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Aim. To study the changes in the condition of speci¿c functional systems in the organisms of rats in the period of feeding
them with different doses of germanium “nanoaquacitrate”. Methods. The automatic veterinary hematological analyzer
Orphee Mythic 18 Vet was used to determine hematological indices. The colorimetric methods were used to study the
reactivity of the organism as regards the content of average weight molecules, glycoproteins, monosaccharides of their
carbohydrate components in blood serum and as regards its phagocytic activity; hydroperoxides of lipids and TBAactive metabolites were determined. The physiological methods of estimating 10-day dynamics of changes in the body
weight of living rats and the weight of the heart, liver, kidneys, pancreas, spleen after slaughter with the determination
of their masometric coef¿cients were used. Results. Intergroup differences in hematological indices were revealed on
the background of the increase in the number of erythrocytes, hemoglobin, platelets and erythrocyte volume fraction
(EVF) along with the decrease in the number of leukocytes and their separate forms in the blood of rats of experimental
groups, which was reliably expressed in experimental group III (2.5 mg GeNAC per 1 kg of b.w.). A similar tendency
was found for the content of sialic acids and protein-bound hexoses in the blood of animals of group III, TBA-active
metabolites – in group II (2.5 g GeNAC/kg of b.w.), and average weight molecules – groups II and III. The response of
the organisms of rats depending on the intensity of their growth con¿rms more expressed biological impact of Ge in the
dose of 2.5 mg/kg b.w. (with the preservation of a higher level of body weight indices) by 4.4–6.9 % and the weight of
internal organs – by 5.2–7.5 % during the experiment period. Conclusions. The physiological response of the immune,
antioxidant and homeostasis functional systems of the organism of rats, their growth and development as regards the
body weight and internal organs on feeding with low and high doses of Ge citrate stipulate unlike-directed changes in hematological and physiologically biochemical indices and is characterized by the following: 1) higher (ɪ  0.05) level of
erythrocytes, EVF, leukocytes in the blood of animals of group III, its phagocytic activity and the content of ceruloplasmin – in group II; 2) lower level of indices of the organism reactivity – the content of average weight molecules in the
blood of animals of groups II and III (ɪ  0.05), sialic acids, protein-bound hexoses as well as the intensity of peroxide
oxidation of lipids by the content of TBA-active metabolites and lipid hydroperoxides in group II; 3) higher intensity of
growth and development of the organisms of animals of group II by 3.2–4.0 % during the ¿rst 20 days, and group III –
by 2.0–6.9 % during 40 days of feeding with Ge citrate as well as the weight of studied internal organs by 1.0–2.5 and
2.3–7.5 % in groups II and III respectively.
Keywords: germanium “nanoaquacitrate”, glycoproteins, hematological indices, peroxidation of lipids, rats,
growth and development.
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INTRODUCTION
It is known that microelement Ge stipulates a number of physiological effects, the most studied ones
among which are the immunomodulatory effect with
the activation of Ȗ-interferon production, transporting

and transfer of Ɉ2 with the reduced hypoxia on the tissue level; it decreases the harmful effect of hydrogen
ions on cells, activating its interaction with Ɉ2, and inhibits the growth of tumors and metastasis [1í3]. As
for the daily requirement of Ge, different amounts are
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recommended – from 0.4–1 mg [3] and 8–10 mg [4]
to 100–300 mg [5], whereas the daily input with food
is 0.4–1.5 mg [3]. It was proven that the most physiologically active substances are Ge compounds, containing sesquioxides. Organic compounds of Ge are
remarkable for the most expressed ability of transporting Ɉ2 to the tissues and ensuring its interaction with
ɇ+, which stimulates the elaboration of medical and
preventive preparations, based on organic compounds
of Ge. The ¿rst medical preparation of this kind, Germanium 132, was created in Japan. In 2000 a dietary
supplement Germavit was registered; in addition to Ge
it contains vitamins, antioxidants and microelements.
The preparation Eniogerm was synthesized using the
combination with the citric acid. Oral supplementation
of organic compounds of Ge determines the increase in
its content in the tissues of the stomach, small intestine,
bone marrow, spleen and blood. It is proven that a high
content of Ge in the stomach and intestines may testify
to the prolongation of the process of its absorption in
blood [5]. The data of other authors [2, 3] demonstrate
a high level of Ge absorption in the organism (about 95
%) and its relatively even distribution in the organs and
tissues, in particular, both extracellular and intracellular structures.
As a microelement in the dose of up to 100 mg, Ge
is not toxic and 90 % of it are removed from the organism with urine. However, non-organic compounds, in
particular Ge oxides, obtained in the process of chemical synthesis, may have toxic impact on the organisms of humans and animals [5, 6]. Therefore, there
is a search for new water-soluble organic compounds
of Ge using edible acids (oxalic, citric, malic, tartaric acids) to obtain their complex salts–germanates.
At present the most promising method of obtaining
“organic” Ge is an ef¿cient method, developed by
Kosinov and Kaplunenko in Ukraine [7] using nanotechnologies, which ensures obtaining aqueous solutions of Ge carboxylates of ultra-high chemical purity.
However, the study of the biological effect of these
compounds is just beginning [2, 8].
The aim of the study was to investigate the changes
in the condition of speci¿c functional systems in the
organisms of rats in the period of feeding them with
different doses of germanium “nanoaquacitrate”.

