ISSN: 2312-3370, Agricultural Science and Practice, 2015, Vol. 2, No. 3

UDC 620.3:661.693:546.763:547

REACTIONS OF PHYSIOLOGICAL SYSTEMS
IN THE ORGANISMS OF RATS TO FEEDING WITH LOW
AND HIGH DOSES OF GERMANIUM “NANOAQUACITRATE”

R. S. Fedoruk, O. P. Dolaychuk, I. I. Kovalchuk, M. M. Tsap
Institute of Animal Biology, NAAS, 38, V. Stusa Str., Lviv, Ukraine, 79034
e-mail: ecology@inenbiol.com.ua

Received on September 17, 2015

Aim. To study the changes in the condition of specific 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 coefficients 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 pg GeNAC/kg of b.w.), and average weight molecules — groups II and II1. The response of
the organisms of rats depending on the intensity of their growth confirms 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 (p < 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 (p < 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 first 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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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 y-interferon production, transporting
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and transfer of O, with the reduced hypoxia on the tis-
sue level; it decreases the harmful effect of hydrogen
ions on cells, activating its interaction with O,, 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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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 O, to the tissues and ensuring its interaction with
H*, which stimulates the elaboration of medical and
preventive preparations, based on organic compounds
of Ge. The first 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 efficient 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, §].

The aim of the study was to investigate the changes
in the condition of specific 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
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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 pg GeNAC
per 1 kg of b.w. (0.45-0.55 pg Ge per one animal per 1
day); group III — SR + 2.5 mg GeNAC/kg of b.w. (450—
550 pg 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 coefficients 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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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 I, SR (standard ration); 2 — group II, SR + 2.5 ng Ge; 3 — group III, SR + 2.5 mg Ge.
The difference is statistically reliable compared to group I at *p < 0.05; **p <0.01; ***p <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 (p <
< 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 ug Ge/kg of b.w. How-
ever, the increase in these indices in blood testifies to
certain correcting effect of Ge on the supply of O, 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 confirmed 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 testifies 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 (p < 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 concentra-

tion (M + m, n =4-5)

Group
Index

I—control II-2.5 pg Ge I1-2.5 mg Ge
Erythrocytes, 10'%/1 7.6+0.18 7.6 +0.08 8.5+ 0.20*
Hemoglobin, g/l 129.4 £2.25 127.4 +2.36 139.8 £4.07
Erythrocyte volume fraction (EVF), I/l 0.39 £ 0.007 0.39 £ 0.004 0.43+0.011*
Leukocytes, 10%/1 8.0+0.75 6.4+0.36 5.3 +0.50*
Lymphocytes, 10%/1 5.44+0.73 45+0.40 3.9+0.39
Monocytes, 10%/1 0.6 +0.09 0.5+ 0.05 0.4 +0.03*
Granulocytes, 10%/1 1.8+0.30 1.6 £0.30 1.0£0.17*
Platelets, 10%/1 377.4+73.7 404.6 £ 89.4 462.8 £52.6

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

**%p <0.001.
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Fig. 2. Age dynamics of the body weight of rats: 1 — group I, SR (standard ration); 2 — group II, SR + 2.5 pg Ge; 3 — group

III, 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 specific
immunobiological components in blood, in particular,
glycoprotein components, which is reflected 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 significant
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
significant effect on non-specific 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 efficien-
cy of the effect of'a low dose (5 pg/chicken) of GeNAC
on the decrease in POL intensity in blood, compared
to the high dose, — 10 pg/chicken [2]. It is evident that
the feeding with 2.5 ug 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 (M £+ m, n =15).

Group
Index

I—control II-2.5 pg Ge II1-2.5 mg Ge
Sialic acids, c.u. 267.8+7.91 270.4 £ 6.00 241.6 £ 7.48%
Ceruloplasmin, c.u. 3652+ 17.19 439.6 + 19.14* 341.0+ 13.10
Protein-bound hexoses, g/l 2.69 + 0.087 2.74 +0.094 2.32+0.091*
Phagocytic activity, % 49.00 = 1.79 55.20+1.93* 52.60 = 1.96
Phagocytic number 4.83+0.27 6.20 £ 0.42%* 6.03 £0.57
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Fig. 3. The coefficients of the weight of internal organs of rats: 1 — group I, SR; 2 — group II, SR + 2.5 pg Ge; 3 — group 111,

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 first 30 days of the testing period,
whereas in group II the indices of body weight on the
10™ and 20™ day were higher — by 4.0 and 3.2 % and
on the 30™ and 40™ day — decreased down to 96.6 and
96.0 % respectively. In group III the body weight of
rats on the 40" day exceeded the control by 2 %.

