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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). 
Сopper 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]. 
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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  
CuCl2 (50 μg/l), CdCl2, FeCl2 and NiCl2 [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 Sanguisórba 
officinális 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 10×30×20 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/l, while in the second group the pro-
tein level tended to increase and amounted to 74.6 ± 4.54 g/l, 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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vulgáris'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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А.Е. Конкабаева, Д.Ю. Сирман, Г.М. Тыкежанова, Т.Н. Баранова, Р.А. Колосов 

Мыс ацетатының əсері кезінде кəдімгі қызылша тұқымы (Beta vulgaris) 
тұнбасының жедел жəне созылмалы тəжірибедегі жануарлардың ақуыз  

жəне көмірсу алмасуының көрсеткіштеріне əсері 

Мақалада мыс ацетатының шекті рұқсат етілген мөлшерде əсер етуі кезінде тəжірибелік жануарларда 
ақуыз жəне көмірсулар алмасуын зерттеу нəтижелері берілген. Béta vulgáris тұқым тұнбаларын 
түзетудің оң əсері зерттелді. Жануарлардың шекті рұқсат етілген мөлшер деңгейінде мыс ацетатын 
тұтыну ақуыз жəне көмірсулар алмасуының негізгі биохимиялық көрсеткіштеріне теріс əсер ететіні 
көрсетілген. Жүргізілген зерттеулер нəтижесінде қан биохимиясының негізгі көрсеткіштері мыстың 
тəжірибедегі жануарлардың ағзасына əсер ету ұзақтығына тікелей тəуелді екені анықталды. Béta 
vulgáris тұқымының тұнбасының ерітіндісіне мыстың ацетатын енгізу аясында түзету ретінде 
қабылдау оң əсер туғызады, бұл ақуыз метаболизмінің (несепнəр жəне креатинин) соңғы өнімдері 
синтезінің төмендеуімен көрінеді. Мыс ацетатының тұқым тұнбаларын түзету аясында əсері ақуыз 
бен гликолиз синтезінің үдерістерін белсендіреді. Уытты əсер ететін мыстың ацетатын қабылдау бір 
мезгілде қанға глюкозаның елеулі шығарылуын тудырған стресс-фактор болып табылады, бұл бірінші 
топтағы стресс-реакцияның жедел фазасының көрінісі болып табылады. Мыс ацетатының ұзақ əсер 
етуі энергетикалық қорлардың сарқылуына жəне бауырдағы глюкозаның депонирленуінің 
төмендеуіне əкеледі, бұл тəжірибенің 4 айынан кейін тəжірибелік жануарлардың қан плазмасындағы 
глюкоза деңгейінің едəуір төмендеуімен сипатталды. 

Кілт сөздер: мыс ацетаты, ауыр металдар, креатинин, несепнəр, глюкоза, Béta vulgáris, тұқым 
тұнбасы. 
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Влияние настоя семян свеклы обыкновенной (Beta vulgaris)  
на показатели белкового и углеводного обмена у животных  

в подостром и хроническом эксперименте при воздействии ацетата меди 

В статье представлены результаты исследований белкового и углеводного обмена у эксперименталь-
ных животных при воздействии ацетата меди в предельно допустимых дозах потребления (ПДП). 
Изучены положительные эффекты коррекции настоем семян Béta vulgáris. Показано, что потребление 
животными ацетата меди на уровне ПДП оказывает отрицательное воздействие на основные биохи-
мические показатели белкового и углеводного обмена. В результате проведенных исследований было 
обнаружено, что основные показатели биохимии крови имеют прямую зависимость от длительности 
воздействия меди на организм подопытных животных. Прием раствора из настоя семян Béta vulgáris в 
качестве коррекции на фоне введения ацетата меди вызывает положительный эффект, что проявляется 
снижением синтеза конечных продуктов метаболизма белков (мочевины и креатинина). Воздействие 
ацетата меди на фоне коррекции настоем семян активизирует процессы синтеза белков и гликолиза. 
По-видимому, прием ацетата меди, вызывая токсическое воздействие, является одновременно стресс-
фактором, который вызвал значительный выброс глюкозы в кровь, что является проявлением острой 
фазы стресс-реакции в первой группе. Длительное же воздействие ацетата меди приводит к истоще-
нию энергетических запасов и снижению депонирования глюкозы в печени, что проявляется значи-
тельным снижением уровня глюкозы в плазме крови экспериментальных животных через 4 месяца 
эксперимента. 

Ключевые слова: ацетат меди, тяжелые металлы, креатинин, мочевина, глюкоза, Béta vulgáris, настой 
семян. 
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