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Features in the dynamics of morphometric parametefs in rats
after long-term intake of vegetable products,
grown in industrial regions of the Karaganda region

The article is devoted to the influence of accumulation of some heayy metals on thei¢hange of basic biometric
indicators, such as body weight and mass of internal organs. A bficf literary analysis was made on the effect
of copper and its salts on biochemical processes that affect the dynamics ofithe increase in mass and index in-
dices of the body. The article presents the results of a study on_the effectof plant products grown in suburban
areas in various industrial regions of Kazakhstan, on the morphometri¢ parameters of the body and internal
organs. Average statistical indicators characterizing the géneral\development of internal organs and the ani-
mal as a whole were determined. The obtained results_showed, that the body weight of experimental animals
varies depending on the duration of metal exposurefand the amount of Fe**, Cu?", Zn*" in the vegetables. It
has been established that the increase in body wéight and liver weight in animals is associated with a high
amount of copper in vegetable products. The zesults ofithestudy also showed the selective response of inter-
nal organs to the effect of heavy metals in thie case'of.a change in mass.
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Currently, one of the actively developing’areas in toxicology is the study of the heavy metals effects on
morpho-functional indicators andjbiochemical processes in living organisms. This is due to the increase of
technogenic load, which pos€Sia thteat to environmental safety and public health. One of the most wide-
spread and important microelemients in nature is copper (Cu®"). It is a part of the nitrate reductase complex in
nitrogen exchange. Stimitlates ghefmaturation of reticulocytes to erythrocytes, promotes the assimilation of
proteins and carbohydrates, increases the activity of insulin [1-3].

Recently, a Jarge rescarch material on the toxicity of high doses of copper for plants, animals and mi-
croorganisms h@s beemyaccumulated. So, the content of copper sulfate in water at a concentration of 0.5 mg/1
causes profeund ‘morphological changes in the liver, causing destructive hepatitis, characterized by acute
dystrophy and’hepatocyte necrosis, combined with pronounced cellular infiltration [4]. Studies on the impact
offtechnogenic water pollution by heavy metals on morpho-physiological parameters in the lake frog have
shown' that the copper concentration in water equal to the MPC 21 and the zinc concentration is equal to
MPRE€ 38, leads to an increase of liver index [5]. Along with this, arises the question of the possible negative
effects of iron and copper salts, as the most common in nature, as endocrine disruptors. It was also found that
the use of copper and iron orally, at a dose level of 1 MPC, potentiates the adipogenic effect of a high-fat
diet, which affects the increase in both absolute and relative fat content [6]. At the same time, the question of
the effect of the intake of heavy metals, from plant products, on general morphometric parameters in ani-
mals, remains poorly studied.Proceeding from all above-mentioned, the purpose of our research was to study
the general morphometric parameters of the body and organs in experimental animals fed with plant products
grown in the zone of influence of industrial enterprises.

Cepus «buonorusa. MegmuuHa. Meorpacdus». Ne 2(90)/2018 9



A.E. Konkabaeva, D.Yu. Sirman, R.A. Kolossov

Materials and methods

The studies were conducted in the laboratory of ecological and genetic studies of Biology and Geogra-
phy Faculty of the Ye.A. Buketov Karaganda State University. During the research, the ethical principles set
out in the European Community Directive (2010/63/EC) and the requirements of the World Society for the
Protection of Animals (WSPA) were observed.

The experiments were carried out on 40 white random-bred male rats. The animals were of the same
age and were kept in standard vivarium conditions with free access to food and water. The feed ration of the
tested animals consisted of solid grain feed, vegetable supplements and water in a ratio of 10x30x20 g

Four groups of animals were formed. The first group of specimens received a standard diet of fodder
grown in an environmentally clean region of Karkaralinsk. The second group is specimens, whese digt in-
cluded vegetables grown in the area of influence of industrial enterprises in Temirtau (steelmaking plant).
The third group is the animals, in the diet of which were vegetables grown in the area of ififluence of indus-
trial enterprises in Balkhash (copper-smelting plant). The fourth group consisted of rats whose, diet included
vegetables obtained in the area of influence of industrial enterprises in Zhezkazgan (copperssmelting plant).

