animals. They were kept on a standard water
and food ration. The second, third and fourth groups of animals were injected intragastrically for three
months on a daily basis with solutions of heavy metal salts. The second group (n = 10) consisted of animals
that were injected with a solution of zinc and copper salts, in doses of zinc sulfate of 17.5 mg/unit and copper
sulphate II 13.0 mg/unit. The third group (n = 10) consisted of animals poisoned with salts of copper and
arsenic, the dose of copper sulfate II was 13.0 mg/unit, sodium arsenite 1.0 mg/unit. A solution of zinc and
arsenic salts was injected to the fourth group (» = 10) of the animals, a dose of zinc sulfate 17.5 mg/unit, so-
dium arsenite 1.0 mg/unit. During the experiment, animals were kept in conditions that meet the standards,
according to the guidelines of The Guide for Care and Use of Laboratory Animals [18]. Feeding, care and
removal of rats from the experiment were carried out in accordance with «STRK 1613-2006 Proper laborato-
ry practice. The main provisions», as well as taking into account the Helsinki Declaration of the World Med-
ical Association and the European Charter on the Humane Treatment of Laboratory Animals.

The arsenic content in samples of the liver, kidney, and rat brain was determined by electro-thermal at-
omization (ETA) on an MGA-915MD atomic absorption spectrophotometer. The content of zinc and copper
was determined using the analytical STA voltamperometric complex.

Statistical processing of the data was performed on a personal computer, using the program Statistica 6,
Excel. There were determined the arithmetic means (M), the standard error of the arithmetic mean (m). The
assessment of the difference significance in arithmetic means was carried out using Student’s criteria (¢) and
significance level (p). Differences were considered statistically significant at p < 0.05.

Results and discussion

In the course of the research, it was found that during chronic combined intoxication of rats with heavy
metal salts, distribution and accumulation of heavy metals occurred in all the organs studied by us. However,
the content of heavy metals in the organs of rats was not evenly distributed (see Table).
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Table
The content of heavy metals in the rats organs
Indicators 1* group 2" group 3" group 4™ group
Zinc 10+£0.18 31+0.61%* 4+0.24* 17+0.53*
Brain Copper 2.8+0.07 10+0.58* 30+0.66* 0.59+0.008*
Arsenic 0.08+0.002 0.085+0.002* 1.39+0.006* 0.64+0.006*
Zinc 14+0.58 83+0.53* 17+£0.41* 33+0.41%*
Liver Copper 2.06+0.01 14+0.65* 55+0.75* 2.1+0.06*
Arsenic 0.036+0.002 0.21+0.01* 4.51+0.001* 1.9+0.05*
Zinc 18+0.72 37+0.82* 21+0.58* 25+0.72*
Kidney |Copper 10+0.37 23+0.72* 49+1.52* 6+0.38%*
Arsenic 0.51+0.01 0.18+0.01* 6.99+0.06* 4.62+0.04*

Note. * — the differences are significant compared to the control group, with p < 0.05.

In the studied samples, the zinc content was 3 times higher in the second group than the control group,
and 2 times higher than in the fourth group. The third group showed significantly lower results than the con-
trol values. As it is shown in Figure 1, the copper content was 3 times higher in the second group and
10 times higher in the third group. In the fourth group, the amount did not exceed the control data.
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Figure 1. Dynamics of accumulation of heavy metals in the rat brain

Our results showed that the arsenic content was significantly higher than in the third and fourth groups,
16 times and 7 times higher respectively. In the second group, the zinc content was 1.4 times higher than in
the fourth group, also in the second group the copper content was 5 times higher than the zinc content,
7 times higher in the third group. Probably, the accumulation of zinc was suppressed by the presence of cop-
per. The arsenic content in the third group was also 9 times higher than in the fourth group. This is probably
due to the fact that as a result of the combination of copper with arsenic, the accumulative effect is enhanced
for both heavy metals. In the fourth group, the accumulative effect was manifested to a large extent for arse-
nic, in comparison with zinc.

