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INTRODUCTION 

Microorganisms that invades the complex root 
canal system may cause pulpal and periapical 
pathosis due to interaction with host.(1,2) A significant 
goal of root canal treatment is the removal of 
bacteria from the root canal and prevention of 
subsequent reinfection.(1,3–5) This is achieved by 
a thorough bio-mechanical cleaning of the root 

canal followed by the complete filling of the canal 
space.(3) Enhancing the rate of success of root canal 
treatment can be achieved by sealing materials that 
exhibit both antibacterial properties as well as high 
sealing ability.

During endodontic treatment, procedures of 
cleaning and shaping eliminates microorganisms 
from the complex root canal system. However, 
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ABSTRACT

Silver ions and Nano silver particles have a great importance as they used as root canal sealers 
due to their antimicrobial properties. However biocompatibility and satisfactory physico-chemical 
properties should be achieved to directly contact the root canal sealers with the surrounding 
tissues. This study aimed to compare the cytotoxicity and genotoxicity of silver-zeolite with silver 
nanoparticles. MRC-5 cell line was used as an in vitro model. The cell viability was assessed 
using MTT cytotoxicity assay. Genotoxicity was tested by alkaline single cell gel electrophoresis 
(comet assay) for measuring DNA damage. Each material was tested in different concentrations 
(100mg/ml, 50mg/ml, 25mg/ml, 12.5mg/ml, and 6.25mg/ml). The results showed that silver 
zeolite has lower cytotoxic effect than silver nanoparticles among all different concentrations used 
in the study. Also the results showed unaccepted cytotoxicity levels for silver nanoparticles on 
concentrations of 100mg/ml and 50mg/ml. Data obtained from the Comet assay indicated that both 
silver nanoparticles and silver zeolite causes DNA damage with no significant difference between 
the two treated groups.   



(3996) Yousra Mohamed Nashaat, et al.E.D.J. Vol. 64, No. 4

it is not possible to completely remove all the 
bacteria(6). In such cases sealing materials that have 
antimicrobial properties is more desirable.

The goal of endodontic treatment is not only to 
eliminate bacteria from the root canal complex, but 
also to prevent re-infection. (7)

The sealing agents used for root canal system 
obturation should establish a fluid tight seal of the 
roots apical area. To achieve this microorganisms 
growth inhibition is required.

Grossmann stated that among the ideal 
requirements of root canal obturating materials is 
the inhibition of microorganisms growth with good 
biocompatibility and not irritant to the peri-radicular 
tissue.(8)

Antimicrobial properties of these sealers will 
ensure elimination of microbes as well as prevent 
re-infection. Root canal sealers should ideally 
have satisfactory physio-chemical properties and 
excellent biocompatibility. Since these materials 
contacts the periapical tissue directly their 
biocompatibility and periradicular tissue tolerance 
are of primary importance. (9)

Silver was the antiseptic agent of choice 
prior the invention of antibiotics.(10) With nano-
technology and its advancement, nano-silver 
particles are broadly used in the medical field, 
including antibacterial coatings of medical devices, 
wound dressing and creams. (11) Because nano sized 
materials gives larger surface area which enhance 
their antibacterial effect rather than its bulk solid 
form, which led to the use of nano-silver particle as 
a potential irrigating chemical. 

Zeolites are aluminosilicate solids with structures 
based upon a three dimensional ceramic framework. 
Therefore, they have micropores that are constructed 
by connecting many small cages. Silver ions locate 
at specific positions within the interior of the cage 
because of the surrounding electron density.(5,12,13)

Silver zeolite was presented as a crystalline 
alumino silicate material with silver ions having 
antimicrobial effect against almost all microbes yet 
the release of silver ions may lead to some cytotoxic 
effects. (14)

MATERIALS AND METHODS

Cell Cultures

MRC-5 cell line were supplied from VACSERA 
company, Giza, Egypt. Cells were grown in 75 cm2 
cell culture flasks containing culture media until 
confluent monolayer was obtained. The medium 
used was 71% Dulbecco’s modified Eagle’s medium 
(DMEM) (Sigma, Dorset, England, U.K.), 17.5% 
Medium 199 (Sigma/Aldrich, USA) (15), 9% foetal 
calf serum (FCS) (Sigma/Aldrich, USA), 1.6% 200 
mM L-glutamine (Sigma/Aldrich, USA), and 0.9% 
100mM Sodium Pyruvate (Sigma/Aldrich, USA).