months, divided into three groups of 5 animals each
by the principle of analogues. Group I is control, it received balanced standard ration (SR) with granulated
mixed feed and unrestricted water supply during the
whole period of studies; group II – experimental group,
in addition to SR and drinking water it consumed germanium “nanoaquacitrate” (GeNAC), obtained using
nanotechnologies [7], in the amount of 2.5 g GeNAC
per 1 kg of b.w. (0.45–0.55 g Ge per one animal per 1
day); group III – SR + 2.5 mg GeNAC/kg of b.w. (450–
550 g Ge per one animal per 1 day). Feeding male rats
of experimental groups II and III with GeNAC solution
was carried out for 40 days with daily group control of
the amount of consumed water and the calculation of
Ge, received with it. After the experiment the animals
were decapitated under light chloroform anesthesia for
the withdrawal of blood and internal organs and conducting physiological and biochemical studies. The
manipulations were performed with no violations of
the norms of humane treatment of laboratory animals,
in compliance with common bioethical norms and the
law “On Protection of Animals from Cruelty”, dated
February 21, 2006, and in accordance to international
provisions on conducting experimental work in compliance to the European Convention for the Protection
of Vertebrate Animals [9].
During the preliminary (10 days) and experimental
(40 days) periods the indices of body weight, behavior
and consumption of feed were controlled. The blood
samples were studied as regards the amount of hemoglobin, erythrocytes, leukocytes, lymphocytes, monocytes, granulocytes, platelets, EVF, glycoproteins –
ceruloplasmin and their monosaccharides – sialic acids, protein-bound hexoses, average weight molecules
(AWM), lipid hydroperoxides (LHP), TBA-active
metabolites, phagocytic activity (PA) and phagocytic
number (PN) [10]. During the slaughter period the masometric indices of internal organs (heart, kidneys, liver, spleen, pancreas) and the coef¿cients of their
weight against the body weight were determined [11].
The digital material obtained was processed by the
method of variation statistics using the Student’s criterion. The arithmetic mean values (M) and the deviations of arithmetic mean values (± m) were calculated.
The changes were deemed probable at P < 0.05. The
estimates were made using MS Excel program.

MATERIALS AND METHODS

RESULTS AND DISCUSSION

The experiment was conducted in the vivarium of
the Institute of Animal Biology NAAS using white
laboratory male rats, 180–200 g b.w., at the age of 4

The analysis of hematological indices expressed reliably the impact of a higher dose of Ge on the number
of blood cells and other clinical indices of blood (Ta-
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Fig. 1. The indices of the oxidation processes (LHP – lipid hydroperoxides) and the content of average weight molecules
(AWM) in the blood of rats: 1 – group ȱ, SR (standard ration); 2 – group ȱȱ, SR + 2.5 g Ge; 3 – group ȱȱȱ, SR + 2.5 mg Ge.
The difference is statistically reliable compared to group I at *ɪ  0.05; **ɪ  0.01; ***ɪ  0.001

ble 1). A higher level of erythrocytes, compared to the
control group (I), was registered in the blood of rats of
group III, which conditioned the increase in EVF (ɪ 
 0.05). Noteworthy is also the increase of the hemoglobin content by 8 % and the number of platelets by
22 % in the blood of animals of this group, but the difference is not reliable. The absence of intergroup differences by hematological indices for animals of group
II may indicate weakly expressed physiological effect
of GeNAC in the amount of 2.5 g Ge/kg of b.w. However, the increase in these indices in blood testi¿es to
certain correcting effect of Ge on the supply of Ɉ2 for
organs and tissues and the hemostasis of the organism
of rats in group II, which is mentioned in other publications [2, 3, 5, 12]. It is con¿rmed by a smaller amount
of leukocytes and their fractions – lymphocytes, monocytes and granulocytes in the blood of rats of both ex-

perimental groups, but reliable differences are determined only in group III. A lower level of lymphocytes,
monocytes and granulocytes in the blood of animals
of experimental groups testi¿es to the normalizing
effect of both applied amounts of germanium on the
functional condition of the immune system. However,
a more expressed effect on the activity of this system is
registered for animals of group III, which is proven by
a reliably lower level of monocytes and granulocytes
in their blood.
The corrective effect of both applied doses of Ge
on the immune system is indicated by higher indices
of phagocytic activity of blood and lower indices of
AWM content in rats of both group II (ɪ  0.05) and
group III (but it is not reliable) (Table 2, Fig. 1). At
the same time the content of glycoprotein components

Table 1. The hematological indices of the organism of rats fed with the solution of germanium citrate of different concentration (Ɇ ± m, n = 4í5)
Group
Index
Erythrocytes, 1012/l
Hemoglobin, g/l
Erythrocyte volume fraction (EVF), l/l
Leukocytes, 109/l
Lymphocytes, 109/l
Monocytes, 109/l
Granulocytes, 109/l
Platelets, 109/l