The accumulation and content of heavy metals in the samples of vegetables of thegstudy gtoups 2—4 was
recorded by the authors in earlier publications [7].

The duration of the experiment was four months. Weighing of animals gvas ¢arriedyout'once a month. At
the end of the experiment, the control weighing was conducted, followed by decapitation’and*organ harvest-
ing (liver, kidney, spleen). All organs were weighed and placed in formalin'solutionjsfor further studies. The
statistical processing of the results was carried out using the Microsoft Ex¢el 20079application package. The
reliability of differences in weight values was determined by the, Wilcoxon-Mann-Whitney test. Differences
in the dynamics of the weight increase were calculated by «eémparing the average values using the NA
Plokhinsky table.

Results and discu§sion

From the data presented in Table 1 it can be seen thatjatithe ‘end of the experiment in all groups of ani-
mals a positive dynamics of weight gain was obseryed. Thus, the body weight of the animals in the control
group increased by 46 % at the end of the experiment. The most significant increase in body weight, at the
end of the experiment, was observed in experigietital animals of group 3 (52 %), and the smallest increase in
body weight in the experimental animals of group 2 (40.5%). In animals of the 4th experimental group, the
average body weight increased by 47 %,

Table 1
Dynamics of menthly average body weight indexes of experimental animals
Period Control, n 6 Temirtau, n =6 Zhezkazgan, n =6 Balkhash, n =7
AMass (g) P AMass (g) P AMass (g) P AMass (g) P
0 month 162+17.72 201+16.44 197+20.14 176+10.19

1 month 192+29.79 0.05 216+35.51 0.05 231+27.80 0.05 187+11.64 | > 0.05
2 month 1824243402 0.05 218+15.85 | >0.05 216+45.40 | >0.05 193+£15.14 | >0.05
3 month 19421785, | >0.05 220£16.24 | >0.05 238+21.08 | >0.05 213+10.58 | <0.01

4 month 236231.56° | <0.01 282+25.66 | <0.01 291£27.95 0.05 2684+41.00 | <0.01

Wote\R 4 differences reliability criterion.

Calculation of the reliability of differences in weight increase in each group showed that in the 1st, 2nd
and 4th groups, a significant change in weight was observed at the 1st and 4th months of the experiment, and
in thehird group at the 3rd and 4th months of the experiment. In other regions it was not statistically relia-
ble. It can be noted that, in all groups, there is no significant increase in body weight at the 2nd month of the
experiment.

An analysis of the dynamics of weight gain (Fig.) showed that animals receiving vegetables from the
Temirtau and Balkhash industrial regions showed a constant positive dynamics of weight gain. In the 2nd
and 4th groups, in 1st, 3rd and 4th months of the experiment, there was also a positive dynamics of increase
in body weight, and in the second month of the experiment both groups showed a negative dynamics.

At the same time, there is a decrease in the relative increase in the body weight of the control group
when compared with the body weight of the experimental groups. If in the first month of the experiment in
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the control group the highest coefficient of weight gain (18.5 %) is observed, then for the fourth month
thelow coefficient of body weight increase is 25 % compared to the experimental groups.
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Figure. Dynamics of monthly weight gain in animals of various groups (

The reverse tendency of dynamics is shown by the third group of experi i . In the begin-
ning of the experiment had the lowest body weight gain coefficient of 6.3 thedend of experi-
ments, the highest of 31.2 %. Such indicators of body weight increase i can be explained by
the adipogenic attribute of copper. The animals of these groups were
exceeding the MPC limit by 12.8 times. Analysis of the literaturg showed that the accumulation of copper in
the body leads to increased adipogenesis process and increase Jo

