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INTRODUCTION
Germanium is the least studied microelement among 

the three used, but the current information about its 

properties demonstrates promising future of its applica-
tion in veterinary science, cattle breeding and medicine. 
In particular, as an immunomodulator Ge stimulates the 
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Aim. To study the state of physiological reactivity of the organism and blood antioxidant defense system of female 
rats and their offspring under prolonged feeding with “nanoaquacitrates” of germanium, chromium, and selenium. 
Methods. To accomplish the stated objective we carried out physiological and biochemical studies, using colori-
metric methods to study the content of glycoproteins and separate monosaccharides of their carbohydrate com-
ponents. The state of antioxidant defense system was studied by the intensity of lipid peroxidation that was also 
determined using the colorimetric methods based on the content of lipid hydroperoxides and TBA-active products 
in blood. Results. The intergroup differences in the content of glycoproteins and their carbohydrate components in 
the blood of female rats and their offspring of both experimental groups have been observed compared against the 
control. This may indicate approximately the same integrated biological effect of chromium, selenium, germanium 
in the second group, fed with chromium and selenium citrates along with the drinking water, calculated as 50 g per 
1 kg of body weight (b.w.) for Cr and Se, and germanium citrate – 15 g Ge per 1 kg of b.w. The  rst group served 
as a control; and the third one was fed with chromium and germanium citrates, calculated as 50 g per 1 kg of b.w. 
for Cr, and germanium citrate – 15 g Ge per 1 kg of b.w., which results in the activation of the physiological reac-
tivity system. However, the integrated physiological effect of citrate compounds of the three elements – chromium, 
selenium, and germanium – on the rats of the second group was more signi  cant, as con  rmed by a high probability 
of differences compared against the control group. The complex of microelements, used in these quantities, de-
monstrates signi  cant antioxidant activity, which is typical for each microelement. Conclusions. Feeding mature, 
4–8-month-old, rats (feeding started at 4 months and lasted till the end of the 8th month) and young, 0–4-month-old, 
rats (feeding started at birth and lasted for 4 months) with “nanoaquacitrates” of germanium, chromium, and sele-
nium causes an increase of physiological reactivity in their bodies, which is evidenced as follows, 1) the increase in 
the ceruloplasmin content in the blood of mothers and infant rats, in haptoglobin and sialic acids – only in mothers, 
and in protein-bound hexoses – in infant rats; 2) a reduction in the intensity of lipid peroxidation in the blood of 
mature females and young rats with lower content of lipid hydroperoxides and TBA-active products in the blood of 
the animals from experiment groups, which is more signi  cant in females; 3) identical orientation of the integrated 
physiological effect of chromium, selenium, germanium, and the combination of chromium and germanium on the 
organism of female and young rats which causes general activation of reactivity of the organism and its antioxidant 
system that is more vivid for females.
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DOI: 10.15407/agrisp2.02.050



