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Background: Nanosilver is extensively used in medical equipment. Given the importance
of white blood cells (WBC) in the immune system and liver cells in the body
detoxification, this study has examined the effects of nanosilver particles on the white cell
count and ALT liver enzyme in male Wistar rats.
Materials and Methods: This experimental study was conducted on 40 adult male Wistar
rats, provided from Pasteur Institute of Tehran. Nanosilver particles with concentrations of
50, 100, 200 and 400ppm were intraperitoneally injected to the treatment groups. Then,
the mean of ALT enzyme concentration and white blood cell count of rats were compared
in case and control groups at day 12 after treatment through ANOVA test.
Results: The greatest effect of nanosilver particles on the ALT liver enzyme of rats was at
concentration 50ppm after 3 days of injection (p=0.002). Also the greatest effect of
nanosilver particles on white blood cells of rats was at concentration 400ppm after 12 days
of injection (p=0.0001).
Conclusion: The oxidative stress induced by intraperitoneally injection of nanosilver
particles in rats causes severe irritation and immune system and increases the creation of
white blood cells and liver damage in rats treated with nanosilver particles.
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Introduction

ure silver has the highest coefficient of electrical
emission and thermal transfer to other metals.
Colloidal silver was first used by Lee in 1889 for

medical use [1, 2]. In the old times, silver was used in
World War I for wound dressing as disinfectant, but
penicillin was substituted afterwards. Nowadays, the use of
nanosilver particles can be seen around the world in
various sciences; especially in medicine. For example, it
can be used in hospitals for external wounds and burns [3,
4]. The use of Nano-technology, like other technologies,
can have several disadvantages. For example, experts do
not have enough information on whether nanosilver
particles have destructive effects on tissue and cells of
flesh.

The disposal of packaging makes it possible for
nanoparticles to have serious consequences for the
environment and human health. The particles being
emitted in the environment, skin contact of researchers
with these nanoparticles, and their various impacts on all
organisms of human body, is a subject on which extensive
and detailed research should be conducted [5].

On the other hand, various toxins and nanoparticles may
change body immune system and blood cells using which
may have disadvantages for the body. Considering that
most toxins in the body enter the liver for detoxification,
this study investigated liver enzyme changes and white
blood cells changes after injection of nanosilver particles.
The first step in detecting liver damage is to conduct a

simple blood test that indicates the presence of certain liver
enzymes. Under normal conditions; these enzymes are
within the liver cells, but when liver is damaged, these
enzymes enter the blood stream. The most sensitive and
most common liver diagnostic enzymes are alanine
aminotransferases [6, 7].This study has examined the
physiological effects of nanosilver particles on the changes
of this liver enzyme and the amount of white blood cells in
rats. Given the importance and novelty of studies on nano-
biotechnology and considering the effects of diameter and
size of nanoparticles on their properties, this study used the
first generation of nanosilver particles as colloidal,
spherical and with a mean diameter of 4 nm for injection to
the rats [1, 8].

Materials and Methods
This experimental study was performed on 40 adult male

Wistar rats. These animals were purchased from Pasteur
Institute of Tehran and were kept in the animal house of
Islamic Azad University of Falavarjan for one month in
order to prepare for the test. The animals were kept in the
proper conditions and temperature of laboratory
(temperature 22±2ºC) and enough room light (12 h light
and 12 h dark). Laboratory animals with mean weight of
225±25g were divided into five groups of eight.

These groups included control group that received 1ml
saline so that the effect of shock of the injection in treated
and control groups would be identical. One milliliter of
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nanosilver particles with concentration 50ppm was
injected to the second group. The third group was injected
with 1ml of nanosilver particles with concentration 100
ppm. The fourth group was injected with 1ml of nanosilver
particles with concentration 200ppm and the fifth group
was injected with 1ml nanosilver particles with
concentration 400 ppm. The injections were repeated for 5
consecutive days. The injection was intraperitoneally in all
groups. On the days 3, 8 and 12, after treatment blood was
taken from rats’ corner of eye lids using the capillary tube.

