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Organic germanium compounds are characterized by a wide spectrum of effect on the organisms of
people and animals and are used as a food supplement to enhance the immunological organism reactivity.
However, using of the toxic inorganic forms as precursors for obtaining organic germanium compounds by
chemical synthesis indicates the urgency of searching for the alternative ways to get them. This article
presents the results of the study of the influence of different amounts of germanium citrate, which was
obtained by electric impulse nanotechnology method, onto the physiological processes in rat organism to
determine the optimal dose. The germanium citrate solutions with the concentrations of 10, 200, and 300 ug
of Ge/L were used in the study. It was determined that feeding with germanium with the concentration of 10
ug of Ge/L did not show significant changes of the studied parameters. While an elevated concentration of
hemoglobin, circulating immune complexes, and average weight molecules were observed in the blood of the
rats, which were fed with germanium citrate with the concentrations of 200 and 300 ug of Ge/L. Such
changes may indicate the immunomodulatory properties of the germanium citrate. Probable decrease in the
concentration of the lipid hydroperoxides and TBA-active products in the blood of the animals, which were
fed with the germanium citrate with the concentrations of 200 and 300 ug of Ge/L of water, was also found
out. More effective physiological influence of the germanium onto the peroxidation processes was noticed in
case of feeding its citrate with the concentrations of 200 and 300 ug of Ge/L. So feeding with the germanium
citrate, produced with the help of the nanotechnology method, improves the immunological indicators and
reduces the intensity of the lipid peroxidation of the infant rats.
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OpeaHiyHi CnOIYKU 2epMAaHilo Xapaxmepusyiomscs WUpoOKUM cnekmpom Oil Ha opeaism JHOOUHU I
MBAPUH | BUKOPUCTIOBYIOMBCS 8 AKOCMI Xap4080i 000a6Ku 0Jis NiOSUWEHHS IMYHOOI0N02IYHOT PeaKMUEHOCT
opeanizmy. OOHAK BUKOPUCMAHHS MOKCUYHUX HEOP2AHIYHUX (DOPM 8 AKOCMI NPeKYpCopié Oasi OMPUMAHHS
XIMIUHUM CUHME30M CHOAYK Op2aHiunozo Iepmaniio 6Ka3ye HA aAKmMyalbHiCmb HOUWLYKY ANbIMEPHAMUGHUX
WX iXHb02O0 ompumanHs. Y yiti cmammi HA8eOeHO pe3yTbmamu 6UGHEeHHsT GNIUGY DIZHUX KITbKOCmel
yumpamy 2epmaniro, wo 0y8 ompumanuil Memooom eleKmpoiMnYibCHOI HAHOMEXHON02Tl, Ha (hizionociuni
npoyecu 8 OpeaHizMi WYPI8 3 Memow BCMAHOGIEHH 1020 ONMUMATLHOI 003U. Y 00CHioHCeHHI
BUKOPUCMOBYBAUCL PO3UUHU yumpamy eepmanito y konyenmpayii 10, 200 i 300 mxe Ge/n. Bcmanosneno,
wo eunoiosanns Iepmaniio y xouyenmpayii 10 mxe Ge/n e noxazano GipocioHux 3MiH O00CHIONCYEAHUX
NOKAa3HUKI6. ¥ motl yac aAK y Kpoei wjypis, AKUM GUNOI0SANIU YUumpam 2epmaniro y konyenmpayiax 200 ma
300 mxe Ge/n, cnocmepieanoce nidgueH s KOHYEHMpayii 2emMo2no0iny, YupKyIoUUX IMyHHUX KOMAIIEKCI8
i Monexyn cepedHvoi macu. Taki 3MiHu MOXNCYMb CEIOUUMU NPO IMYHOMOOYIIOIOUL 6IACIMUBOCIE YUIMpAmy
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eepmaniio. Takooic 6cmMano6ieHO 6ipo2iOHe 3HUNCEeHHS KOHyenmpayii cioponepekucieé ninioie ma THK-
AKMUBHUX NPOOYKMIB Y KPOGI MEAPUH, SKUM UNOI0EAIU yumpam cepmaniio y konyenmpayii 200 ma 300 mxe
Ge/n 600u. Binbwt egpexmusnuil ¢hizionoeiunuii enaus I'epmaniio Ha npoyecu nepokcuoayii 6i03HaA4eHo 3a
BUNOIBaHHA 1020 yumpamy y koHyenmpayii 200 ma 300 mxe Ge/n. Omoice, UNOISAHHA YUMPAMY 2EPMAHIIO,
BUCOMOBIEHO20 MEeMOOOM HAHOMEXHONOLIU, CPUSIE NOKPAUEHHIO IMYHOOIONOSTUHUX NOKAZHUKIG A 3HUICEHHIO
IHMEHCUBHOCMI NEPEKUCHO20 OKUCHEHHSL IINIOI6 WypeHsm.

