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Aim. Due to small sizes of metal nanoparticles (NPMe), after getting into the organism, they penetrate different
internal organs, overcoming hematoencephalitic and placental barriers, and may cause different pathophysio-
logical effects in the organism. Thus, the aim of our study was to study transovarial effect of NPMe mixture (Ag,
Cu, Fe, MnO,) on biochemical indices of blood of one-day-old chickens compared to salts of relevant metals.
Methods. The studies were conducted using Hisex White cross chickens (n = 28) with the sex ratio of roost-
ers to hens of 1:6, which were fed for 37 days with the following additives: an experimental sample of NPMe
mixture, containing nanoparticles of silver (31.5 £ 0.9 nm), iron (100.0 + 10.0 nm), copper (70.0 £ 4.0 nm) and
manganese peroxidase (50.0 + 3.0 nm), in the doses of 0.3 and 4.0 mg/kg of bodyweight (experiments II and
III); solution of salt mixture — AgNO,, (CuSO, - SH,0), (MnSO, - 5H,0) and (FeSO, - TH,0) (experiment I);
distilled water (control). Starting with Day 30 of the experiment, eggs were collected from poultry in each group
for a week and placed for further incubation. Blood samples were taken from hatched one-day-old chickens
(n = 93) for biochemical studies. The registration of biochemical indices was conducted using spectropho-
tometer SHIMADZU UV-1800 (Japan). Results. The experiments determined the mechanism of toxic effect
of NPMe mixture after its administration to chickens in the dose of 4.0 mg/kg of bodyweight, which was
manifested in decreasing the natural resistance (tendency to the increase in seromucoids — immunosuppres-
sive proteins), excessive formation of toxic products of purine exchange (increase in the concentration of uric
acid by 77.6 %; P < 0.05) and straining of enzyme systems of natural detoxication (increase in the activity of
alanine aminotransferase and aspartate aminotransferase by 23.8 and 31.6 %; P < 0.05) with the development
of oxidative stress (increase in the content of diene conjugates and malondialdehyde by 19.3 and 23.8 %; P <
0.01) in the organism of one-day-old chickens. The mechanism of pharmacological effect of NPMe mixture at
its administration to chickens in the dose of 0.3 mg/kg of bodyweight lies in enhancing immune reactions (in-
creasing the amount of general proteins and globulins by 14.4 and 12.0 %; P < 0.05) along with the antioxidant
effect via the release of vitamins A and E from the endogenous depot (by 14.7 and 25.7 % above the control;
P < 0.05) in the organism of one-day-old chickens. Conclusions. In conditions of transovarial transmission,
there is confirmed advantage of the effect of NPMe mixture (Ag, Cu, Fe, MnO,) in the dose of 0.3 mg/kg of
bodyweight of laying hens comparing to the effect of the analogue in the form of the mixture of metal salts,
which may help in achieving a high percentage of liveability of young birds, forming defensive reactions in
the organism of chickens and ensuring full realization of genetic potential in terms of meat or egg productiv-
ity of agricultural poultry. The mechanism of toxic effect of metal nanoparticles in the dose of 4.0 mg/kg of
bodyweight was determined which will allow elaborating safe regulations for the application of non-organic
nanomaterials in modern poultry breeding and timely management of the risks of their application.

Keywords: nanotoxicology, poultry breeding, metal nanoparticles, incubation, one-day-old chickens, em-
bryotoxicity.
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INTRODUCTION

Physiologically substantiated (full-fledged) feeding
ensures high performance of poultry and good incuba-
tion qualities of eggs. However, in addition to nutrients,
substances of xenobiotic origin (residues of pesticides
and veterinary medicinal preparations, mycotoxins,
heavy metals, etc.) may penetrate the eggs from the
organism of parents which may have negative effect
on the embryogenesis and liveability of the obtained
young birds [1, 2]. One of the factors of embryotox-
icity risks, occurring in poultry breeding industry in
Ukraine, is uncontrolled application of food additives,
in particular, premixes with high content of microele-
ments in non-organic form [3] which urges scientists
to search for new safe and bioaccessible forms of es-
sential microelements to be used in poultry breeding.

At present, metal nanoparticles (NPMe) meet the
aforementioned criteria the most, and their effect on the
organism of agricultural poultry is studied intensively
but seems rather contradictory [4].

For instance, Ognik et al. (2019) determined that
Mn in the form of NP-Mn,O, decreased the nitration
of protein better than in the form of MnO in the organ-
ism of turkeys, but the decrease in Mn dose in the ratio
from 100.0 to 50.0 mg/kg and then down to 10.0 mg/kg
is unfavorable, as it increases the oxidation of proteins
and DNA in cells proportionally, decreases the activ-
ity of antioxidant enzymes and increases the level of
glutathione [5].

The correction of deficient main ratio of broiler
chickens with NP-Cu increased the antioxidant poten-
tial of the organism and inhibited the peroxidase oxida-
tion of lipids [6].

The studies of Gallocchio et al. (2017) demonstrated
that the administration of NP-Ag with the average size
of 20 nm to chickens resulted in metal accumulation
only in the liver, about 5-20 % were in nanodisperse
form, whereas no nanoparticles were found in the re-
maining edible tissues (muscles, kidneys and eggs) [7].
At the same time, Rezaei et al. (2018) demonstrated
that the introduction of 12 mg/l NP-Ag into the drink-
ing water for 30 weeks may lead to oxidative stress and
damage to the liver of laying quail hens, which may be
a prerequisite for impaired hepatic functions [8]. The
results of investigations (Kulak et al. (2018)) show that
regardless of the concentration, NP-Ag (5 nm) admin-
istration in the dose of 2.87-54.0 mg/bird did not have
negative effect on the growth indices of chickens and
did not cause Ag accumulation in the pectoralis. The
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administration of NP-Ag 2.87 mg/bird resulted in its
accumulation in the wall of thin intestines and in the
liver, and further increase in the dose enhanced Ag ac-
cumulation in these tissues. No Ag accumulation was
observed in the heart of hens, until the dose amounted
to 22.5 mg/bird [9].

Determining the effect of preparations of ultradis-
perse metal particles (Cu, Zn, Fe, CuZn alloy) on the
microbiota composition of caecal cells of broiler chick-
ens allowed obtaining the data which may be used to
estimate the possibility of using NPMe in the ratios of
poultry as microelement preparations for correction of
dysbacteriosis and enhancing the use of feed energy
[10], which is proven with the data, obtained by Si-
zentsov et al. (2018) regarding NP-Cu [11].

The results of the studies on the administration of
NP-Au to hens (0.5-2.0 mg/kg of bodyweight for 814,
22-28 and 36-42 days) demonstrated that its effect on
the immune system of poultry depended both on the
dose and the duration of administration. Long-term
administration of high doses of NP-Au had negative
effect in the form of inflammatory reaction, whereas
in the doses of 0.5 and 1.0 mg/kg of bodyweight/day
it was recommended to avoid the development of the
inflammatory reaction [12].

The investigations of Abedini et al. (2018) estab-
lished that the addition of NP-ZnO to the ratio of hens
had positive effect on the level of general proteins, al-
bumins, glucose, activity of alkaline phosphatase, car-
bonic anhydrase and the level of Zn (P < 0.05). These
data were used to make a conclusion on the reasonabil-
ity of introducing NP-ZnO additive to the ratio which
may enhance the performance of laying hens and be-
come a more efficient source of zinc comparing to usu-
al ZnO in the ratio [13].