Analysis of the increase in body weight in rats in the experi
group shows that the third group in the first and second mo
monthly increase in body weight. The fourth group has a
month of the experiment with respect to the control group:.
the 3rd and 4th month of the experiment (Table 2).

tatistically significant difference in the
y significant increase only in the 3rd
econd group has a significant increase in

Table 2
Comparison of the monthly dyna ease in the average body weight of rats
Period Control,n=6 Zhezkazgan, n = 6 Balkhash, n =7
ero M (£m) M (£m) P M (£m) P

1 month 30.20 (£7.75)
2 month —10.6 (£3.44)
3 month 12.80 (£1.98)

4 month 42.00 (+5.39)

@ i iterion (according to N.A. Plokhinsky).

Representativi of calculation showed that in the second group the reaction of animals to the pres-
ence of metal 10ms in the vegetables, which were fed, was individual in comparison with groups 3 and 4. In
these gro ct of metal ions has more general group character.

33.50 (£0.86) | >0.05 | 11.14(¥2.47) 0.05
>0.05 | _14.83(£1.44) | >005 | 529(£1.91) | 0.001
0.001 | 21.83(£0.62) | 0.001 | 19.86(£3.03) | >0.05
0.05 | 53.00(x1.28) | >0.05 | 55.14(£12.63) | >0.05

Note. P — difference

Table 3

he indicators of the increase in the average body weight of rats in comparison with the initial one

od Control, n =6 Temirtau, n =6 Zhezkazgan, n = 6 Balkhash, n =7
M+m M+m P M+m P M+m P
1 month 30.20+£15.48 15.004+24.63 > (.05 33.50+12.71 > (.05 11.14+6.06 0.05
2 month 19.60+12.50 17.67+3.30 > (.05 18.67+26.27 > 0.05 16.43+6.90 > 0.05
3 month 32.40+9.53 19.67+7.32 <0.01 40.50+22.81 > (.05 36.29+3.24 > 0.05
4 month 74.40+£15.72 81.50+12.39 >(0.05 93.50+18.01 > (.05 91.43+£31.13 > 0.05

Note. P — differences reliability criterion.
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As can be seen from Table 3, the total increase in body weight in the animals of the experimental
groups and the control group, during the whole experiment, does not have statistically significant deviations
in most cases. Separately, we can distinguish a significant change in the increase in body weight between the
control group and the group that received vegetables obtained in the Temirtau industrial region.

After studying the mass and mass ratios of internal organs (liver, spleen, kidneys), it was revealed that
the average both absolute and relative parameters of the liver mass of the control group were lower than in
the experimental groups. The reverse tendency is observed with the mean and relative mass of the spleen,
where the average mass and the mass ratio of the spleen in the control group are higher than in all experi-
mental groups (Table 4).

Thab l'e 4
Indicators of mass and mass ratios of internal organs in experimental animals
Region Liver Kidneys Spleen
Organ mass Mass ratio, % Organ mass | Mass ratio, % | Organ massy, | Mass ratio, %
Control 7.1+£0.93 3.00+0.39 1.71£0.03 0.72+0.01 0.98+0.08 0:42+0.03
Temirtau 9.74+1.39 3.45+0.49 1.82+0.20 0.65+0.07 0.92+0:13 0.33+0.05
Zhezkazgan 11.23+0.42 3.86+0.14 1.83+0.03 0.63+0.01 0.8620.01 0.30+0.002
Balkhash 10.75+1.62 4.01+0.61 1.67+0.4 0.62+0.15 0.70-0.01 0.26:+0.004

