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Abstract

Objective
The cytotoxicity of AgNPs in mice comparatively with chitosan-coated AgNPs. Silver and chitosan–
coated AgNPs of average size 25 ± 5 nm, which were prepared and characterized at Nanotech Egypt for
Photo-Electronics

Methods
Male mice were administered with different doses of 25, 50, and 100 mg/kg of both nanoparticles,
oxidative stress markers; liver functions, pro-in�ammatory cytokines and some tumor markers were
measured

Results
AgNPs signi�cantly increased malondialdehyde and nitric oxide levels. Moreover, it was found that
AgNPs signi�cantly increased the levels TNF-α and IL-6 as well as the levels of α-L-fucosidase and
arginase and DNA damage measured by comet assay. On the contrary signi�cantly decreased superoxide
dismutase and reduced glutathione levels. They also led to deteriorations in serum aminotransferases,
alkaline phosphatase and γ-glutamyltransferase levels, chitosan–coated AgNPs reduced the
in�ammatory caused in hepatic cells.

Conclusion
Chitosan–coated AgNPs was decreased AgNPs toxicity, by improving the biochemical parameters
enrolled in this study, chitosan–coated AgNPs had less cytotoxic effects on liver function, and
in�ammatory biomarkers.

Introduction
An exponential increase in the applications of nanomaterials in medical and healthcare products has
been reported in recent years due to their unique physical and chemical properties. The human exposure
to these products is rapidly increasing and, therefore, their potential for adverse health effects is of
concern. Silver nanoparticles (AgNPs) are one of the most widely used nanoparticles in commercial
products owing to their unique and attractive antibacterial, antiviral and antifungal effects [1, 2].

Silver nanoparticles and their composites have been broadly applied in medical and consumer products,
such as disinfectants for medical devices, food packaging and clothing. Additionally, their special optical
properties allow AgNPs to be incorporated into biological and chemical sensors [3, 4].
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In vivo bio-distribution and toxicity studies clari�ed that dietary AgNPs reduced the growth rate of the
exposed mice and rats and affected the intestinal microvilli and the liver [5].

The possible mechanism for AgNPs cytotoxicity is free radical generation, particularly reactive oxygen
species (ROS) and reactive nitrogen species (RNS) formation in various cells that lead to oxidative stress
[6].

Numerous methods for the synthesis of AgNPs have been developed such as chemical reduction of silver
salt solution using reducing agents. However, most reducing agents lead to environmental toxicity or
biological hazards. In addition, different stabilizers, such as citrate or polyvinylpyrrolidone (PVP) are used
to control the size of silver and the release of silver into the surrounding media. Therefore, the biological
synthesis of AgNPs became the future trend-using polymer matrices, which are non-toxic, can be easily
designed into almost any shape required for a particular application and act as both a stabilizing and a
reducing agent such as starch, chitosan and cyclodextrins [7].

A nontoxic stabilizing or capping agent should be selected during the synthesis of nanoparticles because
the toxicity of the nanoparticles depends on the properties of the capping agent rather than the
nanoparticle itself [7].

Chitosan is the N-deacetylated derivative of chitin, a natural polymer found in the shells of crustaceans
and is structurally similar to hyaluronic acid (extracellular matrix). The positive charge of chitosan
affords the polymer numerous and unique physiological and biological properties [8]. The excellent
properties of chitosan, including its biocompatibility, bioactivity, low cost and nontoxic byproducts make
it easy to functionalize for biomedical applications [9].

Therefore, this study was constructed to evaluate the cytotoxicity of silver nanoparticles in mice
comparatively with chitosan-coated silver nanoparticles with the same size at different doses on liver
enzymes, some oxidative stress markers and tumor markers and DNA damage degree.

Materials And Methods

Chemicals
All chemicals used in the present study were high analytical grade products and purchased from Sigma
(USA), Merck (Germany), Riedel de Hàen (Germany), BDH (England) and Fluka (Switzerland). Kits used for
the quantitative determination of different parameters were also purchased from Quimica Clinica
Aplicada (QCA) (Spain), and Biodiagnostic.

