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Influence of the infusion of beetroot seeds (Beta vulgaris)
on the indices of protein and carbohydrate exchange in animals
in the sub-chronic and chronic experiment after exposure to copper acetate

In article is presented the results of studies of protein and carbohydrate metabolism in experimental animals
under the influence of copper acetate in the tolerable daily intake (TDI) doses. Positive effects of correction
with the infusion of Beta vulgaris seeds were studied. It is shown that the consumption of copper acetate by
the animals at the level of TDI has a negative effect on the basic biochemical parameters of protein and car-
bohydrate metabolism. As a result of the study, it was found that the main indicators of blood biochemistry
are directly depended on the duration of the effect of copper on the body of experimental animals. Receiving
a solution from the infusion of Beta vulgaris’s seeds as a correction in the presence of copper acetate caused a
positive effect, which is manifested by a decrease in the synthesis of metabolic wastes (urea and creatinine).
Copper acetate after correcting of infusion of seeds activated the processes of protein synthesis and glycoly-
sis. Apparently, the intake of copper acetate, causing toxic effects, is simultaneously a stress factor that
caused a significant release of glucose into the blood, which is the manifestation of the acute phase of the
stress response in the first group. A prolonged exposure to copper acetate led to depletion of energy reserves
and a decrease in the deposition of glucose in the liver, which is manifested by a significant decrease in plas-
ma glucose levels in experimental animals after 4 months of the experiment.
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Introduction

Due to the wide use of metals in the production of various products for agriculture, industry, medicine
and everyday life, their compounds can penetrate the ecological environment and the human body through
food chains [1-3].

In various fields of technology, allows are widely used with the use of heavy metals, including those
that are part of copper-oxide galvanic cells and batteries [4, 5]. The result of widespread use of copper is its
accumulation in various systems of the biosphere, the inclusion of copper and its compounds in the trophic
connections of organisms and, as a consequence, the accumulation of copper in the organisms of animals and
humans. In turn, this leads to a disruption of biochemical processes, which result in pathological abnormali-
ties in the body [6-8].

The intake and impact of metal on the body and its bioavailability depend not only on its chemical
properties, interactions with other metals, but also on its form [9-11]. Studies by X. Wu, Z. Liu, et al. indi-
cated that a moderately high zinc in the diet (Zn:Cu — 40:1) significantly reduces the digestibility of Cu. In
addition, a moderately high Cu content in the diet increases the Cu delay, without decreasing Zn absorption,
and the moderately high Zn in the diet lowers the copper concentration in the plasma and the carbon dioxide
release activity [12].

After entering the blood, copper is mainly distributed between the erythrocytes and plasma. In erythro-
cytes 60 % of copper is in the form of copper-zinc- metallic enzyme superoxide dismutase, the remaining
40 % are weakly bound to other proteins and amino acids [13]. This, in turn, can lead to a change in the bal-
ance in many biochemical processes in the body.

In the studies of O.V. Roshchina it is shown that the accumulation of copper causes inhibition of ami-
notransferase activity, which indicated changes in the regulation of protein metabolism towards an increase
in the content of free amino acids, including aspartic, which serves as a substrate for gluconeogenesis [14].

E.P. Medyantseva noted that with the activity of lead and cadmium ions, the activity of alkaline phos-
phatase involved in the transport of phosphorus through the cell membrane is reduced and which was an in-
dicator of phosphorus-calcium metabolism [15].

26 BecTHuk KaparaHguHckoro yHuBepcuTeTa



Influence of the infusion of beetroot seeds ...

Pandey et al. found a decrease in GST activity and the level of reduced glutathione in the tissues of the
spotted snakehead (Channa punctata) in the experiment on the exposure to a mixture of metals
CuCl, (50 pg/1), CdCl,, FeCl, and NiCl, [16].

The active effect of heavy metals, including copper on the biochemical indicators of blood and on the
body as a whole, requires the development and study of corrective measures.

