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Aim. To determine the impact of the dose of germanium citrate on the distribution and concentration of the
trace elements Fe, Zn, Cu, Co, Mn in tissues and organs of male F, rats. Methods. Standard physiological,
biochemical (including atomic absorption spectrometry), clinical and statistical methods were applied. Results.
It was established that there were changes in the content of Fe, Zn, Cu, Co, Mn in soft tissues and their
distribution in liver, kidneys and lungs of male F, rats. It was demonstrated that these were mostly changes
in organ-tissue specific functioning of some physiological systems, for instance, hepatorenal and respiratory
systems of the organism as induced with a few exceptions independent of the different doses of germanium
(10, 20 and 200 pg/kg of bodyweight). The differences were most apparent in kidneys and less in liver and
lungs. The doses of 10, 20 and 200 pg Ge, and those of Fe — 20 and 200 pg — caused higher concentrations
of Cu, Co, Mn and Zn in muscle tissues. The differences in the weight of liver, kidneys and lungs of rats of
experimental and control groups were determined in order to eliminate intergroup differences and to obtain
the absolute content of the investigated trace elements in liver, kidneys and lungs. The mentioned differences
were more expressed for the absolute content of Cu in liver and for Mn in kidneys and lungs. Conclusions.
Long-term introduction of oral aqueous germanium citrate into the organism of a F, generation of rats at 10,
20 and 200 pg Ge kg-1 of the bodyweight is characterized by the changes in the content of Cu, Co, Mn, Fe, Zn
both per one unit of soft tissue weight and their absolute content in the internal organs. The biological effect
of germanium citrate is expressed more in the high dose of 200 pg Ge/kg of the bodyweight, conditioning the
increase in the content of Cu (from 51 to 95 %) and Zn from 22 to 78 % in all the investigated tissues of rats of
this group. There was a decreased level of Co in liver at the effect of 20 and 200 pg Ge, and at the effect of all
the administered doses in kidneys and lungs. The level of Mn increased by 27.7; 74.0 and 23.4 % in groups I,
[T and IV respectively in the muscle tissues of male F, rats at the effect of all the administered doses of Ge, Co
20 and 200 pg, Fe 10 and 20 pg, and Zn 10 and 200 pg Ge, which testifies to the differences in the regulatory
impact of NGeC on the level of investigated trace elements in the muscle tissues of rats.

Keywords: trace elements, soft tissues, muscle.
DOI: https://doi.org/10.15407/agrisp5.03.040

INTRODUCTION

It is known that the uptake and incorporation of trace
elements in the organism of humans and animals is de-
termined by a number of physiological mechanisms,
including synergetic or antagonistic interactions. These
interactions have been firmly established for most
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macro- and trace elements, and they are normalized in
nutrition [1-3]. The regulatory impact of physiologi-
cally active, but insufficiently studied elements, among
which germanium takes a prominent place, on organ-
tissue distribution of other minerals, is presently ac-
tively studied in biology, medicine, and veterinary sci-
ence [3, 4]. Organic formulations of macro- and trace
elements (nanoaquachelates) as obtained by nanotech-
nology methods receive special attention [5, 6]. The
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biological role of these organo-compounds and their
interaction with other macro- and trace elements and
their impact on their distribution in the organism and
its organs are actively studied as well. In particular, our
earlier research [7, 8] showed that the administration
of germanium citrate, obtained via the erosive and ex-
plosive ablation with electro-impulse, caused a number
of biological effects in the organism of rats. This may
have found its cause in the fact that germanium (Ge)
has an immuno-stimulating effect, enhances transport
and transfer of O, and ensures the decrease of hypoxia
at tissue level [3, 4]. Certain organic forms of Ge have
negatively charged oxygen ions that can scavenge free
damaging hydrogen ions and minimize their damage to
cells and tissues [9]. A notable characteristic of organic
forms of Ge is that they are removed fast with urine
from the organism, which indicates its low accumu-
lation in tissues [4, 10]. Different concentrations and
duration of Ge intake affect physiological-biochemical
processes in the organism differently, including their
influence on the level of macro- and trace elements in
tissues [3, 6, 7]. Recent experimental studies on physi-
ological mechanisms of the effect of different doses of
germanium citrate on organ-tissue and systemic level
[6, 7, 9] and preparations, including Astrogerm, Ger-
matranol, Germavit, elaborated on the basis of this
chelate complex, stimulated a profound investigation
of this compound on the intake of such vital elements
as Cu, Co, Mn, Fe, Zn in the organism, the results of
which are reported in this article.