Preparation of Nanoparticles
Nanoparticles were prepared at Nanotech Egypt for Photo-Electronics as follows:
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Silver nanoparticles has been prepared by a chemical reduction method as reported by [10]. A solution of
AgNO3 has been used as (Ag+) ions precursor, sodium borohydride (NaBH4) as reducing agent and
polyvinyl pyrrolidone (PVP, Av. Wt 30,000 − 40,000) as stabilizing agent. Ten mL of 1 mM AgNO3 with 1 g
of PVP were brought to re�ux during stirring, and then 2 mL

of 1 mM ice cooled NaBH4 solution were added drop wise under vigorous stirring to prevent further
growth and aggregation. The color of the solution slowly turned into grayish yellow, indicating the
reduction of the (Ag+) ions to Ag nanoparticles. The solution was left for 15 min at room temperature to
obtain uniform mixing and good size distribution.

Chitosan-coated silver nanoparticles were prepared according to [11, 12]. Blank nanoparticles were
obtained upon the addition of a tripolyphosphate (TPP) aqueous solution to a chitosan solution, then
silver-chitosan Nano-hybrids has been obtained via in-situ reduction of silver ions (Ag+) using the amine
and OH functional groups existing on the Chitosan molecules.

Characterization– Size & Shape
Transmission electron microscope (TEM) was performed using JEOL JEM-2100 high-resolution
transmission electron microscope (HRTEM) at an accelerating voltage 200 kV.

Optical Properties: Ultra violet- Visible (UV-Vis) absorption spectra were obtained on an Ocean Optics
USB2000 + VIS-NIR Fiber optics spectrophotometer.

Animals
Fifty-six Male Swiss albino mice (30–35 g) were obtained from the animal house of National Research
Center (Dokki, Giza, Egypt) and were allowed free access to standard diet and water all over the period of
the experiment.

Experimental design
After an acclimatization period of 1 week, animals were divided into seven groups (8 mice/ group) and
housed individually in �lter top polycarbonate cages. According to the LD50 dose of Ag NPs (∼2 g/kg
b.wt.) Ohkawa [13], three doses of Ag and chitosan-coated silver NPs, 25, 50, and 100 mg/kg b.wt (i.e.,
0.0125, 0.025, and 0.05 LD50) were applied.

Group 1: Normal control mice. Group 2–4: Mice orally administered daily for 14 days with doses of 25, 50
and 100 mg/ kg body weight with silver nanoparticles (size: 25 ± 5 nm).Group 5–7: Mice orally
administered daily for 14 days with doses of 25, 50 and 100 mg/ kg body weight with chitosan-coated
silver nanoparticles (size: 25 ± 5 nm).

Handling, anesthetic and sacri�ce procedures were approved by the medical research ethics committee of
the National Research Centre in Egypt with registration No. 13 087 according to the guidelines of the
Ethical Committee of the Federal Legislation and National Institutes of Health Guidelines in USA.
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Tissue homogenates
Liver tissues were homogenized in 0.9 M NaCl. Homogenate was centrifuged at 3,000 rpm at 4oC for 5
minutes and the supernatant was stored at -20°C for different biochemical assays.

Serum sample
The sub-tongual vein was punctured in each animal; blood was collected, left to clot, and then centrifuged
at 3,000 rpm for serum separation. The separated serum was stored at -80oC.

Biochemical Parameters
Total protein was estimated calorimetrically according to [14].

Oxidative Stress Markers

Estimation of lipid peroxides - Lipid peroxide was determined as malondialdehyde. Its concentration was
calculated using the extinction coe�cient value 1.56 < 105 M− 1 cm− 1 and read at 540 nm in
spectrophotometer [15].

Estimation of Nitric oxide - Nitric oxide was determined in tissue liver homogenate. The assay

is based on the enzymatic conversion of nitrate to nitrite by nitrate reductase. The reaction is followed by
colorimetric detection of nitrite as an azo dye product of the Giess Reaction which can be measured
colorimetrically at wavelength 540 nm [16].