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 2   No. 2   2015 51

PHYSIOLOGICAL REACTIVITY AND ANTIOXIDANT DEFENSE SYSTEM OF THE ANIMAL ORGANISM 

activity of natural-killer T-cells, increases the produc-
tion of gamma-interferon, and enhances the activity of 
anti-tumor immunity in case of carcinogenesis [1–3]. 
In addition, Ge improves cell oxygenation and cell me-
tabolism. Due to its ability of transferring electrons, 
this element decreases the activity of peroxidation 
processes, increases the level of reduced glutathione, 
the activity of glutathione peroxidase and superoxide 
dismutase. The most promising way of using germa-
nium is its medical application as an oncoprotector in 
the antitumor therapy [2]. However, there are literature 
data, proving that organic and mineral compounds of 
germanium, obtained via chemical synthesis, are cha-
racterized by the toxic impact due to the presence of 
inorganic admixtures of this element (germanium dio-
xide, germanium tetrachloride) which are predecessors 
in the synthesis of its organic forms [4, 5]. Therefore, 
it is urgent to obtain germanium in the bioavailable 
form, without any toxic effect. The achievements in 
the nanotechnology  eld, in particular, the elaboration 
of electric discharge nanotechnology, allowed synthe-
sizing the carboxylates of microelements, including 
chemically pure citrates of germanium, chromium, and 
selenium in Ukraine [9]. The results of previous studies 
on the effect of carboxylates of some microelements 
on the animal organisms con  rm the positive effect of 
the “nanoaquacitrates” of germanium, chromium, and 
selenium on the physiological and biochemical pro-
cesses. It was established that the biotic microelements 
in the form of “nanoaquacitrates” stimulate the activity 
of the antioxidant and immune system in a better way; 
they also improve protein, mineral, and vitamin pro  le 
of the blood and enhance the disintoxication processes 
in the organism of animals [6–8]. In particular, sele-
nium is a powerful antioxidant with protective func-
tions. It is a part of glutathione peroxidase, participates 
in reduction-oxidation and antioxidation processes, 
the breathing of cells and in the synthesis of speci  c 
functional proteins, containing selenides. In addition, 
selenium enhances the immune defense of the orga-
nism and promotes life duration prolongation. This ele-
ment activates cellular, humoral, and phagocytic com-
ponents of innate immunity and promotes the increase 
in non-speci  c resistance of the organism [6, 7]. The 
literature data demonstrate that selenium and germa-
nium have synergistic effect and enhance the properties 
of one another, due to which the combined application 
of these elements may enhance the functional activity 
of both immune and antioxidant systems considerably. 
The interaction of germanium and other elements has 
not been studied suf  ciently, so it is urgent to study 

the effect of organic compounds of germanium on the 
organism of humans and animals in combination with 
other essential microelements. There are good pros-
pects for the study of the interaction between germa-
nium and chromium, the biological effect of which is 
directed towards enhancing the effect of insulin, the 
normalization of carbohydrate, lipid and protein me-
tabolism as well as general regulation of metabolism. 

The aim of this work was to study the state of phy-
siological reactivity of the organism and blood antioxi-
dant defense system of female rats and their offspring 
in conditions of prolonged feeding with “nanoaquaci-
trates” of germanium, chromium, and selenium.

MATERIALS AND METHODS

The solutions of germanium, chromium, and sele-
nium citrates, obtained by the nanotechnology method 
[9] in the Ukrainian State Research Institute of Nano-
biotechnologies and Resource Preservation (Kyiv), 
were used in the work. 

The experiments were performed in the vivarium of 
the Institute of Animal Biology, NAAS, using three 
groups of white laboratory rat females and their off-
spring. The groups of females were formed by the 
analogue principle at the age of 4 months; 4 pregnant 
animals per group were left after the mating which 
was conducted a month since the beginning of the 
experiment. Feeding females of rats from experiment 
groups II and III with the solutions of “nanoaquaci-
trates” was conducted for one month prior to the im-
pregnation and up to three months thereafter, which 
included the periods of pregnancy and feeding of the 
offspring. The animals of group I (control group) were 
kept on balanced standard ratio with granulated com-
bined feed during the whole study period with unre-
stricted drinking of water. The animals of group II re-
ceived the ratio using the scheme of the control group, 
were fed with chromium and selenium citrates along 
with the drinking water, calculated as 50 g per 1 kg 
of body weight (b.w.) for Cr and Se, and as for germa-
nium citrate – 15 g Ge per 1 kg of b.w. During this 
period the rats of group III received the ratio which 
included feeding with citrates of Cr and Ge only in ac-
cordance with the scheme of group II. The young rats 
of experiment groups I (control), II and III were left 
in the conditions, in which their mothers from the cor-
responding groups were kept and fed, for up to four 
months; they were fed with Cr, Se and Ge or Cr and 
Ge in accordance to the mother’s group along with the 
mother’s milk during the suckling period; during the 
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post-weaning period they were fed with these citrates 
in water in the amount, given to the females. 

To obtain the blood samples, the euthanasia of 4 fe-
males from each group was conducted with brief ether 
anesthesia after 4 months of feeding with citrates, and 
that of  ve young females – at the age of 4 months. 
The manipulations were conducted with respect to the 
norms of humane treatment of laboratory animals, with 
the consideration of common bioethical norms and in 
accordance with international provisions on experi-
mental works [10]. The content of glycoproteins and 
products of lipid peroxide oxidation (LPO) (TBA-ac-
tive products, lipid hydroperoxides (LHP)) in the blood 
was evaluated [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.

