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Abstract. In this article we studied the chronic oral effects of the NPMe
mixture (Ag, Cu, Fe, Mn dioxide) in comparison with its macro-dispersed analogue
on the intensity of oxidative processes in the blood of white rats. Research has
established that chronic oral reception of a mixture of metals in various disperse
forms caused in the blood of experimental rats different-directional changes in the
formation of products of lipoperoxidation in the dynamics of the experiment. All
animals were monitored for 90 days (main period). On the 15th, 30th and 60th day
after the start of feeding, and in 30 days after termination of feeding (on the 90th day)
the mixture of NPMe and metal salts, there were taken blood samples from 5 animals
from each group after inhalation chloroform anesthesia. After that blood plasma was
obtained for biochemical studies.Regarding results of strengthening the endogenous
AOA against the background of storage of physiological levels of the intensity of the
processes of LPO and OMB in experimental rats under the action of a mixture of
NPMe in a dose of 0.3 mg/kg of body weight, it can be argued about its antioxidant
effect, and in subsequent studies it can be taken into account for the purpose of
creation nanonutraceutical of adaptogenic orientation.
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Introduction.An important direction in the use of nanotechnologies in feeding
animals and poultry is the receipt of nanonutrients in order to enrich feed with
them,and, first of all, micro elements - essential biometals. At the same time, feed as
an element of the environment must be biotic, that is, on the one hand, it should not
contain and bring into the internal environment of the body toxic and reactive

substances, and on the other hand, contain as many nutrients as possible in the

chemical form in which they are in macroorganism.

Ne 5 (69), 2017 Hayxogi nonosini HYBIIl Ykpainu ISSN 2223-1609



Biosorisi, biorexHonorisi, exoJioris

© Pomannko M. €.

Analysis of recent researches and publications.To date, the first
nanomaterials, which meet all the conditions for functional biomaterials, have been
developed and tested in animal husbandry and veterinary practice, and they have
received the general name of aqueous colloidal solutions of metal nanoparticles [1,
2]. One of the decisive biochemical mechanisms of action of risk factors is an
imbalance between the intensity of the oxidation processes of the main structural
components of cell membranes - lipids and proteins and their AO-regulation [3-7].

According to the results of our previous studies there has been proved [8-10]
thatat the experimental simulationof acute toxicity on the model of white rats, the
biological effect of the NPMe mixture (Ag, Cu, Fe, Mn dioxide) is essentially
different in terms of the toxicodynamics and toxicokinetics of this substance in the
form of macroscopic dispersions (mixture of salts of the corresponding metals).

Purpose. Therefore, the purpose of the study was to study the chronic oral
effects of the NPMe mixture (Ag, Cu, Fe, Mn dioxide) in comparison with its macro-
dispersed analogue on the intensity of oxidative processes in the blood of white rats.

Methods. The experiment was conducted in the Department of Toxicology,
Safety and Quality of Agricultural Products and in the condition of the vivarium of
the NSC "IECVM" on the sexually mature male rats. For this purpose, on the
principle of analogues, four groups of male rats (n = 80) of the Wistar line, weight
(120-140) g, were formed per 20 animals in each.

Experimental studies on rats were conducted taking into account the basic
principles of bioethics. Keeping, care and feeding of animals were carried out in
accordance with the standards and rations recommended for this type of laboratory
animal. During the experiment animals of all groups had free access to water.

We used a mixture of the following NPMe in the form of colloidal dispersions:
Ag average 30 nm, Fe - 100 nm, Mn dioxide 50 nm, Cu - 70 nm in an aliquot, in
which the initial concentration of metals was 100 pg / cm?, respectively.

As a comparison preparation, a solution of a mixture of salts of the
corresponding metals in ionic form was used - AgNO3, (CuSO4 « 5SH20), (MnSO4

Ne 5 (69), 2017 Hayxogi nonosini HYBIIl Ykpainu ISSN 2223-1609



Biosorisi, biorexHonorisi, exoJioris

© Pomanbko M. €.
5H20) and (FeSO4 « 7H20), concentration of which was 100 pg/cmd, respectively,

for each metal.

After keeping the experimental rats of all groups on a standard diet for 7 days,
the animals of experimental groups (I, II, 111 group) received with feed solutions of
mixture of salts of corresponding metals (I group) and mixtures NPMe (I1, 111 group).