However, little is known about the possibility for
nanoparticles to accumulate in eggs and thus impact
the development of poultry embryos via the organism
of parents. There are articles about superficial treat-
ment of incubation eggs and administration of nanopar-
ticles in ovo. For instance, the administration of NP-Ag
in ovo, conducted on Day 18 of the incubation in the
dose of 15 pg/egg was efficient and modulated the im-
mune response of broiler chickens after hatching, not
affecting the hatchability, growth and other parameters
of performance [14]. The treatment of eggs with NP-
Cu in the dose of 50.0 mg/kg per one incubation day
and setting after the release of NP-Cu 20.0 mg/kg of
bodyweight with drinking water (for 35 days) resulted
in the increase in the final bodyweight of boiler chick-
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ens, average daily gain and feed conversion ratio [15].
The article of Mroczek-Sosnowska et al. also proves
the positive effect of treating eggs with NP-Cu (2016)
[16]. The effect of magnetic nanoparticles of iron oxide
on incubation eggs in the dose of 200 pg/ml caused
100 % death of chicken embryos, and in case of apply-
ing the dosage range of 10—-100 pg/ml, the histologi-
cal studies determined degeneration of neurons in 50—
60 % of samples [17].

Our previous studies established the mechanism of
toxic effect of NPMe mixture (Ag, Cu, Fe, MnO,) in
the dose of 4.0 mg/kg of the bodyweight in the organ-
ism of laying hens, which was manifested in erythrope-
nia, oligochromaemia, immunosuppression, hepatotox-
ic effect, spending their own antioxidant resources with
partial formation of oxidative stress, enhancing the in-
tensity of glomerular filtration, as well as increasing the
release of metals from the organism and embryotoxic
effect. The composition mixture of the abovementioned
NPMe in the dose of 0.3 mg/kg of the bodyweight for
30 days had positive effect on the organism of chick-
ens, incubation qualities of eggs, which was manifested
with the enhanced breeding efficiency, breeding condi-
tioned youngsters, mass of hatched chickens compared
to metal salts [18, 19].

Thus, the aim of our study was to study transovarial
effect of NPMe mixture (Ag, Cu, Fe, MnO,) on bio-
chemical indices of blood of one-day-old chickens
compared to salts of relevant metals.

MATERIALS AND METHODS

The experiment in studying the effect of NPMe
mixture on the development of chicken embryos us-
ing roosters (n = 4) and laying hens (n = 24) of Hi-
sex White cross, 365 days old, with the weight of 1.2—
1.6 kg was conducted in conditions of the vivarium of
NSC IECVM. Four groups of poultry with the sex ratio
of roosters to hens of 1 : 6 were formed by the principle
of analogues.

The experimental samples of the following NPMe
were used in the work: Argentum (the initial concen-
tration — 86.4 pg/cc in terms of metal, the average size
is 31.5 £ 0.9 nm), Ferrum (the initial concentration —
3174.0 pg/ce, the average size is 100.0 = 10.0 nm),
manganese dioxide (the initial concentration — 2785.0
ng/cc, the average size is 50.0 = 3.0 nm), Cuprum (the
initial concentration — 2678.0 pg/cc, the average size is
70.0 £ 4.0 nm) respectively.

The experimental samples of NPMe were synthe-
sized by the method of chemical condensation, reduc-
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ing relevant salts of metals in the aqueous medium, and
standardized in terms of stability and size in the F. D.
Ovcharenko Institute of Biocolloid Chemistry, NAS of
Ukraine.

Argentum nanoparticles were synthesized via reduc-
ing silver nitrate (AgNO,) in the interaction with 1 %
tannin solution and 0.03 n potassium carbonate solu-
tion (K,CO,). Ferrum nanoparticles were obtained by
reducing ferrum chloride (I1I) (FeCl,) in the interaction
with sodium borohydride. Nanoparticles of manganese
peroxidase were synthesized by reducing potassium
permanganate (KMnO,) in the interaction with hydro-
gen peroxide (H,0,). Cuprum nanoparticles were syn-
thesized by reducing cupric sulphate (CuSO, - SH,0)
in the interaction with sodium borohydride. The syn-
thesis was conducted in alkaline conditions of pH
concentration. The solution of dextrin ((30,000—
40,000) Da) in 0.9 % solution of sodium chloride was
used as a stabilizer.

The average size of experimental NPMe samples was
calculated by the method of laser correlation spectrom-
etry (LCS). The measurements were conducted with
laser correlation spectrometer Zetasizer-3 (Malvern In-
struments Ltd, Great Britain).

The visualization of NPMe experimental samples
was conducted by the transmission electronic micros-
copy using JEOL JEM-1230 Electron Microscope (To-
kyo Boeki Ltd, Japan).

The abovementioned NPMe were used as a basis to
produce the experimental sample of their mixture as
a prototype of nano-nutraceutical to be used in poul-
try breeding, which contained colloid dispersions of
nanoparticles of Argentum, Cuprum, Ferrum and Man-
ganese peroxidase in the concentration of 100 pg/cc in
terms of metal, respectively.

The NPMe mixture was composed based on the
results of previous studies of nanoparticles in vitro,
namely, these experimental samples did not have any
genotoxic, mutagenic or membrane-toxic effect on iso-
lated pro- and eukaryotic cells [20].

The solution of the mixture of salts of relevant met-
als in the ionic form was used as a comparing prepa-
ration in the experiments — AgNO,, (CuSO, - 5H,0),
(MnSO, - 5H,0) and (FeSO, - 7H,0), the concentration
of which equaled 100 pg/cc for each metal.

After feeding experimental chickens of all the groups
with standard ratio for 15 days (the alignment peri-
od), the chickens of the control group had additional
introduction of the physiological solution of sodium
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chloride into their combined feed, and the chickens of
the experimental groups had the following additives
to their combined feed for 37 days: group I — the so-
lution of metal salt mixture (AgNO,, CuSO, - 5H,0,
MnSO, - SH,0O and FeSO, - 7H,0) in the dose of
0.3 mg/kg of the bodyweight, group II — NPMe mix-
tu-re in the biotic dose (0.3 mg/kg of the bodyweight)
and group III — NPMe mixture in the toxic dose
(4.0 mg/kg of the bodyweight) respectively.

Starting with Day 30 of the experiment, eggs were
collected from hens of each group for a week and put
for further incubation. 93 chickens were hatched dur-
ing incubation: 19 — from control poultry, 23 — ex-
perimental group I (mixture of metal salts), 24 — ex-
perimental group Il (NPMe mixture, in the dose of
0.3 mg/kg of the bodyweight) and 27 — experimental
group III (NPMe mixture, in the dose of 4.0 mg/kg of
the bodyweight) respectively. After hatching, one-day-
old chickens were clinically examined and weighed,
after light chloroform anesthesia they were decapitated
with subsequent collection of blood samples for bio-
chemical studies. As the blood volume, obtained from
chickens, was insignificant, up to 5 samples from one
group were combined to receive reliable data of the
sample.

The content of total proteins, albumins, fraction of
total globulins, uric acid, creatinine, glucose was stud-
ied in the blood plasma of chickens along with the lev-
el of enzymatic activity of aspartate aminotransferase
(AsAT, K.F. 2.6.1.1), alanine aminotransferase (AlAT,
K.F. 2.6.1.2), alkaline phosphatase (AP, K.F. 3.1.3.1)
using the set of reagents, manufactured by CORMAY
(Poland) and R&D enterprise Felicit-Diagnostika
(Ukraine).