I–control

II–2.5 g Ge

7.6 ± 0.18
129.4 ± 2.25
0.39 ± 0.007
8.0 ± 0.75
5.4 ± 0.73
0.6 ± 0.09
1.8 ± 0.30
377.4 ± 73.7

7.6 ± 0.08
127.4 ± 2.36
0.39 ± 0.004
6.4 ± 0.36
4.5 ± 0.40
0.5 ± 0.05
1.6 ± 0.30
404.6 ± 89.4

III–2.5 mg Ge
8.5 ± 0.20*
139.8 ± 4.07
0.43 ± 0.011*
5.3 ± 0.50*
3.9 ± 0.39
0.4 ± 0.03*
1.0 ± 0.17*
462.8 ± 52.6

Note. The difference in this and the following Tables is statistically reliable compared to group I at *ɪ  0.05; **ɪ  0.01;
***ɪ  0.001.
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Fig. 2. Age dynamics of the body weight of rats: 1 – group I, SR (standard ration); 2 – group ȱȱ, SR + 2.5 g Ge; 3 – group
ȱȱȱ, SR + 2.5 mg Ge

in the blood of rats of group II increased, and that of
group III decreased compared to the control.
It may indicate uneven effect of low and high doses
of Ge citrate on the biosynthesis and content of speci¿c
immunobiological components in blood, in particular,
glycoprotein components, which is reÀected by different levels of ceruloplasmin, sialic acids and proteinbound hexoses, for animals of groups II and III. The
studies of other authors did not reveal any signi¿cant
effect of GeNAC on the production of seromucoids
in the organism of rats [2]. However, the effect of this
compound on the organism of chickens determines the
decrease in the synthesis of seromucoids, which is related to the decrease in the immunosuppressive load on
the immune system [2]. A similarly directed immunobiological reaction of the organism, aimed at enhancing its resistance with the increase in the level of sialic
acids and ceruloplasmin, but with the decrease of protein-bound hexoses in blood, was achieved in the experiment of feeding rats with citrates of Ge, Cr, and Se
and citrates of Ge and Cr [12]. Obviously, the physiological effect of Ge citrates in the organism of rats on
the concentration of monosaccharides of carbohydrate

components of glycoproteins is decisive. It may have
signi¿cant effect on non-speci¿c resistance of the organism of animals, as it was proven that glycoproteins
participate in the functioning of the immune system
and the formation of antioxidant protection of the organism [2, 12, 13].
The analysis of the physiological reaction of the
oxidant system of the organism of rats as regards the
content of TBA-active metabolites and LHP in blood
indicates a more expressed impact of the low dose
of Ge in group II on the decrease of the intensity of
peroxide oxidation of lipids (POL) compared to that
of the high dose – in group III (Fig. 1). It is remarkable that the microamount of Ge reliably decreases
the content of these metabolites in the blood of rats of
group II, whereas a high dose keeps them on the level
of the control group.
The studies on chickens determined a higher ef¿ciency of the effect of a low dose (5 g/chicken) of GeNAC
on the decrease in POL intensity in blood, compared
to the high dose, – 10 g/chicken [2]. It is evident that
the feeding with 2.5 g Ge/kg of body weight corrects
the reaction of the oxidant/antioxidant system, where-

Table 2. The content of glycoproteins in blood and its phagocytic activity in rats fed with the solution of germanium citrate
of different concentration (Ɇ ± m, n = 5).
Group
Index
I–control
Sialic acids, c.u.
Ceruloplasmin, c.u.
Protein-bound hexoses, g/l
Phagocytic activity, %
Phagocytic number
18

267.8 ± 7.91
365.2 ± 17.19
2.69 ± 0.087
49.00 ± 1.79
4.83 ± 0.27

II–2.5 g Ge

III–2.5 mg Ge

270.4 ± 6.00
439.6 ± 19.14*
2.74 ± 0.094
55.20 ± 1.93*
6.20 ± 0.42*

241.6 ± 7.48*
341.0 ± 13.10
2.32 ± 0.091*
52.60 ± 1.96
6.03 ± 0.57
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Fig. 3. The coef¿cients of the weight of internal organs of rats: 1 – group ȱ, SR; 2 – group II, SR + 2.5 g Ge; 3 – group ȱȱȱ,
SR + 2.5 mg Ge

as a higher dose does not change POL intensity in the
blood of rats of group III, but has positive impact on
the dynamics of their body weight. In particular, the
body weight of animals of group II for 40 days of the
testing period increased only by 27.7 % and amounted
to 273.5 ± 4.85 g, whereas in the control group – by
32.6 % (284.8 ± 3.71 g) (Fig. 2). During the testing
period the body weight of animals from group III
amounted to 290.4 ± 2.78 g, and its surplus amounted
to 34.9 %. Every ten days the body weight of rats from
group III exceeded that of the control group by 6.9; 5.3
and 4.4 % during the ¿rst 30 days of the testing period,
whereas in group II the indices of body weight on the
10th and 20th day were higher – by 4.0 and 3.2 % and
on the 30th and 40th day – decreased down to 96.6 and
96.0 % respectively. In group III the body weight of
rats on the 40th day exceeded the control by 2 %.
The decrease in the growth rate of animals of group
II on the 30th and 40th days of feeding with Ge may
indicate the slowdown of metabolic reactions after the
period of adaptation of functional systems of the organism to the effect of low dose of Ge with the reduction
in the metabolism intensity, thus – in growth and de-

