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Nano-particles CuZn (NPs CuZn) were tested in vivo. With different physico-chemical characteristics, 
they had an ambiguous effect on the haemostatic system and enzyme activity in pancreas and chyme in 
duodenum. There was a decrease in the content of red blood cells and haemoglobin with the 
introduction of NPs CuZn with a lower specific surface area. The administration of NPs CuZn led to the 
development of moderate leucocytosis. The growth of enzyme activity (ALT, AST) pointed to developing 
destructive processes in liver tissue, the intensity of which directly depended on the size and area of 
specific surface of NPs. Biochemical blood tests confirmed the potential adverse impact of NPs CuZn. In 
terms of the severity of these phenomena, taking into account the comparable size and specific surface 
area, the NPs CuZn IV (65 nm) and the NPs CuZn III (50 nm) should be attributed to nanoparticles with 
unstable biological action in comparison with the NPs CuZn II (43 nm) and the NPs CuZn I (21 nm). 
Regardless of the size, the introduction of NPs CuZn led to a decrease in amylase activity, both in the 
pancreas and duodenum, which may indicate a lesion of acinar cells that produce it. At the same time, 
the observed increase in protease activity by the end of the experiment may indicate tension in the 
system of adaptation of digestive enzymes. Thus, the examined NPs CuZn in biota dose, but with 
different physical and chemical characteristics at the maximum degree of impact on the haemostatic 
system and the activity of digestive enzymes in the pancreas, can be represented as follows: NPs CuZn 
IV ˃ NPs CuZn III ˃ NPs CuZn II ˃ NPs CuZn I. 
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INTRODUCTION 

Research and development of new 
nanomaterials is high in the US, EU, China, 
Sweden, Germany and Denmark (Zhao et al., 
2008; de Wit, 2009; Kastenhofer, 2011). 
According to Zhao et al., 2008) and de Wit, 2009), 
nanomaterials research is an area with enormous 
socio - economic potential for the development 
new drugs, electronics, pesticides and fertilizers, 
and the mitigation of environmental problems. 

Nanoparticles (NPs) are particles smaller than 
100 nm (Chapman et al., 2010; Gangadoo et al., 
2016), and due to their size, have unique physical 
and chemical properties (Rai et al., 2009), such as 
increased biocompatibility and a higher surface 
area-to-volume ratio, often showing lower toxicity 
than the corresponding bulk metals. The size of 
nanoparticles makes them a unique platform for 
the delivery of various substances to the body, 
thanks to their ability to pass through endocytic, 
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lymphatic (Chen and Langer, 1998) and cell 
membranes (Florence et al., 1995). The most 
important characteristics of nanomaterials, from 
the point of view of the European Commission 
assessment, are: size, size distribution, surface 
area, stability in respective media, surface 
adsorption properties and solubility in water 
(SCENIHR, 2010; SCENIHR, 2013). 

The most important problem is the lack of 
information on the degree of influence of 
nanomaterials on the organism, depending on 
their physical and chemical characteristics. 
Hansen (2009) and Ray (2009) mentioned a 
number of examples of environmental hazards of 
nanomaterials such as gold, silver, titanium 
dioxide, zinc and iron oxide to humans, rats, mice, 
Danio fish, juvenile cattle and various strains of 
bacteria. Therefore, NPs need different 
certification categories before they can be certified 
for safe use. It is important to note that in a limited 
number of previous studies, nanoparticles showed 
low ecotoxicity, but most studies showed some 
degree of adverse effects on tested animals or 
cells (Sizova, 2014, 2015). 

Currently, a significant number of 
nanomaterials in various forms and aggregate 
states, including the form of alloys (FeCo, CuZn), 
have been developed. The сombined use based 
on the different biological effects of metal 
antagonists in the organism (Sizova et. al., 2018), 
as well as the beneficial difference between 
nanoparticles and their analogues in the form of 
mineral salts. 

