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Abstract

Background: Silver nanoparticles have antibacterial properties and their use is growing in different industries. Since the toxicity
of nanosilver is not well known, it is essential to examine its safety.
Objectives: This experiment was undertaken to study the effects of nanosilver on rat liver function with an evaluation of blood
biochemistry parameters and caspase-3 expression in the liver.
Materials andMethods: In this experimental study, 40 adult male Sprague-Dawley rats were divided into five groups. In the four
experimental groups, nanosilver particles were given orally for 28 consecutive days at doses of 30, 125, 300, or 700 mg/kg. Rats in
the control group received equal volumes of deionized water. To evaluate the expression of caspase-3 in liver tissue, the real-time
PCR method was used. Albumin, total protein, total bilirubin, alanine aminotransferase, aspartate aminotransferase, and alkaline
phosphatase were measured with an RA-1000 autoanalyzer.
Results: The results indicated that caspase-3 was upregulated in the treated groups compared to the control group (P < 0.05). No
considerable changes in serum biochemical parameters were observed (P > 0.05).
Conclusions: Based on the present study, it can be concluded that oral administration of silver nanoparticles for 28 days had no
effect on rat liver function, but probably led to early apoptotic stages.
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1. Background

Nanotechnology is a rapidly growing science that in-
volves the production of engineered nanoparticles (1).
Among the various nanomaterials, silver nanoparticles
(Ag-NPs) are used generally in medical, industrial, and
home products (2). Their unique characteristics, including
antibacterial properties, have resulted in their widespread
use in medical applications, such as wound-care products
(3), silver-coated catheters, and implantable medical de-
vices (4). Despite the growing applications for products
containing Ag-NPs, there is little information about their
potential toxicity and side effects (5). In vitro evidence sup-
ports the suggestion that Ag-NPs induce strong cytotoxic-
ity and pro-inflammatory effects (4) in a broad spectrum of
cells (6).

Production of reactive oxygen species (ROS) and the re-
lease of cytokines are considered to be the mechanisms
by which metal nanomaterials induce toxicity (3). ROS
are continually generated and eliminated in biological sys-
tems by endogenous or exogenous antioxidants (7-12), but
excessive production of ROS can lead to apoptosis and
cause oxidative DNA damage (3). Apoptosis is initiated by
the sequential activation of caspases, which are a group
of cysteine proteases that exist in cells as inactive proen-
zymes (13). Caspase-3 is a key effector caspase involved in
the apoptotic cascade within cells (14), cleaving different
cellular substrates and inducing apoptotic cell death (15).

Ag-NPs can be found in products related to food and
beverages, such as food-packing materials, kitchen appli-
ances, and health supplements. Therefore, it can be ex-
pected that the gastrointestinal tract is an important site
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of exposure for consumers (16). Orally absorbed Ag-NPs
can enter the bloodstream (17) and aggregate in the liver,
spleen, kidney, lung, and brain (4). The liver in particular is
one of the major organs of accumulation of Ag-NPs (18).

2. Objectives

Given the increased introduction of new nanoscale
products in everyday life (19), this experiment was carried
out to evaluate the effect of Ag-NPs on biochemical param-
eters and the expression of caspase-3 in the liver tissues of
male rats.

3. Materials andMethods

3.1. Ag-NP Solution

Ag-NPs (CAS No. 7440-22-4) were purchased in powder
form from US Research Nanomaterials, Inc. (Houston, TX,
USA). The size distribution of the Ag-NPs was analyzed us-
ing dynamic light-scattering (DLS; Malvern, Nano ZS ZEN-
3600, UK). Deionized water was used for the dispersion of
Ag-NPs into concentrations of 30, 125, 300, and 700 mg/kg
by vigorous vortexing, followed by sonication for 5 min.