ALT serum concentration was measured by biochemical
kits and Spectrophotometry. Then, the mean of ALT serum
concentration in rats of treated and control groups were
compared. The amount of white blood cells was measured
by cell counter. The average concentration of white blood
cells was compared in treated and control groups of rats.
Moreover, the nanosilver particles with average diameter
of 4 nm were purchased from Nanonasab Pars Company.
Nanosilver particles were diluted using serial dilution
method. In order to compare the average white blood cells
in control group with each treated group, t-test was used in
each concentration of Nanosilver after treatments. The
significant difference between samples was considered 1%
and 5%. Also, in order to compare the rate of changes of
white blood cells in all treated groups after treatment,
ANOVA statistical test was used in different
concentrations of Nanosilver. Considering that before
treatment, the amount of white blood cells in rats did not
differ significantly, the design used in this study was
completely randomized. Meanwhile, software SPSS-8 was
used for the statistical evaluation of data [9, 10].

Results
Figure 1 shows that the average ALT of serum in the

control group is equal to 80.25±23, which increased to
96.33±20, 3 days after injection of nanosilver particles of
50ppm, the difference was statistically significant
(p=0.002) (Fig. 1). Among the various concentrations of
nanosilver particles, the most appropriate concentration to
change liver enzyme level in treated groups was 50 ppm
(Fig. 2).The average WBC in the control group and treated
group was compared with nanoparticles, 12 days after the
treatment (Table 1).

The number of white blood cells of rats in the control
group is equal to 16.25×103±1.02×103 that increased to
17.55×1033±3.83×106, 12 days after the injection in group
of 50 ppm, which was not statistically significant due to
the high level of standard deviation (p=0.24). In the group
of 100 ppm, this number increased to 19.65×103±1.40×103

on the day 12, which was a significant difference
(p=0.042). In the group of 200 ppm, white blood cells
were equal to 21.43×103±1.68×103 on the day 12 after the
treatment.

This difference was significant compared to the control
group (p=0.031). In group of 400ppm, white blood cells
were equal to 25.19×103±1.80×103 on the day 12 after the
treatment. This difference was significant compared to the
control group (p=0.002) (Fig. 3). The treatment was on the
day 12 after treatment with nanosilver particles at
concentrations 50, 100, 200, and 400ppm. Figure 4 shows

that with increase of concentration of nanosilver particles,
the level of white cell count will have a significantly
nonlinear increase. Pearson’s correlation coefficient is
r=0.991, which indicates a significant direct correlation
between the above two factors (Fig. 4). However, the
effects of nanosilver particles on the amount of serum ALT
do not depend on concentration, and the greatest increasing
effect exists in the concentration of 50ppm (Fig. 5).

The number of white blood cells of rats in the control
group equals to 16.25×103±1.02×103 that increased to
17.55×1033±3.83×106, 12 days after the injection in group
of 50 ppm, which was not statistically significant due to the
high level of standard deviation (Table 1). In the group of
100 ppm, this number increased to 19.65×103±1.40×103 on
the day 12, which was a significant difference (p<0.05)
(Fig. 2). In the group of 200 ppm, white blood cells were
equal to 21.43×103±1.68×103 on the day 12 after the
treatment. This difference is significant in comparison with
control group (p<0.01) (Fig. 3). In group of 400ppm, white
blood cells were equal to 25.19×103±1.80×103 on the day
12 after the treatment. This difference was highly
significant compared to the control group (p<0.01) (Fig. 4).
The treatment was on the day 12 after treatment with
nanosilver particles at concentrations 50, 100, 200, and
400ppm.Figure 5 shows that with increase of concentration
of nanosilver particles, the level of white cell count will
have a significantly nonlinear increase. Pearson’s
correlation coefficient is r=0.991, which indicates a
significant direct correlation between the above two factors
(Fig. 5). Also, mean of serum ALT in the control group is
equal to 80.25±23, which increased to 96.33±20, 3 days
after injection of nanosilver particles of 50ppm. The
difference was statistically significant (p=0.05). Among the
various concentrations of nanosilver particles, the most
appropriate concentration to change liver enzyme level in
treated groups was 50 ppm.