It has been proven that the addition of copper 
increases the conjugation of zinc with large 
molecules and depletes the ratio of zinc in 
combination with smaller molecules, thereby 
offering an antagonism between copper and zinc 
(Pang and Applegate, 2007). The influence of 
copper and zinc is associated with participation in 
enzymatic reactions, in particular in the 
development of digestive enzymes, the activity of 
which depends on the absorption of nutrients and 
the development of organs and tissues (De Lisle, 

1996; Underwood, 1977).  
The aim of this work was to study the 

effectiveness of nanoparticles of a CuZn alloy with 
various physico-chemical systems of 
haemostasis, including organ weights, organ 
index and activity of digestive enzymes in the 
pancreas, and the duodenal chyme in rats. 
 
MATERIALS AND METHODS 
          The experimental part of the work was 
carried out in accordance with the protocols of the 
Geneva Convention and the principles of good 
laboratory practice (national standard of the 
Russian Federation GOST R 53434-2009) with 
standard procedures for the operation of biological 
objects. Animal care was carried out according to 
the rules of laboratory practice during preclinical 
studies in Russia (GOST 3 51000.4-96). The 
experiments were carried out in accordance with 
the requirements of humane treatment of animals. 
The content of animals and procedures for the 
experiments were in accordance with the 
instructions and recommendations provided for by 
national regulations (order of the Ministry of health 
of the USSR 755 of 12.08.1977) and «The Guide 
for Care and Use of Laboratory Animals (National 
Academy Press, Washington, 555 D.C., 1996)». 

2.1 Characteristics of nanoparticles (NPs) 
CuZn 

 CuZn alloy of four physical and chemical 
characteristics was used as a source of trace 
elements (Tablе 1). 

The first 3 CuZn samples were obtained by 
gas-phase synthesis. The particle sizes were 
estimated on the basis of specific surface area 
measurements, using the Sorbi®-M device 
(Meta®, Russia). The microstructure of the 
powders was analysed using a transmission 
electron microscope, Philips CM-30 (Philips, 
Japan). To determine the phase composition, 
Rigaku D/MAX-2200VL/PC diffractometer 
(Rigaku, Japan), Cu Ka radiation. 

 
Тable 1 : Characteristics of NPs CuZn 

 

Sample No. NPs Specific surface, m2/g Size, nm 
Phase composition, % 

Zn ZnO Cu 

1 CuZn I 36,0 21,0±0,57 17,2 49,8 29,4 

2 CuZn II 22,0 43,0±0,55 13,6 34,1 33,7 

3 CuZn III 15,0 50,0±0,54 52,3 8,10 7,90 

4 CuZn  IV 5,0-6,0 65,0±0,54 40,0 - 60,0 
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The fourth sample of CuZn produced by 
Advanced Powder Technologies LLC (Tomsk, 
Russia) was used. NPs CuZn were obtained by 
the method of electrical explosion of wire in an 
argon atmosphere.  
Aqueous slurry NPs CuZn were treated with an 
ultrasound disperser of UZDN-2T (NPP 
Akadempribor, Russia) at 35 kHz, 300/450 W, 10 
mA for 30 min. Aqueous slurry NPs CuZn were 
treated introduced into the feed mixing step. 

 2.2 Experimental groups and dosage  
The studies were carried out on 75 white 

Wistar rats weighing 70-80 g in the standard 
conditions of the laboratory where biological tests 
and examinations were conducted (Federal 
Scientific Centre of Biological Systems and 
Agrotechnology of the Russian Academy of 
Sciences). After a preparatory period of 7 days, 
the animals were divided into 5 groups (n = 15). 
Animals in all groups received a basal diet during 
the experimental period (21 days). Group 1 was 
fed the addition of NPs sample No. 1, at a dose of 
2.3 mg/kg; group 2 was fed NPs sample No. 2, at 
a dose of 2.3 mg/kg; group 3 – NPs sample No. 3, 
at a dose of 2.3 mg/kg; group 4 – NPs sample No. 
4, at a dose of 2.3 mg/kg. The control group did 
not receive NPs. 

The selected dose was justified by the results 
of previous experiments, where a pronounced 
stimulating biological effect was found when using 
NPs CuZn at a dose of 2.3 mg/kg of feed (Sizova 
et al., 2016, Rusakova et al., 2016). The feeding 
of rats was carried out with a semi-synthetic diet 
(basal diet), consisting of polished rice, 30 g; 
sucrose 1 g; soy concentrate 1.25 g; refined 
canola oil 1 g. Watering was carried out with 
double distilled water. Vitamin and mineral 
deficiency was balanced by addition of a mixture 
of fat and water - soluble vitamins. 

