Regulatory Mechanisms
in

Biosystems

ISSN 2519-8521 (Print)
ISSN 2520-2588 (Online)
Regul. Mech. Biosyst.,
2022, 13(1), 15–22
doi: 10.15421/022203

Influence of nanosilver in hybrid carriers
on morphological and biochemical blood parameters of laying hens
L. V. Shevchenko*, Y. Y. Dovbnia*, N. М. Permyakova**,
Т. B. Zheltonozhskaya**, S. V. Shulyak***, D. O. Klymchuk****
*National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
**Institute of Macromolecular Chemistry, National Academy of Sciences of Ukraine, Kyiv, Ukraine
***State Scientific Research Institute of Laboratory Diagnostics and Veterinary and Sanitary Expertise, Kyiv, Ukraine
****M. G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine, Kyiv, Ukraine
Article info
Received 25.12.2021
Received in revised form 12.01.2022
Accepted 14.01.2022

Shevchenko, L. V., Dovbnia, Y. Y., Permyakova, N. М., Zheltonozhskaya, Т. B., Shulyak, S. V., & Klymchuk, D. O.
(2022). Influence of nanosilver in hybrid carriers on morphological and biochemical blood parameters of laying hens.
Regulatory Mechanisms in Biosystems, 13(1), 15–22. doi:10.15421/022203

The search for an alternative to antibiotics in poultry has led to a study of the effectiveness of using nanosilver preparations in the production of table eggs. The experiment determined the effect of the drug nanosilver in carriers based on polymer/inorganic hybrids (AgNPs/SPH) on morphological and biochemical parameters of the blood of laying hens. For this, 45
Hy-Line W36 hens were used at the age of 38 weeks, which were randomly divided into three groups. The AgNPs/SPH
solution was administered 3 times a month with an interval of 10 days at concentrations of 0.0, 1.0, and 2.0 mg/L (0.0, 0.2 and
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Introduction
The issue of reducing the use of antibiotics in animal husbandry
sparked a search for alternative preparations that have germicidal, virucidal, and fungicidal effects in the animal body (Anwar et al., 2019). Such
preparations include silver nanoparticles (AgNPs) and other metals 0.1–
100 nm in size, which are widely used in the food industry, medicine, and
animal husbandry (Nikalje, 2015; Cameron et al., 2018). A number of
studies have proven the positive effect of silver nanoparticles used as
disinfectants (Deshmukh et al., 2019), stimulants of the body’s immune
response (Kulak et al., 2018a), anticarcinogenic (Gomathi et al., 2020),
preventive and therapeutic antiviral agents (Pangestika & Ernawati, 2017;
Kiseleva et al., 2020). However, several studies point to the negative impact of silver nanoparticles on birds, which is characterized by a decrease
in productivity and absence of germicidal effect against some infectious
agents (Vadalasetty et al., 2018). In particular, AgNPs have been shown to
cause dose-dependent toxicity, and their repeated administrations to rats
have caused severe (acute) toxicity in form of congestions, hemorrhage,
cell degeneration, apoptosis, and necrosis of liver and kidney tissues. In the

blood serum of these animals, nanosilver caused an increase in the levels
of malondialdehyde, activity of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and a decrease in the levels of glutathione, immunoglobulins G, M, and total protein (Hassanen et al., 2019).
The effect of nanosilver preparations on the morphological and biochemical parameters of animal blood depends on many factors, including
the animal species and breed (Jafarzadeh et al., 2015; Abdelsalam et al.,
2019), their physiological state and sex (Heydrnejad et al., 2015), dose of
the preparation (Sulaiman et al., 2015), properties of the AgNPs stabilizer
(Bélteky et al., 2019), nanoparticle size (Chen et al., 2015) and synthesis
method (Xu et al., 2020). Despite the large number of studies on the effects of silver nanoparticles on the body of chickens, the question of their
dosage, duration and interval of use of poultry remains unclear.
New ways to reduce the toxicity of nanosilver preparations in animals
and humans are being actively sought today. It was found that toxicity of
AgNPs in relation to human cells depends significantly on the nature (and
size) of coating agents (Kennedy et al., 2014; Li et al., 2014). Therefore,
the creation of effective safe carriers of AgNPs is an urgent task for their
successful use in living organisms. It was shown that silica / polyacryla-
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mide hybrids (SPH) based on biocompatible and biodegradable silicananoparticles and grafted polyacrylamide (PAAm) chains are effective
matrices for the synthesis and stabilization of small AgNPs (<10 nm) in an
aqueous medium (Zheltonozhskaya et al., 2019, 2021). The resulting
composition AgNPs/SPH consisted of separate swollen hybrid particles
filled with one or more silver nanoparticles, which had a small size (10–
40 nm) and high antibacterial and antifungal activity. In this regard, these
hybrid particles can be considered as promising candidates for AgNPs
delivery to living organisms, including chickens. At the same time, detailed studies are needed to uncover their possible risks for the health of
animals, as well as hens raised for laying table eggs (Samari et al., 2018;
Ranoszek-Soliwoda et al., 2019). Therefore, the aim of our research was
to study the effect of the nanosilver preparations in SPH carriers on morphological and biochemical blood parameters of laying hens, in order to
assess their safety when used in egg farming.
Materials and methods
Synthesis and determination of the main parameters of the silica / polyacrylamide hybrid. Sample SPH was synthesized by radical grafting
polymerization of acrylamide (AAm) from the surface of a silica sol according to the study (Zheltonozhskaya et al., 2021). Aerosil A-175 from
“Orisil” (Ukraine) with a specific surface area of 1.82·105 m2/kg, cerium
(IV) ammonium nitrate (CAN) from “Aldrich” (USA) and AAm from
“Merck” (Germany) were used in this synthesis. Weight ratios:
[CeIV]/[SiO2] = 0.2 and [CeIV]/[AAm] = 7.72·10–3 and the concentration
of CSiO2 = 1.35 g/L were chosen. The synthesis was carried out at 23 ºC
in an inert (argon) atmosphere with stirring for 24 hours by adding CAN
to 100 cm3 of an aqueous dispersion of silica sol and then the required
weight AAm. The gelled product was diluted with deionized water, reprecipitated with acetone, re-dissolved in water, and freeze-dried.
The main molecular parameters of the SPH sample were found by
the general method developed earlier (Zheltonozhskaya et al., 2021). So,
the average size of silica nanoparticles (RSiO2) was found by static light
scattering. Determination of the number (N) and molecular weight of the
grafted PAAm chains (MvPAAm) was performed using elemental analysis, dynamic thermogravimetric analysis and viscometry. The obtained
molecular characteristics of the SPH are shown in Table 1.
Table 1
Main parameters of the synthesized silica/polyacrylamide hybrid
Sample
SPH

