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____________________________________________________________________________________ 

 
The results of toxicity studies of nano-sized colloidal silver (NCC), the most widely used in medicine, food and life, are given. 

When evaluating safe doses of silver NP (using commercially available NCC solution stabilized with polyvinylpyrrolidone (PVP), 
with the size of silver NP at the range of 5-80 nm) when orally administered to male mice, BALB/c mice at doses of 0.1; 1.0 and 10 
mg/kg of body weight per silver different effects from the motor and orienting-exploratory activity were revealed, for the part of 
them the dependence on the dose of the NCC was typical. The following peculiarities were found: reduction in motor activity to 
reduce the frequency of activities requiring physical effort, reduction of the execution time of these actions; increasing anxiety in 
terms of frequency and duration of attacks of orienting-investigative activity and animals washing. Morphological examination 
revealed a series of tissue changes of internal organs (especially liver and spleen, to a lesser extent – kidney, heart and colon) with 
increase of the spectrum and severity of structural changes with increasing doses of the NCC. From the combination of the data the 
conclusion was made that maximal ineffective dose (NOAEL) of this nanomaterial at subacute oral administration is no more than 
0.1 mg/kg body weight. 
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The nanoparticles (NP) of silver are contained 

in many types of consumer products such as medical 
drugs, dressing materials, disinfectants, paint and 
varnish products, textiles, water filters, packing mate-
rials, cosmetics, and dietary supplements [12, 19]. 
The global scope of production of materials contain-
ing this type of NP as of 2011 was already more than 
500 t/year in terms of silver [20], and currently it con-
tinues to increase. The waste of items and products 
containing silver NP are disposed, including at the 
waste incineration enterprises. Herewith, the major 
part of silver NP is concentrated in the ash and 

sludges of the liquid air cleaning systems [9, 20] from 
where it can be delivered to the fields in the composi-
tion of fertilizers, accumulated in the plants and dif-
ferent aquatic and soil organisms after that it is trans-
ferred to human by the trophic chains. 

According to the available literature, silveer 
NP cn be toxic at the peroral administration; here-
with the assessments of the toxic doses of silver 
NP at their intake to the gastrointestinal tract are 
contradictory [6, 10, 15, 18, 23] that can be stipu-
lated by the differences in the sizes of particles and 
structure of their surface, insufficient duration of 
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experiments and the limited set of the studies bio-
logical toxicity markers. 

The objective of the cycle of studies per-
formed jointly by FSBI “FNTS health-care technology 
risk management to public health” and FSBI “Institute 
of Nutrition” is the assessment of the silver NP doses 
safe for human during their intake through the gastroin-
testinal tract using the guidelines on the nanomaterials 
safety assessment [5]. The most of experiments in 
relation to the acute and subacute toxicity of 
nanomaterials are performed currently in rats [22]. 
Together with it, the justification of the safe doses 
of nanomaterial requires the conduction of experi-
ments not less than in two species of laboratory 
animals. In this relation the subject of study in this 
article is the assessment of some integral and 
histopathological changes developed when ex-
posed to silver NP introduced to the gastrointesti-
nal tract of linear mice. As the object of study we 
selected the commercially produced nano-sized 
colloidal silver (NCC) stabilized with polyvi-
nylpyrrolidone (PVP) which is the permitted food 
additive Е1201 as well as is used safely in the 
composition of infusion solutions – blood substi-
tutes. 

Materials and methods. The studied NCC 
solution (“cluster silver”) “Argovit-S” according to 
TU 9310-03-79044259-12 was prodived by LLC 
SPC Vektor-Vita, Russia, Novosibirsk1. The NCC 
was in the form of aqueous solution of brown color 
(in the translucent light) with greenish-grey 
shadow (in the reflected light) and slight opales-
cence. The wavelegth of the maximum absorbtion 
in the visible range was 403.2 nm. According to 
the data of analysis using the inductively coupled 
plasma mass spectrometry2 (MR 1.2.2641-10), the 
total content of silver in the undiluted NCC solu-

tion was 10.09±0.04 mg/cm3. The PVP stabilizer 
content in the product was 19 % by weight. Ac-
cording to the data of transmission electronic mi-
croscopy (MR 1.2.2641-10, microscope JEOL 
JEM-100CX; JEOL, Japan; accelerating voltage 80 
kV) the composition of the studied NCC sample 
contined the silver NP with high electronic density, 
sharp outlines, mainly of rounded, ellipsoidal form 
and separate triagle particles, belonging to the di-
mensional fractions with diameter less than 5 nm; 
10–20 and 50–80 nm3. As it was demonstrated by 
the analysis using the dynamic laser light scatter-
ing method on the instrument Nanotrack Wave 
(Microtrac Inc., USA) 80% of silver NP in the 
product had the hydrodynamic diameter within the 
range of 10.6-61.8 nm. 