KaouoBi cioBa: HAHOAKBAIIUTPAT TI'EPMAHIIO; IMVYHOBIOJIOT'TYHI
[TOKA3HUKU; TEMATOJIOI'TA; LITYPI; KPOB; BHYTPIIIHI OPTAHU
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Opeanuveckue CcoeOUHEHUSI 2epMAHUs XAPAKMEPUIYIOMCL WUPOKUM CHEKINPOM  OelCmeus Ha
OpeaHu3M Heno8eKa U JHCUGOMHBIX U UCHOIL3VIOMCA 6 Kawecmge Nuwegou 000a6Ku Olisi NOBbIULEeHUS
UMMYHOOUON02UYECKOU peakmueHocmuy opeanuzma. OOHAKO UCNOAb308aHUe MOKCUYHBIX HEOPSAHUYECKUX
Gdopm 6 Kauwecmee nNpexypcopos O NOAYYEHUS XUMUUECKUM CUHME30M COeOUHEHUU Op2aHUu4ecKo2o
2EPMAHUs, YKA3bIBAem HA AKMYATbHOCHb HOUCKA AIbMEPHAMUGHLIX Nymel ux noayyeuus. B dauuoil
cmambve npugedenvl pe3yibmambl U3YUeHUs GIUSHUSL PA3HBIX KOAUYECME YUMPAma 2epManus, KOmopuli Ovll
NOAYYEH MEMOOOM DNIeKMPOUMNYIbCHOU HAHOMEXHON02UU, HA QU3UOTOSUYECKUEe NPOYECChl 8 OP2aHusMe
KpbIC C Yenbl0 YCMAHOBIeHUs €20 ONMUMATbHOU 003bl. B ucciedosanuu ucnonvb3o8anuch pacmeopul
yumpama cepmanusi 8 konyenmpayuu 10, 200 u 300 mxe Ge/n. Yemanoeneno, umo svinausanue I epmarnus 6
xonyenmpayuu 10 mxe Ge/n He noKa3anio 00CMOBEPHbIX USMEHEHUL UcciedyeMblx nokasamenei. B mo epems
KAaK 6 Kposu JHCUBOMHBIX, KOMOpble NOIYYAIU ¢ 6000U yumpam cepmarnus 6 konyeumpayusax 200 u 300 mxe
Ge/n, HabMOOANOCL NOBbIUUEHUE KOHYESHMPAYUU 2eMO2TODUHA, YUPKYIUPYIOWUX UMMYHHBIX KOMNJIEKCO8 U
Moaekyn cpedueil maccol. Taxue usmMeneHus MO2Yym CGUOEMeNbCmeo8ams 00 UMMYHOMOOVIUPYIOWUX
ceolicmeax yumpama eepmanus. Takoice YCMAHOGIEHO O0OCHMOBEPHOE CHUJICEHUE KOHYEeHmpayus
eudponepexuceil 1unuoog u TBK-axmugnvix npooyKmos 8 KpoGu HCUBOMHBIX, KOMOpble NOAYHALU C 000U
yumpam 2epmanusi 6 kKonyeumpayuu 200 u 300 mxe Ge/n 600vl. boree sghgpexmuenoe puszuonocuueckoe
Oeticmesue ['epmanus Ha npoyeccyl NEPoKCUOAYUU OMMEYEHO NPU GLINAUBAHUU YUMPAMA 8 KOHYESHMPAyUl
200 u 300 mxe Ge/n. Ha ocHo8aHuu ROMYYEHHBIX OAHHLIX YMBEPAHCOAEMCs, YMO GblNAUsaHue Yumpama
2EPMAHUS, U320MOBLEHHO20 MEMOOOM HAHOMEXHONO2UU, CHOCOOCMBYEN VIYYUEHUIO UMMYHOOUOIOSUYECKUX
nokasamenetl U CHUNCEHUIO UHMEHCUBHOCHU NEPEKUCHO20 OKUCTIEHUS TUNUOO8 KPLLCSM.