RSiO2, nm
7.7

MvPААm, kDa
1513

N
8

To obtain the AgNPs/SPH preparation, the in situ reduction of Ag+ions with sodium borohydride in an aqueous solution of the hybrid was
carried out in accordance with the previously developed technique (Zheltonozhskaya et al., 2021). An eight-fold molar excess of NаВН4 was used
for the complete conversion of Ag+-ions to AgNPs at the selected concentration of silver nitrate (СAgNO3 = 36.4 mg/L). A hybrid solution with a
concentration of CSPH = 1.0 g/L was mixed with AgNO3 and stored for
30 min in a dark box; then a reducing agent was added. Three minutes
after the addition of the reducing agent, a yellow colour appeared, corresponding to the colour of the diluted dispersion of AgNPs in water.
The nanoparticle formation was monitored by changes in the integrated
intensity of the surface plasmon resonance band (SPRB) at about 400 nm
in the UV-Vis spectrum. Extinction spectra were recorded every 3 min for
90 min in the range 200–1000 nm using a Cary 50 Scan UV-Vis spectrometer from “Varian” (USA). The resulting nanosilver preparation was
re-precipitated with ethanol, centrifuged at 6000 rpm, and re-dissolved in
deionized water to remove byproducts of the reduction reaction. For biological experiments, this basic preparation with CAgNPs = 24 mg/L was
diluted to the required concentration.
The morphology and size of the pure hybrid, as well as its preparation
with AgNPs in aqueous solutions, were determined using transmission
electron microscopy (TEM). Micrographs were obtained on a JEM-I230
device (“JEOL”, Japan) operating at an accelerating voltage of 80 kV.
Small drops (~1•10–4 mL) of dispersions of the hybrid and the nanosilver
preparation in deionized water (CSPH = 1 g/L) were applied to copper
16

grids coated with Formvar ﬁlms and carbon. Then they were dried in air
for ~1–2 min and in a vacuum desiccator for 24 hours. The sizes of individual structural elements in TEM images were determined at high magnification using an image and fax viewer.
The stability of the AgNPs/SPH preparation with respect to the release of silver nanoparticles at different pH values and the addition of salt
to CNaCl = 9 g/L (in “physiological solution”) was checked by dialysis.
A preparation of nanosilver or a dispersion of pure SPH with a volume of
20 mL was poured into a standard dialysis vessel, the flat bottom of which
was replaced by a semi-permeable cellulose membrane with a diameter of
~3.5 cm and a permeability of 20 kDa. This vessel was immersed to a
certain depth in a beaker, placed on a magnetic stirrer and filled with
100 mL of various external media, such as deionized water with pH = 5.6
and 9.0, as well as NaCl solution. Samples of the external environment
(dialysate) with a volume of 5 mL were taken from the beaker after a
certain time for several days. They were studied by UV-Vis spectroscopy
as described above.
It is important to note the presence of both individual diffuse hybrid
particles with a shape close to spherical and predominantly smooth surface, and their fractal aggregates of various sizes and grape-like shapes
(Fig. 1). Using TEM images in Figure 1, the sizes of individual SPH particles and their fractal aggregates were determined (Table 2).
The small size and smooth surface of individual SPH particles (Fig. 1,
Table 2) confirmed the earlier conclusion about strong interaction of
PAAm chains with the silica surface in aqueous medium.
Table 2
Dimensions of structural elements of SPH in aqueous solutions
Sample
SPH

d a, nm
20 – 45

l b, nm
61 – 590

Note: a – diameter of spherical particles; b – size (length) of fractal aggregates.

The reduction of silver nitrate with borohydride was carried out in an
aqueous solution of SPH carriers in two separate stages to achieve the
maximum yield of AgNPs. At the first stage, silver ions were bound to
amide groups of PAAm chains and to a weakly negatively charged silica
surface due to coordination and electrostatic interactions, respectively.
This led to the accumulation of Ag+-ions in the polymer layer around
the central inorganic particles. At the second stage, the added reducing
agent penetrated into the grafted layer saturated with silver ions and initiated the reduction process there with a high rate and yield of AgNPs.
The silver nanoparticles grown in this way were stabilized directly in the
grafted PAAm layer.
The results of these studies made it possible to predict the sufficient
stability of the nanosilver preparation in the body of laying hens.
The final step was the characterization of the morphology and size of
SPH carriers and AgNPs included in them. In these TEM researchers, the
base dispersion of the preparation, obtained after synthesis and purification
from unwanted by-products, was used (Fig. 2a, b). In both TEM images,
numerous spherical silver nanoparticles can be observed embedded in
swollen individual or aggregated SPH carriers. Due to the strong swelling
of the initial hybrid particles during the formation of AgNPs (this effect is
clearly seen from a comparison of Fig. 1 and 2), it was difficult to determine clear boundaries and exact sizes of SPH carriers together with bound
metal nanoparticles. Their approximate dimensions can be estimated as
~31–47 nm. But the exact sizes of silver nanoparticles were easily calculated using Figure 2b.
Thus, the diameter of the spherical AgNPs in the base preparation
was 1.2–9.6 nm. It should also be noted that the strong swelling of SPH
particles and the disappearance of their boundaries after the formation of
AgNPs testified to the “detachment” of PAAm chains from the silica
surface. To prepare drinking water for the laying hens, the base preparation was diluted 12 and 24 times to achieve CAgNPs = 1 and 2 mg/L.
Obviously, under these conditions, the process of disaggregation took
place, and the final drinking water contained mainly individual swollen
particles of the SPH carrier filled with one or more AgNPs.
Animals, experimental design and housing. All experiments were
conducted in compliance with the requirements of the European Convention for the Protection of Vertebrate Animals used for Experimental and
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Other Scientific Purposes as of 1986, as well as the law of Ukraine “On
the protection of animals against ill-treatment” No. 3447-IV as of
21/02/2006 last amended on 04/08/2017. The study was approved by the
Commission on Bioethics of the National University of Life and Environmental Science of Ukraine as of 11/2018.