The work with animals is performed in ac-
cordance with “Guide for the care and use of labora-
tory animals” (ILAR, DELS) and “Good laboratory 
practice” [13]. The study of hystopathologicl 
changes caused by silver NP in the organs and 
tissues is carried out on the sexually mature 
BALB/C male mice with initial weight of 
26.0±3.0 g obtained from the nursery of labora-
tory animals “Andreevka” of FBIS “Scientific 
Biomedical Technology Center” of the Federal 
Medical-Biological Agency of Russia. The ani-
mals in the number of 75 animal units were di-
vided into 5 groups, 15 animal units in one group 
(group No. 1 – control, groups No. 2, 3, 4, 5 – 
experimental). NCC and stabilizer PVP were ad-
ministered daily in the doses specified in table 1 
at the fixed time intragastrically through the 
catheter. The animals of control group received 
the carrier – diatilled water. The duratiton of ex-
periment was 90 days. 

T a b l e  1   
Doses and volume of NCC and PVP srabilizer at the intragastric introduction to mice in the subacute ex-

periment 
NCC as suspension in 

water 
PVP stabilizer as solution 

in water 
Total volume of introduced products, 

ml/kg of body weight/day Group Number of ani-
mals in group Dose*, mg/kg of body weight/day 

1 (control) 15 – – 
 2 15 – 200,0  
 3 15 0,1 200,0  
 4 15 1,0 180,0 

4,0 

__________________________ 
 
1 The authors say thank to the candidate of chemical sciences V.А. Burmistrov for the sample of colloidal silver provided 

for the study. 
2 The study is conducted by А.А. Shumakova (FSBI “Institute of Nutrition”). 
3 The study is conducted by the candidate of biological sciences S.М. Pridvorova (FSBIS “Biochemistry Institute named 

after А.Н. Bakh”). 
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 5 15 10,0 – 
N o t e : * – for NCC in terms of silver. 
 
During the experiment daily we assessed the 

appearance, general condition of animals and appe-
tite. The body weight was determined directly be-
fore the beginning of experiment and on the 30th, 
60th and 90th day of the experiment. 

Pulling out of the experiment was performed on 
the 90th day in accordance with existing rules [13]. 
After euthanasia we performed the dissection and 
sampling of internal organs (brain, heart, lungs, liver, 
lien, kidneys, genital glands) with further measure-
ment of the absolute and calculation of the relative 
weight of organs. For morthological studies we sam-
pled the heart, liver, kidneys, lien, twisted intestine, 
large intestine and brain. The sampled material was 
fixed in 10% neutral (buffered with 0.1 M sodium 
phosphate, pH 7.00±0.05) solution of formalin in the 
ratio 1:50 by weight, the fragments of organs were 
dehydrated in the alcohols of ascending concentra-
tions, impregnated with chloroform and paraffin and 
then filled with homogenized paraffin medium His-
tomix. The cuts with thickness of 4 µm were per-
formed on sliding microtome JUNG SM 2000R 
(Leica, Germany) and painted using the common 
methods with hematoxylin and eosine. The micro-
photos were obtained on the light-optical microscope 
MEIJI (Techno, Japan) equipped with camera “mi-
croscopy VISION” (VISION, Canada) at the magni-
fication of ×200, ×400, ×1000. In total, 550 of histo-
logical preparations were studied. 