Table 1. Comparison of WBC in the control group and the group treated
with nanosilver particles 12 days post treatment

Concentration of
nanosilver
12 day post treatment

Controls Treatments

50ppm (16.25±1.02)×103 (17.55±3.83)×103

100ppm (16.25±1.02)×103 (19.65±1.40)×103

200ppm (16.25±1.02)×103 (21.43±1.68)×103

400ppm (16.25±1.02)×103 (25.19±1.80)×103

Figure 1. The comparison of ALT serum level average in control and
treatment groups 3 day after treatment in different concentration of
nanosilver
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Figure 2. The comparison of ALT serum level average in control and
treatment groups in different days after treatment of nanosilver

Figure 3. The comparison of WBC average in control and treatment
groups in 400ppm concentration of nanosilver

Figure 4. The comparison of WBC average 12 day after treatment in
different concentration of nanosilver

Figure 5. The optimum concentration of nanosilver in change of ALT
serum level average in control and treatment groups 3 days after
treatment of nanosilver

Discussion

In this study, the greatest damage to liver cells occurred at
low concentrations, such as 50ppm, 3 days after injection,

while at higher concentrations such as 100, 200 and 400
ppm, no significant change was made at ALT serum
enzyme levels after liver damage. The oxidative stress
induced by intraperitoneally injection of nanosilver
particles in rats causes severe irritation of white blood cells
creation and subsequently, occurrence of a state of
excessive increase in white blood cells in the rats treated
with nanosilver particles [8, 9]. These effects were not
significant at low concentrations such as 50 ppm on the day
12 after the injection, while it was significant at
concentrations of 100 and 200 ppm on the day 12 after the
injection. At concentrations above 400 ppm, Nanosilver
particles caused an apparent increase in the number of
white blood cells on the day 12 after the injection. The
results of this project show that the effects of nanosilver
particles on the amount of white blood cells are dose-
dependent.

In the present study, physiological effects of nanosilver
particles have been evaluated at different concentrations on
serum ALT and WBC count in male Wistar rats. Hepatic
damage induced by intraperitoneally injection of nanosilver
particles in rats, has possibly caused severe irritation of
oxidant system in these cells. In 1989, Machiedo et al
showed that free radicals induced by nanoparticles can
cause destruction of red blood cells. [9] 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 [11].

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 the present
study, nanosilver particles average diameter of 4 nm and its
shape is spherical [10, 12]. Due to higher contact surface
and more influence on the cell membrane in higher doses,
nanosilver particles lead to the influence in white blood cell
mitochondria and changes in their enzyme activity.
Apoptosis pathways are activated regarding the liver cells
in the dose 50ppm. Sriram et al. in 2010 proved that
nanosilver particles can activate Caspase mitochondrial
enzymes, especially Caspase3 in lymphoid cancerous cells
and cause planned death or apoptosis in them [14]. In the
present study, considering the diameter and shape of used
nanoparticles, anti-apoptotic pathways has been probably
strengthened in white blood cells and apoptotic pathways in
hepatocytes. 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].

Considering the importance of white blood cells in
defending the body and the important 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, especially in our
country, 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
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diameters presents new horizons for further research to
investigate applications of nanotechnology in physiology
[15].

Acknowledgements
This study is derived from the proposal approved by the

University under the code 28126/301. The efforts of all
staff of research laboratory of Islamic Azad University of
Falavarjan, especially Dr. Monajemi and head of
laboratory of Hashtbehesht in Isfahan, Dr. Ghazvini, will
be highly appreciated. Nooshin naghsh is Authors’

Contributions. Also, Financial Disclosure and support
were performed with Islamic Azad University of
Falavarjan.

