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INTRODUCTION 

In Nanotechnology a Nanoparticle is defined as a 
small object that behaves as a whole unit in terms of 
its transport and properties. A particle having one or 
more dimensions of the order of 100 nm either less 
or above is called nanoparticle. Why silver 
nanoparticle is important among the all 
nanoparticles? because of its applications on 
catalysis, optics, electronics, medical field and other 
areas due to their size dependant optical, electrical 
and magnetic properties. It is also used in 
biotechnology and bioengineering. Silver 

nanoparticles (AgNPs) are used in manufacture of 
nearly about 400 consumer products primarily. It 
also exhibits antibacterial and antifungal properties. 
Various types of Clothes and related products for 
human utilization are made by silver nanoparticle as 
principal constituent, such as AgNPs fabrics

1
 and 

products of personal hygiene maintenance
2
. Some of 

the silver nanoparticle products are air medium 
conveyable, such as nasal sprays or air freshener 

2
 

some are include wound dresser
3
, some are comes 

under nanosilver toothpastes category, and some 
are designed as colloidal silver suspensions 
nutritional supplements

4
. Silver nanoparticle reaches 

directly to the target organ liver via bloodstream in 
all application to the body, it reach the bloodstream 
through inhalation

5
, through the skin

6
 and through 

the GI tract
7
. When silver nanoparticles translocate 

to the bloodstream passing after any exposure 
routes, it usually accumulates in the target organ 
liver. Previous studies have shown a high 
accumulation of silver NPs in the liver after 
injection

8
, also previous studies proved retention of 

silver particles in the liver following direct ingestion
7
. 

AgNPs proved to be highly toxic not only to bacteria 
and fungi but also to a number of animal species and 
cultured cells

9, 10
. AgNPs toxicity has often been 

associated with Ag ion release and induction of 
oxidative stress

10
. Studies showed an equivalent 

toxicity of same concentration soluble silver 
compared to AgNPs 

11
, and particles with very low 

solubility have elicited high toxicity in exposed 
species and cells

9
. The literature shows examples for 

both inflammatory
12

 and anti-inflammatory
13

 effects 
of nano silver, as well as conflicting results with 
regards to the ability of AgNPs to cause oxidative 
stress

12, 11
. The silver nanoparticles show 
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ABSTRACT 

     Silver nanoparticles (NPs), is widely used in 
the manufacture of various types of consumer 
products.  It is widely applied in textile 
industries, optics, electronics, catalysis, 
magnetic and medical fields, which includes 
therapeutic and diagnostic. It has antibacterial 
and antifungal property. It belongs to novel 
types of materials but pose potential risks to 
human as well as animal health. It negatively 
affects mice at higher dose when repeatedly 
induced through oral gavages. It creates toxicity 
in target organ liver predominantly by 
accumulating inside it and enhances oxidative 
stress in vital organs by over production of ROS 
in cell and depletion of antioxidant enzyme 
level in tissue. The effect of Ag-NPs on hepatic 
Catalase and glutathione (GSH) levels were 
variable in different treated groups compared 
with the control. 

Key words : Magnetic stirring and cooling 
method, smaller size silver nanoparticle 
toxicity, oral gavages exposure. 
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inflammatory gene expression and releases pro-
inflammatory mediators in tissue. Results of this 
study will definitely contribute to choose suitable 
endpoints for in vitro risk assessment of silver 
nanoparticles. 

AIM 

The present study is aimed to compare the 
hepatotoxicty induced by small and large size Silver 
nanoparticle.  

MATERIAL  

Silver nanoparticle colloidal solution synthesized 
& prepared by magnetic stirring & cooling method.

14
 

30 ml of 0.002M Sodium borohydride (NaBH4) 

laboratory prepared fresh solution added to an 
Erlenmeyer flask. A 1 inch magnetic stir bar was 
placed in the flask in an ice bath surrounding the 
Erlenmeyer flask on a magnetic stir plate. 2 ml of 
0.001M silver nitrate (AgNO3) is added into the 

stirring NaBH4 solution at approximately 1 drop per 
second from a sterile bottle with infusion set 
attached. Stirring stopped as soon as all of the 
AgNO3 is added.  Small portion of the solution is 
transferred to a test tube. One drop of 0.3% 
polyvinyl pyrollidone (PVP) added to the solution 
present in the test tube and a drop of NaCl to 
prevent aggregation and to make effective hanging 
of the particles in solution core. The presence of a 
colloidal suspension can be detected by the 

         

A      B 

 