The impact of intragastric NCC introduction on 
the motional and orientative-research activity of ani-
mals was studied using the methods of Ya.I. Buresh 
et al. [1] and in accordance with MU 1.2. 2635-10. 
The testing was performed at the plant “Otkrytoe 
pole» TS0501 (LLC “NPC Otkrytaya Nauka”, Rus-
sia), the behavior was fixed during minutes using the 

high resolution video camera installed at the height of 
2 m. УчетThe accounting, analysis and statistical 
processing of data were performed in program Real-
Timer v.1.2.1. The mathematical processing of the 
results of study was carried out using the parametric 
methods of statistics, with prior assessment of com-
pliance of the obtained results with the normal distri-
bution law. We calculated the sqampling mean (М) 
and standard error (m), checked the supposition on 
the coincidence of the sampling means using the Stu-
dent’s t-criterion. The differences of obtained results 
were considered as statistically significant at р≤0.05. 
The calculations were performed using the set of 
programs Statistica 6.0. 

Results and their discussion. When assess-
ing the integral indicators of the body of animals 
during the whole experiment in all the groups we 
did not reveal the disorders or changes in the con-
dition of the skin of animals, intensity and charac-
ter of motion activity, reaction to the tactile, sound 
and light stimuli. No decrease of appetite, signs of 
intoxication and death of animals was observed 
during the whole term of monitoring. The average 
body weight in the animals of experimental group 
No. 5 obtained the maximum NCC dose starting 
from the 60th day of experiment is credibly 
(р<0.05) reduced by 16-19% in relation to this in-
dicator in the control group. The average body 
weight of animals in the other experimental groups 
did not differ from the control (table 2). 

We observed the certain dose-dependent in-
crease in the relative weight of lien in the mice of 
experimental groups No. 4 by 1.75 times and No. 
5 – by 2.25 times (p<0.05) compared to the same 
indicator in the control group (table 3). 

T a b l e  2   
BALB/C mice body weight dynamics during the subacute experiment 

Average body weight in group, g 
(M±m) Group before the beginning of 

experiment 30th day 60th day 90th day 

1 (control) 28,1±2,1 30,7±3,3 32,1±2,1* 34,6 ±5,5* 
2 27,1±2,0 29,1±3,2 31,2±3,0* 32,4±2,0* 
3 26,9±2,8 29,0±4,1 31,1±5,0* 31,6±2,8* 
4 26,1±2,5 28,7±3,1 30,3±3,1* 30,4±2,5* 
5 26,5±1,5 26,2±2,4 27,0±2,0^ 28,1±2,6^ 

N o t e : ^р<0.05 compared to the value of the control group indicator; * р<0.05 compared to the value of indicator before 
the beginning of experiment. 

T a b l e  3  
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Average (M±m) body weight and relative weight of the organs of mice on the 90th day of subacute ex-
periment 

Group Indicator 1 (control) 2  3  4  5  
Body weight, g 34,2±3,65 32,4±2,0 31,6±2,8 30,4±2,5 28,1±3,56 

brain 1,32±0,10 1,4±0,2 1,7±0,3 1,5±0,2 1,4±0,2 
heart 0,5±0,1 0,5±0,1 0,6±0,1 0,5±0,2 0,5±0,1 
lungs 0,8±0,2 0,9±0,3 1,2±0,5 0,9±0,2 0,8±0,2 
liver 5,0±0,8 4,9±1,1 5,8±1,65 4,9±0,9 4,6±0,6 
lien 0,4±0,1 0,5±0,1 0,9±0,6 0,7±0,2* 0,9±0,3* 

kidneys 1,5±0, 1 1,6±0,2 1,6±0,1 1,4±0,3 1,4±0,2 

Relative weight of 
internal organs,  

% of body weight 

genital glands 0,9±0,3 0,7±0,2 0,8±0,3 0,6±0,2 0,8±0,2 
N o t e : * р<0.05 compared to the value of the control group indicator. 
 
No credible changes in the relative weight of 

the other examined organs in the experimental 
groups in relation to the control indicators are estab-
lished. 

When assessing the motional and orientative-
research activity on the 90th day of the experiment 
(table 4) it was established that the mice of experi-
mental group No. 2 obtained PVP by 2 times rarely 
compared to control stood up without the keeping at 
the wall of arena (р<0.001). The same, not having 
the clear dependence on the dose, changes of this 
indicator are observed also in the animals of groups 
No. 3-5 that can be considered as the non-specific 
effect of the introduced nanomaterial carrier (PVP). 
Herewith, the average duration of standings is cred-
ibly reduced compared to control only in the ani-
mals of group No. 3 obtained NCC in the lowest of 
doses. 