Rats of the experimental group |, weregiven a mixture of salts of metals at a
dose of 0.3 mg/kg of body weight, and rats of experimental group Il - a mixture of
NPMe at a dose of 0.3 mg /kg of body weight (biotic dose established according to
previous studies in acute toxicity study) , and the third experimental group - a mixture
of NPMe at a dose of 4.0 mg /kg of body weight (toxic (dangerous) dose, established
according to previous studies in the context of study of acute toxicity).

Rats of the control group were given each 2 cm3of physiological solution of
sodium chloride by similar regulations.

All animals were monitored for 90 days (main period). Onthe 15th, 30th and
60th day after the start of feeding, and in 30 days after termination of feeding (on the
90th day) the mixture of NPMe and metal salts, there were taken blood samples from
5 animals from each group after inhalation chloroform anesthesia. After that blood
plasma was obtained for biochemical studies.

The intensity of the LPO processes was estimated by determining in blood
plasma the concentration of its products - DC and MDA - in heptane-isopropanol
extracts using the methods of Gavrilova V. B. and Mishorudnaya M. 1. [11]. The state
of the indicators of the antioxidant system (AOS) was investigated by activity of
catalase (KF 1.11.1.6) using H,O, at a wavelength of 410 nm, as described in the
work of Korolyuk M.O. [12]. The total plasma AOA of blood plasma lipids was
determined as described in the work of Klebanov G.I. [13].

The intensity of OMB in blood plasma was determined by the registration of
the formation of carboxylic derivatives of neutral (NC) and basic character (BC) by
the method of Archakova O. I. and Mihosoyev I. M. (1998) [14]. Aldehyd- and

ketoderivatives of neutral character were determined at wavelengths of 370 nm, and
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the basic character - 430 nm, respectively, taking into account the value of the molar
coefficient of extinction (2.1 x 104 M cm'L).

The results of the research were statistically processed using the Microsoft
Excel 2003 software package (for Windows XP), the probability of the data obtained
was estimated by the Student criterion.

Results. The results of the study of the intensity of the LPO and OMB
processes in the blood plasma of experimental rats in the dynamics of the experiment
are given in Table 1.

Research has established that chronic oral reception of a mixture of metals in
various disperse forms caused in the blood of experimental rats different-directional
changes in the formation of products of lipoperoxidation in the dynamics of the
experiment.

1. State of indicators of the intensity of the LPO and OMB processes in
blood plasma of rats under the chronic per oral effect of a mixture of metal salts

and a mixture of NPMe in the dynamics for 90 days (M £ m; n=5)

Ne , Term of Intensity of LPO, products Intensity of OMB
Animal group | research, day carboxylic derivatives

DC, MDA, NC, mmol/g | BC, mmol/g

umol/l AD of protein of protein
Control 15 38,9+2,5 5,52+0,20 549,2+64,2 274,2424,0
30 41,5+0,7 4,88+0,16 547,4+44,0 300,5+18,0
60 39,4+3,2 5,11+0,234 597,9+22,8 302,0+34,3
90 38,2422 5,40+0,67 539,3+33,36 | 292,2+26,9
I experiment: 15 39,1+1,2 5,46x0,27 568,2+10,2 285,8+21,8
Mixture of salts 30 45,8+2,3 4,41+0,22 498,7+62,6 307,1+36,7
Me, 60 51,242 ,6* 6,89+0,12* 544,2+50,2 277,5%£26,8
0,3 mg/kg 90 57,437 | 6,91+0,45* | 581,4452,8 | 311,0+23,4
11 experiment: 15 37,92+1,5 5,34+0,22 550,1+23,7 277,7£25,0
Mixture NPMe, 30 40,8+0,5 4,80+0,32 573,8+37,4 326,7+18,0
0,3 mg/kg 60 39,56+2,8 5,77+0,20 523,7+41,7 280,7£16,7
90 28,3+0,8* 5,01+0,28 526,8+26,0 322,6+40,0
111 experiment: 15 35,6+0,2 5,04+0,12 671,7+26,2* | 388,2+25,0*
Mixture NPMe, 30 28,0+0,8* 4,02+0,15* 557,9+33,0 328,4+20,5
4,0 mg/kg 60 26,4+0,5* 4,14+0,12* 587,4+25,6 310,5+32,6
90 25,8+2,5* 3,11+0,06* 556,2+38,6 302,2+24,8

Note. * - the difference of valuesis probable at (p<0,05) relative to the values of such an

indicator in control animals.
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Thus, in blood plasma of rats (Experiment 1), which received a mixture of
metal salts, there was determined the gradual increase in the intensity of LPO
processes, which reached a probable growth rate on the 60th and 90th days of the
experiment by the values of DC and MDA - an average on 29.9 and 34.8% and 50.3
and 28.0%, respectively, relative to their control indices.