The concentration of circulating immune complexes
(CIC) of the average molecular mass was determined
by the following algorithm. The method was based on
selective precipitation of antigen-antibody complexes
with 3.75 % solution of polyethyleneglycol M-6000
(PEG) with subsequent photometric determination of
precipitate density at the wavelength (A) of 450 nm.
The tubes were added 0.3 ml of the investigated plas-
ma, then 0.6 ml of 0.1 M borate buffer, mixed thor-
oughly and transferred 0.3 ml into 2 tubes. One of them
was added 2.7 borate buffer (control), and the other —
2.7 ml of 3.75 % solution of polyethyleneglycol
M-6000 (experiment). The content of tubes was thor-
oughly mixed and kept for 60 min at room tempera-
ture. The optical density of the precipitate was then
determined with spectrophotometer at the wavelength
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of 450 nm. After completing the series of measure-
ments of the extinction of the investigated samples, the
difference in the indices of optical density was calcu-
lated and the result was multiplied by 1,000. The quan-
titative values of CIC were obtained in 100 ml of blood
plasma. The response was manifested in the units of
optical density.

Seromucoids are a specific kind of glycoproteids,
which get dissolved in chloric acid, but are unsolvable
in phosphatotungstic acid. To determine them, other
proteins were precipitated with chloric acid; adding
phosphatotungstic acid to the supernatant liquid to pre-
cipitate seromucoids, the precipitate was washed, dis-
solving in the alkali, and the content of hexoses was
determined by the reaction with orcine. The number
of hexoses characterizes the general content of sero-
mucoids. 0.1 ml plasma was added 1 ml of water and
after mixing 2 ml of 0.6 n chloric acid was carefully
added along the wall, mixed and kept for 10 min, then
centrifuged for 10 min at 4,000 rpm, the supernatant
liquid was poured into the clean tube, 2 ml of 5 % solu-
tion of phosphatotungstic acid were added, mixed and
centrifuged. The supernatant liquid was removed, and
the precipitate was added 2 ml of 96 % ethyl alcohol,
mixed again and centrifuged for 10 min at 4,000 rpm.
The supernatant solution was removed, the precipitate
was dissolved in 1 ml of 0.1 n NaOH, with the addition
of 8,5 ml of orcine reagent (sulphuric acid + orcine so-
lution, 16 g/1 7.5 : 1). The determination was conducted
spectrophotometrically, by the difference in optic den-
sity at the wavelength of 280 nm.

The intensity of the processes of peroxide oxidation
of lipids (POL) in the blood plasma was determined
by the level of formation of its products: primary
ones — diene conjugates (DC) and final ones — malo-
ndialdehyde (MDA). The principle of this method
lies in the fact that after the extraction of lipids with
the mixture of heptane-isopropanol (1 : 1) from blood
plasma, there is a registered absorption of conjugated
diene structures at the wavelength of 233 nm and 247
nm in heptane extracts. Dry glass tubes with friction-
fitted lids were added 0.1 ml of blood plasma, then 4.0
ml of fresh mixture of heptane and isopropanol (1 :
1). The “blank™ assay was prepared separately using a
similar method, but 0.1 ml of distilled water was added
to the tube instead of blood plasma. The tubes were
covered with glass friction-fitted lids, then shaken in
the shaker for 15 min in order to improve the extraction
of DC and MDA. To enhance the separation of hep-
tane and isopropanol phases, the tubes were added 1.0
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ml of distilled water with pH = 2, the mixture was
thoroughly mixed and kept for 20 min. 1.0 ml of the
supernatant was extracted with a pipettor from the up-
per layer and introduced to the measuring cell of the
spectrophotometer, then 1.0 ml of ethanol-rectificate
was added. The “blank™ sample was treated similarly
to the experimental ones. The measurement of op-
tic density was conducted using spectrophotometer
against the “blank” sample: DC — at the wavelength of
233 nm, MDA — 247 nm. DC values were expressed
in umol/l, and MDA — in the units of specific absorp-
tion in 1.0 ml (AD/ml).

The state of the antioxidant system (AOS) was de-
termined by the level of enzymatic activity of catalase
(K.F. 1.11.1.6). The method is based on the capability
of hydrogen to form a stable dyed complex with am-
monium molybdate with the maximal absorption at the
wavelength of 410 nm. A glass tube was added 0.1 ml
of blood plasma of chickens and then 3.9 ml of dis-
tilled water, mixed thoroughly and kept for 10-15 min
(a working mixture). Two dry tubes (experimental and
control) were added 2.0 ml of buffer-substrate mixture
each (10.0 ml of tris-HCI buffer (pH = 7.4) + 30.0 ml
of 0.04412 N of hydrogen peroxide solution), mixed
thoroughly and incubated in a water bath at 37 = 1°C
for 10 min. The experimental tube was added 0.1 ml
of the working mixture, mixed thoroughly and incu-
bated in the water bath at 37 + 1 °C for 3 min (using
a seconds counter). The reaction was stopped by the
addition of 2.0 ml of 4.5 % solution of acid ammonium
molybdate into the experimental tube. The control tube
was simultaneously added at first 2.3 ml of 4.5 % solu-
tion of acid ammonium molybdate, then 0.1 ml of the
working mixture. The optic density of the content of
the experimental and control tubes was measured spec-
trophotometrically at the wavelength of 410 nm (a cell
of 10 mm). A mixture, consisting of 1.0 ml of tris-HCl
buffer, 3.0 ml distilled water and 0.1 ml of the working
mixture, was used as a comparison solution. The acti-
vity of the enzyme was expressed in nmol of H,0O,/sec
mg of protein.

The level of total antioxidant activity (total AOA) of
lipids, extracted from blood plasma, was determined by
the degree of their capability to inhibit the accumula-
tion of active products of peroxidation of thiobarbitu-
ric acid (TBA) in case of incubating plasma with the
suspension of yolk lipoproteins (YLP). Two dry tubes
were prepared per each investigated sample: No. 1 and
No. 2, which were introduced the reagents in the fol-
lowing order:
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= 0.15 ml of mother liquor of YLP (prepared with the
yolk of chicken eggs, subjected to homogenization in
the phosphate buffer (40 mM of potassium monophos-
phate solution + 105 mM potassium chloride solution)
with pH = 7.45);

* 0.10 ml of blood plasma;

= 0.65 ml of phosphate buffer with pH = 7.45;

= 0.10 ml of 25 mM of ferrous sulphate solution in
0.002 N of chlorohydric acid solution.

After adding the ferrous sulphate solution, tubes No.
1 were immediately added 0.5 ml of 20 % trichloroace-
tic acid, then calamity was observed in the tubes.

Tubes No. 2 were placed into a hot air oven (37 +
+ 1 °C) and incubated for 15 min. After the incuba-
tion, these tubes were also introduced 0.5 ml of 20 %
trichloroacetic acid each.

The experimental samples were prepared along with
the “blank” sample (tube No. 3) and two controls (tubes
No. 4 and No. 5) using the similar procedure. Only the
“blank” sample was not introduced the mother liquor
of YLP and plasma, instead, 0.90 ml of phosphate buf-
fer with pH = 7.45 was added. Control samples were
introduced 0.75 ml of phosphate buffer with pH = 7.45
instead of plasma. The control samples were treated
similarly to the experimental ones (tubes No. 5 were
incubated in the hot air oven, and the reaction in tubes
No. 4 was immediately stopped, adding 20 % of tri-
chloroacetic acid.)