MATERIALS AND METHODS

The studies were conducted using white laboratory
male F, rats, divided into one control (I) and three
experimental (II, III, IV) groups, 4 animals in each.
Contrary to the control group, the rats of experimental
groups daily received the addition of nanogermanium
citrate (NGeC), manufactured by the nanotechnology
method [11, 12], with drinking water, calculated as 10
(experimental group I1), 20 (IIT) and 200 (IV) pg Ge/kg
of the bodyweight. Feeding female rats of generations
F,and F, with germanium citrate in the mentioned dos-
es during their ontogenesis and pregnancy, and feeding
young rats of respective groups F, and F, with milk of
the germanium-fed mothers was conducted. The effect
of germanium citrate on the organism of young F, rats
was revealed at the stages of embryonic, fetal and pre-
weaning period of development via mothers’ blood and
milk as well as via absorption in the digestive tract af-
ter the start of independent consumption of feeds and
water. At the age of 4—4.5 months, 4 male rats from
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each group were decapitated after narcosis to study
their internal organs. The content of Fe, Zn, Cu, Mn,
Co in homogenates of tissues of liver, kidneys, lungs
and femoral muscle was determined after dry ashing
in the muffle furnace at 450-500 °C and dissolving the
mineral residue in 10 % HCI. The trace elements were
detected during the period of burning their acid solu-
tions in the acetylene flame, using an atomic absorp-
tion spectrophotometer SF-115 PC (Selmi, Ukraine)
with the software for concentration calculation, as de-
scribed in [13]. The obtained results were statistically
processed using MS Excel and determining the mean
values (M), and their deviations, where standard devia-
tion = standard error of the mean (£ m SD), and the
probability degree by Student’s coefficient (P < 0.05).
The obtained mean results of the experimental groups
were compared against those of the control group.

RESULTS AND DISCUSSION

The analysis of the obtained results indicated un-
evenly directed changes in the content of the investi-
gated trace elements in the tissues of internal organs
and muscle tissue of F, males depending on the dose
of NGeC. In particular, a higher content of Cu was
38.7 and 51.6 % detected in liver tissues of rats at 10
(P <0.05) and 200 (P < 0.01) pg Ge/kg of the body-
weight, and the elevated Fe of 21.3 % at 10 pg
(P < 0.05) with the preservation of this tendency for
Fe also for males receiving 20 — 16.7 % and less so for
those receiving 200 pg — 5.3 % (Figure).

The content of Co decreased by 23.3 (P < 0.05) and
50 % (P <0.001) in liver tissues of males receiving 20
and 200 pg. The content of Mn decreased also by 15
and 20 % at the dose of 10 and 20 pg Ge. No significant
differences in Mn content were detected in the tissues
of liver, kidneys and lungs of F, rats with all dose rates
applied, which was also noted by other researchers [2,
3]. It is known that Mn is found in all the tissues and
liquids of the organism without considerable organ-,
species- or age-related differences. The increase in Mn
concentration in the liver of rats was noted at the ef-
fect of 5 pg Ge in the form of sodium germanate [3].
There was a confirmed impact of this compound on the
mineral exchange via functioning of the main regula-
tory enzymes, activated by Mn — hydrolases, kinases,
decarboxylases.