Figure 2 indicates the results of the accumulation of zinc, copper and arsenic in the liver of rats, under
combined chronic salts intoxication of the metals mentioned above. It can be seen from this figure that the
zinc content was significantly higher than the control data, 5 times in the second group, slightly in the third
group and 14 times in the fourth group compared to the data of the control group. The copper content in-
creased in the second group by 6 times, in the third group by 26 times in comparison with the control group;
in the fourth group it did not exceed the indicators of the control data. The arsenic content increased 5 times
in the second group, 124 times in the third group, and 52 times in the fourth group. The data obtained show
that the highest zinc content was observed in the second group, copper in the third group, arsenic — also in
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the third group. This is likely to indicate a high toxicity of metals of the third group, namely combinations of
copper and arsenic.
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Figure 2. Dynamics of accumulation of heavy metals in the liver of rats

Figure 3 shows the results of the accumulation of zinc, copper and arsenic in the kidneys of experi-
mental rats. As can be seen from the figure, the zinc content increased 2 times in the second group, slightly
in the fourth and third groups. The copper content was 2.3 times higher in the second group, 4 times in the
third group and decreased in the fourth group, in comparison with the control group. The arsenic content was
significantly increased 13 times in the third group, 8 times in the fourth group compared with the control da-
ta, was lower than the control group in 2 times in the second group. The results show that the third group
showed the greatest accumulation in the kidneys.
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Figure 3. Dynamics of accumulation of heavy metals in the kidneys of rats

Conclusion

Under chronic combined poisoning, the group of the combined action of copper and arsenic showed the
greatest toxicity according to the accumulation degree. In chronic combined intoxication with copper salts of
arsenic, accumulation in decreasing order was observed in the following sequence: liver, brain, kidneys.
In chronic combined poisoning with zinc and copper salts, accumulation in decreasing order was observed in
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the sequence: liver, brain, kidneys. In chronic combined intoxication with zinc and arsenic salts, accumula-
tion in decreasing order was observed in the sequence: liver, kidney, brain. The accumulation of heavy met-
als was observed to a greater extent in the liver of rats. Since the accumulation of heavy metals was mostly
observed in the liver, this is probably due to the high sensitivity of the liver to the effects of toxicants. When
heavy metals enter the body through the gastrointestinal tract, they enter the liver through the portal vein, so
the liver is the first barrier to toxicants. Also, heavy metals are metabolized in the liver, during which the
organ itself is damaged. Heavy metal ions from the blood penetrate into hepatocytes, while some are cap-
tured by liver macrophages, the rest is excreted into the intestine, where they are reabsorbed and during the
hepatic recirculation, and re-entry into the liver. Since the kidneys were damaged by heavy metals during
intoxication, and this could lead to the accumulation of urea and ammonia in the blood, it is likely that these
substances acting on the liver cause damage to the liver. Based on the foregoing, heavy metals can accumu-
late in parenchymal organs, in the liver and kidneys according to our study.
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MBIpbII, MBIC 7K9HE KYIIJIA TY31aPbIHbIH ereyKYHpbIKTapAbIH
OpPraHapbIHIAa AYbIP MeTAJAAP/AbIH )KMHAJTYbI KOPCEeTKIIUITEPiHiH
e3repicine KocapJaca co3bLIMAJIbI dcepi

Makanaza ayblp MeTajaAapIblH (MBIPbILI, MbIC JKOHE KYLIAJIA) TY3/apbIMEH Kocapiaca CO3bLIMalbl dcepi
HOTIDKEJIepiHAe Keibip imki Mylenepse ayblp MeTaliapiblH KUHATYy KepceTkimrepi OepinreH. 3eprrey
JKYMBICBI TOPT Tomka OGemiHren 40 ak TeKCi3 JKETUIreH ereyKyMpbIKTapaa Kyprizingi. Ayslp merangap
JKaHyapJiap MEH aJlaM ar3achlH/Ia XUHAIBII, OPTYPJIi MyLIenep MEH Kyilenepin KyMbIChbIH Oy3ajbl. Keiibip
ayblp MeTajjgap Tipi ar3aja Keil Mylienepie TaHJana OTBIPBIN KHHaaabl. OcbhlFaH OalIaHBICTBI aybIp
MeTajap Keioip MyIienep/e KHHAIYBl 3epTTeNai. DKOTOKCHKAHTTapAblH KOJIAHBUIFAH epiTiHiIepi, MbIC
cynb(darhl, MBIPBILI CyJIb(aThl KOHE HATPHI apCEHUTI, JKaHyapiapra ackKa3aH IIIEK KOJIbI apKbUIbl YII ai
GoiipiHIIa eHrizinreH. Mytienepai any IKCIIEpUMEHT OacTalFaHHAH KeMiH yuI ail @TKeH COH JKYpri3ijui.
MBIpBIL, MBIC XOHE KYLIQIAHbIH KUHATY KOPCETKIIITEpi ereyKypbIKrapIbH Oayblp, MU jkoHe Oyiperinie
aHpIKTa/Abl.  Bi3miH 3epTTeyiMi3/iH HOTHKECI KOPCeTKEHICH, ayblp MeTajJapAblH €H KOl >KHHAIYbI
ereyKyHpbIKTapIblH OaybIpbIHIa eKeH/Ir Josenaenai. EH yibl acepi 6ap TOH MBIC )KOHE MBILIbIK Kocapiaca
OpEKET ETKEH TOIl CKEHi aHBIKTAJIIBI.