velopment. At the same time a high (2.5 mg/kg of body
weight) dose kept its corrective biological impact for
a longer period which ensures a higher growth of the
organism in group III compared to control animals and
experimental group II, and on the 30th and 40th days,
although it was on a lower level compared to the ¿rst
20 days of the testing period.
Higher growth intensity of animals in groups II and
III conditioned intergroup differences in the weight of
internal organs and coef¿cients of their weight. In particular, the weight of the heart, liver, kidneys, spleen
and pancreas for animals of group III exceeded these
indices for control group rats by 5.5; 5.9; 7.5; 5.2 and
2.0 %, and for group ȱȱ – by 1.8; 1.0; 2.5; 2.0 and 2.1 %
(Table) 3).
However, higher intergroup differences in the
weight of bodies of rats in group III leveled the
differences in these indices between groups III, II
and control group considerably, thus no reliable
differences (against the actual weight of internal
organs) were obtained (Fig. 3).
Thus, the physiological reaction of rats to the effect of
low and high doses of GeNAC determines the changes

Table 3. The weight of internal organs of rats (M ± m, n = 5), g
Group
Organ

Heart
Liver
Kidneys
Spleen
Pancreas gland

I–control

II–2.5 g Ge

% compared
to control

III–2.5 mg Ge

% compared
to control

0.78 ± 0.014
10.75 ± 0.23
1.59 ± 0.03
0.92 ± 0.02
0.70 ± 0.02

0.79 ± 0.027
10.86 ± 0.25
1.63 ± 0.04
0.93 ± 0.008
0.72 ± 0.006

101.8
101.0
102.5
102.0
102.1

0.82 ± 0.016
11.38 ± 0.211
1.71 ± 0.035*
0.96 ± 0.010
0.72 ± 0.02

105.5
105.9
107.5
105.2
102.0
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in the activity of haematopoietic, immune and oxidant
systems, which affects the growth and development
of the organism and internal organs of rats. A more
expressed biological effect of Ge was revealed in the
dose of 2.5 mg/kg of body weight, but the duration
and frequency of administration of GeNAC requires
experimental determination.
CONCLUSIONS
The physiological response of the immune, antioxidant
and homeostasis functional systems of the organism of
rats, their growth and development as regards the body
weight and internal organs on feeding with low and high
doses of Ge citrate stipulate unlike-directed changes in
hematological and physiologically biochemical indices
and is characterized by the following: 1) higher (ɪ 
0.05) level of erythrocytes, EVF, leukocytes in the
blood of animals of group III, its phagocytic activity
and the content of ceruloplasmin – in group II; 2) lower
level of indices of the organism reactivity – the content
of average weight molecules in the blood of animals of
groups II and III (ɪ  0.05), sialic acids, protein-bound
hexoses as well as the intensity of peroxide oxidation
of lipids by the content of TBA-active metabolites and
lipid hydroperoxides in group II; 3) higher intensity of
growth and development of the organisms of animals
of group II by 3.2–4.0 % during the ¿rst 20 days, and
group III – by 2.0–6.9 % during 40 days of feeding
with Ge citrate as well as the weight of studied internal
organs by 1.0–2.5 % and 2.3–7.5 % in groups II and III
respectively.
Ɋɟɚɤɰɿʀ ɮɿɡɿɨɥɨɝɿɱɧɢɯ ɫɢɫɬɟɦ ɨɪɝɚɧɿɡɦɭ
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ȱɧɫɬɢɬɭɬ ɛɿɨɥɨɝɿʀ ɬɜɚɪɢɧ ɇȺȺɇ ɍɤɪɚʀɧɢ
ȼɭɥ. ȼ. ɋɬɭɫɚ, 38, Ʌɶɜɿɜ, ɍɤɪɚʀɧɚ, 79034