RESULTS AND DISCUSSION

The studies on the content of glycoproteins and 
some monosaccharides of their carbohydrate compo-
nents in the blood of female rats established unequal 
intergroup differences in their levels. In particular, 
the content of seroglycoids and hexoses, bound to 
proteins, is reliably decreased in the blood of female 

rats (Table 1) whereas the level of ceruloplasmin, 
haptoglobin and sialic acids increases (  < 0.05;  < 
0.01). As ceruloplasmin and haptoglobin also play a 
signi  cant part in the functioning of the antioxidant 
system of the organism, the complex of microele-
ments, used in groups II and III, might have apparent 
antioxidant activity which is a characteristic feature 
of each microelement of the admixture used [12–15]. 
The mentioned inter-group differences in the content 
of glycoproteins and their carbohydrate components 
in the blood of female rats of both experiment groups 
compared against the control may indicate the same 
direction of the biological activity of the complex ap-
plication of chromium, selenium, germanium in group 
II and that of chromium and germanium in group III. 
This effect may be greatly conditioned by the activity 
of citrates of chromium and germanium which causes 
the activation of the immunobiological reactivity of 
the organism, the results obtained are in good agree-
ment with the literature data on the properties of these 
microelements [14–17].

However, the integrated physiological effect of ci-
trate compounds of the three elements – chromium, 
selenium, and germanium – in the rats of the second 
group was more signi  cant, as con  rmed by a high 
probability of differences compared against the control 
group. The animals of group III had the lowest proba-
bility level for hexoses, bound to proteins, ceruloplas-

Table 1. The content of glycoproteins and some monosaccharides of their carbohydrate components in the blood of female 
rats, fed with citrates of chromium, selenium and germanium (M ± m, n = 4)

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

Group Seroglycoids, 
g/l

Hexoses, bound 
to proteins, g/l

Ceruloplasmin, 
c.u.

Haptoglobin, 
g/l

Sialic acids, 
c.u.

0.201 ± 0.002
0.173 ± 0.005*
0.185 ± 0.010

2.29 ± 0.085
1.77 ± 0.059**
1.79 ± 0.120*

237.7 ± 7.88
393.3 ± 5.49***
302.3 ± 6.89**

1.23 ± 0.090
1.70 ± 0.065**
1.56 ± 0.130

54.0 ± 1.53
62.7 ± 1.45**
63.0 ± 2.08*

Table 2. The content of glycoproteins and some monosaccharides of their carbohydrate components in the blood of the offspring 
of female rats, fed with citrates of chromium, selenium and germanium (M ± m, n = 5)

Group Seroglycoids, 
g/l

Hexoses, bound 
to proteins, g/l

Ceruloplasmin, 
c.u.

Haptoglobin, 
g/l

Sialic acids, 
c.u.

0.149 ± 0.002
0.141 ± 0.006
0.143 ± 0.005

2.01 ± 0.085
2.36 ± 0.060*
1.90 ± 0.080

274.2 ± 14.94
368.4 ± 13.19***
336.2 ± 11.02*

1.84 ± 0.07
2.20 ± 0.05*
2.21 ± 0.05**

66.0 ± 3.62
49.8 ± 2.78*
53.6 ± 4.02
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min and sialic acids (  < 0.05) and unreliable diffe-
rences – for seroglycoids and haptoglobin. 

The analysis of the study results for the content of 
glycoproteins in the blood of the offspring indicates 
some differences in the impact of chromium, selenium 
and germanium on the immunobiological reactivity of 
their organism compared against their mothers (Table 
2). The trend of changes, similar to those of female rats, 
regarding a higher level of ceruloplasmin (  < 0.001;  
< 0.05) and haptoglobin (  < 0.05;  < 0.01) as well as 
seroglycoids was registered in the blood of young rats 
of groups II and III, but the decrease is unreliable. At 
the same time the level of hexoses, bound to proteins, 
and sialic acids in blood has an opposite direction for 
the young rats of experiment groups. The intergroup 
differences, revealed in the content of glycoproteins 
in the blood of young rats compared to their mothers, 
may indicate some speci  cities of physiological and 
biochemical mechanisms of the effect of chromium, 
selenium and germanium on the mature organism of 
the females and young rats who received the citrates 
of these microelements along with their mothers’ milk 
and drinking water in the period of intense growth and 
development. It may be determined by the physiologi-
cal differences in the functioning of the adaptation and 
antioxidant systems of females in the lactation period 
and the feeding of young rats as well as by the physio-

logical reactivity of the organism, where glycoproteins 
take an active part, and the compounds used stimulate 
the mentioned functions [14, 16–18].