The decrease in the growth rate of animals of group
IT on the 30" and 40™ 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-

Table 3. The weight of internal organs of rats (M +m, n=15), g

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 30" and 40" days,
although it was on a lower level compared to the first
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 coefficients of their weight. In par-
ticular, the weight of the heart, liver, kidneys, spleen
and pancreas for animals of group Il exceeded these
indices for control group rats by 5.5; 5.9; 7.5; 5.2 and
2.0 %, and for group Il —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

Group
Organ % compared % compared
0 (V]
I—control I1-2.5 ng Ge to control I11-2.5 mg Ge to control
Heart 0.78+0.014 0.79 £ 0.027 101.8 0.82+0.016 105.5
Liver 10.75+0.23 10.86 £ 0.25 101.0 11.38+0.211 105.9
Kidneys 1.59+0.03 1.63 +£0.04 102.5 1.71 £0.035* 107.5
Spleen 0.92 +£0.02 0.93 +£0.008 102.0 0.96+0.010 105.2
Pancreas gland 0.70 £0.02 0.72 £ 0.006 102.1 0.72£0.02 102.0
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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

Thephysiological response ofthe 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 (p <
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 (p < 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 first 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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Meta. BuBunTH 3MiHM CTaHy OKpeMHX (DYHKI[IOHAJIbHUX
CHCTEM OpTaHi3My LIypiB y Nepioj BUIIOIOBAHHS PI3HHUX J103
«HaHOAKBaLUTpary» repManio. Meroaun. Bukopucrano
ABTOMAaTUYHHUI BETEPHHAPHUH reMaToJOTIYHUN aHaji3arop
Orphee Mythic 18 Vet mis BU3HAYCHHS T'€MaTOJIOTTYHHX
MOKa3HHUKIB. 3a JONOMOIOI0 KOJOPUMETPUYHUX METOMIB
BUBYAJIM PEAKTUBHICTh OpraHi3My 3a BMICTOM MOJIEKYI
cepeHbOol MacH, NIKONPOTEiHIB, MOHOIYKPIB XHIX ByT-
JICBOJHUX KOMIIOHEHTIB Yy CHpOBarIi KpoBi Ta 3a 1l
(baronMTapHOI0 aKTUBHICTIO, a TaKOX BU3HAYaIM Ti/Ipo-
nepokcuau diminiB i TBK-aktuBHEX MeTtabommiTiB. 3acrto-
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coBaHO (i310OTiYHI METOIM OIIHKH IOACKATHOI JTHHAMI-
