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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 ug per
1 kg of body weight (b.w.) for Cr and Se, and germanium citrate — 15 pg Ge per 1 kg of b.w. The first group served
as a control; and the third one was fed with chromium and germanium citrates, calculated as 50 pg per 1 kg of b.w.
for Cr, and germanium citrate — 15 pg 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 significant, as confirmed by a high probability
of differences compared against the control group. The complex of microelements, used in these quantities, de-
monstrates significant 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 8" 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 significant 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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INTRODUCTION properties demonstrates promising future of its applica-

Germanium is the least studied microelement among tion in veterinary science, cattle breeding and medicine.
the three used, but the current information about its  Inparticular, as an immunomodulator Ge stimulates the
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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 field, 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 confirm 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 profile
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 specific
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-specific 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 sufficiently, so it is urgent to study

AGRICULTURAL SCIENCE AND PRACTICE Vol.2 No.2 2015

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 pg per 1 kg
of body weight (b.w.) for Cr and Se, and as for germa-
nium citrate — 15 ug 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 five 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 (P < 0.05; P <
0.01). As ceruloplasmin and haptoglobin also play a
significant 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
IT 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 significant, as confirmed 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)

Seroglycoids, Hexoses, bound Ceruloplasmin, Haptoglobin, Sialic acids,
Group .
g/l to proteins, g/l c.u. g/l c.u.
I 0.201 £ 0.002 2.29 +£0.085 237.7+7.88 1.23£0.090 54.0+1.53
II 0.173 £ 0.005* 1.77 £ 0.059%%* 393.3 £ 5.49%** 1.70 £ 0.065%* 62.7 £ 1.45%*
11 0.185+0.010 1.79 £ 0.120* 302.3 + 6.89%* 1.56 £0.130 63.0 £2.08%*

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

kP <0.001.

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=15)

Seroglycoids, Hexoses, bound Ceruloplasmin, Haptoglobin, Sialic acids,
Group .
g/l to proteins, g/l c.u. g/l c.u.
I 0.149 +0.002 2.01 +0.085 2742 +£14.94 1.84 +£0.07 66.0 +3.62
II 0.141 £ 0.006 2.36 £ 0.060* 368.4 £ 13.19%** 2.20 +0.05* 49.8 +£2.78*
11 0.143 + 0.005 1.90 +0.080 336.2 £ 11.02* 2.21 +£0.05%* 53.6 +£4.02
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min and sialic acids (P < 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 (P <0.001; P
< 0.05) and haptoglobin (P < 0.05; P <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 specificities 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-

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)

Lipid TBA-active
Group hydroperoxides, products,
OU/ml nmol/ml
I 6.20+0.12 1.85+0.07
I 5.33+0.33 1.56 £ 0.04*
I 5.18£0.32% 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 =15)

Lipid TBA-active
Group hydroperoxides, products,
OU/ml nmol/ml
I 6.90 +0.04 2.25+0.07
I 6.15+0.09* 2.07 £0.03
11 6.24 £ 0.09* 2.16 £0.05
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logical reactivity of the organism, where glycoproteins
take an active part, and the compounds used stimulate
the mentioned functions [14, 16—-18].

Another confirmation 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 testifies 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 Il and 111
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 (P < 0.05), and group
III — by 9.6 %, compared against the control. The
content of TBA-active products in the blood of ani-
mals in the experiment groups testifies 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 insignificant 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 confirm 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 specificities
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.
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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 significant 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.

®Di3iosioriyHa peakTUBHICTS i ccTeMa
AHTHOKCHIAHTHOI0 3aXHCTY OpPraHizMy umypis 3a aii
«HAHOAKBALMTPATIB» repMaHilo, Xpomy, cesieHy