In the processes of absorption from the intestines,
Mn competes with Co for the binding sites, whereas
the mechanisms of absorption of Mn and Fe are similar
and there is no competition [2]. The differences in Co
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The content of trace elements in the tissues of male F,. Note: Statistically significant differences from the control group I in
Figure and Table are indicated as *—p < 0.05; ** —p < 0.01, *** —p <0.001

content in the tissues of internal organs, noted for F,
rats, were also established for male F, rats at the age
of 2-2.5 months. In particular, the content of Co in liver
tissues of male F, rats at the doses of 20 and 200 ug Ge
was 40-50 % lower as compared to the control group
[7]. The mentioned regularity of Co content in liver tis-
sues of F, and F, rats at the effect of these doses of
NGeC inmale F, rats was also preserved for Co content
in lung tissue of animals of generation F,. In particular,
the effect of germanium was revealed in the decrease
by 40.3 and 70.4 % in the content of Co in lung tissues
of rats of groups II (P < 0.05) and III (P < 0.01) and the
decrease by 32 % — group IV.

A significantly lower content of Co (by 29.4; 50.3
and 39.2 %) was found in the tissues of kidneys of ma-
le F, rats of all the experimental groups, Cu and Fe —
at the effect of 10 and 20 pg Ge at the background of a
higher level of Mn (P < 0.001) in groups III and I'V and
Cu (P <0.01) and Zn (P < 0.05) in male rats of group
IV, which received 200 pg Ge. NGeC had a more vis-
ible inhibiting effect on the content of Fe and Co in
the tissues of kidneys and on the content of Co in liver
tissues at the effect of 20 and 200 pg Ge, and as for
Mn — 10 and 20 pg Ge in liver, which may impact the
hematopoietic ability of the organism of male F, rats as
follows: it is known that Co enhances the intake of Fe
and synthesis of hemoglobin, stimulating erythropoi-
esis. Co negatively affects the synthesis of proteins and
repair of S-S group sulphur bridges, that operate in the
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processes of blocking and detoxification of poisonous
elements in the organism [2, 3].

A less clear regulatory effect of NGeC compared
to the liver tissue on the content of the investigated
elements was noted for the tissues of lungs, but the
content of Zn and Cu in lung tissue was also 66.9 and
175 % higher (P < 0.05; P < 0.01) for male rats of
group IV. It is remarkable that the content of Cu in
lung tissue of male rats of group IV was 27.5 % higher
(P <0.01) against the control compared to the tissues
of liver, kidneys and muscles. It may indicate a stimu-
lating effect of NGeC in the dose of 200 ug Ge on the
intensity of Cu metabolism in the organism and as a
result, the level of this microelement in the internal
organs and muscles of rats.

The increase in the content of Cu in the tissues of
liver, kidneys, lungs and muscles of rats may condition
enhanced redox processes and supply of these tissues
with O,, which was also noted by other researchers [3,
14, 15, 16]. It is known that a high level of Cu in the
tissues of the organism stimulates the processes of anti-
oxidant protection with the participation of its incorpo-
ration into enzymes involved in these processes.

The content of trace elements in the tissues of femo-
ral muscle of rats was found to be 2—10 times different
from that of the tissues of internal organs. For instance,
a higher content (by 27.7; 74.0 and 23.4 %) of Mn for
males of all the experimental groups was noted in the
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samples of muscle tissues at the effect of low (10 pg),
medium (20 pg) and high (200 pg) doses of Ge, and
Zn by 56.3 and 46.7 % — 10 (P < 0.001) and 200 pg
(P <0.01), see Table. The content of Fe was also con-
siderably higher in the muscle tissues at the effect of 10
and 20 pg Ge, and as for Cu—200 pg (P <0.01).