All the tubes were centrifuged at 900 g for 15 min.
Then the supernatant was extracted from the tubes and
transferred into previously signed new tubes. The tubes
were added 1.0 ml of 0.5 % solution of 2-thiobarbitu-
ric acid and placed on the water bath (100 + 1 °C) for
15 min. After boiling, the tubes were cooled under the
stream of cold water.

The absorption spectrum of TBA-active products
was registered spectrophotometrically at the wave-
length of 535 nm. The measurements of the optic
density of experimental and control samples were
conducted against the “blank” sample. AOA was ex-
pressed as the percentage of inhibition of oxidation
for yolk lipoproteins after comparing the results of
measurements in all the tubes.

The level of vitamin A was determined as follows:
0.2 ml of plasma was introduced into a glass tube with
subsequent addition of 1.0 ml of ethanol-rectificate and
mixed using a glass stirring rod. Then 2.0 ml of diethyl
ether was added, shaken rigorously for 10 min and cen-
trifuged at 900 g for 20 min. After centrifugation, the
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upper fraction was extracted, and added 1.0 ml of diethyl
ether. The measurements were spectrophotometrically
conducted at the wavelength of 400 nm. The amount of
vitamin A was estimated by the calibration curve per oil
solution of the vitamin and expressed in mg/cu dm.

The principle of the method of determining the con-
tent of vitamin E in blood plasma of chickens lies in
reducing tocopherol with ferric chloride and determin-
ing the newly formed bivalent iron in the form of pink-
red complex with 2-2-bipyridyl. The centrifugation
tubes were introduced 0.2 ml of blood plasma, added
2.0 ml of ethanol-rectificate, 6.0 ml of diethyl ether,
shaken rigorously for 3 min and centrifuged at 900 g for
5 min. The centrifugate was filtered into a flask via a
filter with 15 g of anhydrous sodium sulphate, the filter
was washed with diethyl ether to complete the volume
up to 5.0 ml. The ether was evaporated on the rotation
evaporator at (50 = 1 °C). The dry residue was dissolved
in ethanol and the volume was completed up to 4.0 ml
in the measuring cylinder of 10 ml. The extract was
added 1.0 ml of ferrous dipyridyl reagent (3 % solution
of ferrous chloride in 1 % solution of 2-2-dipyridyl in
ethanol) and placed in a dark place for 10 min. The
measurements were spectrophotometrically conducted
at the wavelength of 520 nm against the diethyl ether.
The amount of vitamin E was estimated by the calibra-
tion curve per oil solution of the vitamin and expressed
in pmol/cu dm.

The registration of biochemical indices was con-
ducted using spectrophotometer “SHIMADZU UV-
1800’(Japan).

The statistical processing of the study results was
conducted in Statistica 6.0 (StatSoft Inc., USA). The
probability of the obtained results was estimated by
Tukey test with Bonferroni correction.

RESULTS

The biochemical studies of blood plasma of one-day-
old chickens, hatched from the eggs of laying hens in
conditions of long-term introduction of metal additives
in different disperse forms established the following
changes: no statistical changes in the level of total pro-
teins compared to the number of albumins were reg-
istered in blood plasma of chickens, hatched from the
hens, which were given metal salts (experiment I) and
NPMe mixture in the dose of 4.0 mg/kg of the body-
weight (experiment I1I), but the total number of globu-
lins had a tendency towards decreasing compared to
their control values (Table 1).

It should be noted that the tendency towards increas-
ing the concentration of seromucoids, belonging to
a-fetoproteins — proteins-immunosuppressors, by 8.9
and 3.6 % on average, was registered in blood plasma of
chickens in these experimental groups. On the contrary,
chronic alimentary intake of NPMe mixture in the biotic
dose (experiment II) to the ratio of laying hens resulted
in the increase of the content of total protein and the
number of total globulins in blood plasma of chickens,
the values of which exceeded the control ones by 14.4
and 12.0 % on average (P < 0.05) respectively.

After the alimentary introduction of the mixture of
metals in macro- and nanodisperse forms (experiments
I, IT and III) to the organism of chickens, no statistically
reliable deviations in the content of glucose and creati-
nine were registered (Table 2). The level of uric acid
in blood plasma of chickens from poultry, which re-
ceived NPMe mixture in a larger dose (experiment III,
4.0 mg/kg of the bodyweight), was reliably increased
by 77.6 % on average compared to the control. Also,
the tendency towards the increase in the level of cre-
atinine was observed in blood plasma of poultry from

Table 1. The level of protein profile indices and non-specific resistance in blood plasma of chickens, hatched from laying
hens at chronic alimentary introduction of solutions of the mixture of metal salts and NPMe mixture (M + m; n = 5)

Indices
Poultry groups Total proteins, | Albumins, | Total globulins, CIC of
mean molar | Sm, mg/cc
g/cu dm g/cu dm g/cu dm
mass, mg/cc
Control 45.00+3.02 |1025+1.52| 34.75+2.10 | 0.16+0.03 | 4.50+0.22
Experimental
I (metal salts, 0.3 mg/kg of the bodyweight) | 44.60+1.45 | 11.80+0.82 | 32.80+3.12 | 0.15+0.02 | 4.90+0.15
IT (NPMe, 0.3 mg/kg of the bodyweight) | 51.48 £1.24 ** | 12.55 + 1.34 | 38.93 £2.74 ** | 0.16 +0.02 | 4.35+0.31
III (NPMe, 4.0 mg/kg of the bodyweight) | 46.02+3.18 |13.26+0.87 | 32.76+3.03 | 0.15+0.01 | 4.66+0.18

Note: * P < 0.05 — to the control.
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this experimental group. These changes illustrate the
disorders in the intensity of glomerular filtration in the
kidneys of experimental chickens and are likely related
to the rate of biotransformation (elimination) of the ex-
cessive amount of NPMe from the organism of poultry.

At the background of activating protein decomposi-
tion, an expressed straining of enzymatic systems of
natural detoxication and POL system indices were reg-
istered in blood plasma of chickens in experimental
group III.

Enhanced processes of natural detoxication in the
liver of chickens of this group is evident in the increase
in the activity of both transaminases — AIAT and AsAT
and the decrease in AP activity, which was 23.8; 31.6
(P < 0.05) and 9.0 % respectively on average, com-
pared to the values of this activity in the blood of birds
under investigation. The increase in AIAT activity
(P <£0.05) and insignificant activation of AsAT by 11.9
and 6.3 % on average was determined in blood plasma
of chickens in experimental group I (Table 3).

The index of primary POL products — diene conju-
gates (DC) in blood plasma of chickens had the follow-
ing dynamics: no reliable difference against the control

was determined in experimental group I, whereas in ex-
perimental group II (biotic dose of NPMe) the content
of DC was reliably lower, by 23.1 %, than the control,
and in experimental group III (toxic dose of NPMe) — it
exceeded control by 19.3 % (P <0.05; P<0.01) respec-
tively (Table 4).

The index of final POL products — malondialdehyde
(MDA) — in blood plasma of chickens from experimen-
tal groups I and II had no reliable differences from the
control values, and in experimental group III — exceed-
ed by 23.8 % (P < 0.01) respectively.

The level of catalase activity had reliable changes
in groups. For instance, the chickens in experimental
groups I and II had lower index values compared to its
control level — by 11.5 and 10.9 % respectively, where-
as in experimental group III they were 14.3 % higher
(P<0.001). The index of total AOA in blood plasma of
chickens in experimental group I had no reliable differ-
ences from its control level, in experimental group II it
exceeded the control by 10.2 %, and in group III — de-
creased by 7.8 % (P < 0.05) respectively.

