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ABSTRACT 
 

In the body, nanoparticles can be systemically distributed and then may affect secondary target organs, such 
as the liver. Putative adverse effects on liver function are rarely investigated to date. The main of this study was 
to find out how the Nano-silver particles (Ag-NPs) affect ALT, AST and ALP activity in male and female mice . 
Forty mice including twenty male and twenty female, were randomly divided into eight groups: C1 (male 
control), C2 (female control), T1, T2, T3 (male treatment) and T4, T5and T6 (female treatment). After the 
adaptation period, treatment groups were gavaged with Silver Nanoparticle solution, T1 (3mg/kg), T2 
(300mg/kg), T3 (1000mg/kg) and T4 (3mg/kg), T5 (300mg/kg) and T6 (1000mg/kg) for 15 days. At the end of 
study period, blood samples for sera preparations were collected from the tail vein and, centrifuged and removed 
serum stored at -20°C until analysis. Serum ALT,AST and ALP activity were measured with biochemical 
analyzer (Chemistry analyzer photometer, DANA-4500). Serum AST level in male mice showed statistically 
increase compared to control. In female mice AST level in group T4 rised significantly to control (C2) 
conversely T4, T6 exhibit statistically remarkable decrement to C2. ALT level in T1 elevated remarkably to C1 
where as in T2 and T3 decreased significantly. ALT levels in all female treatment groups (T4, T5 andT6) 
indicated statistically increased amount to their control (C2). Male ALP levels in T1 and T2 elevated 
significantly compared to control (C1).There was no considerable change in ALP level in female groups.  
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Introduction 
 

Silver has been used since ancient times in 
medical applications as an anti-microbial agent, long 
before the emergence of antibiotics, and it is believed 
to have beneficial healing and anti-disease properties. 
Metallic silver has been subjected to engineered 
nanotechnology resulting in some extraordinary 
novel morphologies and characteristics. Silver 
nanoparticles (AgNPs) are groups of silver atoms 
ranging in size, in at least one dimension (typically 
spherical diameter), from 1 to 100 nm. They have 
been incorporated into medical products, including 
wound dressings; catheter coatings and bone cement 
[1, 2, 3]. In the recent years, nanotechnology had 
rapid progress in the most of different scientific 
branches and showed the effects on all parts of 
human, animal, environmental, and industrial life. 
One of the substances used in nano-formulation is 
silver nano-particle. It has been used since ancient 
times for jewelry, utensils, monetary currency, dental 
alloy, photography, explosives, etc [4]. Until the 
introduction of antibiotics, it was also used for its 

antiseptic activity, specifically in the management of 
open wounds and burns. Due to its antimicrobial 
properties, silver has also been incorporated in filters 
to purify drinking water and clean swimming pool 
water . Particle morphologies include spheres, cubes, 
wires and multi facets, normally within a size range 
of <100 nm. Silver nano particles have been 
considered as antibacterial made by human and could 
be used as an additive instead of antibiotics due to 
their antibacterial properties and their adaptability to 
biological systems [5]. Sawosza et al. (2007) studied 
the effect of different levels of colloidal Ag-NPs (0, 
5, 15 and 25 mg/kg) on intestinal microbial flora and 
duodenal morphology in Quails [6]. The result of this 
study showed that the effect of silver nano-particles 
on the number of E. coli and other intestinal bacteria 
were not significant. Grodzik and Sawosza (2006) 
evaluated effect of silver nanoparticles on the fetal 
growth and morphology of bursa of fabricius. They 
showed that silver nano-particles with concentration 
of 10 ppm have no effect on the growth of chicken 
embryos, but the number and size of the lymph 
follicles were decreased [7]. Silver nanoparticles 
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have been shown to damage liver cells [8]. The toxic 
effect or heavy metal poisoning is defined as “any 
functional or morphologic change in the body 
produced by an ingested, injected, inhaled or 
absorbed drug, chemical, or biological agent” [8]. 
Our aim in this study was evaluation the Effect of 
Silver Nanoparticles on liver enzyme alteration in 
male and female mice. 

 
Method and Meterial 

 
2.1. Experimental Animals: 

 
All procedures that involved animals were 

approved by the Veterinary Ethics Committee of the 
Faculty of para Veterinary Medicine of Ilam 
University. Forty mice including twenty male and 
twenty female, were randomly divided into eight 
groups: C1 (male control), C2 (female control), T1 
(male treatment,3mg/kg),T2 (male 
treatment,300mg/kg), T3 (male 
treatment,1000mg/kg) and T4 (female 
treatment,3mg/kg),T5(female treatment,300mg/kg) 
and T6(female treatment,1000mg/kg).Each group 
comprise five mice.The animals of each group were 
housed in separate cages with sawdust bedding. Mice 
were kept in a 25 oC room with a 12h light: dark 
cycle, had free access to feed and clean water, and 
were stabilized for two weeks before the start of the 
experiment. 