The absolute content of the trace elements Cu, Co,
Mn, Fe and Zn was also studied in the liver, kidneys
and lungs inrelation to the weight of these organs. The
weight of the organs, except for kidneys in group 1V,
in males of all experimental groups showed a tenden-
cy to decrease in the range from 7.3 to 22.6 % which
was statistically significant at least for liver in group I1
(P <0.01) and III (P < 0.05), and for lungs in group
I (P < 0.05) (Table). In particular, a lower content
(from 35.7 to 56.7 %) of Co was found in the liver of
rats in groups I (P <0.01) and IV (P <0.001) and for
Mn in groups Il and I1I (P < 0.001). To the contrary, a
higher level of Zn was found in animals of group IV
(P < 0.05). The absolute content of Cu in the liv-

er of male rats of group IV increased from 34.9 %
(P <0.05).

The absolute content of the investigated trace ele-
ments in the kidneys of rats mainly preserved the direc-
tion of differences between the control and experimen-
tal groups relative to their level in mg/kg of the weight
of the tissue (Figure). The absolute content of Mn in
the kidneys of males of group II at the effect of a low
(10 pg) dose of NGeC, however, was 15.5 % lower
as compared to that of the control. It may be condi-
tioned by the impact of lower indices of Mn content
in these tissues and a smaller weight of this organ by
7.3 % in rats of group II. The absolute content of Mn
in kidneys of males of groups III and IV was 47.8 and
54.8 % higher respectively (P < 0.001) at an insignifi-
cantly increased level (by 10.7 %) of the weight of this
organ as compared to that of the control. A statistically
significant higher absolute content of Mn in the kid-
neys of males of group III and IV was demonstrated
at the expressed impact of 20 and 200 pg Ge of NGeC

The absolute content of trace elements in some internal organs of male F, rats at the age of 4 months, (mean, M and standard

deviation, = m; number of rats, n = 4)

Organ weight, Content of the microelements, pg
Groups
& Cu Co Mn Fe Zn
Liver
Control — I 8.97 £0.46 27.5+3.82 5.43+£0.27 179+ 0.81 | 489.6+£27.7 | 489.6+27.7
Experimental/dose
of Ge, ug
- 10 6.94+0.45%% | 29.5+3.03 439+0.35 |12.0+0.52%%% | 4595+23.1 | 278.4+22.5
111 - 20 7.59+0.39% | 25.6+4.45 | 3.49+0.18%* [ 11.9+0.36%** | 483.6+26.0 | 251.4+33.5
IV — 200 7.92+0.26 37.14£2.59 [2354£0.12%%*% | 17.5+0.75 | 455.1+28.0 | 344.2 +63.2%
Kidneys
Control — I 1.78 £ 0.08 10.8 + 0.61 2.72+0.14 3.43+£0.13 1249 +5.1 1092 +17.7
Experimental/dose
of Ge, ug
II-10 1.65+0.07 | 7.7+0.46%* | 1.77+£0.12%* | 2.90 + 0.04** | 73.9+6.3%** | 111.7+15.3
1T -20 1.64 + 0.04 9.8+0.60 | 1.25+0.06%%* [ 5.07+0.09%** | 100.1 +3.4%* | 104.4+9.9
IV —-200 1.97+£0.04 |18.8+0.97%%* | 1.83+0.13%* | 531 +0.15%** | 1299+7.4 | 199.8+10.1*
Lungs
Control — I 1.55 +0.09 5.0+0.33 2.88+0.33 3.11+0.11 108.4+10.6 | 62.2+3.69
Experimental/dose
of Ge, ug
II-10 1.35+0.09 56+1.19 1.50 £ 0.01% | 2.24+0.20% 88.7+7.8 51.4+7.64
I -20 1.30 + 0.06* 54+0.74 | 0.72+0.22%% | 4.04+1.07 95.4+7.5 60.8 +9.05
IV —200 1.36+0.08 | 11.9+1.19%* | 1.72+0.39 2.95+0.14 87.5+6.1 91.3 +7.29%
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on the increase in Mn content in kidneys. This effect is
also confirmed by the increase (P < 0.001) in Mn con-
tent in the tissues of kidneys (in mg/kg) of males from
groups III and IV (Figure).