O. I1. JTonaituyk, P. C. ®enopyk, C. 1. Kporuska
e-mail: ecology@inenbiol.com.ua

Incruryt Gionorii TBapun HAAH
Byn. B. Cryca, 38, JIsBiB, Vkpaina, 79034

Merta. BuBuntn ctaH (i3ioiorigHOi peakTUBHOCTI Opra-
HI3My Ta aHTHOKCHIAHTHOTO 3aXWCTy KpOBi MarepiB i
MIPUIIONY LIypiB 32 YMOB TPHUBAJIOTO BHUITOIOBAHHS «HAHO-
aKBaIITPaTiB» TepMaHiro, XpoMmy i ceneny. Meroau. s
(i310710T0-010XIMIYHIX JOCITIHKEHb BUKOPUCTAHO KOJOPH-
METPUYHI METOAW BU3HAYCHHS BMICTY TIIKOMPOTEiHIB Ta
OKPEeMHUX MOHOITYKPiB iXHiX ByIJICBOAHUX KOMIIOHEHTIB; IS
BHBYCHHS IHTEHCHUBHOCTI MPOIECIB TMEPOKCHAALIi JImiIiB
OUMH K METOJaMH BH3HAYaJId BMICT TiApPOMIEPOKCHIIIB
minigiB 1 ThK-aktuBHEX mpomykTiB y KpoBi. Pe3yabraTu.
3adikcoBaHi MIKIPYMOBI PO30DKHOCTI y BMICTI TIiKO-
MPOTEiHIB 1 IXHIX BYIJICBOJAHHUX KOMIIOHEHTIB Y KPOBi SK
CcaMOK, TaK 1 MPHUIUIONY IIypiB 000X MOCHIIHUX TPyl
MOPIBHSHO 3 KOHTPOJIEM MOXYTh BKa3yBaTH Ha MPHUOIM3HO
OTHAKOBHI KOMIUICKCHHMI O10JIOTIYHUN BILIHB XPOMY, CE-
neny, repmanito B Il Ta xpomy i repmanito — B Il rpymnax,
110 3YMOBIIIOE TIJIBHUILEHHS (i310JIOTIYHOT pEaKTUBHOCTI
ixHiX opraHi3miB. OjHaK KOMIUIEKCHa (i3iojoriuHa s
LUTPATHOT CIIOJYKH TPbOX EIIEMEHTIB — XpOMY, CEJIeHY 1
repManito y miypi Il rpynu Oyna Oinpln BUpakeHa, IO
MIATBEPIKYETHCS BHUILOK BIPOTIIHICTIO Pi3HUIb MOKA3HH-
KiB CTOCOBHO KOHTPOJIIO. BUKOpHCTAaHUH KOMILIEKC MiKpO-
€JIEMEHTIB y 3aCTOCOBAaHMX KIJIBKOCTSIX OOYyMOBJIIOE BHUpa-
JKEHY aHTHOKCHJIAHTHY aKTHBHICTb, KA € XapaKTEePHOIO IS
KO)KHOTO OKpEMOro MikpoejeMmeHTy. BucHoBku. Bunotro-
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BaHHS «HAHOAKBAIIUTPATIBY» TEPMaHiI0, XpOMY i CelleHy ca-
MHUISIM 1 MOJIOIMM IIypaM CHpPUYHHSAE TMOCHJICHHS (i3io-
JIOTIYHOI PEaKTUBHOCTI Ta aHTHOKCHIAHTHOTO 3aXHUCTY iXHIX
OpraHi3MiB, II0 MO3HAYAETHCS HA 1) MiIBUIIEHHI BMICTY B
KpPOBi CaMOK-MaTepiB i IIypeHAT IEepyIOIIIa3MiHy, a TAKOK
JUIIE y CAMOK — TanTOMIO0iIHY 1 CialloBHX KHCIOT 1 JIUIIIe
y IIypeHsT — TeKCO3, 3B’sA3aHUX 3 OiKkammu; 2) 3MCHIICHHI
IHTEHCHBHOCTI TEPOKCHIHOTO OKHCHEHHS JIMiTiB y KPOBI
CTaTeBO3PIINX CAaMOK 1 MOJIOMUX IIypiB 3 HIKIUM BMic-
TOM rigponepokcuaiB mimiaiB i TBK-akTHBHUX TPOIYKTiB
y KpOBi TBapHH MOCHIAHUX TPYI, IO OiIbIIE BUPAXKEHO Y
caMoK; 3) aHaJOTiuHiil CHpsSMOBAaHOCTI KOMILIEKCHOI (i-
310JI0TIYHOT JiT XpOMY, CeleHy 1 TepMaHilo, a TAKOXK XPOMY
3 repMaHieM Ha OpraHi3M CaMOK i MOJIOAMX HIypiB ILOAO
aKTHBAIll peaKTUBHOCTI OpPraHi3My Ta HOro aHTHOKCHIAHT-
HOT CHCTEMH, sIKa, OIHAK, O1JIbIIIC MPOSBIISIETHCS Y CAMOK.

KoarouoBi ciioBa: «HaHOAKBAaMTPATH) TEPMAHII0, XPOMY,
CelIeHyY, IIIKONPOTETHN KPOBI, IIEPOKCUAALLIS JIMiIB, IIyPH.

duznogorudyeckas PC€AKTUBHOCTH
M CHCTEMA AaHTHOKCHIAHTHOM 3alUTHI OpraHusMa KpbIC
npu JIeCTBUH «HAHOAKBAILIUTPATOB»
repmMmaHusi, Xpoma, cejicHa