2.3 Observation and autopsy  
The growth of individuals was monitored daily 

by individual weighing, before feeding (± 2 g). 
Weight was used as a basis to calculate absolute 
and average daily growth, and to study the 
dynamics of growth of experimental animals, as 
well as the ratio of the mass of the studied organs 
to body weight. Biomaterial for the study was 
obtained after decapitation of rats under nembutal 
anaesthesia. The animals were then dissected 
and anatomically cut (bones, skin, skeletal 
muscles, internal organs) followed by weighing, 
grinding and forming an average sample (10 g) for 
each individual. 

2.4 Haematology research  
On the 21st day of the experiment, blood 
sampling was performed. Biochemical analysis of 
blood serum was carried out on the automatic 
biochemical analyser SS-T240 (Dirui Industrial 
Co., Ltd, China) using commercial biochemical 
kits for veterinary assessment DiaVetTest 
(DiaVetTest®, Russia), and commercial 
biochemical kits Randox (Randox®, USA). The 
content of erythrocytes (1012/L), leukocytes 
(109/L), haemoglobin (g/L) and haematocrit (%) 
was determined by the automatic haematological 
analyser URIT-2900 Vet Plus (URIT Medical 
Electronic Group Co., Ltd, China). 

2.5 Determination of enzymatic activity  
After the animals were euthanized, the 

abdominal wall was dissected, and the duodenum 
and pancreas were removed. By rubbing the 
pancreatic tissue sample (1 g) in a cold ringer 
solution (4 mL), a homogeneous suspension was 
obtained - an organ homogenate that was 
centrifuged at 3000 rpm for 10 minutes. Aliquots 
of pancreatic homogenates and duodenum were 
prepared by rubbing a sample of pancreatic tissue 
(1 g) in a cold ringer solution (4 mL). A 
homogeneous suspension was obtained, an 
organ homogenate, which was centrifuged at 
3000 rpm for 10 minutes. Amylase activity was 
determined by the method of Coles (1986) after 
incubation of organ homogenate with 1% starch 
solution, followed by the addition of iodine 
solution, and then by the determination of the 
optical density of the samples. The lipase activity 
of the samples was determined by the Boutwell 
(1962) method of aerobic incubation of pancreatic 
homogenate and duodenum with olive oil 
suspension, followed by titration. Protease in the 
tissue samples of the pancreas and duodenum 12 
was analysed using the method of Batoeva (1971) 
(Сleavage of 0.1 % solution of casein at 
colorimetric control). The activity of the studied 
enzymes was expressed in conventional units 
(The difference between the readings of the 
sample spectrophotometer with the substrate and 
the idle sample per gram of wet sample of the 
intestinal mucosa per minute). 

2.6 Statistical analysis  
The statistical analysis compared data 

obtained from the experimental groups with the 
control, using software SPSS 19.0 (IBM 
Corporation, USA) and Statistica 10 (StatSoft Inc., 
USA.) The value of p≤0.05 was considered 
statistically significant. The indicators of body 
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weight and organs of animals were subjected to 
an ANOVA and a multiple-comparison test by 
Sheffa, which was used when the differences 
were significant. 
 
RESULTS  

3.1 Analysis of morphological and biochemical 
parameters of blood  

The results of our studies showed a change in 
haemostatic system parameters after the 
introduction of NPs CuZn in relation to the control 
group (Tablе 2). 

During the analysis of the morphological 
parameters of the blood, it was revealed that in 
animals in groups 1, 2, 3 and 4, the content of 
erythrocytes decreased by 5.63, 4.59, 8.00 and 
8.44%, respectively, relative to the control 
analogue. The content of haemoglobin was 
positively correlated with the content of red blood 
cells. Thus, in group 4, the maximum decrease in 
haemoglobin level was by 6.74%, relative to the 
control group. 