(RBC) was expressed in terms of 1012/L. To determine the number of
white blood cells, whole blood smears were stained with the use of LDF
200 reagent kit (Erba Lachema, Czech Republic). The sum of white blood
cells (WBC) was expressed in terms of 109/L. A white blood cell differential was performed in whole blood smears stained according to Pappenheim. For this purpose, 100 cells were counted and their percentage ratio
to the total leukocyte count was determined.

a
a

b
Fig. 1. TEM images of SPH aggregates existing in aqueous solutions
with lower (a) and higher (b) magnification: CSPH = 1 g/L; T = 20 ºC
45 Hy-Line W36 laying hens aged 38 weeks were used for the experiment. Laying hens were randomly assigned into three groups (n = 15);
after adaptation, they were watered with a solution of nanosilver preparation in hybrid carriers with a concentration of СAgNPs = 0.0, 1.0 and
2.0 mg/L, which corresponded to a dose of 0.0, 0.2 and 0.4 mg nanosilver
per hen, three times a month with 10-day intervals. All hens were fed with
commercial compound feed, the composition of which met the poultry’s
requirements in terms of nutrients and bioactive substances.
The hens were watered ad libitum with the help of drinking cups,
equipped with graduated cylinders for tracking the consumption of the
solution of nanosilver preparation and water. The hens were kept in premises with adjustable ventilation in cages with 5 animal units in each.
The hens received 16 hours of light per day (lighting intensity – 30 Lux),
the nighttime comprised 8 hours. The room temperature was maintained
at 21–22 ºC, relative humidity – 60–62%.
Throughout the experiment, the feed and water consumption, as well
as safety of animal units in each group were under control. On the
10th day after the nanosilver solution was administered, in the morning
before feeding, blood from the axillary veins of hens in each group was
collected in two test tubes. Blood with EDTA anticoagulant was collected
in the first test tube to determine the blood corpuscles, hematocrit, and
hemoglobin levels in blood. Blood without anticoagulant was collected in
the second test tube to obtain blood serum. Blood serum for the studies
was obtained by gentle centrifugation at 2000 rpm for 10 minutes and
stored at –20 ºC.
Hematocrit (Ht) was determined by centrifuging whole blood in capillary tubes with the use of CM-3 MicroMed centrifuge (Ukraine) and
identifying the blood plasma/blood corpuscles ratio (in %). All blood cells
were counted in blood smears manually. The sum of red blood cells

b
Fig. 2. TEM images of the AgNPs/SPH composition with lower (a) and
higher (b) magnification: CSPH = 1 g/L; CAgNPs = 24 mg/L; T = 20 ºC
In the blood of hens, hemoglobin content (Hb) was determined, and
in the blood serum – the content of total protein, albumin, creatinine, glucose, cholesterol, total calcium, inorganic phosphorus, potassium, magnesium, as well as the activity of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyl
transpeptidase (GGT) with the use of Pointe Scientific Inc. reagent kits
(USA) and Pointe 180 semi-automatic analyzer (Poland).
Statistical processing of the obtained results was performed using the
program ANOVA, the data in the tables are presented in the form of x ±
SD (standard deviation). The difference between the groups was considered probable using the Tukey test at P < 0.05 (taking into account the
Bonferroni correction).
Results
Effect of nanosilver preparation on hematological parameters of
hens. The use of nanosilver preparation in polymer/inorganic carriers did
not affect the hens’ behaviour, their consumption of feed and water. In the
course of the experiment, there were also no deaths or signs of diseases in
the hens from the experimental groups. Single, two-time and three-time
administration of the nanosilver preparation to the laying hens at doses of
0.2 and 0.4 mg per animal unit per day did not change the number of
RBC, WBC and their subpopulations in the blood of hens; though hematocrit was reduced (P ˂ 0.05) only at a single use of the preparation as
compared to the control (Table 3).
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Table 3
Hematological parameters of laying hens after application of the drug nanosilver (x ± SD, n = 15)
Indicator
12

Red blood cells, RBS, 10 /L
Hemoglobin, g/L
Hematocrit, %
White blood cells, WBC, 109/L
Heterophils, %
Eosinophils, %
Basophils, %
Monocytes, %
Lymphocytes, %

Frequency of treatment
with AgNPs
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use

0.0
2.85 ± 0.28
3.12 ± 0.22
2.89 ± 0.17
102.24 ± 8.33
95.93 ± 4.26
102.06 ± 11.30
28.14 ± 1.90a
27.14 ± 1.24ab
25.42 ± 1.34ab
24.96 ± 2.92
25.86 ± 2.91
25.77 ± 1.85
41.01 ± 5.33
39.44 ± 5.41
42.01 ± 6.89
4.82 ± 2.16
5.61 ± 2.07
3.81 ± 3.27
2.02 ± 1.58
1.81 ± 1.64
1.22 ± 0.83
5.81 ± 2.17
4.84 ± 3.11
11.41 ± 3.51
46.42 ± 7.16
48.43 ± 3.36
41.62 ± 4.72

The dose of AgNPs, mg/hen
0.2
2.77 ± 0.30
3.09 ± 0.26
3.04 ± 0.31
94.38 ± 4.78
104.87 ± 8.42
109.33 ± 10.57
24.14 ± 1.42b
25.93 ± 1.50ab
25.57 ± 1.79ab
23.78 ± 0.94
26.42 ± 2.57
23.45 ± 2.61
47.84 ± 6.81
40.65 ± 4.39
43.02 ± 9.03
4.01 ± 1.58
5.25 ± 3.70
5.41 ± 4.10
1.81 ± 1.64
3.21 ± 2.17
3.03 ± 1.87
6.24 ± 1.48
7.84 ± 2.17
8.21 ± 5.21
40.22 ± 4.09
43.22 ± 5.89
40.44 ± 9.02

0.4
2.67 ± 0.14
3.31 ± 0.22
3.00 ± 0.30
103.02 ± 5.36
100.18 ± 11.01
109.33 ± 17.14
27.03 ± 2.08ab
27.56 ± 1.69ab
25.57 ± 2.56ab
24.02 ± 1.39
25.64 ± 3.92
23.45 ± 1.60
45.21 ± 6.76
39.40 ± 6.07
43.03 ± 5.52
4.83 ± 0.84
2.04 ± 0.44
5.42 ± 2.04
2.64 ± 0.84
1.64 ± 0.57
3.04 ± 0.94
4.41 ± 0.57
7.82 ± 1.79
8.24 ± 2.70
43.03 ± 7.84
49.21 ± 6.53
40.41 ± 8.06

Note: a, b, c – different superscript letters indicate values that probably differed in the table (P < 0.05), if superscripts are absent, the probable difference between the values is not
detected by comparison with Tukey test taking into account the Bonferroni correction.

Table 4
Biochemical parameters of serum of laying hens after application of the drug nanosilver (x ± SD, n = 15)
Indicator
Total protein, g/L
Albumin, g/L
Creatinine, μmol/L
Glucose, mmol/L
Cholesterol, mg/dL
Alanine aminotransferase (ALT), U/L
Aspartate aminotransferase (AST), U/L
Alkaline phosphatase (ALP), U/L
Gamma-glutamyl transpeptidase (GGT), U/L
Ca, mmol/L
P, mmol/L
К, mmol/L
Mg, mmol/L

Frequency of treatment
with AgNPs
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use
single use
double use
triple use