C 

Fig.  1 (A-C) Photomicrograph of the mice liver A. Control showing the central vein and the hepatocytes. (40x 
H&E)B .The 5 mg/kg b.w. treated mice live showing disarrangement of the hepatocytes with marked 
inflammatory cell infiltration and congestion. (40x H&E) C.10 mg treated mice showing marked dilatation of 
the sinusoids, necrosis of the hepatocytes and inflammatory cell (40x H&E) 
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reflection of laser beam from the silver particles. The 
preparation mixture ranged from 1200 to 1500 nm 
size silver nanoparticles were added respectively 
after suspended in normal saline. PVP (0.33%) and 
NaBH4 (0.002 M) were added for proper stability and 
to prevent aggregation in core of the solution. For 
confirmation of the size both the test AgNPs colloidal 
solution send to pharmaceutical division for dynamic 
light scattering analysis with the help of Delsa Nano

 

TM
 Beckmann Coulter machine. AgNO3 transparent 

crystal beads in sealed packet form of respective 
sizes and other chemicals were purchased from 
Sigma Aldrich Company USA. 

METHOD  

Adult male and non pregnant female Swiss albino 
mice weighing approx. 25 gm-35gm were randomly 
selected from the animal house  Department of 
Anatomy, IMS, BHU from separate aseptic breeding 
colonies,. The study was approved by central animal 
ethical committee IMS, BHU (No. 
Dean/2014/CAEC/614/Dt.30.05.14). The mice were 
kept at avg. (22-26

0
c) with humidity 55±5% and were 

provided Hindustan lever diet pellets and tap water 
add libitum. They were run 12 hr light n dark cycle at 
a ratio of 1:1 inside plastic polycarbonate cage with 
light transferable network of stainless steel roofing.  

The strong and healthy male and female mice 
which were heterozygous were divided into three 
groups (1-Control group (Sham control treated with 
anionic double distilled water), 2.  1200 to 1500 nm 
size range silver nanoparticle treated group at the 
dose of 5mg/ kg b.w., 3. 1200 to 1500 nm size range 
silver nanoparticle treated group at the dose of 
10mg/ kg b.w.) 

AgNPs was administered through repeated oral 
gavages for 28 days continuously. AT 29

th
 day the 

mice were sacrificed by over dose of deep ether/ 

chloroform inhalation anesthesia.  The liver from 
each mice and group was dissected in a clean and 
sterile condition. The liver was cut in two halves. 
One was fixed in 10% formalin while the other was 
subjected to Anti oxidant enzyme Catalase test and 
Reduced Glutathione. Six micron thin serial section 
of the liver tissue was cut by rotator microtome and 
evaluated after H & E staining.  

RESULT- DLS ANALYSIS OF RESPECTIVE 
TEST SOLUTION 

   The DLS analysis of both test mixture indicated 
average diameter of the silver particle ranged 

between 1200 to 1500.  With an average of 1300 
nm. The Poly Dispersity Index of both size silver 
nanoparticle colloidal solutions was measured 0.461 
and 0.568 with a zeta potential analysis of -17.52mV.  
UV-Vis spectrophotometric analysis of the both test 
solution also yielded more or less the same result 
but maximum absorption of UV light ( near about 
0.35 absorbance rate) was observed for 80 nm silver 
particle size with maximum excitation whereas 
lowest absorption (>0.06 absorbance rate) was 
observed for 1500 nm silver particle size with 
minimum excitation. 

 Freshly dissected liver were presented with 
alteration and depletion in Catalase activity in the 
form of optical density in 90 second gap interval 
from 90 to 720 seconds of UV-Vis 
spectrophotometric analysis in treated group.  Liver 
tissue homogenized with 10 times normal saline 
(1:10) were exposed to Reduced Glutathione test. 
The results of optical density values obtained were 
imposed into Reduced Glutathione standard curve.   

HISTOLOGY 

6 micrometer serial sections of liver of mice were 
cut by rotator microtome and stained by 

Table 1: Showing the Catalase (u. mg. / prot.) activity and Reduced Glutathione values (u. mg. / prot.) in 
the mice liver following AgNPs as oral gavage  

Parameter Control(FT) 5 mg / kg b.w. (FT) 10 mg / kg b.w. (FT) 

No. of mice 10 10 10 

Catalase 
(unit mg/protein 

25.943±35.96 25.944±16.86 25.945±15.85 

Reduced Glutathione 
(unit mg/protein) 

0.572±0.81 0.444±0.71 0.476±0.26 

*
 Values are presented as means ± s. d. / FT- Fresh Tissue 
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Haematoxylin and eosin staining. The 
photomicrographs exhibited severe toxic features, 
clumps of hepatocyte necrosis in form of multiple 
patches, discrete infiltration of lymphocytes which 
also includes cell blebbing, multiple calcified focus & 
discrete red cell masses in multiple areas. 