The number of leukocytes in animals of all 
groups was increased. The maximum significant 
increase was established in groups 2 and 4 (by 
77.8 and 67.9% (p≤0.05), respectively), compared 
with the control group. Based on the percentage 
of leukocytes of different types (neutrophils, 
eosinophils, basophils, lymphocytes and 
monocytes), the characteristics of which 
determine the physiological state of the body, the 
percentage of lymphocytes and monocytes in 
group 2 was lower by 5.80 and 2.63%, 
respectively, against the background of an 
increase in this indicator in the other groups, 
relative to control. At the same time, the content of 
granulocytes in group 2 was higher by 7.58% with 
the maximum significant decrease in the content 

of granulocytes in group 1 by 27.8% (p≤0.05), 
relative to the control values. 

Reduction of platelets results in increased risk 
of vascular injury, and development of prolonged 
bleeding. Conversely, high platelets in the blood 
increased the probability of thrombosis, embolism 
and the formation of thromboembolism (I.R. 
Shamsutdinova, 2015). The platelet count of 
groups 1, 2 and 4 was found to be higher by 6.46, 
1.57 and 26.3%, against the background of an 
decrease by 5.29% in group 3, relative to the 
control values. 

Evaluating biochemical parameters of animal 
blood at the last stage (after 21 days), several 
changes were observed. First, in the established 
hyper-and hypoglycaemic effect, a uniform 
increase in glucose was observed in groups 1 and 
3 at 9.18 and 6.84%, respectively, relative to 
control. In groups 2 and 4, this figure was reduced 
by 4.51 and 1.40%, respectively, compared with 
the control. 
The second change was in activity of aspartate 
aminotransferase (AST) and alanine 
aminotransferase (ALT). Their increased activity is 
a key indicator of liver disease and destructive 
(damaging) changes in the liver parenchyma. 
Despite the absence of pronounced organ 
specificity, the determination of the activity of AST 
and ALT has a great diagnostic value. The high 
activity of AST was noted, which was greater than 
the control value by 47.3 and 63.3% (p≤0.05) in 
groups 2 and 3, against the background of a 
decrease in this indicator in groups 1 and 4 by 
6.96 and 17.1%, compared with the control. In 
addition, the level of ALT was increased (17.3 
(p≤0.05) and 1.94% in groups 3 and 4), with a 
decrease in the activity in groups 1 and 2 (13.3 
and 5.32% (p≤0.05)), relative to the control (Fig 1)

Table 2 : The effect NPs CuZn in various forms on the morphological parameters of blood of rats 
 

 Control 
2,3 мг/кг 

CuZn  I (1group) 
2,3 мг/кг 

CuZn II (2 group) 
2,3 мг/кг 

CuZn III (3 group) 
2,3 мг/кг 

CuZn IV (4group) 

Leukocytes, 109/l 8,10±1,56 9,25±0,78 14,4±0,57* 9,75±0,86 13,6±0,29* 

Lymphocytes, % 41,4±1,66 50,7±1,96* 39,0±1,55 41,5±0,20 42,6±1,47 

Monocytes, % 19,0±1,39 20,7±0,29 18,5±0,94 20,4±0,24 19,9±1,39 

Granulocytes, % 39,6±2,79 28,6±1,67* 42,6±0,61 38,4±0,04 37,6±2,86 

Lymphocytes, 109/l 6,23±0,58 4,65±0,20 5,60±0,00 4,00±0,33 5,80±0,35 

Monocytes, 109/l 2,83±0,12 1,90±0,16 2,70±0,24 2,00±0,16 2,70±0,23 

Granulocytes, 109/l 2,50±0,98 2,70±0,41 6,10±0,33** 3,75±0,37 5,10±0,29 

Erythrocytes, 1012/l 6,75±0,42 6,37±0,16 6,44±0,13 6,21±0,19 6,18±0,02 

Haemoglobin, g/l 141,0±7,09 140,5±2,86 143,0±3,27 137,5±4,49 131,5±2,59 

Haematocrit, % 34,3±2,10 34,1±0,78 33,5±0,37 34,0±1,71 31,9±0,64 

Platelets, 109/l 204,3±71,4 217,5±27,4 207,5±6,12 193,5±8,57 258,0±13,3 

* – the results are statistically reliable (p≤0,05);  
** – the results are statistically reliable(p≤0,01);  
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*** – the results are statistically reliable (p≤0,001) 
 