3.2. Animal Model and Administration of Ag-NPs

In this study, 40 male Sprague-Dawley rats with
weights of 180 - 200 g were used. The rats were purchased
from Hamadan Medical University (Hamadan, Iran), and
were kept in the animal house under a natural light/dark
cycle with standard conditions of 21± 2°C and 50± 5% hu-
midity. The rats were fed a standard chow diet. All experi-
ments in this study were approved by the ethics committee
of Hamadan University of Medical Sciences. The rats were
randomly divided into five groups (n = 8). Four experimen-
tal groups were treated with 30, 125, 300, or 700 mg/kg Ag-
NPs for 28 days by oral gavage. The control group received
equal volumes of deionized water. The day after the last ad-
ministration, the animals were anaesthetized with chloro-
form, and blood samples were collected from their hearts.
The liver tissues were removed and stored at -80°C.

3.3. Blood Biochemistry

Blood samples were allowed to clot for 45 min at room
temperature. After coagulation, the serum was separated
by centrifugation at 1500 × g for 10 minutes. Albumin
(Alb), total protein (TP), total bilirubin, alanine amino-
transferase (ALT), aspartate aminotransferase (AST), and al-
kaline phosphatase (ALP) were measured using an autoan-
alyzer (Hitachi 7180, Hitachi, Japan).

3.4. Real-Time Reverse Transcription-Polymerase Chain Reac-
tion (RT-PCR)

Total RNA was extracted using RNX-Plus reagent (Cin-
naGen Co., Iran). The RNA samples were then quantified
with a NanoDrop spectrophotometer (BioTek, USA). Re-
verse transcription was synthetized (5 µg of total RNA)
with an AccuPower RT PreMix Kit (Bioneer, Korea) accord-
ing the manufacturer’s protocol. After that, cDNA was
stored at -80°C until use.

RT-PCR was performed using cDNA and gene-specific
primer pairs mixed with SYBR Green PCR master mix in a
final volume of 25 µL for each tube. The primers for ampli-
fication of cDNA coding for caspase-3 were designed from
the GenBank databases using the Allele-ID 6 software. The
primer sequences and PCR product sizes are listed in Table
1.

Table 1. Primer Sets Employed in RT-PCR Analysis

mRNA Accession No.a Primer Sequence (5’ to 3’)

Caspase-3 NM_012922.2

sense: 5’-TTTGGAACGAACGGACCTGT-3’

anti-sense: 5’-CACGGGATCTGTTTCTTTGC-3’

β-actin NM_ 031144.3

sense: 5’-ATCCTCTTCCTCCCTGGAGAA-3’

anti-sense:
5’-TGTTGGCATAGAGGTCTTTACGG-3’

aGenBank accession numbers (http://www.ncbi.nlm.nih.gov).

PCR analyses were performed with a C1000 Thermocy-
cler, CFX96 Real-Time System (BioRad, USA) using a Quanti-
Fast SYBR Green PCR Kit (Bioneer, Korea) according the
manufacturer’s protocol. The samples were first dena-
tured for 5 min at 95°C, followed by 30 cycles for caspase-3
and 35 cycles forβ-actin for denaturation at 95°C for 15 sec-
onds, annealing at 63.9°C for caspase-3 and at 49.4°C for β-
actin for 30 seconds, and extension at 72°C for 30 seconds.
All of the PCR reactions were duplicated for each sample.

The threshold cycles (Ct) in each sample were mea-
sured and normalized to β-actin (housekeeping gene). An
average Ct of duplicate detection for each gene was ob-
tained. The results were calculated with the Livak Method
(2-∆∆Ct) (20) and expressed as the ratio of the Ct value
of cDNA concentrations of target genes relative to that
of β-actin. To confirm the expected molecular weight
(size of amplification product), sequencing was performed
(Bioneer, Korea).

3.5. Statistical Methods

The values were presented as the mean ± standard de-
viation (SD). Statistical evaluation between the groups was
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performed with a one-way analysis of variance (ANOVA).
Post-hoc comparisons were done using Tukey’s test. A sig-
nificant difference was considered at a P value of < 0.05.