The frequency of fadings in the animals of 
group No. 2 was reduced by 1.8 times compared to 
the indicator in control (р<0.001). The changes of 
this indicator observed in groups No. 3 and 4 were 
comparable with such changes in group No. 2 and 
did not demonstrate the monotonous dependence 
on the dose. However, in the mice of group No. 5, 
obtained NCC in the dose of 10 mg/kg of body 
weight, the frequency of fadings was reduced 
compared both to the indicator in control (by 6.2 
times, p<0.001) and the indicator in group No. 2 

(by 3.5 times, p<0.001), that cannot be explained 
by the impact of introduced PVP. No dependence 
of the average duration of fdings on the NCC dose 
is detected. The assessment of frequency of behav-
ioral acts under the duration of washings demon-
strated the credible and dose-dependent decrease of 
this indicator in groups No. 3-5 ompared to con-
trol. Herewith, in group No. 2 the frequency of 
washings credibly did not differ from such in con-
trol, and the average duration of washing acts (in 
contrast to the animals of groups No. 3-5) was 
credibly decreased. The anxiety indicator charac-
terized by the frequency of looking into the holes 
was not affected by the introduction of PVP to the 
mice of group No. 2, since in groups No. 3-5 ob-
tained NCC this indicator was credibly decreased, 
though its certain dependence on the dose of 
nanomaterial was absent. The duration of lookings 
into the hole is credibly increased in groups No. 3 
and 4 that is not detected in group No. 5. No credi-
ble difference under the indicator of crossing the 
squares of field in the experimental animals of 
groups No. 3-5 is established (except for small un-
der the value of decrease in group No. 4 for pe-
ripheral squares). The value of integral indicator of 
general activity was credibly changed compared tto 
control in groups No. 3 and 4 at the absence of 
credible changes in group No. 5. 

T a b l e  4   
Indicator of motional and orinetative-research activity in mice on the 90th day of experiment 

Groups of animals Indicator 
 (M±m) 1 (control) 2 3 4 5 

Number of events for 5 min 
Standing without keeping at the wall  10,8±1,6 5,5±2,0** 2,4±0,6** 4,7±3,8* 3,5±3,5** 
Washing 1,3±0,2 1,3±0,6 0,5±0,5* 0,5±0,3** 0,25±0,2** 
Looking into the holes 27,5±2,0 28,0±1,2 15,0±3,2* 18,1±4,5** 23,0±3,5* 
Crossing of the central square 5,0±1,0 6,3±1,1 5,1±1,4 4,3±1,9 8,1±4,5 
Crossing of peripheral square 46,5±2,9 40,3±8,9 35,4±11,4 31,4±10,4* 41,7±7,9 
Fading  6,8±1,1 3,8±1,1** 5,3±1,8 3,3±1,3** 1,1±0,4** 
General activity 91,0±6,3 81,3±10,9 58,4±13,8* 59,1±15,5** 76,6±16,0 

Duration of events (sec) for 5 min 
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 1 (control) 2 3 4 5 
Standing without keeping at the wall 0,7±0,03 0,8±0,2 0,35±0,2* 0,7±0,3 0,8±0,4 
Washing 1,3±0,3 0,5±0,2** 3,7±4,9 3,2±2,2 0,9±0,8 
Looking into the holes 1,7±0,1 1,9±0,1 2,6±0,4* 2,7±0,7* 1,9±0,4 
Fading 0,5±0,2 0,3±0,2 3,4±1,7* 2,1±1,0* 1,0±0,4* 
General activity 3,7±0,4 3,2±0,4 6,7±4,9 6,7±2,2* 3,6±1,2 

N o t e : * р<0.05; ** р<0.001 compared to the value of control group indicator. 
 
The obtained results evidence the presence of 

different effects in relation to the motional and orien-
tative-research activity of mice in groups No. 3-5 a 
part of which can be explained by NCC impact. He-
rewith, in a number of cases no clear dependence on 
its dose is observed. However, in relation to the fre-
quency of washings and fadings of animals we can 
trace the certain dependence on the dose, herewith, if 
in group No. 3 (dose 0.1 mg/kg of body weight NCC) 
the observed changes are relatively small, for groups 
No. 4 and 5 these changes differ significantly and 
credibly from control. 