Kirouesnbie cJI0OBa: HAHOAKBALIUTPAT I'EPMAHNA;
NMMVYHOBUOJIOTUYECKHE [IOKA3ATEJIN; TEMATOJIOI'UA; KPBICBI; KPOBb;
BHYTPEHHUE OPI"'AHbI

Germanium is a trace mineral that is the natural killer cells and increases the
found in the earth's crust in extremely small production of gamma interferon and the
quantities, but some medicinal plants are antitumor immunity activity under the
characterized by its significant concentrations [1]. conditions of the carcinogenesis [2-5].
Despite the fact that germanium is not an The study of the germanium influence on the
essential element, it is characterized by a wide immune system in pathological conditions
spectrum of biological effect on the organisms showed that it increases the production of the
of people and animals. In particular, Ge as macrophages by the organism and enhances
immunomodulator stimulates the activity of the NK-lymphocyte functions [6]. Besides, Ge
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improves oxygenation of cells and cellular
metabolism. This element reduces the activity
of the peroxidation processes, increases the
reduced  glutathione level,  glutathione
peroxidase and superoxide dismutase activity
because of the ability to transfer the electrons.
Due to these properties the germanium organic
compounds are used in medicine as
immunomodulators, oncoprotectors, and to
improve overall state of the organism as well
as for cancer treatment [7-9].
The anticarcinogenic germanium properties
are associated with its ability to increase
immunization of tumor cells, or with the
ability to inhibit proliferation, similar to
cisplatin [3, 10]. The literature data also
describe cases of toxic, including death,
influence of the germanium organic
compounds. In particular, utilization of such
compounds caused the nephrotic syndrome,
renal failure, weight loss, appetite loss,
anemia, and others [11]. Further studies
showed that the organic germanium toxic
effect is caused by the presence of the
inorganic impurities (germanium dioxide,
germanium  tetrachloride), = which  are
precursors for synthesizing its organic forms
and are characterized by high toxicity [12—14].
For this reason, at present, it is important to
obtain germanium in the bioavailable form
without toxic effect development. Enrichment
of the food supplements with Ge in the form of
carboxylates obtained from the reaction of the
Ge compounds with the citric acid 1is
promising. However, the carboxylates,
obtained by classical methods, do not always
meet the requirements for purity of such salts
if and when any byproducts of chemical
reactions are found in them. Achievements of

nanotechnologies and, n particular,
development of the method of electric impulse
nanotechnology, enabled to  synthesize

germanium citrate in an extremely chemically
pure form in Ukraine (Kosinov V. M.,
Kaplunenko V. H. 2008). Currently research is
being conducted to study the effects on animal
organisms of trace elements obtained through
nanotechnology [15-17]. However, the
physiological processes in the organisms of

people and animals were not studied under the
influence of various doses of the germanium
citrate, obtained by the nanotechnology
method; this fact determined the choice of the
direction of our study.

Materials and methods

The germanium citrate  solution
obtained by the nanotechnology method [18]
was used for studies at the Ukrainian State
Scientific Research Institute of
Nanobiotechnologies and Resource
Reservation.

The studies were conducted at the
vivarium of the Institute of Animal Biology
NAAS on the four groups of white laboratory
rats. The female rats were divided into groups
on the tenth day of lactation on the principle of
counterparts; the offspring remained on rations
of the female rats of the appropriate groups for
the first four months of the life. The animals of
the first group (control) were kept on a
standard balanced ration throughout the study
period. Animals of the second, third, and
fourth groups (experimental subjects) received
feed ration in accordance with the control
group scheme and were fed with drinking
water with germanium citrate with the
concentrations of germanium citrate of 10, 200
and 300 pg of Ge/L relatively. The four-month
rats were subjected to euthanasia with the
following decapitation to take blood and
tissues for physiological and biochemical
studies to determine the morphometric and
mass indicators of the internal organs.
Euthanasia was performed under light ether
anesthesia, without violations of humane
treatment of laboratory animals, with taking
into account generally accepted bioethical
standards, and in compliance with the
international regulations concerning
experimental studies [19]. The obtained digital
materials were processed by the variation
statistics method using the Student's test.
Results are expressed as mean + standard error
of mean (S.E.M.). The changes were
considered significant if P <0.05. The Excel
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computer program was used to make
calculations.