Estimation of glutathione - Glutathione was estimated using sodium phosphate buffer and 2 mM
dithiobisnitrobenzoic acid (DTNB). The developed color was read at 405 nm within 5 min in
spectrophotometer. The amount of glutathione was calculated from a standard curve plotted for serial
concentrations of glutathione (5–100 µg) [17].

Estimation of superoxide dismutase enzyme - Catalase activity was assayed spectrophotometrically
following decrease in absorbance at 560 nm. This assay relies on the ability of the enzyme to inhibit the
phenazine methosulphate-mediated reduction of nitroblue tetrazolium dye [18].

Serum Liver Enzymes
Estimation of aminotransferases - AST and ALT were measured using the QCA Diagnostic kits (Spain).
The colorimetric determination of AST and ALT depends on determining amounts of the coloured
hydrazones formed from the 2, 4-dinitrophenylhydrazine of oxaloacetate and pyruvate, the color of which
is read at 505 nm [19].

Estimation of alkaline phosphatase - Enzyme was estimated using QCA Diagnostic kits (Spain) as a
colourless substrate of phenolphthalein monophosphate, hydrolysed by alkaline phosphatase giving rise
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to phosphoric acid and phenolphthalein which, at pH values, turns into a pink colour that can be
photometrically determined at 550 nm [20].

Estimation of γ-glutamyltransferase (γ-GT) - was determined according to the kinetic method using QCA
Laboratory Diagnostic kits (Spain) [21].

Tumor Markers
Determination of α-L-fucosidase level - This was done using Diagnostic kits as the enzymatic cleavage of
the synthetic substrate p-nitrophenyl- α-L-fucopyranoside to p-nitrophenol and L-fucose produced yellow
color in an alkaline medium which can be measured quantitatively at 404 nm [22].

Determination of arginase level - This assay by Biodiagnostic is based upon the colorimetric
determination of urea at 525 nm by condensation with diacetyl monoxime in an acid medium in the
presence of ferric chloride (oxidant) and carbazide (accelerator) [23].

Anti-in�ammatory Markers
Estimation of tumor necrosis factor-α (TNF-α) - Liver TNF-α level was measured by a quantitative enzyme-
linked immunosorbent assay (ELISA) technique according to the manufacturer’s instructions using the
Quantikine TNF-α Immunoassay kit (R&D systems, USA) [24].

An aliquot of sample or calibrator containing the antigen to be quanti�ed is allowed to bind with a solid
phase antibody. After washing, enzyme labeled antibody is added to form a sandwich complex of solid
phase Ab-Ag-Ab enzyme. Excess (unbound) antibody is then washed away, then enzyme substrate is
added. The enzyme catalytically converts the substrate to product, the amount of which is proportional to
the quantity of antigen in the sample.

Estimation of interleukin-6 (IL-6) - Liver IL-6 level was measured by a quantitative enzyme –linked
immunosorbent assay (ELISA) technique according to the manufacturer’s instructions using the
Quantikine IL-6 Immunoassay kit [25].

Comet Assay
Isolated liver tissues of all groups of mice were subjected to comet assay. About 500 cells per animal
were randomly selected from each sample and the comet tail DNA was analyzed with DNA damage
analysis software (Comet Score, TriTek corp., Sumerduck, VA22742). Endogenous DNA damage was
measured as the mean comet tail DNA of liver tissues of several groups [26, 27].

Histological studies
Liver slices were �xed in 10% paraformaldehyde and embedded in para�n wax blocks, stained with
hematoxylin & eosin (H&E), then examined under light microscope for determination of histological
changes [28].

Statistical analysis
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All data were expressed as mean ± SD. Statistical analysis was carried out by one-way analysis of
variance (ANOVA) using SPSS 12 (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA)
Computer Program followed by Turkey’s multiple comparisons post hoc test (LSD) (Least signi�cant
difference) using CoStat Computer programme (CoHort Software, version 6.303, Monterey, USA), where
unshared superscript letters indicate that these groups are signi�cantly correlated at P ≤ 0.05.

Results

Characterization of nanoparticles
The quality of the prepared nanoparticles was ensured by measuring their optical properties and
determining their particle size and shape using HRTEM.