In the blood of rats, under the conditions of the NPMe mixture reception, a
reverse picture was recorded. Thus, in the plasma of animals (Experiment II)
receiving the biotic dose of the NPMe mixture, only on the 90th day of the
experiment, the reduction in the content of DC was determined on average by 15.9%,
and in animals (111 experiment) receiving the maximum dose, starting from the 30th
day of the experiment, the content of both products of lipoperoxidation - DC and
MDA - by 30.0% and 30.4% (p<0.05), respectively, relative to the level of control
indicators.

It was determined that on the background of the absence of excessive
production of LPO products, in the blood of experimental rats of group IllI, the
probable increase in the content of OMB derivatives was observed on the 15th day of
the experiment (Table 1). The percentage of increase in the level of derivatives of
neutral and basic character in this term of research was 22.3% and 41.6% (p<0.05),
respectively, relative to their values in control animals.

In the blood plasma of experimental rats of groups | and Il, which were given a
mixture of Me salts and a mixture of NPMe in a biotic dose, there was not not
recorded a probable changes in the values of carboxylic derivatives during the
experiment.

Table 2 shows the dynamics of indicators characterizing the state of the
enzymatic link and the total AOS in the body of experimental rats.

Thus, induction of catalase activity was recorded due to the reception of a
mixture of metals in both disperse forms at a dose of 0.3 mg/kg of body weight in the
blood of experimental rats (Experiments | and Il). In rats of the experimental group |
in the dynamics of the experiment, the increase in the activity of catalase had a
gradual nature and on the 30th, 60th and 90th days averaged 25.3%, 49.2% and
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42.6% (p<0.05 ) relative to its control values.

In the blood plasma of animals (11 Experiment) that received a maximum dose
of NPMe, the level of catalase activity declined over time with respect to that in the
control group, whose percentage onthe 15th, 30th and 60th days from the beginning
of the experiment was, on average, 18.3%, 25.9% and 22.9% (p=<0.05) respectively.

Due to the chronic supply of a mixture of metals in both disperse forms at a
dose of 0.3 mg/kg of body weight, an increase in the level of total AOA in blood
plasma of rats of the experimental group | on the 60th day was recorded on average
by 8.3%, while the second group on the 15th and on the 30th day - by 9.0 and 18.1%
(p<0.05) relative to the control values of the indicator.

2.Status of AOS values in blood plasma of rats at long-term per oral
effects of a mixture of metal salts and a mixture of NPMe in the dynamics for 90

days (M £ m; n=05)

Ne, animal group Term of research, day
15th \ 30th \ 60th \ 90th
Activity of catalase, nmol H>O>/sec mg of protein
Control 123,2+10,0 127,2+8,9 126,5+10,8 118,3+8,3
I experiment: 132,7£13,7 159,4+6,9* 188,7+21,1* 168,7+6,7*
Mixture of salts Me,
0,3 mg/kg
II experiment: 126,1+11,1 129,375 139,2+11,8* 108,2+12,6
Mixture NPMe,
0,3 mg/kg of body weight
I11 experiment: 100,6+8,2* 94,2+5,8* 97,5+6,0* 117,8+8,8
Mixture NPMe,4,0 mg/kg
of body weight
Total AOA,% of inhibition
Control 66,8+4,7 67,6+5,0 69,0+5,8 71,3+4,6
I experiment: 61,8+8,2 69,0+3,5 74,7+2 5% 68,4+7,8
Mixture of salts Me,
0,3 mg/kg
IT experiment: 72,814,6* 79,8+3,13* 73,5+6,2 72,64,7
Mixture NPMe,
0,3 mg/kg of body weight
IIT experiment: 62,8+6,8 60,3+2,6* 58,0+4,6* 44,242 5*
Mixture NPMe,4,0 mg/kg
of body weight