ɫɨɜɚɧɨ ɮɿɡɿɨɥɨɝɿɱɧɿ ɦɟɬɨɞɢ ɨɰɿɧɤɢ ɳɨɞɟɤɚɞɧɨʀ ɞɢɧɚɦɿɤɢ ɡɦɿɧ ɦɚɫɢ ɬɿɥɚ ɳɭɪɿɜ, ɚ ɩɿɫɥɹ ɡɚɛɨɸ – ɦɚɫɢ ɫɟɪɰɹ,
ɩɟɱɿɧɤɢ, ɧɢɪɨɤ, ɩɿɞɲɥɭɧɤɨɜɨʀ ɡɚɥɨɡɢ, ɫɟɥɟɡɿɧɤɢ ɡ ɜɢɡɧɚɱɟɧɧɹɦ ʀɯɧɿɯ ɦɚɫɨɦɟɬɪɢɱɧɢɯ ɤɨɟɮɿɰɿɽɧɬɿɜ. Ɋɟɡɭɥɶɬɚɬɢ.
ȼɫɬɚɧɨɜɥɟɧɨ ɦɿɠɝɪɭɩɨɜɿ ɜɿɞɦɿɧɧɨɫɬɿ ɜ ɝɟɦɚɬɨɥɨɝɿɱɧɢɯ
ɩɨɤɚɡɧɢɤɚɯ ɧɚ ɬɥɿ ɩɿɞɜɢɳɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɟɪɢɬɪɨɰɢɬɿɜ,
ɝɟɦɨɝɥɨɛɿɧɭ, ɬɪɨɦɛɨɰɢɬɿɜ ɿ ɝɟɦɚɬɨɤɪɢɬɭ ɩɨɪɹɞ ɿɡ ɡɦɟɧɲɟɧɧɹɦ ɱɢɫɥɚ ɥɟɣɤɨɰɢɬɿɜ ɬɚ ʀɯɧɿɯ ɨɤɪɟɦɢɯ ɮɨɪɦ ɭ ɤɪɨɜɿ
ɳɭɪɿɜ ɞɨɫɥɿɞɧɢɯ ɝɪɭɩ, ɳɨ ɜɿɪɨɝɿɞɧɨ ɜɢɪɚɠɟɧɨ ɜ ȱȱȱ ɝɪɭɩɿ.
Ⱥɧɚɥɨɝɿɱɧɭ ɬɟɧɞɟɧɰɿɸ ɜɿɞɡɧɚɱɟɧɨ ɞɥɹ ɜɦɿɫɬɭ ɫɿɚɥɨɜɢɯ
ɤɢɫɥɨɬ ɿ ɝɟɤɫɨɡ, ɡɜ’ɹɡɚɧɢɯ ɡ ɛɿɥɤɚɦɢ, ɭ ɤɪɨɜɿ ɬɜɚɪɢɧ
ȱȱȱ ɝɪɭɩɢ, ɌȻɄ-ɚɤɬɢɜɧɢɯ ɦɟɬɚɛɨɥɿɬɿɜ – ȱȱ, ɚ ɦɨɥɟɤɭɥ
ɫɟɪɟɞɧɶɨʀ ɦɚɫɢ – ȱȱ ɿ ȱȱȱ ɝɪɭɩ. Ɋɟɚɤɰɿɹ ɨɪɝɚɧɿɡɦɭ ɳɭɪɿɜ
ɡɚɥɟɠɧɨ ɜɿɞ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ʀɯɧɶɨɝɨ ɪɨɫɬɭ ɩɿɞɬɜɟɪɞɠɭɽ
ɜɢɪɚɠɟɧɿɲɢɣ ɛɿɨɥɨɝɿɱɧɢɣ ɜɩɥɢɜ Ge ɜ ɞɨɡɿ 2,5 ɦɝ/ɤɝ ɦɚɫɢ
ɬɿɥɚ (ɿɡ ɡɛɟɪɟɠɟɧɧɹɦ ɜɢɳɨɝɨ ɪɿɜɧɹ ɩɨɤɚɡɧɢɤɿɜ ɦɚɫɢ ɬɿɥɚ)
ɧɚ 4,4í6,9 % ɿ ɦɚɫɢ ɜɧɭɬɪɿɲɧɿɯ ɨɪɝɚɧɿɜ í ɧɚ 5,2í7,5 %
ɜɩɪɨɞɨɜɠ ɞɨɫɥɿɞɧɨɝɨ ɩɟɪɿɨɞɭ. ȼɢɫɧɨɜɤɢ. Ɏɿɡɿɨɥɨɝɿɱɧɚ
ɪɟɚɤɰɿɹ ɿɦɭɧɧɨʀ, ɚɧɬɢɨɤɫɢɞɚɧɬɧɨʀ ɬɚ ɝɨɦɟɨɫɬɚɡɧɨʀ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɫɢɫɬɟɦ ɨɪɝɚɧɿɡɦɭ ɳɭɪɿɜ, ʀɯɧɶɨɝɨ ɪɨɫɬɭ ɿ
ɪɨɡɜɢɬɤɭ ɡɚ ɦɚɫɨɸ ɬɿɥɚ ɿ ɜɧɭɬɪɿɲɧɿɯ ɨɪɝɚɧɿɜ ɧɚ ɜɢɩɨɸɜɚɧɧɹ ɧɢɡɶɤɨʀ ɿ ɜɢɫɨɤɨʀ ɞɨɡ ɰɢɬɪɚɬɭ Ge ɡɭɦɨɜɥɸɽ