The blood was examined for the
number of red blood cells and white blood
cells, hemoglobin, total protein, average
weight  molecules, circulating immune
complexes  concentration,  activity = of
aminotransferases (ALT, AST) and content of
the lipid peroxidation products (TBA-active
products, lipid hydroperoxides) [20], the mass
coefficients of the internal organs were also
determined [21].

Results and discussions

The study of the hematological
indicators showed a tendency to a higher

number of white blood cells (by 8.3 % in the
third and 10.4 % in the fourth group) and red
blood cells, as well as hemoglobin contents by
4.6 and 8.4 % in the third and fourth groups
respectively with a significant difference for
the rats which were fed with 300 pg of Ge/L
of water (tabl. 1). The studied hematological
parameters remained within the physiological
limits for the animals of all experimental
groups. The increase of the hemoglobin
concentration at a time when there are more
red blood cells in the blood of the animals,
which were fed with the germanium citrate
solution at the rate of 300 ug of Ge/L of water,
may indicate strengthening of hematopoiesis
and synthesis of hemoglobin.

Table 1

Physiological data of blood of rats that were fed with different amounts of germanium citrate (M+m, n=6)

Groups White blood cells, 10%/L Red blood cells, T/L Hemoglobin, g/L
I 4.8+0.12 5.43+0.11 130.56+2.93
11 4.9+0.13 5.4240.10 125.2443.49
111 5.24+0.01 5.46+0.13 136.99+4.04
v 5.3£0.15 5.89+0.26 141.9944.03*

Note: in this and in the next tables the significant change (compare with I group) is shown as * — p<0,05; **

— p<0,01; *** — p<0,001

Feeding the infant rats with the
germanium led to an increase of the level of
the average weight molecules, circulating
immune complexes, and total protein in the
blood, which was more apparent for the third
and fourth animal groups (tabl. 2). However,
the significant content increase of the average
weight molecules (third group) and circulating
immune complex (fourth group) was 14.3 %
when compared with the values before control.
There also was a trend towards higher total
protein content in the blood of the animals of

the third and fourth experimental groups that
were fed with germanium citrate solution with
the concentrations of 200 and 300 pg of Ge/L
of water respectively if compared with its
content before control. Such changes may be
caused by the property of the germanium
compounds to increase the immune system
activity. In particular, it is known from the
literature sources that Ge, as immunomodulator,
stimulates cellular immunity of the organisms of
the animals [2-5].

Table 2

Immunobiological data of blood of rats that were fed with different amounts of germanium citrate (M+m, n=6)

. Circulating immune complexes, .
Groups | Average weight molecules, g/L abforbance units P Total protein, g/L
| 0.35+0.008 28.0£1.15 61.56£1.76
11 0.36+0.010 29.0+1.31 61.17+1.22
111 0.40+0.005* 31.0+0.88 66.53+1.84
v 0.39+0.008 32.0+1.09% 66.72+1.09
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The probable intergroup differences of
the lipid peroxidation indices in the blood of
the four-month rats confirm this (tabl. 3).
These data analysis indicates the apparent
antioxidant action of Ge citrate in rat
organism, which was accompanied by a
decrease in the content of the TBA-active
products and lipid hydroperoxides in the blood
of the animals of all experimental groups. It is
characteristic that the significantly lower
content of these metabolites was in the blood
of rats of the third and fourth groups but more
effective  physiological effect on the
peroxidation processes was observed in the

animals of the third group, which received
200 pg of Ge/L of water. While feeding with
10 pg of Ge/L was characterized by the higher
content of the TBA-active products and lipid
hydroperoxides in the blood of the rats of the
second group, when compared with the third
and fourth groups, but the level of these
indicators was lower than in the blood of the
animals in the control group. It is obviously
that higher doses of the germanium citrate
optimized the physiological processes in rats
organisms from the inhibition of lipid
peroxidation, that is also confirmed by the results
of the studies of the other authors [22, 23].