The results of morphological study of internal 
organs (brain, heart (cardiac muscle), liver, lien, 
kidney, large intestine, twisted intestine) for mice 
of groups No. 1 and 3-5 are presened at the repre-
sentative light-optical microphotos (fig. 1-7). 
When assessing the morphology of the internal 
organs of mice of control group (fig. 1-7 (a)) no 
significant morphological changes are established 
in the structure of brain, kidney, liver and large 
intestine tissue. The single eosinophils are found in 
the part of liver portal tracts. The hyperplasia of 
lymphoid tissue is observed in the structure of the 
lien tissue with increase in the volume of white 
pulp up to 35-40% and formation of reactive folli-

cles. The structure of lymphoid tissue, associated 
with mucous membrane of twisted intestine, has 
the hyperplasia with formation of reactive follicles, 
eosinophilia of reactive infiltrate, and the Paneth 
cells hyperplasia. The observed effects of the im-
mune body reaction can be considered as not ex-
ceeding the limits of normal age-specific changes 
for the animals of this age. 

When assessing the structure of tissues of the 
examined internal organs of mice in group No. 2 
no morphological changes in relation to the control 
are detected. 

The mice of group No. 3 obtained NCC during 
3 months in he dose of 0.1 mg/kg of body weight 
(fig. 1-7 (b)) did not have any morphological 
changes in the strucuture of the tissue of brain, 
heart, kidney, twisted and large intestine. The struc-
ture of the tissue of liver had the morphological 
changes which included the focal albuminous de-
generation of hepatocytes and expressed infiltrate 
eosinophilia. The lien of mice of the considered 
group had the close under the degree of manifesta-
tion to control group hyperplasia of lymphoid tissue 
with increase in the volume of white pulp up to 35-
40% as well as eosinophilia and accumulations of 
large multinucleated cells. 

  
а    b 
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c    d 

Fig. 1. Mice brain microphotos: а - d - animals from groups No. 1, 3–5 respectively.  
Painted with hematoxylin – eosine. Magnification ×200 

  
а    b 

   
c    d 

Fig. 2. Microphotos of the cardiac muscle of mice: а – animal from group No. 1 (control); b – animal from group No. 
3; c – animal from group No. 4: slight edema, perivascular accumulations of lymphocytes and plasmatic cells are ob-
served; d – animal from group No.5: morphologival changes in the focal slightly manifested periarterial lymphocyto-
plasmocytic infiltration (marked with arrows). Painted with hematoxylin – eosine. Magnification ×400 

   
                               а              b                                                         c 

    
                                                            d                                                               e 

Fig. 3. Representative light-optical mice liver picture: а – animal from group No. 1 (control); b – animal from group 
No. 3: hepatocytes in the condition of focal albuminous degeneration; in the gaps of sinusoids – the accumulations 
of eosinophils (marked with arrows), lymphocytes and plasmatic cells; c, d – animal from group No. 4: hepatocytes 
in the condition of distibuted hydrapic and hyaline-drip dystrophy; eosinophilic infiltration of portal tracts (marked 
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with arrows); e – animal from group No. 5: signs of granulomatous inflammation with moderately expressed eosi-
nophilia of infiltrate. Painted with hematoxylin – eosine. Magnification ×400 (а, d), ×1000 (b, c, e)  

   
а    b 

   

c    d 

Fig. 4. Representative light-optical mice lien picture: а - d - animals from groups No. 1, 3–5 respectively. The eo-
sinophilic infiltration is marked with arrows. Painted with hematoxylin – eosine. Magnification ×200 (а, c, d), 
×1000 (b) 

 

  
а    b 

  
c    d 

Fig. 5. Representative light-optical mice kidney picture: а – animal from group No. 1; b – animal from group No. 3; 
c – animal from group No. 4: in the glomerules – proliferation of mesangial cells up to 8 in the segment; d – animal 
from group No. 5. Painted with hematoxylin – eosine. Magnification ×400 
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а    b 

  
c    d 

Fig. 6. Representative light-optical large intestine picture: а – animal from group No. 1; b – animal from group No. 
3; c – animal from group No. 4; d – animal from group No. 5. Cut of villi: axial (а, b), lateral (c, d). The eosino-
philic infiltration is marked with arrows. Painted with hematoxylin – eosine. Magnification ×400 