Note. * - the difference of valuesis probable at (p<0,05) relative to the values of such an indicator
in control animals.
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Gradual expenditure of endogenous AOA resources was recorded in rats due to
the effect of a mixture of NPMe in a dose of 4.0 mg/kg of body weight (Il
Experiment), starting from the 30th and the 90th day inclusive. The smallest value of
the total AOA in the blood plasma of the experimental rats was established even after
30 days after the reception of NPMe mixture was discontinued, its decrease was
38.0% (p<0.05).

Based on the nature of the intensity of the formation of OMB derivatives and
the content of LPO products in the blood of rats in the conditions of long-term
reception both a mixture of metal salts (Experiment 1) and NPMe mixtures in the
maximum dose (Experiment Ill), there was not enough capacityof the AOS own
resources of the organism of experimental animals to prevent the influence of the
AISW and the corresponding inclusion of protective mechanisms.

However, it may be concluded that the possible induction of antioxidant
resources by the action of a mixture of NPMe in a dose of 0.3 mg/kg of body weight
for 30 days, that illustrates the strengthening of the activity of endogenous AOA on
the background of storage of physiological levels of intensity of oxidation processes
in experimental rats; Consider such a dose of NCMe as biotic, and in further research
it is necessary to take into account when creating nanonutraceutic of adaptogenic
orientation.

Disscussion. 1. An antioxidant effect on the rat body of the NPMe mixture was
established at a dose of 4.0 mg/kg of body weight, the maximum severity of which
was recorded in 30 days after the start of oral administration, which was irreversible
and persisted even in 30 days after stopping the receipt.

2. The mechanism of the prooxidant action of the NPMe mixture at a dose of
4.0 mg/ kg of body weight was in the formation oxidative stress in the body of rats
due to the initial increase in the level of toxic OMB derivatives (on the 15th day), and
subsequently (on the 30th day) - decrease in the formation of products of
lipoperoxidation against the background of spending capacity of AO-resources atr
inhibiting the activity of catalase and total AOA (p<0,05).
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3. Based on the results of strengthening the endogenous AOA against the
background of storage of physiological levels of the intensity of the processes of LPO
and OMB in experimental rats under the action of a mixture of NPMe in a dose of 0.3
mg/kg of body weight, it can be argued about its antioxidant effect, and in subsequent
studies it canbe taken into account for the purpose of creation nano-
nutraceuticalof adaptogenic orientation.
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IHTEHCUBHICTD JIIMONEPOKCHUJALII TA OKUCHIOBAJBbHOI
MOJIUPIKALI BIJIKIB Y KPOBI HIYPIB 3A YMOB XPOHIYHOI'O
BILINBY CYMIIII HAHOYACTUHOK METAJIIB TA 11
MAKPOAUCIIPECHOI'O AHAJIOT A
M. Pomanbko

Anomauin. V oaniti cmammi mu 6us4aiu XpoHiuHi noOiuHi egexmu cymiuti
NPMe (Ag, Cu, Fe, osookuc Mn) y nopiensnni 3 ti020 MAKpoOUCnepCHuUM aHai020M
3a  IHMEHCUBHICMIO OKUCTIOBANbHUX Npoyecié y Kkposi oOiwx wypie. YV x00i
eKCnepumMenmy 3a meapurnamu cnocmepicanu npomseom 90 ownie (ocHosHull nepiood),
nposoouu 8i00ip npob kposi iz 5 meapun 3 koxcHoi epynu na 15-, 30- ma 60-ii Oens
niciast nowamxy ma wepes 30 onis (na 90-1i Oenv) nicis 3aKiHUeHHs 200V8AHHSL CYMIULL
NPMe ma coneu memanie 011 nodanvuwiux OioXiMiuHux 00CniodceHb. YV pezynromami
O00CNLIONCEHHST BCMAHOBNEHO, WO MpUsdie 320008Y8AHHA CYMIWLL Memanie y pPi3HUX
OUCNEPCHUX (POPMAX BUKTUKAE 8 KPOBI eKCNEPUMEHMATbHUX WYPI8 PIZHOCNPAMOBAHI
3MIHU 68 YMBOPEeHHI NPOOYKMIE Jinonepokcudayii 6 OuHamiyi excnepumenmy. 3a
BU3HAUEeHHAM nioguujenHs pieHa 3aeanvHoi AOA ma miui 30epicanns izionociyHux
pienie inmencusnocmi npoyecie I10JI ma OMB 6 Kkposi excnepumeHmaibHux wyypis
nio diero cymiwi NPMe y 0o3i 0,3 me/xe macu mina, modcna cmeepoicysamu npo it
AHMUOKCUOAHMHULL  ehexkm, 8paxosysamu 6 NOOANLUUX OOCHIONCEHHAX —ma
BUKOPUCMOBYBAMU 3 MEMOI0 CMBOPEeHHSI HAHOHYMPUYEBMUKA —A0anmo2eHHol
opieHmayii.