An analysis of organ mass variations showed that the greatest deviation"iflivasiations were observed in
group 2, where the animals received vegetables grown in the suburban areas, of the Temirtau industrial re-
gion. Also, a wide variational series is observed for the mass,of thie liver and kidneys in Group 3 animals,
which received vegetables obtained from the suburban areas of the'Balkhash industrial complex. The analy-
sis of the literature data has shown that plants of the test arrays suburban’regions contain metal ions of these
metals exceeding MPC in vegetables several times [7]. Especially 1tds necessary to allocate the high amount
of zinc, lead and manganese in vegetables from Temirtawregionpand zinc and copper in the Balkhash re-
gion.The fourth group of experimental animals has the“least wide variation in the mass of organs. The vege-
table feed of this group contained a large amount ©f copper and zinc and small concentrations of lead. Pre-
sumably, their joint presence causes an increasesmgthetoxi€ effect on the target organs.

Conelusion

Thus, it was found that the incre@sejin body weight and liver mass in animals consuming vegetable
products with a high copper contentfiwhich“apparently affects the intensification of adipogenesis processes,
which in turn leads to an increasgyin body, weight and liver mass. The effect of this metal is cumulative and is
strengthened with the duration,of futrition by vegetables containing a large amount of copper. The mecha-
nism of amplification of adipogenesis 'processes can be caused by activation of peroxidation in hepatocytes,
which is accompanied byinhibition of the enzyme oxidation of cholesterol to bile acids of 7-b-cholesterol
hydroxylase. That in tArn may; [ead to lower fracture rate of cholesterol to bile acids [8].

The presencegin ‘Wegetable forages of copper and zinc and absence of lead, leads to decrease in bio-
metric parameters ofkidneys and a spleen.
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Kaparanabl 00J1bICbIHBIH 6HEPKICINTIK aHMaKTapbIHAA ocCipiJireH eciMaik

oHIM/IepiMeH y3aKMep3iMIi KOPeKTEeHIeH ereyKyipbIKTapabIH
MOpPGOMeTPUSJIBIK IMHAMHMKA KOPCETKIITEPIHIH epeKuIeaikTepi

Makana JIeHe calMarbl KOHE IIIKI aF3aHbIH Maccachl CHSKTBI HETi3Ti OHOMETPHUSUIBIK KOpCETKIHITepAiH
e3repyiHe Keibip ayblp MeTangap/blH JKHHAKTAIYbIHBIH dCep eTyiHe apHanraH. J[CHEHiH MacCallbIKpKoHEe
MHJIEKC KOPCETKIIITEPiHiH 6Cy JAMHAMHKAChIHA dCEp eTEeTiH OMOXMUMUSIBIK IPOLECTEPre MBIC LY3AAPHIHbIH
BIKIAJIB Typallbl KbICKalla oneOu Taimay sKyprizinai. ABropmap KazakcTaHHBIH opTypii (6HEPKSEINTIR
aliMaKTapbIHAAFbl Cashkal MAacCHBTEPIHJE OCIPUIreH ©CIMAIKTepAiH NEHEHIH >OHe iIIKI\OpraHIapIblH
MOPGOMETPHSUIBIK KOPCETKIIITepiHe dcepi Typasibl 3epTTeyAiH HoTikenaepi kentipinreHidKanmbyaifFanna,
JKaHyapJIap/blH JKOHE ILIKI ar3ajapblHbIH IaMybIH CHIATTAHTBIH OpTalla CTAFHCTUKAIBIK KOPCEDKiITep
AHBIKTAIFaH. AJIBIHFAH HOTIDKEJED OSKCIEPUMEHTAN/BIK JKaHyapiap/blH [EHe CaJMAFbIHBIH e3TepyiH
JKaHyapIap ar3achlHa MeTalJapibIH TYCy Y3aKTHIFbIHA XoHe Kekemicrepgeri Re’', Cu*\Z#® memmepine
GaiiimaHbICTBl eKeHiH KepcerTi. JKaHyapiapablH Oayblpbl MEH JicHE CajMaBbIHBIEHJRKOEAPHUIAYbl KOKOHIC
OHIM/IEepiH/IeTT MBIC KYpaMbIHBIH JKOFapbl OOJybIMEH OaiiaHBICTBI eKeHIri adbikranabl. COHbIMEH KaTap
3epTTey HOTHXKeNepi ilIKi opraHaapbl MacCachlHbIH ©3repyi KesiHfie ayblp MeTalmap/AblH ocepiHe OJapblH
CENIEKTHBTI PEaKIMsACHIH KOPCETTI.