Tested Materials

1) Nano-silver*.

2) Dental silver containg zeolite**.

*) NanoTech Center (Dreamland, 6 Oct, Cairo) in a 
concentration of 2200 part/million

**)  Inventor Xuejun Qian, Foothill Ranch, CA(US)

- Asignee: Kerr Corporation, Orange, CA (US)

Preparation of tested materials:

The tested materials were divided as follow:

a)  Group A: Silver nano-particles were added to 
the well plates with five different concentrations 
(100mg/ml – 50mg/ml – 25mg/ml – 12.5mg/ml 
– 6.25mg/ml)

b)  Group B: Silver zeolite particles were added to 
the well plates with five different concentrations 
(100mg/ml – 50mg/ml – 25mg/ml – 12.5mg/ml 
– 6.25mg/ml)

The tested materials were prepared using a 
modified method; 1 mg of each concentration of 
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tested materials was mixed under aseptic conditions 
with 1 ml of full-growth medium. Then, the tested 
materials were placed in a 24-well plate and 
incubated for 24 h at 37 oC in 5 % CO2 atmosphere 
after which the supernatant was carefully removed 
and submitted to serial dilutions in full-growth 
medium with concentrations 1mg /ml for each 
tested material and then were used immediately for 
cytotoxicity assay.

MTT cytotoxicity study (16)

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay is a non-
radioactive colorimetric assay used for measuring 
cell proliferation, viability or cytotoxicity. MTT 
is a water-soluble, yellow, tetrazolium salt. 
Metabolically active cells are able to convert this 
dye into a water-insoluble dark blue formazan by 
reductive cleavage of the tetrazolium ring [19]. 
Formazan crystals can then be quantified and 
dissolved by measuring the absorbance of the 
solution at 550 nm, and the resultant value is related 
to the number of living cells.

Procedure

Cells were detached after trypsinisation and 
suspended. Cells were seeded at a density of 1.0 
x 104 cells/well in 100 μl full-growth medium 
(DMEM + 10 % FBS + antibiotics) in 96-well plates 
for 24 hours, then growth medium was replaced and 
removed with 100 μl medium containing different 
tested materials. The cytotoxicity of the tested 
materials was determined after 24 hours incubation 
with MRC-5cell line. 20μl of MTT dye solution 
(5mg/ml in phosphate buffer pH-7.4) was added to 
each well.

The incubation was done at 37° C and 5% CO2 
for 4 hours, then the medium was removed and 
formazan crystals were solubilized with 200μl of 
DMSO after which the reacted dye was dissolved 

by vigorously mixing the solution. A microplate 
reader (DYNATECH MR7000 instruments) at 550 
nm was used to read the absorbance of each well.

Cytotoxicity was rated based on cell viability; 
means and standard deviations were calculated for 
each group and statistically analyzed to determine 
the presence or absence of significant differences.

Analysis of DNA damage by comet assay

Frosted glass microscopic slides firstly were 
coated by dipping in  normal melting point agarose  
NMPA and air dried . different groups of MRC-5 cell 
suspension (100µl) were mixed with 100µl of low 
melting agarose (1% in PBS). 0.1 µl of the resulted 
mixture was added to the perviously coated slide 
and covered with cover slip immediately and kept 
in dark at 4Cº  for 10 minutes to allow solidification 
of agarose. Cover slip was then removed and  the 
slides were placed in lysis buffer [2.5 mol/L NaCl, 
100 mmol/L Na2 EDTA, 10 mmol/L Tris, (pH 
10)] with freshly added 1% Triton X-100 and 10% 
DMSO for at least 1 hour at 4Cº.The slides were 
incubated for 10 minutes at 4Cº in electrophoresis 
chamber with electrophoresis alkaline buffer (pH > 
13) for unwinding of DNA and allowing expression 
of alkali labile site. The electrophoresis was carried 
out for 20 minutes at low voltage (25 V, 300 mA, 
4Cº). Subsequently the slides were washed for 
three times, 5 minutes for each with neutralization 
buffer and stained with ethidium bromide (2 mg/
mL), covered with a cover slip and observed at 40x 
objective using fluorescence microscope. Komet 
5 image analysis software developed by Kinetic 
Imaging, Ltd. (Liverpool, UK) linked to a CCD 
camera were used to assess DNA damage. The 
images were examined; the length of DNA migration 
(tail length) was measured. The percentages of 
DNA in the tail were calculated for all cell groups. 
The tail moment, expressed in arbitrary units, was 
calculated as: tail length X percentage of migrated 
DNA / 100. Generally, 50 to 100 randomly selected 
cells were analyzed per sample.
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RESULTS