Catalase enzyme elevation in treated liver 
issue  

Catalase depletion in the fresh liver tissue was 
observed after doing Catalase activity test. The 
Catalase activity showed no difference when the 
control were compared with the I treated groups, p 
value <1.2. 

Depletion of reduced glutathione activity as 
oxidative stress focus 

Oxidative stress effect in the liver tissue has been 
observed in the form of depletion of Reduced 
Glutathione activity in treated group mice when 
compared with control group (p value < 0.05). 

DISCUSSION 

According to Knetsch ML et al In 2011, Takenaka 
S et al. in 2001 and Lee Y et al. in 2013 Silver 
nanoparticle accumulates mainly in liver because it 
contains high levels of thiol-rich proteins such as 
glutathione.

 15, 16, 17
 Our study also reports the same 

thing that is depletion in Reduced Glutathione 
activity is a major parameter for oxidative stress. 
Arora S, Jain J, Rajwade J, Paknikar K. et al in 2009 
reported AgNPs (7-20 nm) with final concentrations 
of 10-200 μg/ml (10-200 ppm) can cause oxidative 
stress, apoptosis, and decreased cell viability in 
fibroblasts and liver cells isolated from Swiss albino 
mice.

18
 Our study also reports AgNPs of mean 

1300.15nm average size range   in concentration of 
5mg/kg b.w. and 10mg/kg b.w can cause the same 
and histological hazards.  AgNPs proves to be highly 
toxic to primary hepatocyte (Gaiser et al., 2012; Piao 
et al., 2011).

9, 19
 The consequences of AgNPs toxicity 

is oxidative stress (Carlson et al., 2008; Piao et al., 
2011).

20, 19 
Catalase activity in our study exhibited 

variable result these findings shows similarity to 
those of Piao et al. (2011),

 19
 which showed a strong 

decrease in reduced GSH in human Chang 
hepatocyte treated with AgNPs. This differentiation 
could be due to the type of AgNPs used. Using AgNPs 
at a toxic dose, as evidenced by the images with 
rounded off, detaching cells at the concentrations 
used, whereas this study only used sub lethal 
particle concentrations.  

Histology showed cell rounded off with detaching 
activity in sub lethal Silver nanoparticle dose.   Our 
study also reports inflammatory mediator expression 
of liver cytology and infiltration of neutrophils into 
the space where clump of necrotic hepatocytes are 
seen. Histopathological examination of liver revealed 
that various alterations denoting the hepatotoxic 
effect of silver nanoparticles including hepatocellular 
degeneration, necrosis and individual apoptosis 
were the most recognized hepatic changes that were 
dose dependent. Several studies confirmed that liver 
is the target organ for the effect of silver 
nanoparticles (Ji et al., 2007; Gopinath et al., 2008; 
Kim et al., 2008b; Sung et al., 2009), also (Hussain et 
al., 2005) reported that silver nanoparticles were 
highly toxic in rat’s liver cells.

21, 22, 23, 24, 25
 Silver 

nanoparticles reduced the activity of mitochondria 
which results in reduction of available energy for 
cells. Moreover, (Sardari et al., 2012) discussed the 
mechanism of silver nanoparticles induced 
hepatotoxicity by repeated oral administration and 
they found that nanoparticles are removed from the 
liver by macrophages due to phagocytosis process 
and the repetition of this process produced higher 
oxygen radicals.

26
 The results of the current study 

are consistent with previous reports by (Sung et al., 
2009; Kim et al., 2010).

24, 26
 

This study suggests that repeated use of AgNPs 
orally for testing may cause a mild to moderate 
toxicity, as indicated by time, size and dose 
dependent toxic responses in liver tissues. Silver 
nanoparticle proves to be highly toxic through 
repeated oral gavages exposure.Silver nanoparticle 
cause inflammatory mediator expression in liver 
histology. DLS analysis says the size of the study used 
silver nanoparticle vary between 71-1300.5 nm 
range. Large size particle not able to penetrate the 
cell membrane effectively but pressurizes the area 
where it abnormally accumulates. Rather than 
causing intracytotoxicity it causes teratogenic effects 
at tissue level by hampering nutrition.  
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