Recently, many scientific studies have appeared in which the authors use nanoparticles as correctors
[17, 18]. So, in the studies of A. Slobodskov it is shown that copper nanoparticles reduce the level of biliru-
bin in the blood and increase the level of aspartate aminotransferase and alkaline phosphatase [17].

The second direction in development of tools for correcting the intake of copper in the body can serve
the infusions of plant objects that have high resistance to these metals. In particular, M.R. Khanturin,
R.R. Beisenova found that in acute intoxication with salts of zinc and copper, the extract of Sanguisorba
officinalis normalized the parameters of peripheral blood [19].

One of the drugs that can be used to reduce the toxic effects of metals on the body was the infusion of
Beta vulgaris's seeds. However, in the literature, we did not find any references to the use of extracts of this
plant as a corrector when heavy metals enter the body.

Purpose of the study.

The purpose of this study was to study the effect of the infusion of Beet vulgaris's seeds on the bio-
chemical indices of rat blood after exposure to copper acetate at the maximum permissible concentrations.

Materials and methods

The studies were conducted in the laboratory of ecological and genetic studies of Biological and Geo-
graphical Faculty of academician Ye.A. Buketov Karaganda State University. During the research, the ethi-
cal 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 10x30%20 g.

1 group — experimental group — a solution of copper acetate was added to the diet of the group for
1 month (n = 10). The second group, an experimental group, added a solution of copper acetate to the diet of
rats for 4 months (n = 10). 3 group — experimental group — a solution of copper acetate was added to ration
of rats for 4 months with correction by infusion of Beta vulgaris's seeds (n = 10). Fourth, control group,
(n = 10) with standard feeding ration.

As a source of copper, a solution of copper acetate was used, which was prepared taking into account
the volume of animal feed, water consumed and the total weight of the animals. The average consumed con-
centration of copper by the experimental animals was 0.01 g/kg, which is the maximum allowable concentra-
tion of consumption [20, 21]. A 60 % solution of acetate was added to the water, and 40 % to the feed, thus,
complex penetration of copper into the body of the experimental animals was achieved 4. The duration of the
experiment was four months. Weighing of animals was carried out once a month. At the end of the experi-
ment, the control weighing was conducted, followed by decapitation and blood sampling for biochemical
analysis. To determine biochemical parameters of blood, an automatic biochemical analyzer Sysmex KX-21
manufactured by RocheDiagnostics (Switzerland) was used.

The statistical processing of the results was carried out using the Microsoft Excel 2007 application
package. Differences in the dynamics of biochemical parameters were calculated by comparing the mean
values using the N.A. Plokhinsky table.

Results and discussion

As a result of the study of biochemical parameters of blood, dynamic changes were established. The
level of protein in the blood of rats of the first group was 73.6 = 7.17 g/I, while in the second group the pro-
tein level tended to increase and amounted to 74.6 + 4.54 g/I, which was higher in comparison with the con-
trol and the first group, although the differences were not significant (Fig. 1).
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Figure 1. Dynamics of indicators of the level of total protein (g/1)

Comparison of the level of total protein between the second and fourth group in the fourth month of the
experiment showed that in the fourth group this indicator was 73.0 + 5.44 g/1, which is higher than the level
of the total protein of the second group by 2.2 %

The application of beetroot's seed infusion led to an increase in the total protein index. Thus, the level
of total protein in the third group was 76.8 + 4.04 g/l, which was 5.2 % higher than in the control and 2.9 %
higher than in the second group. The calculation of the significance of the differences between the second,
third and fourth groups showed absent of no significant deviations.