Statistically significant differences in the absolute
content of the investigated trace elements were
preserved in the lungs of rats of experimental groups
similarly to those as per one unit of tissue weight in
mg/kg, presented in Figure. The detected changes
demonstrated that the absolute content of Mn in the
lungs of group II males showed a significant decrease
similarly to the liver and kidneys. It was conditioned
both by the lower level of this element in the lung
tissue and by the tendency to the decrease in the
weight of this organ (12.1 %) compared to the control.
However, a lower index of the weight of lungs in
animals of group IV had no considerable impact on the
significant increase in the absolute content of Zn in this
organ, as the content of Zn in the lung tissues of rats
of this group was 46.9 % higher (P < 0.01). It should
be noted that a high (200 ug) dose of Ge conditioned a
significant increase in the absolute content of Zn in the
liver, kidneys and lungs, Cu — in the kidneys and lungs,
Mn — in the kidneys.

CONCLUSIONS

Thus, the introduction of germanium citrate for
120-135 days, obtained via electric impulse abla-
tion and its administration with drinking water in the
amounts of 10, 20 and 200 pg Ge/kg bodyweight into
F, rats is characterized by the changes in the content
of Cu, Co, Mn, Fe, Zn both per unit of soft tissue
weight and their absolute content in the entire inter-
nal organs. The biological effect of germanium citrate
is more expressed in the high dose of 200 pg Ge/kg
than in the lower doses conditioning the increase in
the content of Cu from 51 to 95 % and Zn from 22 to
78 % in all the investigated tissues of rats. There is
a decrease of Co by 40.3 % in the liver at 20 and by
70 % at 200 pg Ge, and at all the administered doses
from 27 to 50 % in kidneys and 33-310 % in lungs.
The level of Mn increased from 23.4 to 74 % respec-
tively in the muscle tissues of male F, rats at all ad-
ministered doses of Ge, for Fe it was respectively
for the doses of 10 (P < 0.001) and 20 pg (P < 0.05),
and finally for Zn respectively for the doses of 10
(P < 0.001) and 200 pg Ge (P < 0.01). There was a
statistically significant increase in the content of Cu
and Zn in all the investigated tissues and organs of
F, rats at the effect of 200 pg Ge, which may indicate
enhanced accumulation of Cu and Zn in the organism
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of rats at long-term (F-F -F)) intake of germanium
citrate with drinking water.