4. Results

4.1. Characterization of Ag-NPs

DLS was used to determine the size distribution of
the Ag-NPs in the water-based solution. The nanoparticles
showed peak sizes ranging from 200 to 300 nm, with a
maximum at 292.5 nm and a width of 78.59 nm (Figure 1).
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Figure 1. Size Distribution of the Ag-NPs as Determined by DLS

4.2. Effects on Blood Biochemistry

There were no significant changes in the serum bio-
chemical parameters, including total bilirubin, TP, Alb,
AST, ALT, and ALP, among the treated groups and the con-
trols (P > 0.05) (Table 2).

4.3. Expression of Caspase-3 mRNA

As presented in Figure 2, the administration of Ag-NPs
upregulated caspase-3 mRNA in a dose-dependent manner.
In the groups treated with 30, 125, 300, or 700 mg/kg of
Ag-NPs, the caspase-3 expression increased 6.33-, 7.41-, 7.94-,
and 15.00-fold, respectively, compared to the control group
(P < 0.05). However, our analysis showed that caspase-3 ex-
pression was not significantly different between the Ag-NP-
treated groups (P > 0.05). The DNA product was confirmed
by DNA sequencing (data not shown).

5. Discussion

The common use of nanosilver leads to its release into
the environment and consequently to increased human
exposure (21). Its potential for toxicity is a controversial re-
search area and there is limited information on the sub-
ject (22). In vitro studies support cell toxicity for Ag-NPs
(19), which can induce oxidative stress in human hepatoma

Figure 2. Expression of Caspase-3 mRNA in the Liver Tissue of Rats Treated With Ag-
NPs for 28 Days and the Untreated Controls
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cells (3), DNA damage in testicular cells (23), reduced cell
viability in alveolar macrophages and lung epithelial cells
(24), and apoptosis in HeLa cells (25). The cytotoxic effects
of Ag-NPs have been reported in various cancer cell lines
(17, 26).

In vivo studies have been used for different routes of ex-
posure to Ag-NPs, including intravenous, oral, inhalation,
and intraperitoneal administration (17). Since a large num-
ber of silver nanoproducts are currently available in the
food and beverage category (27), we used the oral route
in our experiment. Most orally administered nanopartic-
ulate silver has been described to be deposited in the liver,
the major organ of detoxification (28).

In this study, we conducted an in vivo assessment in
rats to investigate the effects of Ag-NPs (290 nm) on blood
biochemistry parameters and caspase-3 expression in the
liver. To determine the doses of nanoparticles, we used
the study done by Kim et al. (29). At the end of the treat-
ment, our results showed that TP, total bilirubin, Alb, ALP,
ALT, and AST were not affected. Under normal conditions,
these enzymes remain in the liver cells, and following cell
damage, they are released into the serum (30). These find-
ings suggest that Ag-NPs at these concentrations and dura-
tions of exposure did not cause any significant dysfunction
in rat liver cells. Consistent with our study, Kulthong re-
ported that oral administration of 180-nm Ag-NPs at doses
of 50, 100, 250, 500, and 1000 mg/kg/day for two weeks did
not significantly alter the serum ALT or AST levels (27). Ele-
vated ALP and plasma cholesterol, dilatation of the central
vein and bile duct, and hyperplasia were found in rats af-
ter oral administration of 60-nm Ag-NPs at more than 300
mg/kg/day for 28 days (29). Park et al. in a 28-day oral toxic-
ity study using 42-nm Ag-NPs with concentrations of 0.25
mg/kg, 0.5 mg/kg, and 1 mg/kg in mice, showed that the
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Table 2. Blood Biochemical Parameters in Rats Following Oral Administration of Ag-NPs for 28 Daysa , b

TP,mg/dL T Bil,mg/dL Alb,mg/dL AST, IU/I ALT, IU/I ALP, IU/I

Control 4.57 ± 0.20 0.34 ± 0.02 3.47 ± 0.05 124.75 ± 18.55 29.66 ± 1.52 625.25 ± 234.60

30mg/kg 5.30 ± 0.14 0.31 ± 0.02 3.62 ± 0.05 146.50 ± 20.04 37.00 ± 6.16 516.50 ± 51.53