 
2.2. Synthesis of Silver Nanoparticles: 

 
 The AgNPs were synthesized in a one-step 

reduction process in an aqueous solution. In a typical 
preparation, a 400-μL aliquot of a 0.1-M AgNO3 
aqueous solution was added into 100 mL of an 
aqueous solution containing 0.10 wt. % of the 
soluble starch and vigorously stirred for 1 h. The pH 
of the resulting solution was adjusted to 8.0 by 
adding 0.1 M NaOH solution. Under this 
experimental condition, the initial reaction mixture 
was colorless, and the growth of the AgNPs was 

monitored at different intervals using UV–vis 
absorption spectroscopy. After about 1 h, the solution 
turned light yellow, which indicated the initial 
formation of the AgNPs. The mixture was 
maintained at 50°C for 24 h, and the color of the  
reaction solution became yellow. 

Picture 1 shows the UV–vis absorption spectra 
obtained at different time intervals after mixing 
AgNO3 aqueous solution with soluble starch 
aqueous solution at 50°C. The formation of AgNPs 
in the colloidal solution was monitored by recording 
the absorption spectra as the small noble metal 
particles reveal the absorption band in the UV–vis 
spectral region due to surface plasmon resonance 
(SPR). The process of reduction of the Ag+ ions 
using the starch was slow, yielding a broad 
absorption band centered at about 400 nm until 1 h of 
reaction, which was assigned to the SPR of AgNPs. 
The broadband indicates a relatively high 
polydispersity, both in size and shape of the Ag 
particles. The intensity of the SPR band increased 
systematically with the increase of reaction time, to 
reach a maximum after about 24 h. Thereafter, the 
intensity of the SPR band did not change. The 
reduction of Ag+ ions with the starch aqueous 
solution at 50°C leads to the formation of AgNPs that 
are stable in solution for several months. This 
indicates that the soluble starch serves as both 
reducing and protecting agent. A typical TEM image 
of the AgNPs is displayed in Picture. 2a. The AgNPs 
are observed with a relatively broad particle size 
distribution (20–85-nm range). To clarify the exact 
crystal structure of the AgNPs, electron diffraction 
(ED) measurements were carried out. The diffraction 
rings of the AgNP ED pattern (Picture. 2b) 
correspond well to the crystalline planes of the 
cubicstructured Ag, suggesting the nanocrystalline 
nature of these AgNPs. The rings in electron 
diffraction pattern can be assigned to the [111], 
[200], [220], [311], and [222] crystal planes of a 
face-centered-cubic lattice structure of the AgNPs, 
respectively.

 

 
Pic. 1: Temporal evolution of UV–visible absorption spectra after the addition of AgNO3 solution into the  
             soluble starch solution at 50°C 
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Pic. 2: a Typical TEM image of the starch-stabilized AgNPs  and b the ED pattern of the AgNPs 

  
2.3.Treatment 

 
After the acclimatization period, treatment 

groups were gavaged with Silver Nanoparticle 
solution, T1 (male treatment,3mg/kg),T2 (male 
treatment,300mg/kg), T3 (male 
treatment,1000mg/kg) and T4 (female 
treatment,3mg/kg),T5(female treatment,300mg/kg) 
and T6(female treatment,1000mg/kg) for 15 days. 

 
2.4.Serum analyses: 

  
On the last day of the study the overnight fasted 

animals were anesthetized with formalin and blood 
samples for sera preparations were collected from the 
tail vein of each mouse into sterile plain tubes. 
Serum samples were separated from the clot by 
centrifugation at 3000 rpm for 15 min using a bench 
top centrifuge (MSE Minor, England). Serum 
samples were separated into sterile plain tubes and 
stored in the refrigerator for analyses. Determinations 
of parameters were performed using an automated 
biochemical analyzer (Chemistry analyzer 
photometer DANA-4500).  

 

2.5.Statistical analysis:  
 
The results were expressed as mean ± SD. 

Differences between means were analyzed using 
one-way ANOVA, and then the means were 
compared with Duncan. P values of 0.05 or less were 
taken as being statistically significant. Data were 
analyzed using version 16 of SPSS software (SPSS 
Inc., Chicago, IL, USA). 