BnuinB BHNOIOBaHHS Pi3HUX 103 FepMaHil0 HUTPATy
HA BMiCT MiKpoe/IeMeHTiB y TKAHHHAX
Ta opraHax camuis mypis F,
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Meta. 3’scyBaTé BIUIMB JO3M TEPMaHil0 IUTpaTy Ha
posnozin Fe, Zn, Cu, Co, Mn y TkaHWHaX Ta OpraHax Irypis-
camui F,. Meroau. @izionoriuni, GioxXiMiumi, KIiHiuHi,
craructiyHi. PesynsraTn. Beranosneni 3minn Bmicty Fe,
Zn, Cu, Co, Mn y M’SKHX TKaHWHAX Ta iX PO3MOIITY Y
TediHLi, HUpKax i erensx camuis urypis F,. ITokazano, mo
i 3MIHU 3YMOBIIIOIOTHCSI B OUIBILII Mipi OpraHO-TKaHWH-
HUMH OCOOJIMBOCTSAMHU (PYHKI[IOHYBaHHS OKpeMUX (i3iono-
TIYHUX CHCTEM OpTraHi3My, 30KpeMa TemnaTro-peHansbHol 1 Ju-
XaJIbHOI, a B MeHIii — 03010 [epmaniro (10, 20 1 200 MKr/kr
M. T.). binpmie BupaskeHI 3MiHHM BMICTY IIMX €JIEMEHTIB
BCTAHOBJIECHI U1 HUPOK 3a Jii BCIX 3aCTOCOBAaHMX J103,
a MEHIIE — MEYiHKU 1 JereHb. Y TKaHWHAX M’s3a BiI3Ha-
YEeHO MO3UTHBHUII BIUIMB repMaHito nurpary Ha Bmict Cu,
Co, Mn i Zn 3a naii 10, 20 i 200 mxr Ge, a Fe — 20 i
200 Mkr. BcraHoBneHiI pIi3HUII Mach TEYiHKH HUPOK 1
JICTCHb IIypiB JOCTITHUX 1 KOHTPOJBHOI IpyIl, MO HiBe-
JIFOBAJIO MDXKTPYIOBI BIIMIHHOCTI aOCOJIIOTHOTO BMICTY J10-
CJII[DKEHUX MIKPOCIEMCHTIB Yy TCYiHIlI, HUPKAX 1 JICTCHSX.
Bxkazani BigMIHHOCTI OinbIne BHpaXKeHi I aOCOITFOTHOTO
Bmicty Cu y meuiHui, Mn y HupKax i JiereHsx. BucHoBKH.
Tpusane wnanxomxeHHs B opranisM mypis F, 3 Bomoro
repManifo nutpary B Kiipkocti 10, 20 1 200 Mxr Ge/Kr M. T.
xapakTepusyeTbes 3MiHamu BMicTty Cu, Co, Mn, Fe, Zn
SIK Ha OJUHUII0O MACH M’SKHUX TKaHHMH, TaK 1 aOCOJIOTHOIO
BMiCTy iX y BHYTpIlIHIX opranax. biojoriyna jis repMaHiro
muTpary Oineire BupaxkeHa y 1o3i 200 Mxr Ge/Kr M. T., 10
3yMoBIIOe migBumeHHs Bmicty Cu (Big 51 mo 95 %) i Zn
(Bim 22 10 78 %) y BCIX MOCIHIIKCHUX TKAaHMHAX IIyPIB IIi-
€1 rpynu Ha T 3HWKeHHs piBHA Co y mewinmi 3a xii 20 i
200 Mkt Ge, a HEpKax 1 JIETEHSAX — 3a Jii BCIX 3aCTOCOBAaHHUX
103. Y TkaHUHaX M’si3iB camiiB F, BiporiaHo 3poctas BMicT
Mn (ua 27,7; 74,0 1 23,4 % B 11, 111 i IV rpynax BiAmosia-
HO) 3a fii Bcix 3actocoBanux 703 Ge, Co — 20 i 200 Mkr,
Fe — 101 20 mkr, a Zn 10 1 200 mxr Ge, MO CBiTYUTH PO
BiZIMIHHOCTI perynsitopHoro BBy HGell Ha piBeHb
JIOCII/DKEHUX MIKPOEJIEMEHTIB Y TKaHMHAX M SI31B IIypiB.