125mg/kg 4.95 ± 0.34 0.29 ± 0.03 3.22 ± 0.17 134.00 ± 32.62 33.00 ± 11.54 599.75 ± 227.39

300mg/kg 4.95 ± 0.61 0.34 ± 0.02 3.25 ± 0.36 155.75 ± 21.25 20.75 ± 3.86 543.00 ± 75.49

700mg/kg 4.60 ± 0.35 0.34 ± 0.01 3.17 ± 0.37 197.00 ± 84.22 28.00 ± 16.47 704.50 ± 144.54

Abbreviations: Alb, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; T Bil, total bilirubin; TP, total protein.
aChanges in biochemical factors were not significant.
bValues are expressed as mean ± SD.

serum levels of ALP and AST were considerably increased
(17). These discrepancies in toxicology studies are due to
variations in the size of Ag-NPs that are used (31) and the
duration of exposure (27). In the experiment carried out
in mice with oral administration of 1 mg/kg of Ag-NPs for
14 days, it was observed that Ag-NPs at sizes of < 100 nm
were spread throughout the brain, lung, liver, kidney, and
testis, while large-sized Ag-NPs (323 nm) were not detected
in those tissues (17).

We observed that administration of Ag-NPs induced
upregulation of caspase-3. Caspase-3, as an effector cas-
pase, deals with the intrinsic pathway of apoptosis (18).
Eckle et al. have shown that expression of caspase-3 repre-
sents a reliable marker of apoptosis in the rat liver (13).

According to the findings, this difference between the
biochemistry parameters and expression of caspase-3 may
be because activation of caspases happens only transiently
in the early apoptotic stages (27), without yet affecting liver
function.

This study revealed that oral administration of Ag-NPs
of ~ 290 nm in diameter for 28 days had no effect on rat
liver function, but likely led to early apoptotic stages. More
detailed studies using smaller-sized Ag-NPs and longer ad-
ministration periods are necessary to evaluate the in vivo
effects of each dose.

Acknowledgments

The authors gratefully acknowledge the student re-
search center at Hamadan University of Medical Sciences,
Hamadan, Iran, for their financial support.

Footnotes

Authors’ Contribution: Study concept and design:
Mahsa Pourhamzeh, Zahra Gholami Mahmoudian, Zohreh
Alizadeh, Massoud Saidijam, and Mohamad Javad Asari;
analysis and interpretation of data: Zohreh Alizadeh and

Massoud Saidijam; drafting of the manuscript: Mahsa
Pourhamzeh and Zohreh Alizadeh; statistical analysis:
Zohreh Alizadeh.

Funding/Support: This research was supported by a grant
from the student research center at Hamadan University of
Medical Sciences, Hamadan, Iran

References

1. Hussain SM, Schlager JJ. Safety evaluation of silver nanoparticles: in-
halation model for chronic exposure. Toxicol Sci. 2009;108(2):223–4.
doi: 10.1093/toxsci/kfp032. [PubMed: 19237550].

2. Bartlomiejczyk T, Lankoff A, Kruszewski M, Szumiel I. Silver nanopar-
ticles – allies or adversaries?. Ann Agric Environ Med. 2013;20(1):48–54.
[PubMed: 23540211].

3. Xu L, Li X, Takemura T, Hanagata N, Wu G, Chou LL. Genotoxicity
and molecular response of silver nanoparticle (NP)-based hydrogel.
J Nanobiotechnology. 2012;10:16. doi: 10.1186/1477-3155-10-16. [PubMed:
22548743].

4. Dziendzikowska K, Gromadzka-Ostrowska J, Lankoff A, Oczkowski M,
Krawczynska A, Chwastowska J, et al. Time-dependent biodistribution
and excretion of silver nanoparticles in male Wistar rats. J Appl Toxicol.
2012;32(11):920–8. doi: 10.1002/jat.2758. [PubMed: 22696427].