The prepared AgNPs and chitosan-coated silver nanoparticles were isolated to different particle sizes by
size fractionation process by centrifugation at different times and speeds. Visual observation of the
separated nanoparticles showed that AgNPs with 25 ± 5 nm particle size are yellow, whereas chitosan-
coated silver nanoparticles with the same size showed brown color.

The UV–Vis absorption spectrum illustrated in Fig. 1 showed a well-de�ned absorption peaks for the 25 ± 
5 nm particle size. This corresponds to the wavelength of the surface plasmon resonance (SPR) of
AgNPs. This particle size showed the maximum SPR peak (black line) as a sharp absorption band at
λmax = 401 nm for AgNPs and an absorption band (red line) with a maximum at λmax = 425 ± 5 nm for
chitosan-coated silver nanoparticles.

The TEM images of nanoparticles were represented in Fig. 2 (A, B). Both samples showed mainly
spherical, mono dispersed nanoparticles without any agglomeration. The average particle size for both
particles was 25 ± 5 nm according to image processing and analysis program (Image J).

Biochemical Investigations
Data represented in Table 1 showed a signi�cant increase in MDA and NO levels after oral administration
of AgNPs (25 ± 5 nm) in almost all doses. In contrast, there was a signi�cant decrease in levels of GSH
and SOD compared to normal mice. Meanwhile, data in Table 1revealed that oral administration of
chitosan-coated AgNPs (25 ± 5 nm) at all doses signi�cantly improved the deterioration in the levels of
MDA and NO compared to AgNPs administrated groups. In addition, chitosan-coated AgNPs
administration restored the levels of GSH and SOD in almost all doses when compared to control group. 
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Table 1
Descriptive analysis of AgNPs and chitosan-coated AgNPs 25 ± 5 nm on the levels of some biochemical

parameters in studied groups
Groups

Parameters

Control Ag Nps (25 ± 5 nm) Ch-Ag Nps (25 ± 5 nm)

  25
mg/kg

50
mg/kg

100
mg/kg

25
mg/kg

50 mg/kg 100
mg/kg

MDA

(nmole /mg
protein)

6.4 ± 
0.39e

10.12 ± 
0.92d,e

14.82 ± 
2.41b

17.51 ± 
2.5a

7.50 ± 
0.25f

10.43 ± 
0.66d,e

12.49 ± 
0.72c

NO

(µmole/g
tissue)

10.33 ± 
0.47e

13.66 ± 
1.23d

18.13 ± 
2.82b

20.74 ± 
2.72a

11.02 ± 
0.42e

13.49 ± 
0.58d

15.85 ± 
0.96c

GSH

(µg/mg
protein)

76.92 ± 
5.3a

75.86 ± 
4.13b,c

48.32 ± 
2.26e

40.98 ± 
1.55f

57.74 ± 
3.24b

55.18 ± 
1.91e

48.41 ± 
3.92f

SOD

(U/mg
protein)

25.05 ± 
0.71a

19.57 ± 
1.4c,d

16.3 ± 
2.19e

14.1 ± 
1.73f

22.55 ± 
1.04b

18.09 ± 
0.87d

15.31 ± 
0.93e,f

s-AST

(U/ml)

41.66 ± 
4.89g

51.71 ± 
1.74d

59.52 ± 
2.23b

63.62 ± 
1.86a

48.41 ± 
1.06e

52.92 ± 
1.56c,d

58.29 ± 
2.43b

s-ALT

(U/ml)

20.22 ± 
2.22d,e

23.58 ± 
1.59c

28.84 ± 
1.18b

34.17 ± 
2.33a

21.42 ± 
0.92d

25.64 ± 
0.81c

28.24 ± 
1.78b

-GT

(U/mg
protein)

31.22 ± 
4.17a

12.81 ± 
1.24d,e,f

9.49 ± 
1.26g

8.43 ± 
1.44g

17.56 ± 
1.24b

14.12 ± 
0.79c,d,e,f

14.44 ± 
1.24c,d,e,f

 Data are expressed as means ± SD.

 AgNps: silver nanoparticles, Ch-AgNps: chitosan-coated silver nanoparticles.