A comparative analysis of urea levels in the blood revealed that in the fourth month of the experiment
(group 2) the urea level decreased by 12 % (5.7 + 0.4 mmol/l) compared to the first month of the experiment
(6.5 £ 0, 82 mmol/l) (1 group) (Fig. 2). When comparing the urea level of the first and second groups with
the control group (6.92 + 0.45 mmol/l) (group 4), it can be noted that in the second group the urea level was
lower by 17.6 % and had a significant difference from of the control values (p < 0.01).
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Figure 2. Dynamics of urea values in experimental animals (mmol/I)
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A comparison of urea levels in the second and third groups showed that the level of urea in the second
group is 3.2 % higher than that in the third group (5.5 + 1.15 mmol/l). The difference in urea levels between
the third and fourth group was 20.2 %. Calculation of the significance of differences in urea levels between
the third and second, and also the third and fourth groups of experimental animals, did not reveal significant
differences.

It should be noted that the use of the infusion of Beta vulgaris's seeds not only affects the significant
decrease in urea levels in the blood of animals, but also causes a more individual reaction of the body to the
complex effect of copper acetate and seed infusion, as evidenced by the protein and urea values.

Thus, the use of the infusion of Beta vulgaris seeds after exposure to the copper acetate leads to a sig-
nificant increase in the level of total protein in the blood and a decrease in the level of urea. Reduction of the
level of urea in the blood of experimental rats may be a result of a decrease in the amount of ammonia re-
leased due to a decrease in the activity of processes of protein and amino acids destruction in the liver [22].
In addition, a decrease in urea levels may be due to a disruption in the formation of urea in the liver as a re-
sult of copper exposure and an increase in the activity level of reduced glutathione [16].

Analysis of the dynamics of blood creatinine levels in rats showed that in the first group the creatinine
value was 46.1 +2.62 mmol/l, and in the second group — 52.6+ 3.57 mmol/l. Thus, the amount of
creatinine in the blood of the experimental rats of the second group increased (p < 0.05) compared to the first

group (Fig. 3).
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Figure 3. Dynamics of creatinine values in experimental animals

Reduced level of creatinine in the first group of rats may be due to a disruption of the skeletal and car-
diac muscles work, since copper, being a natural zinc antagonist, when used in high amounts, can inhibit
muscle contraction processes in which zinc plays an important role [23, 24].

In the fourth group of experimental animals, the level of creatinine in the blood was 82.0 + 5.22 mmol/I.
Calculation of the relative difference in the absolute values of the creatinine level in the blood showed that
the creatinine value in the fourth group is higher by 35.8 % than in the second group of animals (p < 0.001).

A comparative analysis of the level of creatinine between the third and second groups showed
that in the third group the introduction of beetroot seed infusion increased the creatinine level to
72.4 + 6.95 mmol/l, which is 37.6 % more than in the second group (p < 0.01).

A comparison of the absolute values of the level of creatinine between the third and fourth groups re-
vealed that the relative difference in the level of these indicators was 11.7 %.

Evaluation of the blood glucose level of the experimental rats revealed that the glucose level in the se-
cond group tended to decrease. In the first group, the blood glucose level was 5.64 = 0.34 mmol/l. In the se-
cond group, the glucose level in the blood decreased by 9.2 % and amounted to 5.12 + 0.57 mmol/l (Fig. 4).
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Figure 4. Dynamics of glucose values in experimental animals
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In the animals of the control group, the blood glucose level for the fourth month of the experiment was
5.3 + 0.49 mmol/l. Analysis of glucose levels revealed that in the second group, the glucose level was 3.4 %
lower than in the fourth group. The glucose level in the third group was 7.9 % lower than in the fourth group.