KA 3MiH MacH TiJa IIypiB, a Icis 320010 — MacH Ceps,
TIeYiHKH, HUPOK, IMiAIITYHKOBOI 3aJI03H, CETIC31HKN 3 BH3HA-
YeHHAM iXHIX MacoMeTpuyHHX KoedimieHTiB. Pe3yabrarm.
BceranoBneHo MIKIpymoBi BiIMIHHOCTI B T€MaTOJOTi9HUX
MOKAa3HWKAaX Ha T MiABHINICHHA KUTBKOCTI €pUTPOIMTIB,
reMorIo0iHy, TPOMOOIINTIB 1 TEMaTOKPUTY TMOPSAT i3 3MEH-
IIICHHSAM YHMCJIA JIGHKOIUTIB Ta IXHIX OKpeMux (HopM y KpoBi
IIypiB JOCTIIHUX TPYyI, IO BiporigHo Bupaxeno B III rpymi.
AHaNOriYHy TEHACHINIO BiJ3HAYEHO IJIsi BMICTY ClaJOBHX
KHCJIOT 1 TeKco3, 3B’s3aHMX 3 OiIKamH, y KpOBi TBapuH
I rpymu, TBK-aktuBuux wmerabomitie — I, a Morekyn
cepennboi Macu — I i III rpyn. Peakuisi opranizmy urypis
3aJIeKHO BiJi IHTEHCHBHOCTI TXHBOTO POCTY MiJATBEPIKYE
BUpakeHimui Oiosoriynuii BrumB Ge B 71031 2,5 MI/Kr Macu
Tina (i3 30epeKEeHHSIM BUILIOTO PIBHSI MIOKa3HHUKIB MacH Tija)
Ha 4,4—6,9 % 1 Macu BHYTpIlIHIX opraHiB — Ha 5,2—7,5 %
BIIPOJIOBXK JIOCIiHOTO mepiofy. BucHoBku. dizionoriuna
peaxiiisi IMyHHOI, aHTHOKCHIAHTHOI Ta ToMeocTa3zHol (yHK-
LIOHAJIBHUX CHCTEM OpraHi3My HIypiB, IXHBOIO pOCTY i
PO3BUTKY 3a Macol Tila 1 BHYTpIUIHIX OpraHiB Ha BH-
MOFOBAHHSI HU3BKOI 1 BHUCOKOI 103 1urpary Ge 3yMOBIIIOE
HCOJTHAKOBO HAIpABJICHI 3MIHM T'eMaToJOrivHuX 1 (iziomoro-
010XIMIYHHMX MMOKA3HHUKIB Ta XapaKTEPU3YEThCS: 1) BUIIUM
(p £ 0,05) piBHEM epHUTPOIUTIB, TEMATOKPHUTY, JCHKOIIUTIB
y kxposi TBapuH Il rpynu, i darouurapHoi akTHBHOCTI Ta
BMicTy nepyiomiasminy — II rpynu; 2) HWKYUM piBHEM
MOKA3HUKIB PEAKTHBHOCTI OpraHi3My — BMICTY MOJIEKYI
cepennboi Macu y kposi tBapuH II 1 III rpyn (p < 0,05),
claJIoBUX KHCIJIOT, T'€KCO3, 3B’SI3aHMX 3 OUTKaMM, a TaKoxk
IHTEHCHBHOCTI IIEPOKCHUAHOTO OKUCHEHHS JIIITiIiB 32 BMICTOM
TBK-akTHBHUX METaOOMITIB 1 TiAPOMEPOKCUIB JIIITIB Y
IT rpymi; 3) BHIIOIO IHTEHCHBHICTIO POCTY 1 PO3BUTKY Op-
raHismiB TBapuH Il rpynu nHa 3,2—4,0 % y nepi 20 ni6, a
I rpymn — =Ha 2,0-6,9 % Bnpomosxk 40 1i0 BUIOIOBAHHS
murpary Ge, a TakoX Mach JOCHIKCHHUX BHYTPILIHIX
oprauis Ha 1,0-2,512,3—7,5 % y I i Il rpynax BiamoBigHo.
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PH, PICT 1 PO3BHUTOK.