The content of vitamins A and E in blood plasma
of chickens in experimental group I (metal salts) had

Table 2. The content of glucose, uric acid and creatinine in blood plasma of chickens, hatched from laying hens at chronic
alimentary introduction of solutions of the mixture of metal salts and NPMe mixture (M + m; n = 5)

Indices
Poultry groups
Glucose, mmol/cu dm | Uric acid, pmol/cu dm | Creatinine, pmol/cu dm

Control 490=+0.21 218.00 +25.20 72.05+6.12
Experimental

I, Me salts, 0.3 mg/kg of the bodyweight 5.20+£0.30 206.30 £ 15.10 72.51 £5.50

II NPMe, 0.3 mg/kg of the bodyweight 5.10+£0.20 252.20 +£31.60 71.80 +4.82

III NPMe, 4.0 mg/kg of the bodyweight 470 +£0.24 387.10 +28.10 ** 80.02 £4.12

Note: * P <0.05 — to the control.

Table 3. The activity of hepatospecific enzymes in blood plasma of chickens, hatched from laying hens at chronic alimentary
introduction of solutions of the mixture of metal salts and NPMe mixture (M + m; n =5)

Indices
Poultry groups
AIAT, pmol/h cc ASAT, pumol/h cc AP, nmol/sec cu dm

Control 0.84 £ 0.06 1.90 £0.10 1,747.50 = 57.10
Experimental

I (metal salts, 0.3 mg/kg of the bodyweight 0.94 £ 0.06 ** 2.02 +£0.08 1,695.30 + 114.90

IT (NPMe, 0.3 mg/kg of the bodyweight) 0.83 £0.02 2.00+0.30 1,682.90 + 73.30

I (NPMe, 4.0 mg/kg of the bodyweight) 1.04 £ 0.05 ** 2.50 + 0.05 ** 1591.00 + 149.00

Note: * P < 0.05 — to the control.
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no reliable changes from its control values, in experi-
mental group II (biotic dose of NPMe) it exceeded the
control by 14.7 and 25.7 % respectively, and in experi-
mental group III (toxic dose of NPMe) the content of
vitamin E was 22.7 % lower (P < 0.05) respectively,
and that of vitamin A did not differ from the control.

The results, obtained in terms of the indices of the
functional state of liver and the POL system, charac-
terize the degree of manifestation of hepatotoxic effect
of NPMe mixture in its toxic dose (experiment I1I; 4.0
mg/kg of the bodyweight) and are in agreement with
the determined transformations in the proteinogram,
the presence of immunosuppression in the organism of
young birds under investigation and the development
of the oxidative stress.

The pharmacological effect of NPMe mixture on the
organism of chickens in the biotic dose (0.3 mg/kg of
the bodyweight) had an advantage over the effect of
its analogue in the form of the mixture of metal salts
and lied in the adaptogenic effect, namely, enhancing
immune reactions along with the antioxidant effect due
to the release of vitamins A and E from the endogenous
pool in the organism of chickens.

DISCUSSION

It should be noted that we have not found any scien-
tific data about the combined effect of NPMe on a liv-
ing organism or about their transovarial transmission.
However, the data obtained were in agreement with the
results of many scientists regarding the effect of one

NPMe kind on the organism of both laboratory animals
and poultry and its embryos.

For instance, A.O. Pryskoka investigated the impact
of multiple intravenous administrations of NP-Ag in
different doses (1.6; 8.0 and 16.0 mg/kg of the body-
weight) on biochemical indices of blood serum of mice.
A statistically reliable dose-dependent increase in the
activity of AIAT and a decrease in the activity of AsAT,
and as a result, a decrease in the ratio of their activity
indices was determined. A decrease in concentrations
of total bilirubin and creatinine was noted in blood se-
rum of mice, administered NPMe as 16.0 mg/kg of the
bodyweight [21]. Sarhan & Hussein (2014) abdomi-
nally administered 0.5 ml of distilled water, containing
NP-Ag in the dose of 2,000 mg/kg of bodyweight with
the subsequent second injection 48 h later, to white rats
of the experimental group. Control rats were adminis-
tered a double dose of distilled water. Blood samples
were taken on day 3 of the experiment. The results
demonstrated a considerable increase in the level of
creatinine, urine and activation of both aminotransfer-
ases [22]. To determine potential systemic toxicity of
NP-Ag in the amounts of 20 and 100 nm, rats were
intravenously administered solutions of NPMe in the
dose of 6.0 mg/kg of the bodyweight for 28 days. The
increase in enzymatic activity of AP, AIAT and AsAT
was determined in the results, which indicated a liver
damage. Here the most evident toxic effect was almost
complete inhibition of the activity of mononuclear cells
in the spleen, and such immunosuppression features as

Table 4. The level of indices of peroxide oxidation of lipids and its antioxidant regulation in blood plasma of chickens,
hatched from laying hens at chronic alimentary introduction of solutions of the mixture of metal salts and NPMe mixture

M=Em;n=>5)
POL/AOS indices
Catalase
Poultry groups DC, pmol/cu MDA. AD/cc activity, nmol | Total AOA, % Vitamin E, Vitamin A,
dm ’ of H,O,/sec mg | of inhibition pmol/cu dm mg/cu dm
of protein
Control 21.96+0.75 1.43+0.06 34.72+0.84 55.57+0.91 16.74 +0.71 0.74 £0.04
Experimental
I (metal salts, 20.73 £0.86 1.37+0.05 | 30.74+0.29 ** | 56.45+0.96 18.48 £0.90 0.81+0.03
0.3 mg/kg of the
bodyweight)
II(NPMe, 0.3 mg/kg | 16.89£0.37 *** | 1.43+£0.07 | 30.94+0.72 ** | 61.26+0.65 ** | 19.20 £0.54 ** | 0.93 +0.01 **
of the body
IIT (NPMe, 4.0 mg/kg | 26.20 £0.35 ** | 1.77£0.02 ** | 39.67 £ 0.27 *** | 51.22+£0.72 ** | 12.94+0.34 ** | 0.76+0.05
of the bodyweight)
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a decrease in producing y-interferon and interleukin-10
by spleen cells were revealed [23].

L.R. Shamsutdinova et a/. studied the effect of NP-Ag
on the organism of rats: the animals in experimental
groups were fed with aqueous dispersion of NP-Ag add-
ed to drinking water in the daily dose of 4.25; 6.61 and
12.81 mg/kg of the bodyweight for 30 days. The inves-
tigations established that oral introduction of aqueous
NP-Ag dispersion into the organism of rats had more
significant effect on the level of AsAT activity in blood
plasma, supernatant of liver and kidneys compared to
AIAT, which confirms their participation in the func-
tioning of mitochondria and energy exchange; enzy-
matic disorders are more expressed in the supernatant
of liver compared to the kidneys, which is related to a
greater participation of the organ in metal elimination;
changes in the activity of aminotransferases in blood,
supernatant of liver and kidneys are dose-dependent;
the introduction of aqueous NP-Ag dispersion in the
daily dose of 12.81 mg/kg had membranotoxic effect
on kidney cells [24]. When feeding broiler chickens
with NP-Ag (14 £ 0.8 nm) in the doses of 4.0; 8.0 and
12.0 mg/kg of feed for 21 days, the increase in the con-
centration of triglycerides, lipoproteins of low and very
low density and uric acid (P < 0.05) was established in
the blood serum of poultry [25], whereas the admin-
istration of the same NP-Ag in the doses of 20.0; 4.0
and 60.0 mg/kg of feed demonstrated a considerable in-
crease in MDA content, the activity of catalase and su-
peroxide dismutase (P < 0.01) along with the decrease
in the concentration of total proteins, albumins, total
cholesterol and enzymatic activity of AIAT and AsAT
(P <0.05) [26].