ɧɟɨɞɧɚɤɨɜɨ ɧɚɩɪɚɜɥɟɧɿ ɡɦɿɧɢ ɝɟɦɚɬɨɥɨɝɿɱɧɢɯ ɿ ɮɿɡɿɨɥɨɝɨɛɿɨɯɿɦɿɱɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɬɚ ɯɚɪɚɤɬɟɪɢɡɭɽɬɶɫɹ: 1) ɜɢɳɢɦ
(ɪ  0,05) ɪɿɜɧɟɦ ɟɪɢɬɪɨɰɢɬɿɜ, ɝɟɦɚɬɨɤɪɢɬɭ, ɥɟɣɤɨɰɢɬɿɜ
ɭ ɤɪɨɜɿ ɬɜɚɪɢɧ ȱȱȱ ɝɪɭɩɢ, ʀʀ ɮɚɝɨɰɢɬɚɪɧɨʀ ɚɤɬɢɜɧɨɫɬɿ ɬɚ
ɜɦɿɫɬɭ ɰɟɪɭɥɨɩɥɚɡɦɿɧɭ – ȱȱ ɝɪɭɩɢ; 2) ɧɢɠɱɢɦ ɪɿɜɧɟɦ
ɩɨɤɚɡɧɢɤɿɜ ɪɟɚɤɬɢɜɧɨɫɬɿ ɨɪɝɚɧɿɡɦɭ – ɜɦɿɫɬɭ ɦɨɥɟɤɭɥ
ɫɟɪɟɞɧɶɨʀ ɦɚɫɢ ɭ ɤɪɨɜɿ ɬɜɚɪɢɧ ȱȱ ɿ ȱȱȱ ɝɪɭɩ (ɪ  0,05),
ɫɿɚɥɨɜɢɯ ɤɢɫɥɨɬ, ɝɟɤɫɨɡ, ɡɜ’ɹɡɚɧɢɯ ɡ ɛɿɥɤɚɦɢ, ɚ ɬɚɤɨɠ
ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɩɟɪɨɤɫɢɞɧɨɝɨ ɨɤɢɫɧɟɧɧɹ ɥɿɩɿɞɿɜ ɡɚ ɜɦɿɫɬɨɦ
ɌȻɄ-ɚɤɬɢɜɧɢɯ ɦɟɬɚɛɨɥɿɬɿɜ ɿ ɝɿɞɪɨɩɟɪɨɤɫɢɞɿɜ ɥɿɩɿɞɿɜ ɭ
ȱȱ ɝɪɭɩɿ; 3) ɜɢɳɨɸ ɿɧɬɟɧɫɢɜɧɿɫɬɸ ɪɨɫɬɭ ɿ ɪɨɡɜɢɬɤɭ ɨɪɝɚɧɿɡɦɿɜ ɬɜɚɪɢɧ ȱȱ ɝɪɭɩɢ ɧɚ 3,2í4,0 % ɭ ɩɟɪɲɿ 20 ɞɿɛ, ɚ
ȱȱȱ ɝɪɭɩɢ í ɧɚ 2,0í6,9 % ɜɩɪɨɞɨɜɠ 40 ɞɿɛ ɜɢɩɨɸɜɚɧɧɹ
ɰɢɬɪɚɬɭ Ge, ɚ ɬɚɤɨɠ ɦɚɫɢ ɞɨɫɥɿɞɠɟɧɢɯ ɜɧɭɬɪɿɲɧɿɯ
ɨɪɝɚɧɿɜ ɧɚ 1,0í2,5 ɿ 2,3í7,5 % ɭ ȱȱ ɿ ȱȱȱ ɝɪɭɩɚɯ ɜɿɞɩɨɜɿɞɧɨ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: «ɧɚɧɨɚɤɜɚɰɢɬɪɚɬ» ɝɟɪɦɚɧɿɸ, ɝɥɿɤɨɩɪɨɬɟʀɧɢ, ɝɟɦɚɬɨɥɨɝɿɱɧɿ ɩɨɤɚɡɧɢɤɢ, ɩɟɪɨɤɫɢɞɚɰɿɹ ɥɿɩɿɞɿɜ, ɳɭɪɢ, ɪɿɫɬ ɿ ɪɨɡɜɢɬɨɤ.
Ɋɟɚɤɰɢɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɨɪɝɚɧɢɡɦɚ ɤɪɵɫ
ɧɚ ɜɵɩɚɢɜɚɧɢɟ ɧɢɡɤɢɯ ɢ ɜɵɫɨɤɢɯ ɞɨɡ
«ɧɚɧɨɚɤɜɚɰɢɬɪɚɬɚ» ɝɟɪɦɚɧɢɹ