0.0
42.30 ± 1.93a
66.04 ± 4.62b
44.16 ± 2.78a
6.98 ± 0.31ab
6.59 ± 0.56b
7.24 ± 0.50ab
91.12 ± 2.93a
69.80 ± 4.47b
69.84 ± 5.99b
4.32 ± 0.22a
10.64 ± 1.35b
9.92 ± 1.18b
143.16 ± 14.11a
171.18 ± 72.52a
186.04 ± 31.43a
11.36 ± 1.45a
11.21 ± 1.19a
11.72 ± 1.66a
92.44 ± 4.36a
105.32 ± 8.48a
126.40 ± 16.52a
330.72 ± 10.81a
724.42 ± 150.20b
186.36 ± 23.34a
7.08 ± 0.59a
1.72 ± 0.13b
5.76 ± 0.86a
4.29 ± 0.31a
2.36 ± 0.48b
2.81 ± 0.46b
1.53 ± 0.41ab
2.51 ± 0.47b
1.78 ± 0.49ab
5.01 ± 0.26ab
4.51 ± 0.38a
4.38 ± 0.31a
0.95 ± 0.11
1.11 ± 0.32
1.06 ± 0.26

Note: see Table 3.
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The dose of AgNPs, mg/hen
0.2
59.14 ± 3.44b
43.15 ± 2.83a
45.96 ± 3.81a
2.20 ± 0.21c
3.22 ± 0.31c
7.11 ± 0.44ab
45.09 ± 5.41c
73.92 ± 4.35ab
76.00 ± 3.38ab
10.57 ± 0.77b
10.04 ± 0.59b
11.88 ± 0.50b
591.91 ± 17.74b
139.40 ± 11.49a
218.24 ± 9.03a
19.18 ± 2.80b
12.65 ± 1.12a
13.64 ± 0.89a
89.44 ± 6.12ab
102.64 ± 5.27a
109.01 ± 8.47a
607.51 ± 58.94b
175.77 ± 6.12a
204.88 ± 5.00a
1.12 ± 0.18b
7.25 ± 0.32a
6.52 ± 0.46a
3.96 ± 0.60a
3.63 ± 0.44ab
3.17 ± 0.38ab
2.34 ± 0.19ab
1.18 ± 0.11a
1.15 ± 0.11a
6.30 ± 0.34ab
4.41 ± 0.40a
5.25 ± 0.16ab
0.91 ± 0.16
1.09 ± 0.18
0.99 ± 0.10

0.4
44.48 ± 2.60a
64.58 ± 3.48b
59.10 ± 2.26b
6.96 ± 0.72ab
8.19 ± 0.63a
6.80 ± 0.56ab
56.56 ± 16.53bc
66.82 ± 4.71b
64.40 ± 4.97bc
7.05 ± 2.66ab
10.33 ± 0.85b
8.74 ± 0.72b
189.98 ± 41.25a
211.63 ± 9.24b
125.46 ± 5.87b
12.28 ± 0.82a
13.35 ± 1.61a
11.10 ± 1.14a
64.82 ± 12.41b
113.63 ± 4.81a
137.86 ± 10.67a
302.92 ± 14.87a
1033.66 ± 48.53c
184.74 ± 31.56a
8.85 ± 1.35a
2.08 ± 0.23b
3.72 ± 0.55ab
4.38 ± 0.78a
2.65 ± 0.22b
3.11 ± 0.16ab
1.74 ± 0.22ab
2.53 ± 0.27b
2.29 ± 0.32ab
7.48 ± 2.21b
4.72 ± 0.25a
4.32 ± 0.41a
1.22 ± 0.18
0.95 ± 0.14
1.12 ± 0.24

Effect of nanosilver preparation on the biochemical parameters of the
hens’ blood serum. A single administration of the solution of nanosilver
preparation to laying hens at a dose of 0.2 mg per hen per day contributed
to an increase (P ˂ 0.05) in the content of total protein, glucose, cholesterol, as well as ALT and ALP activity in the blood serum following the
decrease (P ˂ 0.05) in albumin, creatinine and GGT activity compared to
the control (Table 4). At a dose of 0.4 mg per day, the nanosilver preparation had a less pronounced effect on tissue metabolism characterized by a
decrease (P ˂ 0.05) in creatinine, as well as AST activity in blood serum
compared to the control. Single administration of both doses of nanosilver
did not affect the level of calcium in blood serum of laying hens.
After two-time administration of the solution of nanosilver preparation to the laying hens at the dose of 0.2 mg per hen per day, the GGT
activity in the blood serum increased (P ˂ 0.05), while the level of total
protein, albumin, phosphorus, as well as ALT activity, decreased (P ˂
0.05) compared to the control and AgNPs/SPH 0.4 group (Table 4). Twotime administration of the nanosilver preparation to laying hens at the dose
of 0.4 mg per animal unit per day increased only the albumin level and
ALP activity in the blood serum compared to the control. Two-time oral
administration of both doses of AgNPs/SPH did not affect the level of
creatinine, glucose, potassium, magnesium, as well as ALT and AST
activity in the blood serum compared to the control (Table 4).
Three-time administration of the solution of nanosilver preparation in
polymer / inorganic hybrid carriers at the dose of 0.2 mg per animal unit
per day did not affect the abovementioned biochemical parameters
(Table 4). The 0.4 mg of the nanosilver preparation per day resulted in the
increase (P ˂ 0.05) of the total protein following the decrease (P ˂ 0.05) of
cholesterol and GGT activity. Such dose of the preparation did not change
other parameters of the blood serum of hens compared to the control.
During this period, the blood serum of hens receiving AgNPs/SPH at the
dose of 0.2 mg per animal unit per day showed the lower level (P ˂ 0.05)
of total protein, while the levels of creatinine, cholesterol, as well as GGT
activity, were higher (P ˂ 0.05) than in hens receiving AgNPs/SPH at the
dose of 0.4 mg per animal unit per day (Table 4).
Discussion
Effect of nanosilver preparation on hematological parameters of
hens. The effect of nanosilver on the body of animals depends on a significant number of factors, in particular on the method of their introduction
into the body (Sarhan & Hussein, 2014). One of the most effective and
acceptable ways of administering nanosilver preparations to hens is oral,
which involves their passing through the mucous membrane of the digestive system, blood and liver and providing a systemic effect on the body.
Watering the laying hens with the solution of nanosilver preparation with
a particle size of 1.2–9.6 nm in SPH carriers reduced the hematocrit content in the blood only at the dose of 0.2 mg per hen per day (~0.13 mg/kg
body mass) after a single administration. Chen et al. (2015) explained such
AgNPs-induced cytotoxicity by the nanoparticles directly interacting with
RBC, which resulted in oxidative stress, membrane damage and subsequent hemolysis. Moreover, AgNPs cytotoxicity towards blood cells
depended on their size. Taking fish RBC, the nucleus of which is similar
to poultry RBC nucleus, it was proven that the use of AgNPs of different
diameters (15, 50, and 100 nm) and 50 nm particles stabilized with citrate
anions showed the highest level of adsorption and absorption by RBC,
while 15 nm particles showed a greater ability to cause damage to cell
membranes and hemolysis.
We did not register a significant effect of the nanosilver preparation in
SPH carriers on hemoglobin content and count of RBC, WBC and their
subpopulations in the hens’ blood, therefore we can consider this preparation as biocompatible and safe for blood cells. This is obviously driven by
the good transport properties of hydrophilic hybrid carriers used to produce and deliver AgNPs. Data presented in the study by Ognik et al.
(2016) confirm that the effect of nanosilver on the hematological parameters of hens depends on the AgNPs size and stabilizer. In particular, this
research showed that administration of 22 nm hydrocolloid silver nanoparticles to broiler chickens at the dose of 5 mg/kg body mass did not
affect the levels of hemoglobin and hematocrit, WBC and RBC count,
while administration of 5 nm lipid-coated silver nanoparticles resulted in a