Kinm ce30ep: aybip MeTanuap, MBIPBILI, MBIC, KYIIINA, YIBUIBIK, )KUHAKTAITY, aypyap, 6ayslp, Oylipex, Mu.

P.M. Tazutnunosa, P.P. beiicenoBa, A.C. Kypman6aeBa, A.l. ['puropnen

AKKYMYJISIIUS TS2KeJIbIX METAJJIOB B OpraHu3Me KpbIC
NPH XPOHUYECKOI COUETAHHOH HHTOKCUKAIIUM COJIAMH IIHHKA, MU H MbIIIbSIKA

B craTbe npuBeieHbI PE3yJIbTAaThl HCCIIEIOBAHMS HAKOILUICHHS TSDKEIIBIX METAJVIOB B HEKOTOPBIX BHYTPEHHUX
OpraHax KpbIC IPH XPOHHYECKOM COYETAHHOM OTPABJICHHH COJISAMH TSDKENBIX METa/UIOB (LMHKA, MEIU H
MBILIbSIKA). DKCIEPUMEHTHI IPOBOAMIUCH Ha 40 Gesbix OECIOpPOABIX MOJOBO3PENbIX KPBICax, KOTOpPbIE ObLIH
pa3lenieHsl Ha YeThIpe TPYMIBL. TsDKeble MeTaJUTbl, CIOCOOHBIC HAKAIJIMBAThCS B OPTaHU3ME XKUBOTHBIX U
YeJI0BeKa, MOT'YT IPUBECTH K HApyIICHHIO ()YHKIMOHUPOBAHUS BHYTPEHHUX OPTaHOB M CHCTEM opraHos. He-
KOTOPBIC TSDKENbIE METaIbl CIIOCOOHBI H30MPaTEeIbHO HAKAIUIMBATELCS BHYTPH JKUBOTO oprann3ma. [lostomy
OBLIO IIPOBEAEHO HCCIEIOBAHIE HEKOTOPHIX OPTaHOB HA CTENEHb HAKOIUICHUS TSDKEIBIX METauioB. B kaue-
CTBE TOKCHKAHTOB HCIIOJIb30BAJIMCh PACTBOPHI TAKHX COJICH, Kak Cysbdar Menu, cynb(ar UHKA U apCeHUT
HATpHsl, KOTOPbIE BBOJMIIN )KUBOTHBIM €XKEJHEBHO BHYTPIKEIYAOYHO B T€UeHHE Tpex MecsueB. OT6op 006-
Pa3LOB OPraHOB MIPOBOJMIICS IO HCTEUEHUH TPEX MECSLEB C Havyana skcriepumenta. CozepikaHue LMHKa, Me-
JM 1 MBIIIBSIKA ONPEJEISUIN B TOJIOBHOM MO3re, IIEYCHHU M MOYKaX KpbIC. Pe3ysbTaThl HAIIMX MCCIEA0BAHUH
TOKAa3aJlM, YTO HAKOIUICHHE TSDKEIBIX METAaUIOB B OOJNBINEH CTEIIeHHM MPOUCXOAUT B MEYECHH KPHIC, a HaH-
OOJIBIITYI0 TOKCHYHOCTD 10 CTEIIEHH HAKOIUICHUS IPOSBIIJIA TPYIIa COYETAaHHOTO ACHCTBHS MEIU M MbIIIbsI-
Ka.

Kniouesvie cnosa: TsKeNble METaJUIbI, IIMHK, MEIb, MBIIIbSIK, TOKCHYHOCTh, aKKYMYJISLHUS, 3a00JICBaHHs, TIc-
YeHb, MOYKH, TOJIOBHOM MO3T.
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