   
а    b 

   
c    d 

Fig. 7. Representative light-optical twisted intestine picture: а – animal from group No. 1; b – animal from group No.  
3; c – animal from group No. 4; d – animal from group No. 5. Cut of villi: axial (а, b, c), lateral (d). The Paneth cells 
are marked with arrows. Magnification ×400 (а, d), ×1000 (b, c) 

The mice of group No. 4, obtained NCC in 
the dose of 1.0 mg/kg of body weight (fig. 1, 2 (c), 
3 (c, d), 4–7 (c)), the structure of the tissue of brain 
and twisted intestine had no morphological 
changes in relation to the control group. Insignifi-

cant perivascular accumulations of lymphocytes 
and plasmatic cells are detected in the heart tis-
sueThe liver had morphological changes in relation 
to control group in the form of eosinophilic infil-
tration, localization of Kupffer’s cells in the peri-
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portal area, distributed hydrapic and hyaline-drip 
dystrophia, more expressed than in the animals of 
group No. 3. The structure of the lien tissue had the 
morphological changes also similar to the changes 
observed in group No. 3 in the form of eosinophilia 
and proliferation of large multinucleated cells, hy-
perplasia of lymphoid tissue with the volume of 
white pulp in the range of 35 to 45%. The kidney 
compared to the data obtained from the animals of 
control group had the proliferation of mesangial 
cells and expressed dystrophical changes in the 
nephron capsule external leaf cells. The large intes-
tine walls had the morphological changes in rela-
tion to the control group in the form of distributed 
colitis with edema of walls, proliferation of lym-
phocytes, macrophagocytes, eosinophils and plas-
matic cells in the own plate. 

The mice of group No. 5 obtained NCC in the 
dose of 10 mg/kg of body weight/day as for the 
animals of other experimental groups the structure 
of the tissue of brain and twisted intestine had no 
morphological changes in relation to the control 
group indicators. The heart tissue had morphologi-
cal changes in the form of focal slightly expressed 
periarterial lymphocytoplasmocytic infiltration. 
The liver of animals was characterized by the mor-
phological changes in relation to the control group 
in the form of granulomatous inflammation with 
moderately expressed infiltrate eosinophilia. The 
structure of the tissue of lien had the morphologi-
cal changes manifested in the furher increase of the 
volume of lymphoid tissue with increase in the 
share of white pulp up to 45%, eosinophilia and 
proliferation of large multinucleated cells. The 
kidneys were characterized by the focal slightly 
epressed proliferation of mesangial cells, dystro-
phical changes in the nephron capsule external leaf 
cells with periarterial lymphocytoplasmocytic infil-
trates. The structure of the tissue of large intestine 
was dominated by the morphological changes in 
relation to the control group in the form of distrib-
uted colitis with eosinophilia of inflammatory infil-
trate and reactive hyperplasia of lymphoid tissue 
associated with mucous membrane. 

The obtained results demonstrated that NCC is 
characterized by the different manifestations of 
acute toxicity at the 90-day introduction to the gas-
trointestinal tract of mice. In particular, we detected 
the credible decceleration on animals in the increase 
of body weight on the 60th and 90th days of the ex-
periment and decrease in the relative weight of lien, 
which is the most visible at the use of maximum of 
the studied doses of nanomaterial – 10 mg/kg of 
body weight. Studying the behavioral reactions 

demonstrated that NCC in all the studied doses 
stipulates the decrease of motional activity that is 
evidenced by the decrease in the frequency of ac-
tions requiring the physical forces and reduction of 
time for the performance of this actions, results in 
the increase of anxiety under the indicators of fre-
quency and duration of the acts of orientative-
research activity and washing of animals. When the 
specified effects had the specific for NCC and dose-
dependent character their manifestation was unam-
biguously expressed in terms of silver 10 mg-kg of 
body weight. As it can be understood from the 
analysis of available literature the obtained results 
are the first evidence of the availability in NCC of 
the signs of neurotoxic effect at the peroral admini-
stration. Previously in the study [21] the performed 
single introduction of silver NP to the pregnant fe-
male rats in the very high doses (10-1000 mg/kg of 
body weight) was not accompanied by any unfavor-
able changes in the behavioral reactions. The reason 
of these differences in addition to the apparent fac-
tors (type of animals, administration scheme) can be 
characterized by the ability of silver contained in 
NCC to pass anysotropically through the blood-
brain barrier and accumulate selectively in brain at 
the multiple administration in the subacute experi-
ment [7, 8]. Therefore, the impact of silver NP on 
the brain though not confirmed in this work by the 
data of morphological amalysis requires the further 
special study. 