Table 3

Content of the lipid peroxidation products of blood of rats that were fed with different amounts
of germanium citrate (M+m, n=6)

Groups TBA-active products, Lipid hydroperoxides,
nmol/ml extinction units/ml
I 6.10+0.08 1.85+0.05
11 5.92+0.06 1.61+0.09
111 4.34+0.20* 1.17+0.07*
v 5.06+0.16* 1.39+0.02*

It was also found out by the studies that
there was a significant decline of the alanine
aminotransferase blood activity by 8.9 and
15.1 % respectively for the animals of the third
and fourth groups that were fed with the
solution with higher citrate germanium
concentrations (tabl. 4). It is known from the
literature  sources that the germanium
compounds have the ability to inhibit the
activity of certain enzymes, particularly, the
glutamate-oxaloacetate transaminases, lactate
dehydrogenases, glutathione-s-transferases,
and others. Such effects on the enzyme
systems were observed after introduction of
the significantly higher germanium
concentrations (500-2000 mg/L) [24], when
compared with the germanium citrate

concentrations used in our studies. While the
aspartate aminotransferase activity of the rats
blood of the third and fourth groups was
increased by 9.4 and 7.0 % respectively with
significant difference for the animals of the
third group. The obtained results of the blood
transaminase activity and their analysis
indicate certain differences of the biological
effect of various amounts of germanium citrate
in the organisms of young rats during the first
four months of their growth and development.
It is believed that the applied higher doses of
the germanium citrate cause an optimizing
influence on the functional activity of the liver
and protein metabolism in the organism, its
growth and development.

Table 4

Aminotransferases activity in blood of rats that were fed with different amounts
of germanium citrate (M+m, n=6)

Groups ALT, pkat/L AST, pkat/L
I 0.582+0.004 0.771+0.022

11 0.599+0.008 0.762+0.018
111 0.530+0.020* 0.844+0.013*
v 0.494+0.021* 0.825+0.033
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The conducted killing of six four-
month animals from each group showed the
absence of hazardous or toxic effects of the
applied low and high doses of the germanium
citrate on the growth and development of the
internal organs of the rats (tabl. 3).
Determination of the mass coefficients of the
heart, liver, pancreas, and testes of the animals
of the control and experimental groups
indicates their approximately equal values in

significantly higher mass coefficients of the
kidneys of the animals of the third and fourth
groups at a time when there are lower values
for spleen may indicate a great influence of the
germanium in the amount of 200 and 300 pg
to form internal organs in animals during the
postnatal period, which in its turn may indicate
the influence of the germanium citrate in the
amount of 200 and 300 mg on the fluid and
electrolyte balance of the organism and its

the rats of all groups. However, the immune and  hematopoietic  capacity.
Table 5
Mass coefficients of the internal organs of rats that were fed with different amounts
of germanium citrate (g/kg live weight, M+m, n=6-11)
Groups Heart Kidneys Liver Spleen Pancreas Testes

I 4.7+0.08 8.8+0.26 38.3+0.57 3.8+0.10 3.5+0.10 12.14£0.13

11 4.9+0.05 8.5+0.25 38.3+0.47 3.5+0.08* 3.7+0.07 12.0+0.77

111 4.5+0.08 9.9+0.08* 37.6+0.23 3.240.03*** 3.4+0.03 12.34+0.13

v 4.6+0.08 10.140.11%* 38.2+0.38 3.140.03*** 3.6+0.07 12.542.01
Conclusions 1. Gielen M, Tiekink E.R. T.
Metallotherapeutic  Drugs and  Metal-based

Feeding of rats starting from 10 days
after their birth and up to the four months with
the Ge citrate in the amount of 200 and 300 pg
of Ge/L of water is characterized by activation
of the hematopoiesis, immunological organism
reactivity, and decrease of the lipid
peroxidation processes in their blood. The
biological effect of the applied amounts of the
Ge is not the same, greater physiological effect
was observed in the organisms of the rats that
were fed with 200 and 300 pg of Ge/L of
water. The mentioned Ge doses do not affect
the growth and development of the heart, liver,
pancreas, and testis but they increase the
weight of the kidneys and decrease the mass
coefficients of spleen of the four-month rats.

Prospects of further researches.
It may be appropriate to study morphological
and histological indicators of the internal
organs of rats in the subsequent periods during
application of the germanium and its
combinations with the citrates of other tracer
elements.
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