  

  
Figure 1; The content of transaminase enzymes (ALT and AST) in the blood of rats after the 
introduction of NPs CuZn, Ed/l. A) 2,3 mg/kg NPs CuZn I. B) 2,3 mg/kg NPs CuZn II. C) 2,3 mg/kg 
NPs CuZn III. D) 2,3 mg/kg NPs CuZn IV. * – the results are statistically reliable (p≤0,05); ** – the 
results are statistically reliable(p≤0,01); *** – the results are statistically reliable (p≤0,001). 
 

Other changes were as follows: The decrease 
of g-GT activity in groups 3 and 4 was found to be 
3.62 and 3.43 (p≤0.001) times, against the 
background of 10 times (p≤0.001) decrease in 1 
group, relative to control. The different reactivity of 
nanoparticles depending on the specific surface 
area was manifested by an increase in creatinine 
in groups 2, 3 and 4 against the background of its 
decrease by 5.10% in group 1, when compared 
with the control. The effect on the mineral 
composition of blood NPs CuZn was 
accompanied by an increase in the Mg level in all 
groups, with a significant increase in the Mg level 
by 3.28 and 3.20 (p≤0.01) times in groups 2 and 
4, relative to control.  

 Metabolism of Ca and P, when included in 
the diet of NPs CuZn, was affected with a 
decrease in Ca content by 7.25% in group 4, and 
P by 22.8 and 31.2% in groups 1 and 3 and an 
increase in P by 3.96 (p≤0.01) times in group 4, 
compared with the control indicators. The Fe 
content tended to decrease in all groups, with a 
maximum decrease in group 1 by 47.6% and in 

group 3 by 6.05% (Fig 2). 
The conducted research has shown that all 

studied parameters in laboratory animals were 
within the limits of admissible physiological norms. 
However, the changes in morphological and 
biochemical parameters of the blood were not 
limited to physiological standards, and it is 
important to assess the emerging trends and 
minor changes occurring within this norm against 
the background of the introduction of NPs CuZn in 
various forms. 

3.2 Influence of NPs CuZn on the mass of 
internal organs  

The biotic dose of 2.3 mg/kg of NPs alloy 
CuZn I (group 1) and CuZn II (group 2) 
contributed to the maximum weight reduction of 
the kidneys, heart, liver and spleen. The lungs 
and brain were less exposed to nanoparticles, 
which was expressed as a smaller change in their 
mass. 

Total reduction in body weight was observed 
when NPs CuZn III was added to the diet (group 
3): heart (33.5%), kidneys (27.4%) and liver 
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(22.1%) of lungs (7.88%) and spleen (4.48%) 
when compared with intact animals. There was 
less influence of NPs on the mass of the brain. 
When NPs CuZn IV was provided to group 4 
(heart - 25.7%, and kidney-19.8%, liver - 13.5%). 
Early development of liver and lung tissue 
pathology was described with the inhalation 
administration of ZnO to rats at a dose of 2.5 
mg/kg and Cu (Huang Y., Yan G, et. al., 2008). 
Perhaps these elements caused a disruption in 
energy metabolism, mitochondria and cell 
membranes of the parenchymal organs. 

3.3 The effect of NPs CuZn on body weight 
(BW), pancreatic mass (PM), and ratio of 
pancreatic mass to body weight (PM/BW) of 
rats  

Due to the special role of copper and zinc in 
the function of the pancreas and its enzymatic 
activity, the relative body weight of rats to the 
mass of the pancreas (PM/BW) was calculated 
(Fig 3). 

The use of NPs CuZn IV (group 4) was 
accompanied by a maximum decrease of BW by 
16.2% compared with the control. A similar trend 
of a uniform decrease in BW continued when 
using NPs CuZn I (group 1), NPs CuZn II (group 
2) and NPs CuZn III (group 3) at 12.9, 12.7 and 
11.9%, respectively. Compared with the control 
values, the mass of the pancreas (PM) in the 
group receiving the NPs CuZn IV (group 4) alloy 
was 13.9% lower, against the background of the 
stimulating effect of the NPs CuZn III (group 3) by 
23.7%, and correlated with the glucose content in 
these groups.  