O. Il. donaituyk, P. C. ®enopyk, C. Y. KponsiBka
e-mail: ecology@inenbiol.com.ua

Wucrutyt Ononorun sxnBotHeix HAAH
Vn. B. Cryca, 38, JIbBoB, Ykpauna, 79034

Henw. M3yunts cocrosinue (GU3MONIOTHUECKO PEaKTUBHO-
CTH OpPTraHU3Ma M aHTHOKCHIAHTHOW 3alUTHl KPOBU MaTe-
peil U mpUIIoAa KPbIC B YCIOBHSAX JUIUTEIBHOTO BBITAHBA-
HUS «HAHOAKBAIlUTPATOB» TepMaHUs, XpOMa M CeJeHa.
Metonbl. st Hu3H0I0r0-0HOXUMHUYECKUX HCCIICIOBAHUN
HCTIONB30BaHbl KOJOPUMETPUYECKHE METOIbl ONpeAeTICHUs
CofiepKaHUs TIIMKOMPOTEHHOB M OTAEIBHBIX MOHOCAXapH-
JIOB UX YIJIEBOJHBIX KOMIIOHEHTOB; JUISI M3yY€HHs] MHTEH-
CHUBHOCTHU IIPOIIECCOB TMEPOKCUAALUH JUIUAOB 3TUMH Ke
METO/laMH OMNpEIEISUIN COJepKaHUe TUAPONEpeKucen u-
nuioB U TBK-akTHBHBIX IPOAYKTOB B KPOBU. Pe3ysibTaThl.
OTMeueHHbIE MEXTPYIIOBbIE Pa3IHuMs COACPIKAHUS [IIHUKO-
MPOTEUHOB U UX YIVIEBOJHBIX KOMIIOHEHTOB B KPOBH Kak
CaMOK, TaK M NPHIUIOAA KPBIC 0OEHX OIBITHBIX TPYIII I10
CPaBHEHHUIO C KOHTPOJIEM MOTYT yKa3blBaTb Ha NPUMEPHO
OIMHAKOBOE KOMITJIEKCHOE OMOJIOrMYeCcKOe BIMSHHE XpoMa,
ceneHa, repManust Bo Il u xpoma u repmanus — B III
rpyIIax, 4To CroCOOCTBYET aKTUBALUHU (H3MOIOINYECKON
PEaKTUBHOCTH MX opraHuzMa. OIHAaKO KOMIUICKCHOE (H-
3MOJIOTHYECKOE JEHCTBHE LUTPATOB TPEX DIEMEHTOB —
XpoMa, celeHa M repmanust y kpeic Il rpynmsl okazanock
Ooree BBIPAKEHO, UTO TONTBEprKIaeTCsi Ooliee BBHICOKOH J10C-
TOBEPHOCTBIO PA3IUUYUil MOKA3aTeledl OTHOCUTENBHO KOHT-
postst. Mlcnonb30BaHHBIA KOMITJIEKC MUKPOJIEMEHTOB B IIPH-
MEHEHHBIX KOJIMYeCcTBax 00yCIIOBIMBACT BBIPAXKCHHYIO aHTH-
OKCH/IAHTHYIO aKTHBHOCTb, UTO SIBIISICTCS XapaKTEPHBIM JIJIS
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Ka)XJJOTO MHUKpOJIeMeHTa. BbIBoAbI. BrimanBanne «HaHoO-
aKBaLIUTPATOB» TEPMAHUsI, XpOMa M CEJIeHa CaMKaM M MO-
JIOABIM KpBICAM ONpPENENseT yCHICHHE (PU3MOIOTHIECKOH
PEaKTUBHOCTH M aHTHOKCHIAHTHOM 3aIIUTHI UX OPTaHU3MOB,
YTO MPOSABIAETCS B |) TMOBBIIEHUN COIEPKAHUS B KPOBHU
CaMOK-Marepeil M KpBICAT LEPYyIONIa3MUHA, TOJIBKO Y
CaMOK — TanTONNIOOMHA W CHAJIOBBIX KHCIOT M TOIBKO Y
KPBICAT — T'eKCO3, CBA3AHHBIX C OEIKaMu; 2) YMCHBIICHUU
WHTEHCUBHOCTH TIEPEKHCHOTO OKHCICHHUS! JIMIHIOB B
KPOBH CaMOK M KpBICAT ¢ 0Ooliee HU3KUM COICpKaHHEM
runponepeknceil aumuaoB M TBK-akTHBHBIX NPOAYKTOB
B KpPOBH JKMBOTHBIX OIBITHBIX TpYMI, KOTOpoe Ooiee
BBIPQKEHO Yy CaMOK; 3) B aHAJIOTHYHOW HAIMpPaBICHHOCTU
KOMILJIEKCHOTO (DU3HOJIOTHYECKOTO JISHCTBHS XpOMa, CeleHa
U TepMaHusA, a TAaKKe XpoMa C IrepMaHHEM Ha OpPTaHH3M
CaMOK M MOJIOZIBIX KPBIC, YTO COMPOBOXKIAETCS aKTUBAIUEH
PEaKTUBHOCTH OPTaHN3Ma U €r0 aHTHOKCHIAHTHOM CHCTEMBI,
OoJTbILIE TTPOSIBIISIIOLICHCS y CaMOK.

KiroueBrblie ciioBa: «HAHOAKBAIUTPATBD» I'CPMaHUsA, XPO-
Ma, CCJicHa, ITIMKONPOTCHHbI KPOBHU, NEPEKHUCHOC OKHUCIIC-
HUC JIMITUI0B, KPBICHI.
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