Peakuum pu3H010ru4yecKux CHCTEM OPraHU3Ma KpbIc
Ha BbINANBAaHUe HU3KHUX M BBICOKHX /103
«HAHOAKBALUTPATa» repMaHus

P. C. ®enopyk, O. I1. Jonaituyk,
. . Koanbuyk, M. M. Ilan

e-mail: ecology@inenbiol.com.ua

WuctutyT 6nonorun x«uBoTHEIX HAAH Yipaunst
V. B. Cryca, 38, JIbBoB, Ykpauna, 79034

Hean. M3yunTh W3MEHEHHWE COCTOSHHUS OTICITHHBIX
(hyHKIMOHATHHBIX CHUCTEM OpTraHW3Ma KpBIC B IEPHOI
BEITAWBAHUS Pa3HBIX 103 «HAHOAKBAIIUTPATa)» TCPMAaHMS.
Meroasbl. Mcnonb30Bany aBTOMaTUYECKU BETEPUHAPHBII

AGRICULTURAL SCIENCE AND PRACTICE Vol.2 No.3 2015



REACTIONS OF PHYSIOLOGICAL SYSTEMS IN THE ORGANISMS OF RATS TO FEEDING WITH LOW

rematonorudecknii ananmsarop Orphee Mythic 18 Vet mns
OTIPEZICTICHHUS TeMATONIOTMYECKHX TToKa3arenei. C IoMomnpo
KOJIOPUMETPUYECKUX METOIOB M3Yydaldd PEaKTHBHOCThH Op-
TaHU3MAa 110 COZIEPKAHUIO MOJIEKYJI CPEHEH MacChl, ITINKO-
MIPOTEMHOB, MOHOCAXapOB HX YIVIEBOAHBIX KOMIIOHEHTOB
B CBIBOPOTKE KPOBM M IO €€ (paronuTapHOil aKTHBHOCTH,
a TakXe OMpeAeNsid TUaponepokcuibl aunuaoB u TBK-
aKTUBHBIX MeTabonuToB. IIpuMeHeHBl (DU3HONOrHUECKHE
METO/IbI OLICHKU €)KEICKaAHOW AMHAMUKH M3MEHEHHH Mac-
CBbl TENa KpbIC, a IMocie MX 3a00s — Macchl cepiua, Ie-
YEeHH, IOYEK, TOKETYIOYHON KeJe3bl, CEeTe3CHKH C BbI-
YUCJICHHEM WX MacCOMETPUYECKHX KOIPPUIMEHTOB.
Pe3yabTarbl. YCTAaHOBIEGHBI MEXKIPYIOBBIC PAa3THYUs
B TeMaTOJIOTHYECKHX MOKa3aTeNnsdax Ha (POHE MOBBIIICHUS
KOJIMYECTBA IPUTPOIMTOB, T'€MOITIOOMHA, TPOMOOIMTOB U
reMaTOKpHUTa HapsAAay C YMEHBIICHHEM YHCIa JEHKOLIUTOB
U HX OTIENBHBIX (JOpPM B KPOBU KPBIC OMBITHBIX TPYIII,
YTO JOCTOBepHO BhIpaxkeHO B III rpymme. AHanornynas
TEHACHIUS OTMEYCHA JJI COACPIKAaHUSI CHAJOBBIX KHCIIOT
U TEKCO3, CBS3aHHBIX C Oelkamu, B KpoBU KHUBOTHBIX II
rpynibl, TBK-aktuBHbIX MerabomuroB — I, a Momeky:n
cpenneit macesl — I u III rpynn. Peaknus opranusma Kpseic
B 3aBUCHUMOCTH OT MHTEHCHUBHOCTH HX POCTa IOJITBEPXK-
naer Oosee BBIpaXEHHOE Ouonornyeckoe Biusue Ge B
J03e 2,5 MI/Kr Macchl Tena (¢ CoxpaHeHHeM 0oJiee BBICOKOTO
YpOBHsI ITOKa3aTeled Macchl Tejla) B TEUEHUE OIBITHOIO
nepuoaa Ha 4,4—6,9 %. BeiBoabl. dusnonoruueckas pe-
aKius MMMYHHOM, aHTHMOKCHJAQHTHOM M TOMEOCTa3HOMH
(YHKIIMOHAIBEHBIX CHCTEM OPTaHU3Ma KpPBIC, HHTCHCHBHOCTH
HX POCTa U PAa3BUTHUSA IO MACCE TeIa U BHYTPEHHUX OPraHOB
HA BBINOMKY HU3KOM U BBICOKOM 103 tutpara Ge MpuBOAUT K
Pa3HOHANPABJIECHHBIM HM3MEHEHHUSIM TEMaTOJIOTHYECKUX U
(U3HOSIOT0-OMOXMMHUYECKUX ITOKa3aTeledl M XapaKTepHsy-
ercs: 1) Beicmmm (p < 0,05) ypoBHEM SpPUTPOLUTOB,
TreMaTOKPUTA, JICHKOIUTOB B KpOBU KMBOTHBIX Il rpymmel,
ee (aronuTapHONH aKTHBHOCTH W COJCPIKAHMS IIEpyIo-
mwra3muHa — [I Tpynmel; 2) HU3KUM ypOBHEM ITOKa3areiei
PEaKTUBHOCTH OpraHM3Ma — COAEPYKaHUS MOJIEKYJ Cpea-
Helt Macchl B KpoBu kuBOTHBIX I u III rpymm (p < 0,05),
CHAJIOBBIX KHCJIOT M TEKCO3, CBA3AHHBIX C OelkaMmu, a
TaKXe MHTCHCHUBHOCTH MEPOKCHIHOTO OKHCIICHHS JIUITHIO0B
mo conepkannto TBK-akTHBHBIX MeTabOIUTOB W THIPO-
nepokcunoB nununoB Bo Il rpymme; 3) Gomee BBICOKOH
MHTEHCHBHOCTBIO POCTA W PA3BUTHS OPTaHU3MOB KHMBOT-
ueix I rpymmstr Ha 3,2—4,0 % B nepssie 20 cyT, a III rpyn-
mel — Ha 2,0—6,9 % B Teuenne 40 cyT BBIMOHKH IUTpaTa
Ge, a Tak)Ke MacChl UCCICIOBAHHBIX BHYTPEHHHX OPTaHOB
Ha 1,0-2,5 1 2,3—7,5 % Bo Il u Il rpymmax cOOTBETCTBEHHO.