Evaluation of relative values largely 
determines compliance with the physiological 
level of development. The highest indicators of 
PM/BW were established using the NPs CuZn III 
(group 3), they differed by 40.4% relative to the 
control values. The indicator of the PM/BW using 
the NPs CuZn IV (group 4), NPs CuZn I (group 1) 
and NPs CuZn II (group 2) was 2.70 %, 14.0% 
and 12.5%, relative to control. 

3.4 Activity of digestive enzymes in the 
pancreas and the chymus of the duodenum 

The dynamics of enzymatic activity of the 
pancreas, as a primary agent in the digestive 

system, was characterized by an increase in the 
activity of amylase in rats of group 1 for 7 days 
(93.7%) and a decrease in group 2 (48.8%). On 
day 14, there was a significant suppression of 
amylase activity in groups 3 and 4 (by 47.9, 
50.0%, respectively) compared to the control (Fig 
4). 

Adaptation of amylase activity occurred by 
day 21, except for group 3, which when compared 
with the control values was 44.9% lower. In the 
duodenum there were more pronounced changes 
in the activity of amylase, manifested by a 
decrease of 7 and 14 days in groups 2, 3 and 4 by 
49.0-50.9%. By day 21, the activity of amylase 
also decreased, 75.8 and 86.2% in groups 3 and 
4, respectively. 

In the pancreas, another proteolytic enzyme 
pattern was observed. Regardless of the 
dimension of the nanoparticles on day 7, the 
decrease in protease activity relative to control 
values ranged from 35.7 to 70.5%, while on day 
14, they ranged from 68.6 to 74.6%, compared 
with the control. On 21 day, protease activity was 
higher than the control values in groups 2 and 3 
by 57.8 and 61.9%, respectively. 

A similar mixed effect of nanoparticles on the 
activity of protease was observed in the intestine, 
which on day 7 and 14 decreased in all groups, 
with group 1 experiencing the biggest effect 
(97.38%). A subsequent stimulatory effect was 
observed for day 21 in group 2 (46.3%) (Fig 5). 

Lipolytic activity in the pancreas in all periods 
decreased, with a minimum of 7 days (33.5-
58.9%), with some stabilization after 14 days, and 
subsequent decrease at 21 days, with a 
significant difference between the control and 
groups 3 and 4, at 41.4 and 3%, respectively. 

In the duodenum, lipase activity on day 7 was 
significantly lower than control in all experimental 
groups (12.1-41.5%). On day 14, lipase activity 
varied in different directions, with group 1 growing 
higher than control by 3.2%, and groups 3 and 4 – 
lower by 52.2-55.1%. On day 21 in groups 2 and 
3, lipase activity increased, compared with the 
control by 2-14%, while in groups 1 and 4, activity 
decreased.  
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Figure 2; Concentration of chemical elements in the blood of rats after the introduction of NPs 
CuZn, mmol/l. A) 2, 3 mg/kg NPs CuZn I. B) 2,3 mg/kg NPs CuZn II. C) 2, 3 mg/kg NPs CuZn III. D) 
2,3 mg/kg NPs CuZn IV. * – the results are statistically reliable (p≤0,05); ** – the results are 
statistically reliable(p≤0,01); *** – the results are statistically reliable (p≤0,001). 

 
 
 
 

 
  

 
Figure 3; Quantitative analysis of the last body weight (BW) (A),the pancreas mass (PM)  (B) and 
pancreas-to-body mass (PM/BW) (C) of the rats. * – the results are statistically reliable (p≤0,05); ** 
– the results are statistically reliable(p≤0,01); *** – the results are statistically reliable (p≤0,001). 
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Figure 4; Activity of digestive enzymes in the pancreas. А) 7 days of the exhibition. B) 14 days of 
the exhibition. C) 21 days of the exhibition. * – the results are statistically reliable (p≤0,05); ** – the 
results are statistically reliable(p≤0,01); *** – the results are statistically reliable (p≤0,001). 
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Figure 5; Activity of digestive enzymes in the chymus of the duodenum. А) 7 days of the 
exhibition. B) 14 days of the exhibition. C) 21 days of the exhibition. * – the results are statistically 
reliable (p≤0,05); ** – the results are statistically reliable(p≤0,01); *** – the results are statistically 
reliable (p≤0,001). 