A.A. Strode studied NP-Cu with the diameter of
50-60 nm. Aqueous suspension was administered sub-
cutaneously to white outbred mice once a day in the
dose of 0.05 mg/kg for three days. Then the level of
enzymatic activity of AIAT, AsAT and KFK was de-
termined in blood serum of animals. It was determined
that NP-Cu did not have considerable effect only on
the activity of AIAT, the activity of other investigated
enzymes increase at the effect of NPMe. The activity
of AsAT increased 2.5 times, and the activity of KFK —
2.1 times compared to the indices of the control group.
The increase in the activity of enzymes with intracellu-
lar localization in blood serum is a marker of cytolysis.
Thus, in case on subcutaneous administration, NP-Cu
manifested its damaging effect of the cardiac muscle
cells, as the maximal activity of KFK and AsAT was
manifested in myocytes [27].
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A.A. Slobodskov studied the effect of intramuscu-
lar administration of NP-Cu on biochemical indices of
blood of pregnant female rats. It was determined that
the administration of NP-Cu in the dose of 2.0 mg/kg
of the bodyweight resulted in the termination of preg-
nancy, and at the concentration of 0.5 and 1.0 mg/kg
of bodyweight the pregnancy was not terminated: on
day 20 the fetuses were viable without any congenital
anomalies. All the experimental groups had a decrease
in total protein and bilirubin in blood serum. The high-
est decrease was noted at the administration of NP-Cu
in the concentration of 2.0 mg/kg (total proteins de-
creased 1.5 times, bilirubin — 2.5 times). A considerable
decrease in the level of triglycerides and cholesterol, 8
and 2 times on average to the control, was determined
in the same group. The administration of NP-Cu in
the concentration of 0.5 and 1.0 mg/kg of bodyweight
resulted in the increase in the level of alpha-amylase,
which indicated the damage to pancreas tissue [28].
The investigations of Ognik ef al. (2019) determined
that 4-week-long administration of NP-Cu with feeds
to rats in the doses of 6.5 and 3.25 mg/kg of the body-
weight resulted in the increase in ceruloplasmin activ-
ity and the content of DC and MDA and the decrease in
catalase activity and the level of total glutathione [29].
However, the study of the effect of NP-Cu on the de-
velopment of chicken embryos at the administration of
their solution in the dose of 0.3 cc into the air pouch
determined the inhibition of lipid oxidation process in
embryos [30]. A decrease in the concentration of glu-
cose and cholesterol in blood serum was determined
in case of a similar way of administering NP-Cu into
incubation eggs in the dose of 50 mg/kg of the body-
weight, after hatching of chickens and their 42-day-
long breeding [31].

M.K. Sljunjaeva investigated NP-Fe powder, the
diameter of particles in which was 50—60 nm. NP-Fe
was administered to male mice subcutaneously in the
form of suspensions with physiological solution once
a day for three days (a daily dose was 50.0 mg/kg of
the bodyweight). The following changes were revealed
by the conducted studies. The activity of AsAT in
all the experimental animals increased 8.8 times, the
activity of AIAT — 18 times compared to the control
group, and the activity of KFK increased 2.9 times in
the experimental group. The maximal activity of AsAT
and KFK was noted in the cardiac muscle, and AIAT
demonstrated maximal activity in liver cells, therefore,
based on the results obtained, the author assumed that
at subcutaneous administration NP-Fe had hepatotoxic
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effect and damaged myocardium cells [32]. The intra-
venous administration of NP-Fe O, to white rats in the
doses of 7.50; 15.0 and 30.0 mg/kg of the bodyweight
once a week for 28 days demonstrated that Fe, O,NP
had dose-dependent inhibition (P < 0.05) of antioxidant
enzymes along with the increase in the level of MDA
(P <0.05). The authors made a conclusion that NPMe
triggered an inflammatory reaction, which caused the
oxidative stress and might have a negative effect on
cellular functions [33]. The investigations with Wistar
rats, administered nanoparticles of iron oxide in the
doses of 50 and 150 pg/kg of the bodyweight for 15
days, determined the increase in the activity of alka-
line phosphatase AIAT and AsAT, which demonstrated
the toxic effect of nanoparticles on the liver [34]. The
studies of NP-Fe were also conducted with agricultural
poultry, but no negative effect of NP-Fe on the organ-
ism of chickens was revealed [35].

Je. F. Mamedov and Ju. I. Popova conducted the
experiment with male mice. The animals were di-
vided into 4 experimental groups and 1 control. The
animals of the experimental groups were administered
the investigation concentrations of NP-Mn powder in
the form of suspensions on vegetable oil for 6 days:
group I — 0.05 mg/kg, group II — 1.25 mg/kg, group III,
2.50 mg/kg, group IV — 5.0 mg/kg of the bodyweight.
Je. F. Mamedov did not determine any changes in the
indices of carbohydrate exchange: the deviations in the
concentration of glucose, lactate and pyruvate did not
exceed 5 % to the control for animals of all the groups.
The changes in cholesterol concentration in blood se-
rum under the effect of NP-Mn were also insignificant
at their introduction in the concentrations of 1.25 and
5.0 mg/kg of the bodyweight. The study of protein ex-
change determined a reliable decrease in the concentra-
tion of total protein in blood in case of administering
NP-Mn in all the concentrations, especially low values
of proteins were noted in case of introducing nanopar-
ticles in the concentrations of 1.25 and 2.5 mg/kg of
the bodyweight (1 and 1.7 times respectively), here the
decrease was observed due to the albumin fraction. The
level of urea was also lower for animals of all the ex-
perimental groups compared to the control. Based on
the conducted studies, the author made a conclusion
that oral administration of NP-Mn in the concentrations
0f 0.05-5.0 mg/kg of the bodyweight was less active in
terms of carbohydrate and lipid exchange but induced
changes in protein exchange. Yu. I. Popova determined
the increase in the activity of blood enzymes — AsAT,
AIAT, LDH, KFK and GGT when NP-Mn was admin-

AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No.3 2019

istered in all the investigated concentrations. A consid-
erable excess in AsAT enzymatic activity was observed
in case of administering NP-Mn in the concentration
of 0.05 mg/kg of the bodyweight — 7 times on aver-
age, and that of 1.25 mg/kg — 3.8 times respectively.
The level of AIAT activity increased in case of ad-
ministering NP-Mn in all the investigated concentra-
tions — 2.0-2.3 times on average [36, 37].

Therefore, both toxic and pharmacological effect of
NPMe on a living organism depends on many factors:
administration method, dose, physiological condition
of animals, their form and aggregate state and many
others, which requires more detailed studies. However,
our studies and the investigations of other scientists
give grounds for the assertion that NPMe are promising
in veterinary nutritional science, as most risks of their
application (embryonic mortality, hepato-, nephro-,
cardiotoxic effect, development of oxidative stress and
immunosuppression) have already been determined,
and thus may be controlled.

