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INTRODUCTION

It is known that microelement Ge stipulates a num-
ber of physiological effects, the most studied ones 
among which are the immunomodulatory effect with 
the activation of -interferon production, transporting 

and transfer of 2 with the reduced hypoxia on the tis-
sue level; it decreases the harmful effect of hydrogen 
ions on cells, activating its interaction with 2, and in-
hibits the growth of tumors and metastasis [1 3]. As 
for the daily requirement of Ge, different amounts are 
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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 TBA-
active 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 he-
matological and physiologically biochemical indices and is characterized by the following: 1) higher (   0.05) level of 
erythrocytes, EVF, leukocytes in the blood of animals of group III, its phagocytic activity and the content of ceruloplas-
min – 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 (   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.
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growth and development.
DOI: 10.15407/agrisp2.03.015



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 2   No. 3   201516

FEDORUK et al.

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 physio-
logically active substances are Ge compounds, con-
taining sesquioxides. Organic compounds of Ge are 
remarkable for the most expressed ability of transport-
ing 2 to the tissues and ensuring its interaction with 

+, which stimulates the elaboration of medical and 
preventive preparations, based on organic compounds 
of Ge. The  rst medical preparation of this kind, Ger-
manium 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 intracellu-
lar structures.

As a microelement in the dose of up to 100 mg, Ge 
is not toxic and 90 % of it are removed from the organ-
ism with urine. However, non-organic compounds, in 
particular Ge oxides, obtained in the process of che-
mical synthesis, may have toxic impact on the orga-
nisms 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, tarta-
ric 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 nano-
technologies, which ensures obtaining aqueous solu-
tions 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”.

MATERIALS AND METHODS

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 

months, divided into three groups of 5 animals each 
by the principle of analogues. Group I is control, it re-
ceived 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 ger-
manium “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 con-
ducting 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 com-
pliance 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 hemo-
globin, erythrocytes, leukocytes, lymphocytes, mono-
cytes, granulocytes, platelets, EVF, glycoproteins – 
ceruloplasmin and their monosaccharides – sialic ac-
ids, 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 ma-
sometric indices of internal organs (heart, kidneys, li-
ver, 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 cri-
terion. The arithmetic mean values (M) and the devia-
tions of arithmetic mean values (± m) were calculated. 
The changes were deemed probable at P < 0.05. The 
estimates were made using MS Excel program.

RESULTS AND DISCUSSION

The analysis of hematological indices expressed reli-
ably 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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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 (   

 0.05). Noteworthy is also the increase of the hemo-
globin content by 8 % and the number of platelets by 
22 % in the blood of animals of this group, but the dif-
ference is not reliable. The absence of intergroup dif-
ferences 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. How-
ever, the increase in these indices in blood testi  es to 
certain correcting effect of Ge on the supply of 2 for 
organs and tissues and the hemostasis of the organism 
of rats in group II, which is mentioned in other publica-
tions [2, 3, 5, 12]. It is con  rmed by a smaller amount 
of leukocytes and their fractions – lymphocytes, mono-
cytes and granulocytes in the blood of rats of both ex-

perimental groups, but reliable differences are deter-
mined 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 (   0.05) and 
group III (but it is not reliable) (Table 2, Fig. 1). At 
the same time the content of glycoprotein components 

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 , SR (standard ration); 2 – group , SR + 2.5 g Ge; 3 – group , SR + 2.5 mg Ge. 
The difference is statistically reliable compared to group I at *   0.05; **   0.01; ***   0.001

Table 1. The hematological indices of the organism of rats fed with the solution of germanium citrate of different concentra-
tion (  ± m, n = 4 5)

Note. The difference in this and the following Tables is statistically reliable compared to group I at *   0.05; **   0.01; 
***   0.001.

Index
Group

I–control II–2.5 g Ge III–2.5 mg Ge

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

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

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
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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 re  ected by diffe-
rent levels of ceruloplasmin, sialic acids and protein-
bound 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 re-
lated to the decrease in the immunosuppressive load on 
the immune system [2]. A similarly directed immuno-
biological reaction of the organism, aimed at enhanc-
ing its resistance with the increase in the level of sialic 
acids and ceruloplasmin, but with the decrease of pro-
tein-bound hexoses in blood, was achieved in the ex-
periment of feeding rats with citrates of Ge, Cr, and Se 
and citrates of Ge and Cr [12]. Obviously, the physio-
logical 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 or-
ganism of animals, as it was proven that glycoproteins 
participate in the functioning of the immune system 
and the formation of antioxidant protection of the or-
ganism [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 remark-
able 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  cien-
cy 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-

Fig. 2. Age dynamics of the body weight of rats: 1 – group I, SR (standard ration); 2 – group , SR + 2.5 g Ge; 3 – group 
, SR + 2.5 mg Ge

Table 2. The content of glycoproteins in blood and its phagocytic activity in rats fed with the solution of germanium citrate 
of different concentration (  ± m, n = 5).

Index
Group

I–control II–2.5 g Ge III–2.5 mg Ge

Sialic acids, c.u.
Ceruloplasmin, c.u.
Protein-bound hexoses, g/l
Phagocytic activity, %
Phagocytic number

267.8 ± 7.91
365.2 ± 17.19

2.69 ± 0.087
49.00 ± 1.79

4.83 ± 0.27

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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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 orga-
nism 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 par-
ticular, 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  – 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 

Fig. 3. The coef  cients of the weight of internal organs of rats: 1 – group , SR; 2 – group II, SR + 2.5 g Ge; 3 – group , 
SR + 2.5 mg Ge

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

Organ

Group

I–control II–2.5 g Ge % compared 
to control III–2.5 mg Ge % compared 

to control

Heart
Liver
Kidneys
Spleen
Pancreas gland

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 (   
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 (   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.
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