5. Hussain SM, Hess KL, Gearhart JM, Geiss KT, Schlager JJ. In vitro
toxicity of nanoparticles in BRL 3A rat liver cells. Toxicol In Vitro.
2005;19(7):975–83. doi: 10.1016/j.tiv.2005.06.034. [PubMed: 16125895].

6. Hsin YH, Chen CF, Huang S, Shih TS, Lai PS, Chueh PJ. The apoptotic
effect of nanosilver is mediated by a ROS- and JNK-dependent mech-
anism involving the mitochondrial pathway in NIH3T3 cells. Toxi-
col Lett. 2008;179(3):130–9. doi: 10.1016/j.toxlet.2008.04.015. [PubMed:
18547751].

7. Mohammadi A, Bazrafshani MR, Oshaghi EA. Effect of garlic extract on
some serum biochemical parameters and expression of npc1l1, abca1,
abcg5 and abcg8 genes in the intestine of hypercholesterolemic mice.
Indian J Biochem Biophys. 2013;50(6):500–4. [PubMed: 24772974].

8. Mohammadi A, Mirzaei F, Jamshidi M, Yari R, Pak S, Sorkhani A, et al.
The in vivo biochemical and oxidative changes by ethanol and opium
consumption in Syrian hamsters. Int J Biol. 2013;5(4):14.

9. Goodarzi MT, Tootoonchi AS, Karimi J, Abbasi Oshaghi E. Anti-diabetic
effects of aqueous extracts of three Iranian medicinal plants in type 2
diabetic rats induced by high fructose diet. Avi J Med Biochem. 2014;1:7–
13.

10. Mohammadi A, Mirzaei F, Jamshidi M, Yari Y, Pak S, Noori- Sorkhani A.
The in vivobiochemical and oxidative changes by ethanol and opium
consumption in syrian hamsters. Int J Biol. 2013;5:14–22.

4 Avicenna J Med Biochem. 2016; 4(2):e35557.

http://dx.doi.org/10.1093/toxsci/kfp032
http://www.ncbi.nlm.nih.gov/pubmed/19237550
http://www.ncbi.nlm.nih.gov/pubmed/23540211
http://dx.doi.org/10.1186/1477-3155-10-16
http://www.ncbi.nlm.nih.gov/pubmed/22548743
http://dx.doi.org/10.1002/jat.2758
http://www.ncbi.nlm.nih.gov/pubmed/22696427
http://dx.doi.org/10.1016/j.tiv.2005.06.034
http://www.ncbi.nlm.nih.gov/pubmed/16125895
http://dx.doi.org/10.1016/j.toxlet.2008.04.015
http://www.ncbi.nlm.nih.gov/pubmed/18547751
http://www.ncbi.nlm.nih.gov/pubmed/24772974
http://avicennajb.com/


Pourhamzeh M et al.

11. Mohammadi A, Vafaei SA, Moradi MN, Ahmadi M, Pourjafar M, Os-
haghi EA. Combination of ezetimibe and garlic reduces serum lipids
and intestinal niemann-pick C1-like 1 expression more effectively in
hypercholesterolemic mice. Avicenna J Med Biochem. 2015;3(1).

12. Piao MJ, Kang KA, Lee IK, Kim HS, Kim S, Choi JY, et al. Sil-
ver nanoparticles induce oxidative cell damage in human liver
cells through inhibition of reduced glutathione and induction of
mitochondria-involved apoptosis. Toxicol Lett. 2011;201(1):92–100. doi:
10.1016/j.toxlet.2010.12.010. [PubMed: 21182908].

13. Eckle VS, Buchmann A, Bursch W, Schulte-Hermann R, Schwarz M.
Immunohistochemical detection of activated caspases in apoptotic
hepatocytes in rat liver. Toxicol Pathol. 2004;32(1):9–15. [PubMed:
14713542].

14. Gown AM WMDOACIAPSIUATCC3HC.
15. Bantel H, Ruck P, Gregor M, Schulze-Osthoff K. Detection of elevated

caspase activation and early apoptosis in liver diseases. Eur J Cell Biol.
2001;80(3):230–9. doi: 10.1078/0171-9335-00154. [PubMed: 11322387].