significant decrease in the hemoglobin level in the blood. The study by
Dosoky et al. (2021) showed that 20 nm silicon dioxide nanoparticles,
doped with nanosilver (SiO2@AgNP) and coated with starch, did not
negatively affect the growth performance, hematological and biochemical
parameters when used in poultry feed at doses of 2, 4, 8 ppm/kg feed.
According to the data provided by Ahmadi (2009), the use of commercial
colloidal nanosilver at significantly higher doses (300, 600, and 900 ppm)
did not negatively affect the hematological parameters of broiler chickens
as well. Gholami-Ahangaran & Zia-Jahromi (2014) suggest that colloidal
nanosilver (Nanocid) at the dose of 2500 ppm stimulated erythropoiesis in
broiler chickens, when feeds contained aflatoxin, and thus reduced its
negative effect on the body. Another study (Kulak et al., 2018b) revealed
that oral administration of 5 nm nanosilver colloidal dispersion to broiler
chickens in the dose range 2.87–12.25 mg/animal unit produced a positive
immunostimulatory effect manifested through an increase in heterophil
respiratory burst and higher lysozyme concentration in the bloodstream.
Higher doses of AgNPs showed an anti-inflammatory effect in broiler
chickens due to an increase in interleukin 6 and ceruloplasmin levels, as
well as high erythrocyte sedimentation rate and stimulation of IgA and
IgY synthesis by B-cells.
As the above data show, there is no unanimity on the way how nanosilver particle size, coating type, and dosing affect the hematological parameters of various animal species. However, it is believed that one mechanism of WBC response to non-self stimuli, including nanosilver particles, is degranulation and subsequent release of enzymes (i.e., proteinases
such as elastase) and other biologically active substances (i.e., cytokines
such as interleukins and chemotactic proteins of monocytes) (de la Harpe
et al., 2019). In addition, respiratory burst is another mechanism applied
by WBC to eliminate unwanted and exogenous agents, such as microbes
and nanoparticles (Lin et al., 2018). Excessive production of reactive oxygen intermediates and other free radicals can be toxic to both phagocytes
and surrounding cells, can cause apoptosis and inflammation (Laridan
et al., 2019), and affect the metabolic state of the body and the functional
state of vital organs, including the liver.
Effect of nanosilver preparation on the biochemical parameters of
hen blood serum. One indicator reflecting the protein-synthesizing function of the hen’s liver is the level of serum total protein and albumin. Watering the laying hens with the solution of nanosilver preparation in SPH
carriers had a contradictory effect on the levels of serum total protein and
albumin, depending on the dose and frequency of administration.
The 0.2 mg AgNPs/SPH dose produced more dynamic fluctuations of
these parameters than 0.4 mg AgNPs/SPH per hen per day. In our experiment, the effect of both doses of nanosilver on the levels of serum albumin decreased with increasing frequency of administration. Changes in
the activity of ALT, AST, ALP were also detected by Ahmadi (2012) in
the serum of broiler chickens fed supplements of commercial AgNPs
throughout the rearing period. Whereas the main function of albumin is to
provide oncotic pressure and ion transport, it can be assumed that silver
nanoparticles can bind to chicken serum albumin, which has been proved
by the example of bovine serum albumin (Gnanadhas et al., 2013; Gessmann et al., 2018). As a result, conformational changes or even protein
damage could occur (Chen et al., 2012), which is probable reason for
significant fluctuations in its content in the blood serum of chickens in our
experiment. Consequently, the hens develop adaptive mechanisms to
nanosilver preparations, the direction of which depends on the dose, use
duration, and type of AgNPs stabilizer.
The level of serum creatinine is considered to be one of the parameters characterizing the functional state of the liver. As the byproduct of
protein metabolism, creatinine is formed in the muscles and, after entering
the bloodstream, is excreted by the kidneys. In our experiment, serum
creatinine of hens receiving AgNPs/SPH with drinking water at doses of
0.2 and 0.4 mg per hen per day (~0.13 and ~0.27 mg/kg of poultry body
weight) decreased only after a single administration, later this indicator
was kept at the control level. The decrease in serum creatinine of broiler
chickens was also observed in the study by Ognik et al. (2016), where the
broiler chickens received lipid-coated nanosilver preparation, while the
hydrocolloid nanosilver without a coating did not cause such an effect.
The authors emphasize that along with a decrease in the activity of the
AST and ALT enzymes responsible for the catabolic pathway of amino-
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acids, a decrease in the plasma concentration of the main products of protein metabolism (creatinine and urea), may indicate a violation of protein
catabolism in hens receiving 5 nm lipid-coated nanosilver preparation.
Potassium is one of the main intracellular elements in the animal
body. In the course of our experiment, its level in the blood serum of hens
increased with administration of AgNPs/SPH at the dose of 0.4 mg. Nevertheless, Ognik et al. (2017) obtained opposite results indicating that
5 nm colloidal nanosilver blocked potassium absorption into the blood of
broiler chickens. The authors suggest that K and Ag compete for ion channels involved in intestinal absorption of both elements since they both
have similar atomic radii and the same oxidation number. In such case, the
difference in the results obtained may be due to the different response of
metabolism of broiler chickens and laying hens to different nanosilver
preparations, as well as the presence of polymer/inorganic hybrid stabilizer
in our experiment, which could have significantly reduced the rate of
release of silver ions and their oxidation.
Our experiment showed that the nanosilver preparation in SPH carriers caused an increase in serum glucose after its single administration at
the dose of 0.2 mg per hen per day. Nanosilver preparation at the dose of
0.4 mg per hen generated a much less marked effect comparable with the
tendency towards increasing serum glucose. Such effect may be due to the
temporary blocking by small-sized (5 nm) nanosilver of glucose consumption by the cells as a result of oxidative stress, which was observed on
HepG2 cell culture by Lee et al. (2015).
The increase in serum cholesterol after the single administration of
0.2 mg nanosilver preparation per hen per day, which was revealed in our
study, may be due to the effect of the nanosilver on the hen’s endocrine
profile. The study by Katarzyńska-Banasik et al. (2021) proved the effect
of hydrocolloid nanosilver on ovarian steroidogenesis and thyroid hormone metabolism in domestic hens. The 100-ppm dose of 50 nm hydrocolloid nanosilver in feed caused the increase in triiodothyronine, which
can stimulate cholesterol synthesis in the liver of hens (Lopez et al., 1984).
In our experiment, a higher dose of the nanosilver preparation (0.4 mg
per hen per day) reduced serum cholesterol only after three-time administration. This is consistent with the results of the studies on broiler chickens
that received AgNPs at doses of 2, 4, 6, 8 and 10 ppm/kg of diet (Elkloub
et al., 2015). In the study by Saleh & El-Magd (2018), the use of nanosilver preparation at the dose of 50 ppm/kg of feed for 12 days caused a
decrease in not only cholesterol levels but also in triglycerides and serum
glucose in broiler chickens.
In our experiment, the 0.2 mg nanosilver preparation in SPH carriers
per hen per day caused rather contradictory changes of serum calcium and
phosphorus, though such changes were not observed at the dose of 0.4 mg
per hen per day. These results are consistent with data obtained by Ognik
et al. (2016) stating that oral administration of hydrocolloid silver nanoparticles (22 nm) and lipid-coated silver nanoparticles (5 nm) to broiler chickens at the dose of 5 mg/kg of body weight per day did not significantly
affect the blood levels of most macro and microelements, except for iron.
ALT, AST, ALP and GGT are important enzymes that reflect the
functional state of the liver and other vital organs. In our experiment, their
activity in the blood serum of laying hens depended on both the dose and
the frequency of administration of the nanosilver preparation. However,
the pattern of such changes has not been stated. Ahmadi (2012) also detected the changes in ALT, AST, and ALP activity in the blood serum of
broiler chickens fed with commercial AgNPs supplements (14.0 ±
0.8 nm) during the entire growth period (1–42 days) at doses of 20, 40,
and 60 ppm AgNPs/kg of feed. However, feeding broiler chickens with
the commercial nanosilver preparation at doses of 300, 600 and 900 ppm
did not produce such an effect (Ahmadi, 2009). Elkloub et al. (2015)
registered a decrease in AST activity in the blood serum of broiler chickens fed with AgNPs at doses of 2, 4, 8, and 10 ppm/kg of the diet, except
for the dose of 6 ppm AgNPs.
The activity of liver enzymes usually increases when they are released from hepatocytes into the bloodstream due to cell damage. Such
liver damage may also include damage caused by nanosilver preparations
(Parang & Moghadamnia, 2018; Elalfy et al., 2020). The decrease in AST
and ALP activity may be due to inactivation resulting from the affinity of
AgNPs to thiol (–SH) groups, thereby causing a change in the functional
state of proteins, as well as inactivation of amino transaminases (Sulaiman