Authors’ Contributions
All authors had equal role in design, work, statistical
analysis and manuscript writing.
Conflict of Interest
No conflict.
Funding/Support
Islamic Azad University of Falavarjan.

References
1. Guan ZZ. An experimental study of blood biochemical

diagnostic indices for chronic fluorosis. Zhonghua Yu
Fang Yi Xue Za Zh 1991; 25(1): 33-5.

2. Eisler R. A review of silver hazards to plants and animals.
Proceedings of the 4th international conference transport,
fate and effects of silver in the environment. USA:
Maryland University; 1996: 143-144.

3. Hori K, Martin TG, Rainey P and Robertson WO. Believe
it or not-silver still poisons. Vet Hum Toxicol 2002; 44(5):
291-2.

4. Lagaron JM, Cabedo L, Cava D, et al. Nanotechnology
and improving packaged food quality and safety. Part 2:
Nanocomposites. Food Addit Contam 2005; 22(10): 994-
8.

5. Hogstrand C, Wood CM. The toxicity of silver to marine
fish. USA: University of Kentucky; 1996: 109-112.

6. Moudgil BM, Roberts SM. Designing a strategies for
safety evaluation of nanomaterials. Part nano-interface in a
microfluidic chip to probe living VI. Characterization of
nanoscale particles for cells: challenges and perspectives.
Toxicol Sci USA 2006; 103: 6419-6424.

7. Christoforidis GA, Frank JA, Lindau M, et al.
Nanoparticles: Potential biomarker harvesters. Curr Opin
Chem Biol 2006; 10: 56-61.

8. Naghsh N, Valian S, Madani H. [Investigation of Beta
cells specific apoptosis on the plasma free fatty acids
level] Persian. Iran J Biochem Mol Biol 2005; 1(1): 15-16.

9. Machiedo GW, Powell RJ, Rush BF Jr, et al. The
incidence of decreased red blood cell deformability in
sepsis and the association with oxygen free radical damage
and multiple system organ failure. Arch Surg 1989;
124(12): 1386-1389.

10. Hussain SM, Hess KL, Gearhart JM, et al. In-vitro toxicity
of nanoparticles in BRL 3A rat liver cells. Toxicol in-vitro
2005; 19(7): 975-983.

11. Susan WP, Williw GM, Van Maaike J. Nanosilver: A
review of avelable data and knowledge gaps in human and
environmental risk assessment. Nanotoxicol 2009; 3(2);
109-138.

12. Portney NG, Ozkan M. Nano-oncology: Drug delivery,
imaging, and sensing. Anal Bioanal Chem 2006; 384(3):
620-30.

13. Braydich-Stolle L, Hussain S, Schlager JJ, Hofmann MC.
In-vitro cytotoxicity of nanoparticles in mammalian
germline stem cells. Toxocol Sci 2005; 88(2): 412-419.

14. Sriram MI, Kanth SB, Kalishwaralal K and Gurunathan S.
Antitumor activity of silver nanoparticles in Dalton’s
lymphoma ascites tumor model. Int J Nanomedicine 2010;
5: 753-762.

15. Nickel U, Castell AZ, Poppl K, Schneider S. A silver
colloid produced by reduction with hydrazine as support
for highly sensitive surface-enhanced Raman
spectroscopy. Langmuir 2000; 16(23): 9087-9091.

Please cite this article as: Naghsh N, Noori A, Aqababa H, Amirkhani-Dehkordi S. Effect of nanosilver particles on alanin amino transferase

(ALT) activity and white blood cells (WBC) level in male wistar rats, in vivo condition. Zahedan J Res Med Sci (ZJRMS) 2012; 14(7): 34-37.

D
ow

nl
oa

de
d 

fr
om

 z
jrm

s.
ir 

at
 2

3:
11

 +
04

30
 o

n 
F

rid
ay

 M
ay

 1
0t

h 
20

19

http://zjrms.ir/article-1-1327-en.html