KJ1ro4oBi cj1oBa: HaHomarepiany, BHYTPIIIHI OpraHu, M’ si3u.
» BHY’ 5
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Hens. BriicHUTh BIUsSHHUE O3Bl TepMaHHS IMTpaTa Ha
pacupenenenue Fe, Zn, Cu, Co, Mn B TKaHsX M OpraHax
KpbIC-CaMIIOB Fz. Metoabl. Ousznogornueckue, OUOXUMHU-
yecKue, KIMHUYeckue, cratuctuyeckue. Pesyabrarsl. Ye-
TaHOBJICHBI M3MeHeHus1 conepkanust Fe, Zn, Cu, Co, Mn
B MATKHX TKaHSAX M MX paclpelesieHus B TEYCHHU, MOYKAaX
1 JIeTKHX camuoB Kpeic F,. ITokazano, 4To 5TH M3MEHEHHUS
00yCIIOBIICHBI B OOJBIICH CTETICHH OPTaHO-TKAHEBBIMH OCO-
OCHHOCTSAMHU (YHKIIMOHUPOBAHUS OTICIBHBIX (DU3UOIOTH-
YECKUX CHUCTEM OpPraHH3Ma, B YaCTHOCTH relaTo-peHaTbHON
U JIbIXaTellbHOM, a B MeHbIe — go3o0i repmanus (10, 20
u 200 Mkr/kr M. T.). Boiee BbIpaKCHHBIE M3MEHCHHS CO-
JepKaHUS ITUX DJIEMEHTOB YCTAHOBJICHBI [UISA MOYEK MPH
JCHCTBUU BCEX MPUMEHEHHBIX 103, @ MEHBIIE — IICYCHH
U JIETKUX. B TKaHSAX MBIIIIBI OTMEYCHO MOJIOKUTEIHFHOE
BIMSIHAC TepMaHus nutparta Ha coxepxkanue Cu, Co, Mn
u Zn npu aedicteuu 10, 20 u 200 mxr Ge, a Fe — 20 u
200 MKT. YcTaHOBJIEHHBIE PA3IHYUsI MAaCChI IEYEHH, ITOYEK U
JIETKUX KPBIC ONBITHBIX M KOHTPOJIBHON TPYMIT CTIIaKUBAIN
MEXTPYTIIOBBIE Pa3IHdusl aOCONIOTHOTO CONEpKAHHUSA WC-
CIICZIOBAaHHBIX MHKPORJICMEHTOB B IICUCHH, MOYKAX M JIeT-
KUX. YKa3aHHBIC pa3inuyusi Ooliee BBIPAXKCHBI s abco-
moTHOTO comepkanuss Cu B medeHW, Mn — B TOYKax H
Jierkux. BuiBombl. JITUTEIbHOE MOCTYIJICHUE B OPraHU3M
kpeic F, ¢ Bomoi repmanus nutpara B Komuuecte 10,
20 u 200 Mxr Ge/Kr M. T. XapaKTePH3YyeTCS H3MCHCHHEM
comepxkanus Cu, Co, Mn, Fe, Zn kak Ha eIWHUIy MacChl
MATKUX TKaHEH, Tak W aOCOJIOTHOTO COMAEpKaHHS UX BO
BHYTPCHHHX OpraHax. bruomormnueckoe AeliCTBUE TepMaHUS
murpara Oomelre BbipakeHo B go3e 200 mMxr Ge/kr M. T.,
U TPUBOIUT K MOBBIMIEHUIO conepkanus Cu (ot 51 nmo
95 %) n Zn (ot 22 1o 78 %) BO BCeX MCCIEJOBAHHBIX TKa-
HSIX KpBIC ATOW rpyrmibl Ha (oHe cHkeHus: ypoBHs Co B
meuenn npu peiicteun 20 u 200 mMxr Ge, a mMoYKax M Jier-
KHX — TIpH JEHCTBUU BCEX NMPUMEHEHHBIX /103. B TKaHsIX
MBI CaMIIOB F, J0CTOBepHO BO3pacTaio cozmepkaHue
Mn (ma 27,7; 74,0 1 23,4 % Bo II, IIl u IV rpymmax
COOTBETCTBCHHO) IIPU JCHCTBUM BCEX MPHUMCHCHHBIX 103
Ge, a Co — 20 1 200 mkr, Fe — 10 u 20 Mkr, Zn — 10 1 200 MKr
Ge, 9TO CBHCTENBCTBYET O PA3IHUYMIX PEryIATOPHOTO BIIH-
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sauaust HGell Ha ypoBeHBb HCCIIEIOBaHHBIX MHKPO3JIEMEHTOB
B TKAHSIX MBIIIII KPBIC.

KiroueBble ci10Ba: HaHOMaTepHasbl, BHYTPEHHHE OpPTaHBI,
MBILIIIBIL.
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