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et al., 2015). Nevertheless, we believe that such changes could have happened during the development of adaptive responses in the bodies of
laying hens, which is consistent with the data of the enzymatic activity in
their blood after a three-time administration of nanosilver preparation at
the end of the experiment. Wang et al. (2015) believe that high concentrations of nanosilver can cause obvious cytotoxicity due to the production of
reactive oxygen intermediates. This can result in the oxidative stress in the
bird's body (Ahmadi, 2012). In contrast, low levels of nanosilver tend to
interrupt biological processing and signaling and disrupt normal organelle
functions at the cellular level, which is not associated with reduced viability or cell death (Wang et al., 2015). Therefore, oral administration of
AgNPs is less dangerous compared to parenteral administration, since in
this case only 4–18% of silver nanoparticles are absorbed into the blood of
animals (Sulaiman et al., 2015).
Important factors determining the bioavailability of silver nanoparticles to animals are their size and ability to aggregate (Sarhan & Hussein,
2014). The large size and aggregation of nanoparticles significantly limit
their oral bioavailability. This method involves exposing nanosilver to
different pH in the digestive system of hens, namely: рН ~ 4.8 in the crop
content, рН ~ 3.5 in the gizzard stomach and рН > 6 in the intestines
(Svihus, 2014), as well as electrolytes present in gastric acid and intestinal
gland. The study of the aggregation capability of nanosilver particles about
10 nm in size, which were stabilized with citrate or tea extract, showed
that while maintaining physiological pH and concentrations of sodium
chloride, glucose and glutamine, the aggregation will develop at pH and
СNaCl = 10 mm. This largely determines the toxicity of such nanoparticles,
which is reduced with increasing aggregation (Bélteky et al., 2019; Chen
et al., 2020).
At the same time, large silver nanoparticles or developed aggregates
of nanoparticles cannot penetrate into the circulatory system of the body
through the intestinal epithelium. Due to this, the bioavailability of many
silver preparations is reduced. Individual particles of our preparation have
a relatively small size (~31–47 nm), which is the key to their penetration
through the intestinal epithelium into the circulatory system of hens and
ensuring high bioavailability of the preparation. Finally, biocompatible
and biodegradable SPH carriers contribute to a more effective and prolonged action of the nanosilver preparation and largely protect the hen’s
body from the toxic effects of metal nanoparticles.
Studies have shown that a higher dose of AgNPs/SPH preparation
(0.4 mg compared to 0.2 mg per hen per day) had a significantly lower
effect on the metabolic state of poultry. This result cannot be yet clearly
explained, but it is consistent with the data provided in the research with
laboratory rats by Adeyemi & Adewumi (2014), which indicate that oral
administration of nanosilver at the dose of 100 mg/kg of body weight led
to more significant changes in blood biochemical parameters than doses of
1000 and 5000 mg/kg, respectively.
Conclusions
A nanosilver preparation containing biocompatible and biodegradable carriers filled with small silver nanoparticles was obtained by synthesizing a grafted silica / polyacrylamide hybrid and using it as hydrophilic
matrix for the in situ formation of AgNPs. A pure hybrid formed compact,
almost spherical particles with d = 20–45 nm and their fractal aggregates
similar to grapes in an aqueous medium. The reaction of borohydride reduction of silver ions in hybrid solutions proceeded at a high rate and yield
and was completed within 20 minutes. This led to the appearance in the
hybrid polymer “corona” of small spherical AgNPs 1.2–9.6 nm in size.
The formation of AgNPs was accompanied by the swelling of hybrid
particles (up to 31–47 nm) and the “detachment” of polymer grafts from
the silica surface. In the resulting preparation, silver nanoparticles remained stable to aggregation and were not released from hybrid carriers
under normal physiological conditions.
The nanosilver preparation in polymer / inorganic hybrid carriers did
not significantly affect the morphological blood parameters of hens when
administered at doses of 0.2 and 0.4 mg per hen per day three times a
month at an interval of 10 days. Administration of the nanosilver preparation to laying hens at the dose of 0.2 mg per animal unit per day at a 10day interval had a more significant effect on the biochemical parameters
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of the blood than the dose of 0.4 mg. The more frequently the nanosilver
preparation was administered to the laying hens, the less marked was their
influence on the metabolic profile of the blood serum. The results of the
study proved the absence of toxicity of nanosilver preparation in polymer /
inorganic carriers for laying hens and, thus, can be used as the basis for
determining its optimal doses and mode of use in the event of infectious
disease as an alternative to antibiotics in poultry farming.
References
Abdelsalam, M., Al-Homidan, I., Ebeid, T., Abou-Emera, O., Mostafa, M., Abd ElRazik, M., Shehab-El-Deen, M., Abdel Ghani, S., & Fathi, M. (2019). Effect of
silver nanoparticle administration on productive performance, blood parameters,
antioxidative status, and silver residues in growing rabbits under hot climate.
Animals, 9(10), 845.
Adeyemi, O. S., & Adewumi, I. (2014). Biochemical evaluation of silver nanoparticles in Wistar rats. International Scholarly Research Notices, 2014, 196091.
Ahmadi, F. (2012). Impact of different levels of silver nanoparticles (Ag-nps) on
performance, oxidative enzymes and blood parameters in broiler chicks. Pakistan Veterinary Journal, 32(3), 325–328.
Ahmadi, J. (2009). Application of different levels of silver nanoparticles in food on
the performance and some blood parameters of broiler chickens. World Applied
Sciences Journal, 1(7), 24–27.
Anwar, M., Awais, M., Akhtar, M., Navid, M., & Muhammad, F. (2019). Nutritional and immunological effects of nano-particles in commercial poultry birds.
World’s Poultry Science Journal, 75(2), 261–272.
Bélteky, P., Rónavári, A., Igaz, N., Szerencsés, B., Tóth, I. Y., Pfeiffer, I., Kiricsi, M.,
& Kónya, Z. (2019). Silver nanoparticles: Aggregation behavior in biorelevant
conditions and its impact on biological activity. International Journal of Nanomedicine, 14, 667–687.
Cameron, S. J., Hosseinian, F., & Willmore, W. G. (2018). A current overview of the
biological and cellular effects of nanosilver. International Journal of Molecular
Sciences, 19(7), 2030.
Chen, L. Q., Fang, L., Ling, J., Ding, C. Z., Kang, B., & Huang, C. Z. (2015). Nanotoxicity of silver nanoparticles to red blood cells: Size dependent adsorption, uptake,
and hemolytic activity. Chemical Research in Toxicology, 28(3), 501–509.
Chen, R., Choudhary, P., Schurr, R. N., Bhattacharya, P., Brown, J. M., & Chun Ke,
P. (2012). Interaction of lipid vesicle with silver nanoparticle-serum albumin
protein corona. Applied Physics Letters, 100(1), 137030–137034.
Chen, Z. Y., Li, N. J., Cheng, F. Y., Hsueh, J. F., Huang, C. C., Lu, F. I., Fu, T. F.,
Yan, S. J., Lee, Y. H., & Wang, Y. J. (2020). The effect of the chorion on sizedependent acute toxicity and underlying mechanisms of amine-modified silver
nanoparticles in zebrafish embryos. International Journal of Molecular Sciences,
21(8), 2864.
de la Harpe, K. M., Kondiah, P., Choonara, Y. E., Marimuthu, T., du Toit, L. C., &
Pillay, V. (2019). The hemocompatibility of nanoparticles: a review of cellnanoparticle interactions and hemostasis. Cells, 8(10), 1209.
Deshmukh, S. P., Patil, S. M., Mullani, S. B., & Delekar, S. D. (2019). Silver nanoparticles as an effective disinfectant: A review. Materials Science and Engineering, C, Materials for Biological Applications, 97, 954–965.
Dosoky, W. M., Fouda, M. M. G., Alwan, A. B., Abdelsalam, N. R., Taha, A. E.,
Ghareeb, R. Y., El-Aassar, M. R., & Khafaga, A. F. (2021). Dietary supplementation of silver-silica nanoparticles promotes histological, immunological, ultrastructural, and performance parameters of broiler chickens. Scientific Reports,
11, 4166.
Elalfy, M. E., Abouelmagd, M., Abdelraheem, E. A., & El-Hadidy, M. G. (2020).
Hepatorenal effects of silver nanoparticles in in-vivo postnatal model of toxicity
and in HepG2 cell line. Material Science Research India, 17(1), 54–61.
Elkloub, K., Moustafa, M. E., Ghazalah, A. A., & Rehan, A. A. A. (2015). Effect of
dietary nanosilver on broiler performance. International Journal of Poultry Science, 14(3), 177–182.
Gessmann, J., Seybold, D., Ayami, F., Peter, E., Baecker, H., Schildhauer, T. A., &
Köller, M., (2018). Peripheral blood plasma clot as a local antimicrobial drug
delivery matrix. Tissue Engineering Part A, 24, 809–818.
Gholami-Ahangaran, M., & Zia-Jahromi, N. (2014). Effect of nanosilver on blood
parameters in chickens having aflatoxicosis. Toxicology and Industrial Health,
30(2), 192–196.
Gnanadhas, D. P., Ben Thomas, M., Thomas, R., Raichur, A. M., & Chakravortty,
D. (2013). Interaction of silver nanoparticles with serum proteins affects their
antimicrobial activity in vivo. Antimicrobial Agents and Chemotherapy, 57(10),
4945–4955.
Gomathi, A. C., Xavier Rajarathinam, S. R., Mohammed Sadiq, A., & Rajeshkumar,
S. (2020). Anticancer activity of silver nanoparticles synthesized using aqueous
fruit shell extract of Tamarindus indica on MCF-7 human breast cancer cell
line. Journal of Drug Delivery Science and Technology, 55, 101376.
Hassanen, E. I., Khalaf, A. A., Tohamy, A. F., Mohammed, E. R., & Farroh, K. Y.
(2019). Toxicopathological and immunological studies on different concentra-