CONCLUSION

Our results expand current knowledge about the ef-
fect of NPMe mixture (Ag, Cu, Fe, MnO,) on the organ-
ism of agricultural poultry due to the determination of
their transovarial effect of different character, namely,

= determination of the mechanism of toxic effect of
NPMe at the administration to chickens in the dose of
4.0 mg/kg of the bodyweight which lies in decreasing
natural resistance, excessive formation of toxic prod-
ucts of purine exchange and straining enzymatic sys-
tems of natural detoxication along with the develop-
ment of oxidative stress in the organism of one-day-old
chickens;

= determination of the mechanism of pharmacologi-
cal effect of NPMe mixture at the administration to
chickens in the dose of 0.3 mg/kg of the bodyweight,
which lies in enhancing immune reactions along with
the antioxidant effect via evident release of fat-soluble
vitamins A and E from the endogenous pool in the or-
ganism of one-day-old chickens.

The data obtained demonstrate the advantage of the
effect of NPMe mixture (Ag, Cu, Fe, MnO,) over the
effect of the analogue in the form of the mixture of met-
al salts, which may help in achieving a high percentage
of liveability of young birds, forming defensive reac-
tions in the organism of chickens and ensuring full re-
alization of genetic potential in terms of meat or egg
productivity of agricultural poultry.
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Meta. Hanouactku meraniB (NPMe), norpamsitoun B op-
raHi3M, 3aBISKH CBOIM MajHM pPO3MipaM, MPOHHKAIOTh Y
Ppi3HI BHYTpILTHI OpraHy, TOJal0dd reMaToeHIePaaiqaHnil Ta
IUIALICHTapHUN 0ap’€pH, 1 MOXKYTh BHKJIHMKATH B OpraHi3mi
pi3Hi martodizionoriuni epexru. Tomy, MeTOIO Hamoro Jo-
CIIIJDKEHHS CTajJ0 BHUBUCHHS TPaHCOBApiasbHOI Mil cymimri
NPMe (Ag, Cu, Fe, MnO,) na GioxiMiuHi MOKa3HUKH KPOBi
M00OBHX KypyaT y TOpPIBHSHHI 3 COJSIMH BiAMOBIIHUX
metainiB. Meroan. JlociikeHHs Oyiv pOBE/IeH] Ha ITHII
kpocy Xaiiceke Yait (n = 28) 31 cTareBUM CITiBBIAHOLICHHS
MmiBHIB 10 Kype# 1 : 6, skuM mpoTsirom 37 ai6 BBOAWIH 3
KOPMOM: HOCTiaHu# 3pa3ok cymimn NPMe, skuii MicTuB
HaHodacTuHKH cpibma (31,5 + 0,9 vm), 3amiza (100,0 £
+ 10,0 am), Mmigi (70,0 = 4,0 HM) 1 TBOOKHCY MapraHIlo
(50,0 £ 3,0 am), y mo3ax 0,3 1 4,0 mr / xr macu tima (II 1 IIT
J0CTi); po3uuH cymimi conelt — AgNO,, (CuSO, - 5H,0),
(MnSO, - 5H,0) i (FeSO, - 7TH,0) (I nocuij); AMCTHILOBaHY
Boxy (koHTpOnb). [Tounmnatoun 3 30-1 1OOH EKCIIEPHMEHTY
BiJl MTUIl KOKHOI TPYNH MPOTATOM TWXHA 30Mpaiy SUIst
Ta 3aKIajany iX Ha iHKyOamito. Binm BuBemeHMX H0O0OBHX
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Kypuat (n = 93) BimOumpanu mpobu KpoBi It Oi0XIMITHUX
JociimkeHb. Peectpartiro 610XiMiYHHX TIOKa3HUKIB 3IHCHIO-
Baym Ha crekrpodoromerpi SHIMADZU UV-1800 (Smo-
His). PesyasTatu. Y pes3ynsraTi BCTAaHOBICHO MEXaHI3M
ToKkcH4HOI il cymimi NPMe 3a BBemeHHS KypsM y I03i
4,0 Mr/KT MacH Tina, SKAN MOJATae Y 3HIKCHHI TIPUPOTHOT
PE3UCTEHTHOCTI (TEHACHIlS A0 TIIBUIICHHS CEPOMYKOi-
IiB — OUTKIB IMyHOCYNpEcOpiB), HAAMIpHOMY YTBOPEHHI
TOKCHYHHUX TPOAYKTIB IYPHHOBOTO OOMiHY (ITiIBHIICHHS
KOHIIEHTpaIlii cedoBoi kucmotu Ha 77,6 %; P < 0,05) ta
HAaIpy»XeHHI SH3UMHHUX CHCTEM IPHPOIHOI JeTOKCHKAmil (ITiI-
BUIIICHHS aKTUBHOCTI ajlaHiHaMiHOTpaHc(epasu 1 acmap-
TatamiHoTpaHcdepasu Ha 23,8 1 31,6 %; P < 0,05) i3
PO3BUTKOM OKHCHIOBAJBHOTO CTpecy (IiIBHUIICHHS BMICTY
TMIEHOBHX KOH'IOTaTiB Ta MAaJIOHOBOTO MialibJeTiny Ha
19,3 1 23,8 %; P < 0,01) B opranismi 1000BHX Kypuar.
Mexani3zm ¢apmaxosoriunoi xii cymimm NPMe 3a BBeneHHS
KypsM y mo3i 0,3 MI/Kr Macu Tija Ioisirae B MOCHJICHHI
IMYHHUX peakiiii (TiIBUIIEHHS KITBKOCTI 3araJbHUX IIPO-
TeiHiB 1 TmoOyniHiB Ha 14,4 1 12,0 %; P < 0,05) mopsz i3
AQHTHOKCHJAHTHUM BIUIMBOM 4YE€pe3 BMBIJIBHEHHS i3 CHIO-
reHHoro nemno BitamiHiB A 1 E (ma 14,7 1 25,7 % Buie
BimHOCHO KoHTpomio; P < 0,05) B oprariami m1000BHX
KypuyaT. BucHoBku. 3a yMOB TpaHCOBapialbHOI Tiepenadi
MiATBEepIKeHA repeBara BIumBy cymimi NPMe (Ag, Cu,
Fe, MnO,) B mo3i 0,3 MI/Kr mMacu Tina KypeH-HECYUOK Hal
niero aHanory B (opmi cywmimii comeli MeTawiB, 0 MOXKe
CIIPUATH OTPUMAHHIO BHCOKOTO BIICOTKY 30€peKeHOCTI MO-
JMOHSAKY NTHII, (POPMYBAHHIO 3aXMCHUX PEAKIIii B OpraHi3-
Mi KypdaT Ta 3a0e3MeYnTH TOBHOLIHHY peallizallilo TeHe-
TUYHOTO MOTEHIaJly 00 M SICHOI UM SIEYHOI MPOSYKTHB-
HOCTI CLTBCHKOTOCIONAPCHKOI NTHIll. BCTaHOBIEHO MeXaHi3M
TOKCHUYHOI i HAHOYaCTUHOK MeTaliB B 1031 4,0 MI/Kr Macu
Tijla, OO0 JacTh 3MOTY po3poOuTH Oe3IMedHi permaMeHTH
3aCTOCYBaHHSI HaHOMATepiajliB HEOPTaHITHOTO TTOXOKCHHS
Yy Cy4acHOMY NTaxiBHMITBI Ta CBOEYACHO KEPyBaTH PH3H-
KaMH¥ 1X 3aCTOCYBAaHHS.

Ku1i04oBi cjioBa: HAHOTOKCHUKOJIOTIS, MTAaXiBHUIITBO, HAHO-
YaCTHHKU MeTaliB, 1HKyOallis, 1000B1 Kypuyara, eMOpiOTOK-
CHUYHICTD.