 
3. Results: 

 
Serum AST level in male mice showed 

statistically increase compared to control. In female 
mice AST level in group T4 rised significantly to 
control(C2) conversely T4,T6 exhibit statistically 
remarkable decrement toward to C2. ALT level in T1 
elevated remarkably to C1 where as in T2 and T3 
decreased significantly. All treatment groups (T4, T5 
andT6) indicate statistically increased amount to 
their control (C2). Male ALP levels in T1 and T2 
elevated significantly compared to control 
(C1).There was no change in ALP level in female 
groups.
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Fig. 1: The AST serum level in male control, test group received 3mg/kg (T1), test group received 
300mg/kg(T2) and test group received 1000mg/kg (T3)Silver nano-particle. Each test group was 
compared with control group. (* = P<0.05) 

 

 
 

Fig. 2: The AST serum level in female control, test group received 3mg/kg (T4), test group received  
300mg/kg(T5) and test group received 1000mg/kg (T6)Silver nano-particle. Each test group was 
compared with control group. (* = P<0.05) 

 

        
 

Fig. 3: The ALT serum level in male control, test group received 3mg/kg (T1), test group received                             
300mg/kg(T2) and test group received 1000mg/kg (T3)Silver nano-particle. Each test group was 
compared with control group. (* = P<0.05) 
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Fig. 4: The ALT serum level in female control, test group received 3mg/kg (T4), test group received                             

300mg/kg(T5) and test group received 1000mg/kg (T6)Silver nano-particle. Each test group was 
compared with control group. (* = P<0.05) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5: The ALP serum level in male control, test group received 3mg/kg (T1), test group received 300mg/kg(T2) 

and test group received 1000mg/kg (T3)Silver nano-particle. Each test group was compared with 
control group. (* = P<0.05) 

 

 
 

Fig. 6: The ALP serum level in male control, test group received 3mg/kg (T4), test group received                             
300mg/kg(T5) and test group received 1000mg/kg (T6)Silver nano-particle. Each test group was 
compared with control group. (* = P<0.05) 
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Discussion: 
 
There is no consensus on the cytotoxicity of 

nanosilver, however, most publications do show 
reduced cell viability following exposure. Additional 
toxic effects seen in the in vitro studies are 
glutathione depletion, mitochondrial deviations or 
destruction and damage to cell membranes. 
Nanosilver enters the body through the skin, 
respiratory system and gastrointestinal tract. The 
most important way to contact it, especially in the 
gastrointestinal tract is in colloidal form [9].In this 
study in male mice, we observed more increase in 
AST level in lower dose(3mg/kg,T1 group) in 
comparison to higher doses in T2(300mg/kg)  and 
T3(1000mg/kg) and similarly in females, group  T4 
with lower dose showed significant increase in AST 
level where as higher doses not only can not increase 
AST level but also decreased AST in groups T5 and 
T6.  Absorbed nanosilvers bind to plasma proteins 
and can enter the cells. They are distributed in organs 
such as liver, kidney, heart, lymph nodes, brain, lung, 
stomach and testicles [10]. Absorbed nanosilvers 
from gastrointestinal tract enter liver through the 
portal vein and might have impact on the liver since 
the liver serves as the first checkpoint for everything 
absorbed before becoming systemic. Liver is able to 
actively remove compounds from the blood and 
transform them to chemical forms that can easily be 
excreted. It is a logical assumption that ingested 
silver nano-particles might have impact on the liver. 
In the present study, physiological effects of 
nanosilver particles have been evaluated at different 
doses on serum ALT, AST, ALP in male and female 
mice. Hepatic damage induced by gavaging of 
nanosilver particles in mice, has possibly caused 
severe irritation of oxidant system in these cells. The 
smaller the diameter of the nanoparticles is, the more 
its influence to cells and its molecular effects on the 
intracellular mechanisms will increase. In 1989, 
Machiedo et al showed that free radicals induced by 
nanoparticles can cause destruction of red blood 
cells. [11] Susan et al. in 2009 showed that with 
changes in the diameter of nanoparticles, their 
distribution in body tissues and their effects will 
become different [12]. In fact, free radicals from the 
nanosilver particles have attacked hepatocytes and 
released ALT stored in them and entering into the 
blood serum; whereas; the immune response of rats 
to an external factor has been the increase of the 
number of white blood cells for phagocytosis of 
nanosilver particles [13]. same results in our research 
were observed in female mice as ALT in all 
treatment groups elevated compared to control.  
Considering the importance of role of hepatocytes in 
detoxification, any changes made in their structure 
and number can cause very large physiological 
changes for human body. On the other hand, wide 
use of different nanosilver particles in the whole 
world, requires more accurate and comprehensive 

studies on the effects of these nanoparticles on blood 
cells. The use of laboratory rats as animal models, 
and various treatment methods and nanoparticles 
with different combinations and diameters presents 
new horizons for further research to investigate 
applications of nanotechnology in physiology 
[14].Also we observed an increase in ALP levels in 
male mice T1 and T2 groups in comparison to 
control that can be justified with inflammatory 
process and destruction of hepatocytes [15]. In 
accordance with our study Kim et al. (2008) showed 
that repeated oral doses of nanosilver for 28 days did 
induce liver toxicity, as shown by increases in serum 
activity of ALP [16]. Although it should be noted 
that ALP in female did not experience any 
statistically considerable change compared with 
control. 

 
Conclusion: 

 
In conclusion, the present study clearly 

demonstrated that, oral administration of nanosilver 
to male and female mice causes alterations in liver 
enzymes in both gender, except in case of ALP in 
female. 
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