Another con  rmation of the apparent biological ef-
fect of citrates of chromium, selenium and germani-
um is probable intergroup differences in LPO indices 
in the blood of female rats (Table 3). The analysis of 
these data testi  es to the antioxidant activity of chro-
mium, selenium and germanium in the organism of 
rats, which is accompanied with the decrease in LHP 
content in the blood of female rats of groups II and III 
by 14.0 and 16.5 % respectively, and the decrease of 
TBA-active products in group II by 15.7 and group 
III – by 10.9 %. 

It is remarkable that probable lower content of 
these metabolites was also registered in the blood of 
the offspring of female rats (Table 4). For instance, 
LHP concentration in the blood of young rats of 
group II was lower by 10.9 (  < 0.05), and group 

  by 9.6 %, compared against the control. The 
content of TBA-active products in the blood of ani-
mals in the experiment groups testi  es only to the 
tendency towards the lower content without any 
probable differences. Our previous studies on the ef-
fect of chromium nanocitrate on the intensity of LPO 
process revealed insigni  cant change in the concen-
tration of LHP and TBA-active products in the blood 
of rats and cows [6, 7]. The current experiment es-
tablished reliable decrease in LPO products in the 
blood of female rats and their offspring both for the 
integrated use of selenium and germanium and for 
germanium only. In its turn it may con  rm both the 
positive effect of germanium on the prooxidant-anti-
oxidant balance in the organism of animals and pos-
sible synergistic effect on the antioxidant properties 
of chromium, similar results were also obtained by 
other authors while studying the antioxidant proper-
ties of germanium compounds [20–22]. 

Therefore, the results obtained demonstrate equal 
direction of the antioxidant activity of chromium, se-
lenium and germanium in the organism of female rats 
and their offspring, but this effect was more evident 
in the organism of mothers-rats in terms of the prob-
ability of intergroup differences. The differences in 
the effect of citrates of chromium, selenium and ger-
manium may be conditioned both by the speci  cities 
of the physiological state of females (lactation) and 
young rats (intensive growth) and the period of their 
effect which included the antenatal development for 
young rats. 

Table 3. The intensity indices of the lipid peroxidation in 
the blood of female rats, fed with chromium, selenium and 
germanium (M ± m, n = 4)

Group
Lipid 

hydroperoxides, 
OU/ml

TBA-active 
products, 
nmol/ml

6.20 ± 0.12
5.33 ± 0.33
5.18 ± 0.32*

1.85 ± 0.07
1.56 ± 0.04*
1.65 ± 0.05

Table 4. The intensity indices of the lipid peroxidation in 
the blood of young rats, fed with chromium, selenium and 
germanium (M ± m, n = 5)

Group
Lipid 

hydroperoxides, 
OU/ml

TBA-active 
products, 
nmol/ml

6.90 ± 0.04
6.15 ± 0.09*
6.24 ± 0.09*

2.25 ± 0.07
2.07 ± 0.03
2.16 ± 0.05
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CONCLUSIONS
Feeding mature females and young rats with “nano-

aquacitrates” of germanium, chromium, and selenium 
causes an increase of physiological reactivity in their 
bodies, which is evidenced as follows, 1) the increase 
in the ceruloplasmin content in the blood of mothers 
and infant rats, in haptoglobin and sialic acids – only 
in mothers, and in protein-bound hexoses – in infant 
rats only; 2) a reduction in the intensity of LPO pro-
cesses in the blood of mature females and young rats 
with lower content of LHP and TBA-active products in 
the blood of the animals from research groups, which 
is more signi  cant in females; 3) identical orientation 
of the integrated physiological effect of chromium, se-
lenium, germanium, and the combination of chromium 
and germanium on the organism of female and young 
rats which causes general activation of reactivity of the 
organism and its antioxidant system that is more vivid 
for females. 
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