 MDA: Malondialdehyde, NO: Nitric Oxide, GSH: Reduced-Glutathione, SOD: Super-oxide Dismutase

 AgNps and Ch-AgNPs of average size 25 ± 5 nm were administered orally to �fty-six male Swiss
Albino mice divided into six groups, with a dose of 25, 50, and 100 mg/kg of both nanoparticles, in
addition to a control group.

 Analysis of data is carried out by one way (ANOVA) (analysis of variance) accompanied by post hoc
(LSD) (Least signi�cant difference) (CoStat Computer programme).

 Unshared letters indicate signi�cance correlation at P ≤ 0.05.
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Groups

Parameters

Control Ag Nps (25 ± 5 nm) Ch-Ag Nps (25 ± 5 nm)

  25
mg/kg

50
mg/kg

100
mg/kg

25
mg/kg

50 mg/kg 100
mg/kg

ALP

(U/L)

6.33 ± 
0.84f

10.92 ± 
0.93e

17.35 ± 
2.86a,b

19.09 ± 
3.33a

8.63 ± 
0.31e

10.94 ± 
0.73e

14.51 ± 
0.85c,d

 Data are expressed as means ± SD.

 AgNps: silver nanoparticles, Ch-AgNps: chitosan-coated silver nanoparticles.

 MDA: Malondialdehyde, NO: Nitric Oxide, GSH: Reduced-Glutathione, SOD: Super-oxide Dismutase

 AgNps and Ch-AgNPs of average size 25 ± 5 nm were administered orally to �fty-six male Swiss
Albino mice divided into six groups, with a dose of 25, 50, and 100 mg/kg of both nanoparticles, in
addition to a control group.

 Analysis of data is carried out by one way (ANOVA) (analysis of variance) accompanied by post hoc
(LSD) (Least signi�cant difference) (CoStat Computer programme).

 Unshared letters indicate signi�cance correlation at P ≤ 0.05.

In addition, signi�cant elevations in levels of s-AST, s-ALT and ALP and a signi�cant depletion in γ-GT
were observed after oral administration of AgNPs (25 ± 5 nm) compared to the control group.

However, amelioration in these enzymes levels were observed after oral administration of chitosan-coated
AgNPs with respect to AgNPs administrated groups with varied signi�cances.

Results in Table 2revealed a signi�cant increase in the levels of serum α-L-fucosidase and arginase
compared to control group, whereas improvement in their levels was observed after oral administration of
chitosan-coated AgNPs (25 ± 5 nm) with respect to AgNPs administrated groups. 
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Table 2
Descriptive analysis of AgNPs and chitosan-coated AgNPs 25 ± 5 nm on the levels of some tumor and

anti-in�ammatory markers in studied groups
Groups

Parameters

Control Ag Nps 25 ± 5 nm Ch-Ag Nps 25 ± 5 nm

(G1) 25
mg/kg

(G2)

50 mg/kg

(G3)

100
mg/kg

(G4)

25
mg/kg

(G5)

50 mg/kg

(G6)

100
mg/kg

(G7)

α-L-
fucosidase

(U/L)

2.73 ± 
0.43f

4.87 ± 
0.68b,c,d

5.67 ± 
0.62a,b

6.15 ± 
0.62a

3.73 ± 
0.64e

4.96 ± 
0.51b,c,d

5.08 ± 
0.53b,c,d

Arginase

(U/L)

91.74 ± 
12.06h

130.68 ± 
7.24d,e

143.75 ± 
6.39b,c

158.38 
± 7.72a

127.02 
± 3.99e

137.74 ± 
4.39c,d

133.29 ± 
5.45d,e

TNF-α

(pg/mL)

17.38 ± 
0.91h

27.09 ± 
1.58e

32.45 ± 
0.90c

41.66 ± 
0.82a

25.3 ± 
0.82f

26.16 ± 
0.43e,f

34.66 ± 
0.94b

IL-6

(pg/mL)

15.55 ± 
0.52j

35.19 ± 
1.05f

41.89 ± 
0.81b

44.91 ± 
1.23a

30.64 ± 
1.07h

38.56 ± 
0.45d

41.45 ± 
1.33b

 Data are expressed as means ± SD.