tions of chitosan-coated silver nanoparticles in rats. International Journal of Nanomedicine, 14, 4723–4739.
Heydrnejad, M. S., Samani, R. J., & Aghaeivanda, S. (2015). Toxic effects of silver
nanoparticles on liver and some hematological parameters in male and female
mice (Mus musculus). Biological Trace Element Research, 165, 153–158.
Jafarzadeh, R., Heydarnejad, M. S., & Aghayeevanda, S. (2015). The effects of silver
nanoparticles on creatinine, BUN and blood electrolytes in laboratory male
mice (Mus musculus). Journal of Shahrekord University of Medical Sciences,
17(5), 64–73.
Katarzyńska-Banasik, D., Grzesiak, M., Kowalik, K., & Sechman, A. (2021). Administration of silver nanoparticles affects ovarian steroidogenesis and may influence thyroid hormone metabolism in hens (Gallus domesticus). Ecotoxicology and Environmental Safety, 208, 111427.
Kennedy, D. C., Orts-Gil, G., Lai, C.-H., Miller, S., Haase, A., Luch, A., & Seeberger, P. H. (2014). Carbohydrate functionalization of silver nanoparticles modulates cytotoxicity and sellular uptake. Journal of Nanobiotechnology, 12, 59.
Kiseleva, I. V., Farroukh, M. A., Skomorokhova, E. A., Rekstin, A. R., Bazhenova,
E. A., Magazenkova, D. N., Orlov, I. A., Rudenko, L. G., Broggini, M., &
Puchkova, L. V. (2020). Anti-influenza effect of nanosilver in a mouse model.
Vaccines, 8(4), 679.
Kulak, E., Ognik, K., Stępniowska, A., & Sembratowicz, I. (2018a). The effect of
administration of silver nanoparticles on silver accumulation in tissues and the
immune and antioxidant status of chickens. Journal of Animal and Feed
Sciences, 27(1), 44–54.
Kulak, E., Sembratowicz, I., Stępniowska, A., & Ognik, K. (2018b). The effect of
administration of silver nanoparticles on the immune status of chickens. Annals
of Animal Science, 18(2), 401–416.
Laridan, E., Martinod, K., & De Meyer, S. F. (2019). Neutrophil extracellular
traps in arterial and venous thrombosis. Seminars in Thrombosis and Hemostasis, 45(1), 86–93.
Lee, M. J., Lee, S. J., Yun, S. J., Jang, J. Y., Kang, H., Kim, K., Choi, I. H., & Park, S.
(2015). Silver nanoparticles affect glucose metabolism in hepatoma cells
through production of reactive oxygen species. International Journal of Nanomedicine, 11, 55–68.
Li, Y., Bhalli, J. A., Ding, W., Yan, J., Pearce, M. G., Sadiq, R., Cunningham, C. K.,
Jones, M. Y., Monroe, W. A., Howard, P. C., Zhou, T., & Chen, T. (2014). Cytotoxicity and genotoxicity assessment of silver nanoparticles in mouse. Nanotoxicology, 8(1), 36–45.
Lin, M.-H., Lin, C.-F., Yang, S.-C., Hung, C.-F., & Fang, J.-Y. (2018). The interplay
between nanoparticles and neutrophils. Journal of Biomedical Nanotechnology,
14(1), 66–85.
Lopez, J. P., Sancho, M. J., Marino, A., & Macarulla, J. M. (1984). Cholesterol
biosynthesis in chicken liver: Effect of triiodothyronine. Experimental and Clinical Endocrinology, 84(1), 45–51.
Nikalje, A. P. (2015). Nanotechnology and its applications in medicine. Medicinal
Chemistry, 5(2), 81–89.
Ognik, K., Cholewińska, E., Czech, A., Kozłowski, K., Wlazło, Ł., NowakowiczDębek, B., Szlązak, R., & Tutaj, K. (2016). Effect of silver nanoparticles on the
immune, redox, and lipid status of chicken blood. Czech Journal of Animal
Science, 61, 450–461.
Ognik, K., Stępniowska, A., & Kozłowski, K. (2017). The effect of administration of
silver nanoparticles to broiler chickens on estimated intestinal absorption of iron,
calcium, and potassium. Livestock Science, 200, 40–45.
Pangestika, R., & Ernawati, R. (2017). Antiviral activity effect of silver nanoparticles
(Agnps) solution against the growth of Infectious Bursal Disease virus on embryonated chicken eggs with Elisa Test. KnE Life Sciences, 3(6), 536–548.
Parang, Z., & Moghadamnia, D. (2018). Effects of silver nanoparticles on the functional tests of liver and its histological changes in adult male rats. Nanomedicine
Research Journal, 3(3), 146–153.
Ranoszek-Soliwoda, K., Tomaszewska, E., Małek, K., Celichowski, G., Orlowski,
P., Krzyzowska, M., & Grobelny, J. (2019). The synthesis of monodisperse silver nanoparticles with plant extracts. Colloids and Surfaces, B: Biointerfaces,
177(1), 19–24.
Saleh, A. A., & El-Magd, M. A. (2018). Beneficial effects of dietary silver nanoparticles and silver nitrate on broiler nutrition. Environmental Science and Pollution
Research, 25(27), 27031–27038.
Samari, F., Salehipoor, H., Eftekhar, E., & Yousefinejad, S. (2018). Low-temperature
biosynthesis of silver nanoparticles using mango leaf extract: Catalytic effect,
antioxidant properties, anticancer activity and application for colorimetric sensing. New Journal of Chemistry, 42, 15905–15916.
Sarhan, O. M., & Hussein, R. M. (2014). Effects of intraperitoneally injected silver
nanoparticles on histological structures and blood parameters in the albino rat.
International Journal of Nanomedicine, 9(1), 1505–1517.
Sulaiman, F. A., Adeyemi, O. S., Akanji, M. A., Oloyede, H. O. B., Sulaiman, A. A.,
Olatunde, A., Hoseni, A. A., Olowolafe, Y. V., Nlebedim, R. N., Muritala, H.,
Nafiu, M. O., & Salawu, M. O. (2015). Biochemical and morphological alterations caused by silver nanoparticles in Wistar rats. Journal of Acute Medicine,
5(4), 96–102.