KiaroueBnie ciioBa: «HaHOAKBalUTpar» Ire¢pMaHus, ITTUKO-
MMPOTCUHBI, TEMATOJIOITMYCCKUE I10Ka3aTCiiu, MNEPOKCUAHOC
OKHCJICHUEC JIMITUAO0B, KPBICBI, POCT U pa3BUTHUC.

AGRICULTURAL SCIENCE AND PRACTICE Vol.2 No.3 2015

REFERENCES

1. Ishiwata Y, Yokochi S, Suzuki E, Michishita H, Tashita A,
Asano K, Mitani T, Kurono M. Effects of proxigermaniumon
interferon production and 2°,5’-oligoadenylate synthetase
activity in the lung of influenza virus-infected mice and in
virus-infected human peripheral blood mononuclear cell
cultures. Arzneimittelforschung. 1990;40(8):896-9.

2. Kovalenko LV. Evaluation of the stimulating effect of
nanoaquachelates of germanium on the natural resistance
of animals. Naukovyy visnyk NUBiP Ukrayiny. Ser. Ve-
terinary medicine, quality and safety of animal products.
2012;172(1):203-9.

3. Skal’nyy AV, Rudakov YA. Bioelements in medicine.
Moscow, Publishing House Onyx 21; Mir. 2004;272 p.

4. Yl’yukhyn AB, Shkol’nykova LM, Seyfulyna YY, Batalova
TP, Dyatlova NM. Obtaining, structure and properties
of the Germanium (IV) compound with nitrilotriacetic
acid Ge(Nta)(H,0)(OH) x 2H,0. Russ J Coord Chem.
1991;17(6):795—800.

5. Sakhanda 1IV. Preparations of germanium and their use
in medicine. Ukrainian Scientific Medical Youth Journal.
2014;(4):83-6.

6. Lin CH, Chen TJ, Hsieh YL, Jiang SJ, Chen SS. Ki-
netics of germanium dioxide in rats. Toxicology. 1999;
132(2-3):147-53.

7. Pat. of Ukraine No. 38391. 2009. Method for metal
carboxylates obtaining ‘“Nanotechnology of obtaining
metal carboxylates”. Kosinov MV, Kaplunenko VG. N
a 200810939; appl. 08.09.2008; publ. 12.01.2009;Bull.
N 1:5p.

8. Iskra RYa, Vlizlo VV, Fedoruk RS, Antonyak HL. Chro-
mium in animal nutrition. Kyiv, Ahrarna nauka. 2014;312 p.

9. European convention for the protection of vertebrate
animals used for experimental and other scientific
purposes: Council of Europe. Strasbourg. 1986;53 p.

10. Vlizlo VV, Fedoruk RS, Ratych IB. Laboratory methods
of research in biology, and veterinary medicine. Lviv,
Spolom. 2012;761 p.

11. Kotsyumbas IYa. Preclinical studies of veterinary me-
dicines. Lviv, Triada plyus. 2006;360 p.

12. Dolaychuk OP, Fedoruk RS, Kropyvka SJ. Physiological
reactivity and antioxidant defense system of the ani-
mal organism induced by Germanium, Chromium, and
Selenium “nanoaquacitrates”. Agric Sci Pract. 2015;
2(2):50-5.

13. Fedoruk RS, Dolaychuk OP. Glycoproteins. Structure
and function. Naukovo-tekhnichnyy byuleten’, Institute
of Animal Biology NAAS. 2009;10 (1-2):432-7.

14. Lukevyts EYa, Har TK, Yhnatovych LM, Myronov VF.
The biological activity of Germanium compounds. Ryha,
Zynatne. 1990;191 p.

21




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