 
In general, the activity of enzymes was lower 

in the pancreas than in the duodenum, which is 
due to the mechanisms of enzyme activation in 
the duodenum. 

 
DISCUSSION  

In this study, we have shown for the first time 
that NPs CuZn, with different physical and 
chemical characteristics, has different effects on 
the haemostatic system, as well as on the activity 
of digestive enzymes in the pancreas and the 
duodenal chyme of laboratory animals (Wistar 
rats). 

Based on the results obtained, a stable 

dependence was formed, with a decrease in the 
specific surface area and an increase in the size 
of nanoparticles. Additionally, the number of 
erythrocytes and haemoglobin decreased, which 
can be explained by the kinetics of particles in the 
gastrointestinal tract, the rate of penetration into 
the bloodstream (Hot et. al., 2004) and possible 
dysfunction in the haematopoiesis system. The 
absorption of nanoparticles by erythrocytes 
depends on the size of nanoparticles (Peters et. 
al., 2006), while the charged material type plays a 
small role (Rothen-Rutishauser et. al., 2006). 

Based on toxicological studies, small 
nanoparticles (up to 30 nm) cause more adverse 
effects on living organisms than larger particles 
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made from the same material (Donaldson and 
Stone, 2004; Ferin et. al., 1992; Gurr et. al., 2005; 
Oberdörster et. al., 1994). Since smaller 
nanoparticles are easier to penetrate through cell 
membranes, they are grouped to form aggregates 
of more than 100 nm in size and thus disrupt 
cellular nutrition (Oberdörster, 1988; Takenaka et. 
al., 2001). Metal nanoparticles less than 30 nm 
rapidly move in the blood circulation system, 
spread in organs and tissues and then 
subsequently disrupt metabolic processes, both in 
the cell and in the body (Chen et. al., 2006; 
Wiebert et. al., 2006). 

Biochemical blood analysis is a recognized 
informative test that reflects the general condition 
of animals, and allows us to judge the 
immunological reactivity of the body 
(Shamsutdinova, 2015). Evaluating the 
biochemical parameters of animal blood, the 
increase of enzyme transaminases activity (ALT 
and AST) was established. In our opinion, the 
degree of increase in the activity of 
aminotransferases can be due to the intensive 
activity of the cardiovascular system and damage 
to liver cells, which is associated with the process 
of particle exit from damaged organs and tissues 
into the bloodstream, and indicates the possible 
presence of developing destructive processes in 
hepatocytes and cardiomyocytes (Komarov, 
2002). At the same time, an increase in the 
activity of aminotransferases in the blood of 
animals can be an adaptive reaction of the body, 
one of the protective measures in the adaptation 
process to additional stress effects of external 
factors. 

Evaluating biochemical parameters of animal 
blood at the last stage (after 21 days), the 
following changes were recorded: first, in the 
established hyper-and hypoglycaemic effect. It is 
known that 65-70% of circulating blood glucose is 
utilized by the central nervous system. This is due 
to the risk of hypoglycaemic conditions, resulting 
in changes in brain metabolism and, ultimately, 
leading to the death of neurons and as a 
consequence of brain dysfunction (Malone and 
Ullrich, 2007). Neurotoxic action of nanoparticles 
is inversely proportional to their size. The smaller 
the particle, the greater the surface-to-volume 
ratio, while the larger surface area affects the 
increase in reactivity (Roduner, 2006), oxidation 
(Donaldson and Stone, 2002), and DNA damage 
(Risom, 2005). 