Regul. Mech. Biosyst., 2022, 13(1)

21

Svihus, B. (2014). Function of the digestive system. Journal of Applied Poultry Research, 23(2), 306–314.
Vadalasetty, K. P., Lauridsen, C., Engberg, R. M., Vadalasetty, R., Kutwin, M.,
Chwalibog, A., & Sawosz, E. (2018). Influence of silver nanoparticles on
growth and health of broiler chickens after infection with Campylobacter jejuni.
BMC Veterinary Research, 14, 1. http://doi.org/10.1186/s12917-017-1323-x
Wang, Z., Xia, T., & Liu, S. (2015). Mechanisms of nanosilver-induced toxicological
effects: More attention should be paid to its sublethal effects. Nanoscale, 7,
7470–7481.

22

Xu, L., Wang, Y. Y., Huang, J., Chen, C. Y., Wang, Z. X., & Xie, H. (2020). Silver
nanoparticles: Synthesis, medical applications and biosafety. Theranostics,
10(20), 8996–9031.
Zheltonozhskaya, T. B., Permyakova, N. M., Kravchenko, O. O., Maksin, V. I., Nessin, S. D., Klepko, V. V., & Klymchuk, D. O. (2021). Polymer/inorganic hybrids containing silver nanoparticles and their activity in the disinfection of fish
aquariums/ponds. Polymer-Plastics Technology and Materials, 60(4), 369–391.
Zheltonozhskaya, Т. B., Permyakova, N. M., Kondratiuk, T. O., Beregova, T. V.,
Klepko, V. V., & Melnik, B. S. (2019). Hybrid-stabilized silver nanoparticles
and their biological impact on hospital infections, healing wounds, and wheat
cultivation. French-Ukrainian Journal of Chemistry, 7(2), 20–39.

Regul. Mech. Biosyst., 2022, 13(1)