 AgNps: silver nanoparticles, Ch-AgNps: chitosan-coated silver nanoparticles.

 α-L-fucosidase and Arginase are tumor markers, TNF-α: Tumor necrosis factor- α, IL-6: Interleukin-6

 AgNps and Ch-AgNPs of average size 25 ± 5 nm were administered orally to �fty-six male Swiss
Albino mice divided into six groups, with a dose of 25, 50, and 100 mg/kg of both nanoparticles, in
addition to a control group.

 Analysis of data is carried out by one way (ANOVA) (analysis of variance) accompanied by post hoc
(LSD) (Least signi�cant difference) (CoStat Computer programme).

 Unshared letters indicate signi�cance correlation at P ≤ 0.05

Meanwhile, oral administration of AgNPs with different doses demonstrated a signi�cant increase in the
levels of TNF-α and IL-6 compared to control group and chitosan-coated AgNPs (25 ± 5 nm) oral
administration signi�cantly retrieved their levels for almost all doses.

Table 3showed the oxidative DNA damage in the liver cells of mice evaluated by the Fpg-modi�ed Comet
assay after exposure to AgNPs and chitosan- coated AgNPs (25 ± 5) with doses 25, 50 and 150 mg/kg.
Comet assay showed that DNA damage levels were signi�cantly increased with various values recording
the highest damage (23.4%) with AgNPs 25 ± 5 nm and dose 100mg/kg. 
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Table 3

Visual score of DNA damage in liver tissues from different treated groups (Comet Assay)
Treatment No. of cells Class** % of cells with

DNA damage
Cell
Analyzed*

No of
comets

0 1 2 3

Control 500 33 467 26 7 0 6.6

Ag NPs 25 ± 5
nm

25
mg/kg

500 49 451 25 16 8 9.8

50
mg/kg

500 89 411 29 33 27 17.8

100
mg/kg

500 117 383 27 39 51 23.4

Ch-Ag NPs 25 ± 
5 nm

25
mg/kg

500 46 454 22 19 5 9.2

50
mg/kg

500 58 442 19 24 15 11.6

100
mg/kg

500 61 439 22 21 18 12.2

*: Number of cells examined per group, **: Class 0 = no tail; 1 = tail length < diameter of nucleus; 2 = 
tail length between 1X and 2X the diameter of nucleus; and 3 = tail length > 2X the diameter of
nucleus.

 AgNps: silver nanoparticles, Ch-AgNps: chitosan-coated silver nanoparticles.

 AgNps and Ch-AgNPs of average size 25 ± 5 nm were administered orally to �fty-six male Swiss
Albino mice divided into six groups, with a dose of 25, 50, and 100 mg/kg of both nanoparticles, in
addition to a control group.

In addition, class 2 of DNA damage was estimated in this group and revealed 33.3% compared to only
21.2% in normal cases. Moreover, class 3 of DNA damage that is considered the highest damage of DNA
occurred only in AgNPs 25 ± 5 nm and dose 100mg/kg (43.6%) and was not present in controls as shown
in Figure (3).

Figure (4), showed the histological examination of liver sections after oral administration of AgNPs (25 ± 
5 nm) with different doses, where focal areas of in�ammatory cells aggregation, focal necrobiosis in the
hepatic parenchyma Fig. 4(B), periductal in�ammatory cells in�ltration surrounding the bile duct Fig. 4
(C) and cloudy swelling as well as hydropic degeneration of hepatocytes were seen in some parts;
showing degenerative changes in the hepatocytes surrounding and adjacent the dilated central vein Fig. 4
(D).
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While, liver sections of mice administered with chitosan-coated AgNPs (25 ± 5) in �gure (4) showed
noticeable degrees of improvements in comparison to AgNPs administrated groups represented by
decrease in periductal in�ammatory cells in�ltration surrounding the bile ducts Figure 4 (E and F), in
addition to fewer degrees in degeneration detected in the hepatocytes adjacent and surrounding the
dilated central vein Fig. 4 (G).