Conclusion

Thus, as a result of the studies, it was found that biochemical blood values are directly dependent on
the duration of exposure to copper of the body of experimental animals. Consumption of copper at a con-
centration of 0.01 g/kg of weight (TDI) significantly affects the indices of urea and creatinine towards
their decrease, which indicates a change in metabolic processes, accompanied by disorders of protein me-
tabolism. Apparently, the use of copper acetate, which has a toxic effect, is simultaneously a stress factor
that caused a significant release of glucose into the blood, which is the manifestation of the acute phase of
the stress response in the first group. A prolonged exposure to copper acetate leads to depletion of energy
reserves and a decrease in the deposition of glucose in the liver, which is manifested by a significant de-
crease in plasma glucose levels in experimental animals after 4 months of the experiment. The main mech-
anism of replenishment of energy resources is the use of protein stored in the body, which in our case is
accompanied by a decrease in protein metabolites in the blood. The solution from the infusion of Béta
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vulgaris's seeds as a correction, reduced the toxic effect of copper acetate and improves the processes of
protein synthesis and glycolysis.
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Mbic aneTaTbIHBIH dCepi Ke3inae KAiMri KbI3bLUIAa TYKbIMBI (Beta vulgaris)
TYHOACBIHBIH JKeJleJI )KIHe CO3bLIMAJIbI TIKipuOeaeri ;kanyapJapablH aKybI3
JK9He KOMIpCy aJiMacybIHbIH KOpceTKilTepiHe dcepi

Makasiazia MBIC alleTaThIHBIH IIEKTI pYKCaT eTIIreH MeJIIep/e acep eTyi Ke3inzae Takipubernik jxaHyapiaapaa
aKybI3 JKOHE KeMipcyjap alMacyblH 3epTTey HoTikenepi OepinreH. Béta vulgdris TYKpIM TyHOAlapbiH
TY3eTyaiH OH acepi 3eprrenai. JKaHyapiaapaslH LIEKTI pyKcaT €TUIreH MeJIIep IeHIeiliHIe MbIC aleTaThlH
TYTHIHY aKybI3 JKOHE KOMIpCynap alMacybIHBIH HETi3Tri OHOXMMHUSIIBIK KOPCETKIIITepiHe Tepic acep eTeTiHi
kepceriren. JXKyprizinren 3eprreynep HOTWKECIHAE KaH OMOXMMUSCHIHBIH HETi3r1 KOPCETKIIITepl MBICTHIH
Toxipuberneri kKaHyapllap/blH ar3achblHAa oCep €Ty Y3aKTHIFbIHA TiKelel Toyelli eKeHi aHBIKTAIIbl. Béta
vulgdris TYKBIMBIHBIH TYHOAQCHIHBIH CpITIHAICIHE MBICTBIH aleTaThlH EHTi3y asChIHAA TY3eTy peTiHne
KaObLIIay OH acep TyFbI3a[bl, OyJl aKybl3 MeTaboin3MiHiH (HECemHap )KOHE KPEaTHHHH) COHFBI OHIMIepi
CHHTE3IHIH TOMEHIeyiMeH KopiHeni. MbIC alleTaThlHbIH TYKbIM TYHOAIapblH TY3eTy asChlHIA dcepi aKybl3
OeH IIIMKOJIM3 CHHTE3iHIH yaepicTepin Oescenaipesai. YBITTH acep €TETiH MBICTBIH alleTaThiH KaObuiaay Oip
Me3rijijie KaHFa TIII0KO3aHbIH eJeyili IBIFapbLUIYbIH TYIbIPFaH cTpecc-haktop 6osbin TadbuIaabl, Oy GipiHii
TOITAFbl CTPECC-PEAKIMIHBIH Keaen (a3achlHBIH KepiHici 0obIT Tabbutanbel. MBIC alleTaTHIHBIH Y3aK acep
€Tyl DHEpPreTHKAIBIK KOpJapIblH CapKbUIyblHA JKOHE OaybIpfarbl TJIIOKO3aHBIH JIETIOHUPIICHYIHIH
TeMeHAeyiHe oKeleni, Oy TaxXipuOeHiH 4 alfblHaH KeiiH ToXipHOeIiK XKaHyapJIapAblH KaH IIa3MaChIH/IaFbI
TII0KO3a JICHIeHiHIH e0yip TOMEHACYIMEH CUIIATTaI/IbL.

Kinm ce30ep: MbIC amneraTsl, ayblp MeTangap, KpeaTHHHWH, HECEMHOIp, TNIOK03a, Béta vulgdris, TYKbIM
TyHOACHIL.