Ɇɟɬɚ. ȼɢɜɱɢɬɢ ɡɦɿɧɢ ɫɬɚɧɭ ɨɤɪɟɦɢɯ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ
ɫɢɫɬɟɦ ɨɪɝɚɧɿɡɦɭ ɳɭɪɿɜ ɭ ɩɟɪɿɨɞ ɜɢɩɨɸɜɚɧɧɹ ɪɿɡɧɢɯ ɞɨɡ
«ɧɚɧɨɚɤɜɚɰɢɬɪɚɬɭ» ɝɟɪɦɚɧɿɸ. Ɇɟɬɨɞɢ. ȼɢɤɨɪɢɫɬɚɧɨ
ɚɜɬɨɦɚɬɢɱɧɢɣ ɜɟɬɟɪɢɧɚɪɧɢɣ ɝɟɦɚɬɨɥɨɝɿɱɧɢɣ ɚɧɚɥɿɡɚɬɨɪ
Orphee Mythic 18 Vet ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɝɟɦɚɬɨɥɨɝɿɱɧɢɯ
ɩɨɤɚɡɧɢɤɿɜ. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɤɨɥɨɪɢɦɟɬɪɢɱɧɢɯ ɦɟɬɨɞɿɜ
ɜɢɜɱɚɥɢ ɪɟɚɤɬɢɜɧɿɫɬɶ ɨɪɝɚɧɿɡɦɭ ɡɚ ɜɦɿɫɬɨɦ ɦɨɥɟɤɭɥ
ɫɟɪɟɞɧɶɨʀ ɦɚɫɢ, ɝɥɿɤɨɩɪɨɬɟʀɧɿɜ, ɦɨɧɨɰɭɤɪɿɜ ʀɯɧɿɯ ɜɭɝɥɟɜɨɞɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɭ ɫɢɪɨɜɚɬɰɿ ɤɪɨɜɿ ɬɚ ɡɚ ʀʀ
ɮɚɝɨɰɢɬɚɪɧɨɸ ɚɤɬɢɜɧɿɫɬɸ, ɚ ɬɚɤɨɠ ɜɢɡɧɚɱɚɥɢ ɝɿɞɪɨɩɟɪɨɤɫɢɞɢ ɥɿɩɿɞɿɜ ɿ ɌȻɄ-ɚɤɬɢɜɧɢɯ ɦɟɬɚɛɨɥɿɬɿɜ. Ɂɚɫɬɨ-