16. Loeschner K, Hadrup N, Qvortrup K, Larsen A, Gao X, Vogel U, et al. Dis-
tribution of silver in rats following 28 days of repeated oral exposure
to silver nanoparticles or silver acetate. Part Fibre Toxicol. 2011;8:18. doi:
10.1186/1743-8977-8-18. [PubMed: 21631937].

17. Park EJ, Bae E, Yi J, Kim Y, Choi K, Lee SH, et al. Repeated-dose toxi-
city and inflammatory responses in mice by oral administration of
silver nanoparticles. Environ Toxicol Pharmacol. 2010;30(2):162–8. doi:
10.1016/j.etap.2010.05.004. [PubMed: 21787647].

18. Lee TY, Liu MS, Huang LJ, Lue SI, Lin LC, Kwan AL, et al. Bioenergetic
failure correlates with autophagy and apoptosis in rat liver following
silver nanoparticle intraperitoneal administration. Part Fibre Toxicol.
2013;10:40. doi: 10.1186/1743-8977-10-40. [PubMed: 23958063].

19. Munger MA, Radwanski P, Hadlock GC, Stoddard G, Shaaban A, Fal-
coner J, et al. In vivo human time-exposure study of orally dosed
commercial silver nanoparticles. Nanomedicine. 2014;10(1):1–9. doi:
10.1016/j.nano.2013.06.010. [PubMed: 23811290].

20. Livak KJ, Schmittgen TD. Analysis of relative gene expression data us-
ing real-time quantitative PCR and the 2(-Delta Delta C(T)) Method.
Methods. 2001;25(4):402–8. doi: 10.1006/meth.2001.1262. [PubMed:
11846609].

21. Wijnhoven SWP, Peijnenburg WJGM, Herberts CA, Hagens WI, Oomen
AG, Heugens EHW, et al. Nano-silver–a review of available data and
knowledge gaps in human and environmental risk assessment. Nan-

otoxicology. 2009;3(2):109–38.
22. Sahu SC, Zheng J, Graham L, Chen L, Ihrie J, Yourick JJ, et al. Compara-

tive cytotoxicity of nanosilver in human liver HepG2 and colon Caco2
cells in culture. J Appl Toxicol. 2014;34(11):1155–66. doi: 10.1002/jat.2994.
[PubMed: 24522958].

23. Asare N, Instanes C, Sandberg WJ, Refsnes M, Schwarze P,
Kruszewski M, et al. Cytotoxic and genotoxic effects of silver
nanoparticles in testicular cells. Toxicology. 2012;291(1-3):65–72.
doi: 10.1016/j.tox.2011.10.022. [PubMed: 22085606].

24. Soto K, Garza KM, Murr LE. Cytotoxic effects of aggregated nanomate-
rials. Acta Biomater. 2007;3(3):351–8. doi: 10.1016/j.actbio.2006.11.004.
[PubMed: 17275430].

25. Miura N, Shinohara Y. Cytotoxic effect and apoptosis induction
by silver nanoparticles in HeLa cells. Biochem Biophys Res Com-
mun. 2009;390(3):733–7. doi: 10.1016/j.bbrc.2009.10.039. [PubMed:
19836347].

26. Ciftci H, Turk M, Tamer U, Karahan S, Menemen Y. Silver nanoparti-
cles: cytotoxic, apoptotic, and necrotic effects on MCF-7 cells. Turk J
Biol. 2013;37(5):573–81.

27. Kulthong K, Maniratanachote R, Kobayashi Y, Fukami T, Yokoi
T. Effects of silver nanoparticles on rat hepatic cytochrome
P450 enzyme activity. Xenobiotica. 2012;42(9):854–62. doi:
10.3109/00498254.2012.670312. [PubMed: 22458323].