Knrouosi cnosa: aumuoxcuoanmua cucmema, cymiul HaHOYACMUHOK MeMalis,
OKUCHIOBAIbHA MOOuixayis OLIKie, nepeKucHe OKUCHEHHs JNIniois, Coai Memanis,
naazmMa, XxpoHiuHa MOKCUYHICIb, Wypu
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MHTEHCUBHOCTBD JIMIIOIIEPOKCUJAIINN U
OKUCJUTEJBbHON MOANPUKALIUHA BEJIKOB B KPOBUA KPbIC B
YCJTOBUSAX XPOHUYECKOI'O BJIMSIHUS CMECHA HAHOYACTHI]

METAJIJIOB 1 EE MAKPOJIUCIIPECHOI'O AHAJIOT' A
M. PomaHbKO

Annomayua. B Oannoii cmamve Mbl U3YYaIU XpOHUYECKUe NOOOUHbLe
agppexmor cmecu NPMe (Ag, Cu, Fe, oeyoxkuco Mn) 6 cpasnenuu c ee
MAKpOOUCNEPCHUM ~AHAN020M NO USMEHEHUIO UHMEeHCUBHOCMU OKUCIUMETbHBIX
npoyeccos & Kposu benvix Kpvic. B xooe axcnepumenma 3a srcugommusvimu HadI00aMU
6 meuenue 90 Owueti (0CHOBHOU nepuod), Nposoounu omoéop npob Kposu ¢ 5
HCUBOMHBIX U3 Kadxcoou epynnel Ha 15-, 30- u 60-i denv nocne nauanra u uyepes 30
oneu (na 90-i denv) nocie OKOHUAHUS KOPMIEHUsL 0N OQLbHEUUUX OUOXUMULECKUX
uccnedoganui. B pezynbmame uccie0oaHus YCMAHOBIEHO, YMO NOCMOSAHHOE
CKAPMIUBAHUE CMeCU MemAllo8 8 PA3IUYHbIX OUCNEPCHLIX (opMax 6wi3vieaem 6
KPOBU IKCNEPUMEHMANbHBIX KPbIC PA3ZHOHANPABIEHHble USMEHEeHUs 8 00pazoeaHuu
nPOOYKmMo8 Iunonepokcuoayuu 8 ouHamuke skcnepumenma. Ilo ycmanosenennomy
yeenuuenuro yposHs odowei AOA nHa poue coxpanenus @usuonrocuveckux yposHeu
uumencugnocmu npoyeccos I1OJI u OME 6 kposu 3KcnepumeHmanbHuvlx Kpulc noo
oeticmauem cmecu NPMe 6 0oze 0,3 me/ke maccol mena MOMCHO ymeepaHcoams o ee
AHMUOKCUOAHMHOM — d¢hghexme,  UMO  MOJNCHO — YUUmMwvl8amb 6  OAIbHEUUUUX
UCCNIe008AHUAX U UCNONBb308AMb 6  UYeliax CO30aHUsi  HAHOHYMPUYe8muKa
a0anmo2eHHoU OpueHmayuu.

Kntouesvie cnoea. anmuoxcuoanmuas cucmema, Ccmecb HAHOYACMUY
Memanios, OKUCIUMeNbHAsi MoOUupukayus 6enKos, nepeKucHoe OKUCIeHue TUNUO0s,
COIU MEMAN08, NIA3MA, XPOHUYECKAS MOKCUYHOCb, KPbLCHI
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