ɐɟɥɶ. ɂɡɭɱɢɬɶ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɨɬɞɟɥɶɧɵɯ
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɢɫɬɟɦ ɨɪɝɚɧɢɡɦɚ ɤɪɵɫ ɜ ɩɟɪɢɨɞ
ɜɵɩɚɢɜɚɧɢɹ ɪɚɡɧɵɯ ɞɨɡ «ɧɚɧɨɚɤɜɚɰɢɬɪɚɬɚ» ɝɟɪɦɚɧɢɹ.
Ɇɟɬɨɞɵ. ɂɫɩɨɥɶɡɨɜɚɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɟɬɟɪɢɧɚɪɧɵɣ
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REACTIONS OF PHYSIOLOGICAL SYSTEMS IN THE ORGANISMS OF RATS TO FEEDING WITH LOW
ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡɚɬɨɪ Orphee Mythic 18 Vet ɞɥɹ
ɨɩɪɟɞɟɥɟɧɢɹ ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. ɋ ɩɨɦɨɳɶɸ
ɤɨɥɨɪɢɦɟɬɪɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢɡɭɱɚɥɢ ɪɟɚɤɬɢɜɧɨɫɬɶ ɨɪɝɚɧɢɡɦɚ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɦɨɥɟɤɭɥ ɫɪɟɞɧɟɣ ɦɚɫɫɵ, ɝɥɢɤɨɩɪɨɬɟɢɧɨɜ, ɦɨɧɨɫɚɯɚɪɨɜ ɢɯ ɭɝɥɟɜɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ
ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɢ ɩɨ ɟɟ ɮɚɝɨɰɢɬɚɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ,
ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɥɢ ɝɢɞɪɨɩɟɪɨɤɫɢɞɵ ɥɢɩɢɞɨɜ ɢ ɌȻɄɚɤɬɢɜɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ. ɉɪɢɦɟɧɟɧɵ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ
ɦɟɬɨɞɵ ɨɰɟɧɤɢ ɟɠɟɞɟɤɚɞɧɨɣ ɞɢɧɚɦɢɤɢ ɢɡɦɟɧɟɧɢɣ ɦɚɫɫɵ ɬɟɥɚ ɤɪɵɫ, ɚ ɩɨɫɥɟ ɢɯ ɡɚɛɨɹ – ɦɚɫɫɵ ɫɟɪɞɰɚ, ɩɟɱɟɧɢ, ɩɨɱɟɤ, ɩɨɞɠɟɥɭɞɨɱɧɨɣ ɠɟɥɟɡɵ, ɫɟɥɟɡɟɧɤɢ ɫ ɜɵɱɢɫɥɟɧɢɟɦ ɢɯ ɦɚɫɫɨɦɟɬɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ.
Ɋɟɡɭɥɶɬɚɬɵ. ɍɫɬɚɧɨɜɥɟɧɵ ɦɟɠɝɪɭɩɩɨɜɵɟ ɪɚɡɥɢɱɢɹ
ɜ ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɹɯ ɧɚ ɮɨɧɟ ɩɨɜɵɲɟɧɢɹ
ɤɨɥɢɱɟɫɬɜɚ ɷɪɢɬɪɨɰɢɬɨɜ, ɝɟɦɨɝɥɨɛɢɧɚ, ɬɪɨɦɛɨɰɢɬɨɜ ɢ
ɝɟɦɚɬɨɤɪɢɬɚ ɧɚɪɹɞɭ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɱɢɫɥɚ ɥɟɣɤɨɰɢɬɨɜ
ɢ ɢɯ ɨɬɞɟɥɶɧɵɯ ɮɨɪɦ ɜ ɤɪɨɜɢ ɤɪɵɫ ɨɩɵɬɧɵɯ ɝɪɭɩɩ,
ɱɬɨ ɞɨɫɬɨɜɟɪɧɨ ɜɵɪɚɠɟɧɨ ɜ III ɝɪɭɩɩɟ. Ⱥɧɚɥɨɝɢɱɧɚɹ
ɬɟɧɞɟɧɰɢɹ ɨɬɦɟɱɟɧɚ ɞɥɹ ɫɨɞɟɪɠɚɧɢɹ ɫɢɚɥɨɜɵɯ ɤɢɫɥɨɬ
ɢ ɝɟɤɫɨɡ, ɫɜɹɡɚɧɧɵɯ ɫ ɛɟɥɤɚɦɢ, ɜ ɤɪɨɜɢ ɠɢɜɨɬɧɵɯ III
ɝɪɭɩɩɵ, ɌȻɄ-ɚɤɬɢɜɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ – II, ɚ ɦɨɥɟɤɭɥ
ɫɪɟɞɧɟɣ ɦɚɫɫɵ – II ɢ III ɝɪɭɩɩ. Ɋɟɚɤɰɢɹ ɨɪɝɚɧɢɡɦɚ ɤɪɵɫ
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɯ ɪɨɫɬɚ ɩɨɞɬɜɟɪɠɞɚɟɬ ɛɨɥɟɟ ɜɵɪɚɠɟɧɧɨɟ ɛɢɨɥɨɝɢɱɟɫɤɨɟ ɜɥɢɹɧɢɟ Ge ɜ
ɞɨɡɟ 2,5 ɦɝ/ɤɝ ɦɚɫɫɵ ɬɟɥɚ (ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ
ɭɪɨɜɧɹ ɩɨɤɚɡɚɬɟɥɟɣ ɦɚɫɫɵ ɬɟɥɚ) ɜ ɬɟɱɟɧɢɟ ɨɩɵɬɧɨɝɨ
ɩɟɪɢɨɞɚ ɧɚ 4,4í6,9 %. ȼɵɜɨɞɵ. Ɏɢɡɢɨɥɨɝɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ ɢɦɦɭɧɧɨɣ, ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɢ ɝɨɦɟɨɫɬɚɡɧɨɣ
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɢɫɬɟɦ ɨɪɝɚɧɢɡɦɚ ɤɪɵɫ, ɢɧɬɟɧɫɢɜɧɨɫɬɢ
ɢɯ ɪɨɫɬɚ ɢ ɪɚɡɜɢɬɢɹ ɩɨ ɦɚɫɫɟ ɬɟɥɚ ɢ ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ
ɧɚ ɜɵɩɨɣɤɭ ɧɢɡɤɨɣ ɢ ɜɵɫɨɤɨɣ ɞɨɡ ɰɢɬɪɚɬɚ Ge ɩɪɢɜɨɞɢɬ ɤ
ɪɚɡɧɨɧɚɩɪɚɜɥɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɢɯ ɢ
ɮɢɡɢɨɥɨɝɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ: 1) ɜɵɫɲɢɦ (ɪ  0,05) ɭɪɨɜɧɟɦ ɷɪɢɬɪɨɰɢɬɨɜ,
ɝɟɦɚɬɨɤɪɢɬɚ, ɥɟɣɤɨɰɢɬɨɜ ɜ ɤɪɨɜɢ ɠɢɜɨɬɧɵɯ III ɝɪɭɩɩɵ,
ɟɟ ɮɚɝɨɰɢɬɚɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɫɨɞɟɪɠɚɧɢɹ ɰɟɪɭɥɨɩɥɚɡɦɢɧɚ – II ɝɪɭɩɩɵ; 2) ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɩɨɤɚɡɚɬɟɥɟɣ
ɪɟɚɤɬɢɜɧɨɫɬɢ ɨɪɝɚɧɢɡɦɚ – ɫɨɞɟɪɠɚɧɢɹ ɦɨɥɟɤɭɥ ɫɪɟɞɧɟɣ ɦɚɫɫɵ ɜ ɤɪɨɜɢ ɠɢɜɨɬɧɵɯ II ɢ III ɝɪɭɩɩ (ɪ  0,05),
ɫɢɚɥɨɜɵɯ ɤɢɫɥɨɬ ɢ ɝɟɤɫɨɡ, ɫɜɹɡɚɧɧɵɯ ɫ ɛɟɥɤɚɦɢ, ɚ
ɬɚɤɠɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɟɪɨɤɫɢɞɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɥɢɩɢɞɨɜ
ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɌȻɄ-ɚɤɬɢɜɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ ɢ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɜ ɥɢɩɢɞɨɜ ɜɨ II ɝɪɭɩɩɟ; 3) ɛɨɥɟɟ ɜɵɫɨɤɨɣ
ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɪɨɫɬɚ ɢ ɪɚɡɜɢɬɢɹ ɨɪɝɚɧɢɡɦɨɜ ɠɢɜɨɬɧɵɯ II ɝɪɭɩɩɵ ɧɚ 3,2í4,0 % ɜ ɩɟɪɜɵɟ 20 ɫɭɬ, ɚ III ɝɪɭɩɩɵ í ɧɚ 2,0í6,9 % ɜ ɬɟɱɟɧɢɟ 40 ɫɭɬ ɜɵɩɨɣɤɢ ɰɢɬɪɚɬɚ
Ge, ɚ ɬɚɤɠɟ ɦɚɫɫɵ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ
ɧɚ 1,0í2,5 ɢ 2,3í7,5 % ɜɨ II ɢ III ɝɪɭɩɩɚɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.
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