The suppression of weight characteristics may 
be associated with different degrees of 
accumulation of nanoparticles. In studies of De 

Jong, W. H., et.al., 2008, it was found that 
nanoparticles of 10 nm, accumulated in almost all 
organs, while larger nanoparticles (50-250 nm) 
were localized primarily in the liver, spleen and 
blood. Particle aggregation is also an essential 
factor in cytotoxicity. High concentrations of 
nanoparticles were aggregated (Churg et. al, 
1998; Gurr et. al., 2005), and hence the toxic 
effects were reduced, compared to lower 
concentrations (Takenaka et. al., 2001) since the 
area of the reactive surface was reduced and the 
translocation of particles was limited.  

In general, enzyme activity was lower in the 
pancreas than in the duodenum, which is due to 
the mechanisms of activation of proenzymes in 
the duodenum and being in the pancreas in an 
inactive state, a form of self-defence of the gland 
from digestion (Saunders and Wormsley, 1975). 

As known, one of the mechanisms of toxic 
effects of nanoparticles is the release of ions, for 
example, zinc ions have a pronounced effect on 
the activity of pancreatic lipase. Repression of 
enzyme activity on day 7 and 14 may be 
associated with the development of pathological 
processes in the gland and a decrease in the 
acinar cells producing it (Calvano et al., 2014). 

In general, the literature discusses the effect 
of zinc as having a distinct inhibitory effect on the 
activity of enzymes. Depression of enzyme activity 
under the action of zinc may be due to the ability 
of proteins for nonspecific binding. The 
mechanism of inhibition of activity, apparently, is 
the formation of metal ion compounds with 
functional groups of protein amino acids and 
changes in their physical and chemical properties 
(Gureeva, 2009).  

On the contrary, the addition of copper ions 
contributed to the increase in the level of lipase in 
the intestine (Dove, 1995). It has been shown that 
high concentrations of dietary copper increase the 
growth of pigs by stimulating the activity of 
enzymes involved in the use of nutrients (Luo and 
Dove, 1996; Xia et al., 2004). It is interesting that 
the inhibition of proteases in the experiment of 
Chen (1998), occurred only after the dissolved 
concentration of copper in the intestinal liquid 
reached the threshold. Before reaching the same 
threshold, amino acids in the intestine formed 
complexes with copper, preventing the inhibition 
of protease by interacting with enzymatically 
active sites. 

A decrease in the activity of amylase, both in 
the pancreas and the duodenum, may indicate a 
lesion of acinar cells that produce it. At the same 
time, the observed increase in protease activity by 
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the end of the experiment may indicate an 
adaptive reaction. Along with the stimulating 
pancreatic secretion effect, there is also an 
inhibitory influence. It is transmitted by 
sympathetic excitation and vasoconstriction, as 
well as by the release of hormonal factors — 
inhibitors — from the lower part of the small 
intestine and colon (Cheng, 2016). 

The high enzyme activity also can indicate 
lesions of pancreatic tissue or obstruction to the 
outflow of pancreatic fluid, and low enzyme 
activity associated with a decrease in the number 
of acinar cells that produce the enzymes.  

Activation of enzymes can be associated with 
the activation of the sympathetic-adrenal system 
of the body and the release of catecholamines in 
the blood under the introduction of various 
substances, since the enzymes are sensitive to 
the action of a number of hormones, including 
adrenaline, which causes cAMP-dependent 
activation of this enzyme, which indicates the 
development of stress reaction (Brokerhof and 
Jensen, 1978). At the same time, the stimulation 
of the digestive system may be important in 
feeding, since the activation of the enzymatic 
system leads to a more complete use of the diet, 
and as a consequence, a decrease in feed 
consumption.  

Excessive or toxic amounts of zinc reduce the 
secretion of enzymes in the pancreas, so in our 
study we can also talk about the adverse effects 
of this alloy. At the same time, it is very interesting 
that zinc is an antagonist of copper, contributing to 
the levelling of pro-oxidant effects arising under 
the influence of zinc (Reid et al., 1987; Powell et 
al., 1999). 

CONCLUSION 
Thus, the examined NPs CuZn in biota doses, 

with different physical and chemical 
characteristics at the maximum degree of impact 
on the haemostatic system and the activity of 
digestive enzymes in the pancreas, can be 
represented as follows: NPs CuZn IV ˃ NPs CuZn 
III ˃ NPs CuZn II ˃ NPs CuZn I.  
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