Kinm ce30ep: ayvlp MeTangap, KOKOHIiCTep, OHAIPICTIK aiMakTapyMbIe, MOpHOMETpHs, ACHEHIH CalMarbl,
GaysIp.

A.E. Konka0aesa, J[.1Q#€upmasn, P.A. Konocos

OcoGenHocTH TMHAMUKH MOP(OMeTpHIEeCKIX MoKa3aTesieil y KpbIC,
JAJTUTETbHO YIOTPEOIABIINX PACTHTEALHYI0 POAYKINI, BbIPAIIEHHY 0
B NPOMBINLIeHHbIX’PeEnoHax Kaparanaunckoii o61actu

CraThsl OCBAIIEHA BIMSHUIO HAKOIICHHUS HEKOTOPBIX TSKENBIX METAJIOB HAa M3MEHEHHE OCHOBHBIX OHO-
METPUUECKUX TOKa3aTeneil y KpbIC, FaKMX KaK Macca Tella U Macca BHYTPEHHHMX OpraHoB. Bwul mposeneH
KpaTKUH JINTepaTypHBIA aHa|B, 110 BIMSHHUIO MeH, e€ coyeil Ha OMOXMMHYECKHe IPOLECCH], KOTOPBIC BIIHS-
10T Ha IMHAMUKY YBEIHFCHHS MACCOBBIX M MHAEKCOBBIX MOKa3aTelsel Tena. B craTbe mpencraBieHs! pe3ynb-
TATHI UCCIICIOBAHMS Q) BAMSTHUIO PaCTUTEILHON MPOIYKIMH, BHIPAIICHHOH B JaYHBIX MAaCCHBAaX Pa3IMYHBIX
TIPOMBIIIIEHHBIXgpepOHOB Kasaxcrana, Ha MopdomMerpudeckue MoKka3aTely Tejla ¥ BHYTPEHHUX OPraHOB.
Beimu onpenen€Hel CPEAHECTATUCTUUECKHE TOKa3aTeIH, XapaKTepH3yrolue olliee pa3BUTHE BHYTPEHHHUX
OpraHoOB U JKUBOTHOTO B liesioM. [lomyueHHbIe pe3yabTaThl MOKA3alld, 4YTO MAacca Tela y SKCIIepUMEHTAIbHBIX
JKMBOTHBIX M3MEHsNIAch B 3aBUCHMOCTH OT AJTMTEIBHOCTU MOCTYIUIEHHUS METAJIOB B OPTaHM3M XXHMBOTHBIX U
conepianmsa Fel, Cu', Zn*" B oBomax. YCTaHOBIEHO, YTO YBEIHUCHHE MACCHI TENA M MACCHI IICUCHH Y KH-
BOTHBIX CBS[3aHO C OOJIBIIMM COJIEpKaHUEM MEIH B OBOIIHOM NPOXYKIHH. Pe3ylIbTaThl HCCIENOBAHUS TaKkXkKe
Hoka3aji H3PMpaTeIbHYI0 PEaKIIMI0 BHYTPEHHUX OPTAaHOB HA BO3JEHCTBHE TSDKENBIX METAJLUIOB IIPH U3MEHe-
HUHTX MacChl.

Knrotéevie cnosa: TaXKeNbIe METaJlJIbl, OBOIIH, IIPOMBINUICHHBIC PETUOHBI, ME€b, MOpq;)OMeTpI/ISI, Macca Teia,
IICYCHb.
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