According to the provided results of the light-
optical morphological studies NCC when intro-
duced to the gastrointestinal tract of mice during 90 
days causes the series of changes in the tissues of 
internal organs (first of all – liver and lien; to a 
lesser degree – kidney, large intestine and heart) 
with the rise of spectrum and degree of manifesta-
tion of the structural changes at the increase of dose. 
In the liver the specified changes are similar to the 
picture of granulomatous inflammation with focal 
albuminous degeneration of hepatocytes, expressed 
eosinophilia of infiltrate; in the lien the changes 
were manifested as the hyperplasia of lymphoid tis-
sue with increase in the volume of white pulp up to 
45 %, eosinophilia, accumulations of large multinu-
cleated cells; in the heart – in the form of focal 
slightly expressed periarterial lymphocytoplasmo-
cytic infiltration; in the large intestine – in the form 
of distributed colitis with eosinophilia of inflamma-
tory infiltrate and reactive hyperplasia of lymphoid 
tissue associated with mucous membrane. The brain 
and twisted intestine did not have the morphological 
changes at the use of the specified doses in relation 
to the control group. 
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Comparative manifestation of the strucutural 
changes in the internal organs of animals obtained 
NCC correlates with the known from literature 
data on the biological distribution of silver NP in-
troduced to the gastrointestinal tract. Thus, it was 
demonstrated that the organ accumulating the big-
gest amount of these NP is the liver; it is followed 
by the lien, and in kidneys the accumulation of sil-
ver NP (in particular, as opposed to gold NP) is 
less significant [3, 11, 23]. The works [2, 11] prove 
that the silver NPs are able to penetrate through the 
intestinal wall to the blood, circulate and accumu-
late in a number of internal organs. According to 
the available data [22] the cells can capture the 
silver NP; after that under the impact of different 
oxidants (including endogenic) the silver is gradu-
ally emitted from them in the ionic form which, as 
it is known, has the ability to inhibit permanently 
the major of enzymes and membrane transport sys-
tems being bound with thyolic groups of active 
proteins [14]. The numerous studies in vitro of the 
cell cultures demonstrated that the threshold con-
centration of the toxic action of silver NP in the 
incubation medium is not less than 3 µkg/cm3. 
Herewith, according to the computer simulation of 
the silver Np biokinetics this concentration in the 
tissue of liver and lien can be developed at the sin-
gle or repeated intragastric introduction in the dose 
of about 5-10 mg/kg of body weight [16]. These 
assessments correlate with the obtained results 
characterizing the expressed morphological chan-
ages in the liver and lien (and, in particular, in kid-
ney) of mice when using the doses in the range of 

1–10 mg/kg of body weight that evidences on the 
development of toxic effect, then at the dose of 0.1 
mg/kg the changes are marginal. It is representa-
tive that the large intestine being the first barrier at 
the way of silver NP from the gap of gastrointesti-
nal tract to the body is not the target of their toxic 
action. This correlates with the results of studies in 
which no significant ultrastructural changes in the 
enterocytes under the data of electronic micros-
copy (as opposed to the lien and liver) at the acute 
intraintestinal introduction of the high doses of 
NCC [2], as well as with the absence of NCC im-
pact on the permeability of intestinal barrier in rats 
in the age of 4 months for protein macromolecules. 
One of the explanations of this paradoxial fact can 
be that the intestinal absorption of silver from the 
studied product occurs mainly in the form of ze-
rovalent silver NPs which probably have lower 
toxicity compared to this metal in the cationic form 
[17]. The target organs for the toxic action of silver 
at its introduction in the form of NP are the liver 
and lien in the cells of which probably the release 
of sliver ions occurs in the high local concentra-
tions under the impact of oxidants produced en-
dogenically by the heterophilic leukocytes, macro-
phagocytes and (in case of liver) Kupffer’s cells 
[4]. 

In aggregate of the morphological data ob-
tained in mice concumed NCC for 3 months it can 
be concluded that the maximal ineffective dose 
(NOAEL) of this nanomaterial is according to the 
examination of these organs not more than 0.1 
mg/kg of body weight. 
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