28. Xue Y, Zhang S, Huang Y, Zhang T, Liu X, Hu Y, et al. Acute toxic ef-
fects and gender-related biokinetics of silver nanoparticles following
an intravenous injection in mice. J Appl Toxicol. 2012;32(11):890–9. doi:
10.1002/jat.2742. [PubMed: 22522906].

29. Kim YS, Kim JS, Cho HS, Rha DS, Kim JM, Park JD, et al. Twenty-
eight-day oral toxicity, genotoxicity, and gender-related tissue dis-
tribution of silver nanoparticles in Sprague-Dawley rats. Inhal Tox-
icol. 2008;20(6):575–83. doi: 10.1080/08958370701874663. [PubMed:
18444010].

30. Geho DH, Jones CD, Petricoin EF, Liotta LA. Nanoparticles: poten-
tial biomarker harvesters. Curr Opin Chem Biol. 2006;10(1):56–61. doi:
10.1016/j.cbpa.2006.01.003. [PubMed: 16413816].

31. Ataei ML, Ebrahimzadeh-Bideskan AR. The effects of nano-silver and
garlic administration during pregnancy on neuron apoptosis in rat
offspring hippocampus. Iran J Basic Med Sci. 2014;17(6):411–8. [PubMed:
25140202].

Avicenna J Med Biochem. 2016; 4(2):e35557. 5

http://dx.doi.org/10.1016/j.toxlet.2010.12.010
http://www.ncbi.nlm.nih.gov/pubmed/21182908
http://www.ncbi.nlm.nih.gov/pubmed/14713542
http://dx.doi.org/10.1078/0171-9335-00154
http://www.ncbi.nlm.nih.gov/pubmed/11322387
http://dx.doi.org/10.1186/1743-8977-8-18
http://www.ncbi.nlm.nih.gov/pubmed/21631937
http://dx.doi.org/10.1016/j.etap.2010.05.004
http://www.ncbi.nlm.nih.gov/pubmed/21787647
http://dx.doi.org/10.1186/1743-8977-10-40
http://www.ncbi.nlm.nih.gov/pubmed/23958063
http://dx.doi.org/10.1016/j.nano.2013.06.010
http://www.ncbi.nlm.nih.gov/pubmed/23811290
http://dx.doi.org/10.1006/meth.2001.1262
http://www.ncbi.nlm.nih.gov/pubmed/11846609
http://dx.doi.org/10.1002/jat.2994
http://www.ncbi.nlm.nih.gov/pubmed/24522958
http://dx.doi.org/10.1016/j.tox.2011.10.022
http://www.ncbi.nlm.nih.gov/pubmed/22085606
http://dx.doi.org/10.1016/j.actbio.2006.11.004
http://www.ncbi.nlm.nih.gov/pubmed/17275430
http://dx.doi.org/10.1016/j.bbrc.2009.10.039
http://www.ncbi.nlm.nih.gov/pubmed/19836347
http://dx.doi.org/10.3109/00498254.2012.670312
http://www.ncbi.nlm.nih.gov/pubmed/22458323
http://dx.doi.org/10.1002/jat.2742
http://www.ncbi.nlm.nih.gov/pubmed/22522906
http://dx.doi.org/10.1080/08958370701874663
http://www.ncbi.nlm.nih.gov/pubmed/18444010
http://dx.doi.org/10.1016/j.cbpa.2006.01.003
http://www.ncbi.nlm.nih.gov/pubmed/16413816
http://www.ncbi.nlm.nih.gov/pubmed/25140202
http://avicennajb.com/

	Abstract
	1. Background
	2. Objectives
	3. Materials and Methods
	3.1. Ag-NP Solution
	3.2. Animal Model and Administration of Ag-NPs
	3.3. Blood Biochemistry
	3.4. Real-Time Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
	Table 1

	3.5. Statistical Methods

	4. Results
	4.1. Characterization of Ag-NPs
	Figure 1

	4.2. Effects on Blood Biochemistry
	Table 2

	4.3. Expression of Caspase-3 mRNA
	Figure 2


	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution
	Funding/Support

	References