A E. Konkabaesa, JI.1O. Cupman, I'.M. Treikexanosa, T.H. bapanosa, P.A. Konocos

Biausinue HacTOs1 ceMsiH CBeKJbl 00bIKHOBeHHOM (Beta vulgaris)
HA NMOKa3aTeJd 0eJIKOBOIr0 M YIJIeBOAHOI0 00MeHa Y JKHBOTHBIX
B MOIOCTPOM U XPOHHY€CKOM IKCIIePUMEHTE NPH BO3ECTBUM alleTaTA MeAH

B crarhe mpeacTaBieHbl pe3yNbTaThl UCCICIOBAaHUN OCIKOBOTO M YTIICBOAHOTO OOMEHA Y KCIIEPHMEHTAb-
HBIX JKUBOTHBIX IPH BO3JCHCTBHM alleTaTa MEAW B NMPEACIbHO JOMYyCTUMBIX ao3ax mnotpedsenus (ITIT).
W3y4eHbl MOMOKUTENbHBIE 3D (HEKTH KOPPEKIIMK HACTOEM CeMsH Béta vulgdris. TlokasaHo, 4To mOTpebIcHHE
JKUBOTHBIMH anierata Meau Ha yposHe [1J[IT oka3piBaeT oTpuiaresbHOe BO3ACHCTBUE HA OCHOBHBIC OHOXH-
MHYECKHE MOoKa3aTesu OEIKOBOro M YriIeBoAHOro oOMeHa. B pe3ynbrare mpoBeJeHHBIX HCCIeI0BaHUN ObLIO
00HapYKEHO, YTO OCHOBHBIC IMOKA3aTeIM OMOXUMHUH KPOBU HMEIOT MPSIMYI0 3aBUCHMOCTH OT JUTUTEIBHOCTH
BO3JICHCTBHUS MEM HA OPTaHU3M IIOJIOTBITHBIX )KHBOTHEIX. [IpreM pacTBopa U3 HacTOst ceMsiH Béta vulgaris B
KayecTBE KOPPEKIIMU Ha ()OHE BBEICHUS alleTaTa MEIU BBI3BIBACT MOJIOKHUTEIBHBIN PPEKT, 4TO MPOSIBIAETCS
CHIDKCHHEM CHHTE3a KOHEYHBIX MPOJIYKTOB MeTabonmm3Ma OelIKoB (MOUEBHHBI U KpeaTHHHHA). BosneiicTBie
arieraTa Meau Ha (OoHEe KOPPEKLUH HACTOEM CEMSH aKTUBH3HPYET MPOLECChl CUHTE3a OEJIKOB U IJIMKOJIU3a.
[To-BunuMoMy, IpueM arieTaTa MEIH, BbI3bIBasi TOKCHUECKOE BO3/ACHCTBHUE, SIBISETCS OJHOBPEMEHHO CTpecC-
(haxTopoM, KOTOPBI BBI3BAJI 3HAUUTEIIBHBIA BBIOPOC TIFOKO3BI B KPOBb, UTO SIBJSIETCS MPOSIBICHHEM OCTPOi
(a3l cTpecc-peakuuy B mepBoi rpymme. JIuTenbHoe jKe BO3ISHCTBUE aleTaTta MM IPUBOJUT K UCTOLIe-
HHUIO SHEPreTHUYECKUX 3alacoB U CHIDKEHUIO JCTIOHMPOBAHMS TJIIOKO3bl B IIEYEHH, YTO IPOSBISETCS 3HAUU-
TEJIbHBIM CHIDKEHHUEM YPOBHS IUIIOKO3BI B IUIa3M€ KPOBU JKCIEPUMEHTAJIBHBIX KHUBOTHBIX yepe3 4 mecsua
9KCIIEPUMEHTA.

Kniouesvie cnosa: aneratr Meau, TsHKEIbIE METAIUIbI, KPEaTHHUH, MOYEBUHA, TIIIOK03a, Béta vulgdris, HacToi
CEMSIH.
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