Discussion
Currently, silver nanoparticles are one of the most widely used NPs in commercial products because of
their strong anti-in�ammatory and antimicrobial properties [1]. The small size of nanoparticles de�nes
their distinct target organs and bio-distribution pattern. The impact of particle size to the AgNPs toxicity
on cell death and cell cycle progression has been reported [29, 30]. Particle size plays an important role
on the uptake kinetics of NPs in the cells [31, 32].

In line with previous published data, the current study has demonstrated that AgNPs (25 ± 5 nm)
administration to mice induced oxidative stress in their liver tissues indicated by signi�cant elevation in
MDA with concomitant increase in NO level in liver in comparison to control mice, accompanied with
signi�cant depletion in the other antioxidant parameters; GSH and SOD.

AgNPs have the ability to generate ROS/RNS that lead to oxidative stress and tissue damage. These ROS
and RNS can initiate lipid peroxidation, result in DNA strand breaks, and indiscriminately oxidize all
molecules in biological membranes and tissues resulting in increase in levels of MDA [33, 34].

Nitric oxide is an ambivalent agent that behaves as a mediator of in�ammation and as a regulator of
redox metabolism. The exposure to different AgNPs doses caused an increase of nitric oxide levels,
which can be associated with either cell activation or cytochrome C release from mitochondria and
apoptosis [34].

The antioxidants GSH and SOD can quench free radicals or serve as a substrate for other antioxidant
enzymes, such as glutathione peroxidase and glutathione reductase [35].

The decreased levels of GSH and SOD after exposure to AgNPs and their toxic effect on the mitochondria
of liver, may be due to complexing of AgNPs with thiol groups, leading to production of ROS and
oxidative stress[34, 36], or to increasing use of GSH to downplay the effect of free radicals after exposure
to the nanoparticles [37].

In this study, administration of chitosan-coated AgNPs greatly improved the level of the hepatic oxidative
stress markers MDA and NO meanwhile up regulating the levels of the antioxidant markers GSH and SOD
compared to their corresponding groups of AgNPs with varied signi�cances.

This improvement may be attributed to the properties of chitosan, including its biocompatibility,
bioactivity and biodegradability. In addition, the antioxidant activity of chitosan can be attributed to in
vitro and in vivo free radical-scavenging activities [38].
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In the present study, intoxication with AgNPs caused damage of liver and lead to increase in the activities
of serum AST, ALT and ALP and a decrease in γ-GT enzyme level indicating a destruction of hepatocytes
architecture because of oxidative stress relative to size and composition of these particles in agreement
with [39].

The increase in AST and ALT after nanosilver exposure was in accordance with the histological �ndings.
Hence, the increase of these enzymes is an indicator of liver damage and thus otherwise alterations in the
hepatic function [40].

The decline observed in γ-GT enzyme is an indication of impaired GSH synthesis. In addition, γ-GT
enzyme is the �rst enzyme in the degradation of GSH to its precursor amino acids making them available
for reuptake and reutilization by the cell for GSH resynthesis [41].

Meanwhile, ALP enzyme elevation in serum is correlated with the presence of bone, liver, and other
diseases [42], which may be attributed to the proliferation of bile ductules and bile canaliculi as a result
of nanoparticles exposure or due to increased loss of intracellular enzyme by

diffusion through cell membranes which appears to act as a stimulus to the synthesis of more enzyme
protein in agreement with [32, 43]

On the other hand, administration of chitosan-coated AgNPs to mice signi�cantly restore AST, ALT, γ-GT
and ALP activities compared to AgNPs administrated groups with varied signi�cances. This may indicate
that coating with chitosan tend to attenuate liver damage by maintaining the integrity of the plasma
membranes, thereby suppressing the leakage of enzymes through membranes, exhibiting
hepatoprotective activity.

The present data showed that AgNPs induced a signi�cant elevation in α-L-fucosidase and arginase
activities compared to control mice. The elevation of tumor markers and their release in the sera may
result from the liver abnormalities and toxicity induced by AgNPs that leads to accumulation of
glutamate or other alterations in enzymes of the glutamate-GABA (glutamate and alpha-amino butyrate)
system [44].