TpancoBapuaJibHO JeiicTBHE CMeCH HAHOYACTHUI]
MeTaios (Ag, Cu, Fe, MnO,) Ha 6uoxumuyeckue
NMOKa3aTeJ U KPOBH CYTOYHBIX LBIIJISIT
B CPABHEHHUH € COJISIMH METAJII0B
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Hens. Hanouacturer meramuioB (NPMe), momamast B op-
raHu3M, OiaroJapsi CBOMM MaJlbIM pa3MepaM MPOHUKAIOT B
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pa3IYHBIC BHYTPEHHNE OPTaHbl, IPEOI0JIeBast TeMaTOJHIIe-
(amuecKuii U IUIAlleHTapHbIA 0apbepbl, U MOTYT BBI3BaTh
B OpraHu3Me pa3iuuHbie natoduznonorndaeckue 3GpQexTsl.
[TosToMy, HEnbIO HAIIEro MCCIEJOBAHUS CTAJIO0 U3YUYEHHE
TpaHcoBapuaibHOro neictBusi cmecu NPMe (Ag, Cu, Fe,
MnO,) Ha OMOXHMHMYECKHE TMOKA3aTeNN KPOBH CyTOYHBIX
LBIIIAT 110 CPABHEHUIO C COJSIMH COOTBETCTBYIOIIMX Me-
tauioB. Metoasl. VccnenoBanns OBUIM TIPOBEACHBI Ha
ntune kpocca Xaiiceke Yalt (n = 28) ¢ HOJOBBIM CO-
OTHOIIICHHWE TETyXOB K KypaM | : 6, KOTOPBIM B TEUCHHE
37 CyTOK BBOIWJIM C KOPMOM: ONBITHBIH 00pa3er; cMecH
NPMe, conepxamiuii HanouacTuiel cepedpa (31,5 £ 0,9
HM), xene3a (100,0 = 10,0 am), menn (70,0 £ 4,0 am) u
neyokucu Maprasna (50,0 + 3,0 am), B no3ax 0,3 u 4,0 mr/
kr maccel Tenma (II m III ombiT); pacTBOp cMmecu couneit
metan-no — AgNO,, (CuSO, - 5H,0), (MnSO, - SH,0) un
(FeSO, - TH,O) (I ombIT); AMCTHIIMPOBAHHYIO BOY (KOHT-
ponb). Haumnas ¢ 30-x CyTOK SKCHEPUMEHTA, OT MTHIIBI
KaXJOH TpymIbl B TEYCHUE HENENU coOupanu siina u
3aKJIabIBAId UX Ha MHKyOanmio. OT BBIBEJEHHBIX CyTOY-
HBIX UBIUIIT (1 = 93) oTOMpanu npoObl KpoBH it OWO-
XUMHUYECKUX HCCIEOBaHUN. Peructpamnuio Ouoxumuyec-
KHX IIOKa3aTelell OCYHIeCTBISUIN Ha CHEKTPOPOTOMETpe
SHIMADZU UV-1800 (SInonwus). Pe3yabrarsl. B pesyinb-
Tare yCTaHOBJIEHO MEXaHW3M TOKCHUYECKOTO JIEHCTBUSI CMe-
cu NPMe npu BBeneHun kypam B Jio3e 4,0 MI/KI' Macchl
Tena, KOTOPBIM 3aKJIIOYaeTCsl B CHMXKEHHH €CTECTBEHHOM
PE3UCTECHTHOCTH (TEHACHIMS K IOBBIMICHUIO CEPOMYKOH-
JIOB — OEJIKOB MIMMYHOCYIIPECCOPOB), U30BITOUHOM 00pa3o-
BaHUM TOKCHYECKHX IIPOAYKTOB ITyPHHOBOTO OOMEHa (TIOBBI-
[IEHUEe KOHIEHTPAllMUd MO4YEBOM KucIoThl Ha 77,6 %
P < 0,05) u HanpspKeHUH YH3UMHBIX CHCTEM €CTECTBEHHOU
JICTOKCUKAIUK (TIOBBIIICHUE AaKTUBHOCTH aJIaHMHAMHHO-
TpaHchepassl M acmapraramuHoTpaHcdepassl Ha 23,8 u
31,6 %; P < 0,05) ¢ pa3BuTHEM OKHCIHUTEIBHOTO CTpecca
(ToBBILIIEHHE COAIEPKAHMSI TUCHOBBIX KOHBIOTaTOB U Malo-
HOBOTO Auanpaeruaa Ha 19,3 u 23,8 %; P <0,01) B opranms-
Me CyTOYHBIX IBIUIAT. MexaHusm (hapMakoJIOrHyecKoro aei-
ctBust cMecu NPMe mipu BBeneHnu Kypam B 1o3e 0,3 mr/kr
Macchl TeJa 3aKII0YaeTCs B YCHIICHUH UMMYHHBIX peakinit
(TIOBBIILIEHNE KOJIMYECTBA OOMIMX MPOTEHHOB U IIIOOYJIMHOB
Ha 14,4 u 12,0 %; P < 0,05) Hapsay ¢ aHTHOKCHIAHTHBIM
BO3/ICHCTBHEM Yepe3 BBICBOOOXKIICHUE M3 SH/IOTEHHOTO JICTIO
putamMuHOB A 1 E (Ha 14,7 u 25,7 % BbIlIe OTHOCHUTEIHHO
xoHTpossg; P < 0,05) B opraHusMe CyTOYHBIX I(BIIIJIAT.
BeiBoabl. B ycinoBusix TpaHcOBapHaJbHOM Iepenadu IOJ-
TBEP>KJCHO IpenMyiecTBo Biusinus cmecu NPMe (Ag, Cu,
Fe, MnO,) B 03e 0,3 Mr / KI Macchl Tena Kyp-HecylleK HaJl
JeiicTBieM aHajora B (hOpMe CMECH COJIeH COOTBETCTBY-
IOLIMX METAJUIOB, YTO MOXET CIIOCOOCTBOBATH IOJIYYECHUIO
BBICOKOTO TPOLIEHTA COXPAHHOCTH MOJIOJHSAKA NTHIBI, POp-
MHUPOBAaHHIO 3alIUTHBIX PEAKIUH B OpraHW3Me LBIUIAT U
00eCIeurTh MOJHOICHHYIO Peali3aliio FeHETHYECKOro T0-
TEHIIMAJIa 110 MSICHOW WM SMYHON MPOXYKTUBHOCTH HNTHIIBI.
YcTaHOBIICH MEXAHN3M TOKCHYECKOTO JeHCTBUS HAHOUACTHI]
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MeTamoB B jo3e 4,0 MI/KT Macchl Tejia, YTO IIO3BOJUT
pa3paborarb Oe30macHBIe PErTaMeHTHl NMPUMEHEHHS HaHO-
MaTepUaioB HEOPraHMYECKOrO MPOUCXOK/ICHUS B COBPEMEH-
HOM MTHIIEBOJICTBE U CBOEBPEMEHHO YIPABIISATH PUCKAMH HX
MIPUMEHEHHSI.

KioueBblie ¢j10Ba: HAHOTOKCHKOJIOTHS, ITHUIIEBOICTBO, Ha-
HOYaCTHUIlbl MCTAJIJIOB, I/IHKy6aI_[I/IH, CYTOYHBIC MBITLIATA,
SMOPHOTOKCHYHOCTb.
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