The inhibitory effect of chitosan-coated silver nanoparticles on the activity of these tumor markers may
indicate the signi�cant antitumor activity of chitosan due to its non-toxic, biocompatible and bioactive
properties. The antitumor mechanism of chitosan nanoparticles was related to its membrane-disrupting
and apoptosis-inducing activities [45].

Nanoparticles are also known to up-regulate the transcription of various pro-in�ammatory genes due to
oxidative stress, including TNF-α, IL-1, IL-6 and IL-8, by activating nuclear factor-kappa B (NF-κB)
signaling [46].

In this regard, the present data showed that AgNPs induced a signi�cant elevation in TNF-α and IL-6
levels demonstrating the most in�ammatory potential of AgNPs at the higher doses that can be an
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Conclusion And Recommendations
The liver enzymes, oxidative stress markers, DNA damage degree and liver histological pattern were
greatly in�uenced in a dose dependent manner by AgNPs (25 ± 5 nm) causing profound toxic effects.
Chitosan-coated AgNPs administration reduced the toxic effect of AgNPs, for this we have noticed
restored most biochemical markers. The oxidative disturbance due to AgNPs toxicity was obvious at the
high dose of exposure. It is recommended that careful attention should be considered on the use of such
molecules in sunscreens, cosmetics, pharmaceutical additives and food colorants and the use of natural
matrices in synthesis of AgNPs. The most prominent pathological lesions observed in the liver were
hepatocellular vacuolar degeneration and necrosis reported more cellular damage in the liver of mice
exposed to AgNPs at a dose level of 20 mg/kg, in the form of swelling of cytoplasm, nuclear swelling,
vacuole formation, abnormal hemorrhage, cellular congestion, and necrosis. These lesions were
accompanied with elevation in serum ALT and AST.
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important sign of NP toxicity [38, 47], while chitosan-coated silver nanoparticles signi�cantly attenuated
these elevated levels, indicating that the anti-in�ammatory role of this coating is associated with the
oxidative damage.

Results of the current study were con�rmed by studying the degree of DNA damage after AgNPs as an
evidence for the stress. Comet assay showed that DNA damage, which appear like comets, increased
signi�cantly in all AgNPs administered groups compared to that of the control group. The increasing in
DNA damage observed a clear induction in DNA breaks [48, 49]. However, DNA damage, appearing like
comets is signi�cantly restored in animals administered chitosan-coated silver Nano composites as a
further indication of anti-apoptotic activity and signi�cant tumor regression of chitosan coating in
agreement with [50].

There is evidence that histological changes in liver tissue following AgNPs exposure may be associated
with oxidative stress [51]. The connection between AgNPs, behavioral changes, oxidative stress,
apoptosis and histopathological modi�cation could be ROS as the key molecules [52, 53]. Microscopic
study of liver revealed that various alterations denoting the hepatotoxic effect of AgNPs including
hepatocellular degeneration and focal necrobiosis in the hepatic parenchyma were the most recognized
hepatic changes that were dose dependent.

Administration of chitosan-coated silver nanoparticles showed marked reduction in

histological structure of the liver compared to AgNPs administered groups. These were paralleled with the
results of biochemical analysis of the present study [54].
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Figures

Figure 1

UV–Vis absorption spectra of 25±5 nm particle size of AgNPs and chitosan- coated silver nanoparticles

Figure 2

Transmission electron microscope images (TEM) of25±5 nm AgNPs (A) and chitosan- coated AgNPs (B).
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Figure 3

Visual score of DNA damage [A] (classes 1, 2 and 3); [B] (classes 2 and 3) and [C] (class 0a) using comet
assay in liver samples exposed to AgNPs and chitosan- coated AgNPs.

Figure 4

Photomicrograph of liver sections of mice (H & E x200).Normal hepatocytes in control tissues (A);AgNPs
25±5 nm, 25mg/kg (B); 50mg/kg (C); 100mg/kg (D); Ch-AgNPs 25±5 nm, 25mg/kg (E); 50mg/kg (F);
100mg/kg (G).
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