Statistical analysis

Data were expressed as means ± SD. Test of 
normality, Kolmogorov-Smirnov test, was used 
to measure the distribution of data. Accordingly, 
data were not normally distributed, so comparison 
between values of measured at different 
concentrations in the in two studied groups were 
performed using Mann-Whitney U test. Statistical 
Package for Social Sciences (SPSS) computer 
program (version 19 windows) was used for data 
analysis. P value ≤ 0.05 was considered significant.

On comparing the cytotoxicity of different 

concentrations of Group A ( Nano-Silver) the results 
showed that decreasing the concentration of silver 
nanoparticles affect significantly the cytotoxicity at 
the whole group where cell viability increases on 
decreasing the concentration of silver nanoparticles.

On comparing the cytotoxicity of different 
concentrations of Group B (Silver Zeolite) the 
results showed that decreasing the concentration 
Silver zeolite) there was no significant difference 
among the whole group on decreasing the 
concentration from 100 to 6.25 where the decrease 
of concentration causes steady decrease in the 
cytotoxicity each time the concentration decreased.

TABLE (1) Comparison between values of cell viability indicated by MTT assay in the two studied groups 
measured at different concentrations.

Concs. Nanoparticles (n= 5) Zeolite (n= 5) Z test p value

100 44.91 ± 3.75 74.97 ± 3.14 -2.611 0.009*

50 65.40 ± 3.65 85.80 ± 3.27 -2.611 0.009*

25 71.00 ± 5.92 80.80 ± 5.40 -2.095 0.036*

12.5 78.00 ± 4.06 87.80 ± 5.54 -2.193 0.028*

6.25 83.00 ± 4.69 97.80 ± 5.76 -2.514 0.012*

Data are expressed as mean ± SD.  p> 0.05= not significant.  *p< 0.05= significant.

Fig (1): Bar-chart showing comparison between different 
concentrations of silver nanoparticles

Fig (2): Bar-chart showing comparison between different 
concentrations of silver zeolite
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On comparing the cytotoxicity of the two groups 
on different concentrations Silver Zeolite showed 
significantly higher cell viability than nano-silver in 
all concentrations.

The results of DNA damage by Comet assay  
showed  elevation of  tail moment unit in both 
silver zeolite and nanosilver treated groups when 
compared with normal. T.M-U unit express the 
amount of DNA damage, and it was calculated. For 
each cell, the length of DNA migration (T. L µm) 
was measured as the distance between center of 
the nucleus to the end of the tail. The percentage 
of DNA(T.DNA%) in the tail was calculated by 
measuring the total intensity (fluorescence) in the 
cells, which was taken as 100 %, and determining 
what percentage of this total intensity corresponded 

to the intensity measured only in the tail. The tail 
moment, expressed in arbitrary units, was calculated 
as: tail length X percentage of migrated DNA / 100. 

Fig (3): Bar-chart showing comparison between values of 
cytotoxicity in the two studied groups measured at 
different concentrations

Fig (4): Linear chart showing comparison between values of 
cytotoxicity in the two studied groups measured at 
different concentrations

Fig. (5): Mean values of comet tail length (T.l), density of DNA 
and tail moment unite (T.M-U) in the three studied groups.

TABLE (2): Values of mean tail DNA% (damage), tail length and tail moment of comets. Significant 
difference is indicated by superscript letter

No. Groups T. L µm T.DNA% T.M –U

(I) Normal cell suspension 1.13± 0.14b 2.45 ± 0.45b 0.09±0.03b

(II) Cell suspension +Ag-Nanoparticles (36.26 µg/ml) 2.77± 0.30a 10.07±0.56a 0.59±0.04a

(III) Cell suspension +Ag-Macro particles  (131.101 µg/ml) 2.45 ± 0.17a 12.63±1.04a 0.49±0.02a

P-VALUE < 0.001< 0.001 < 0.001 < 0.001 < 0.001
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DISCUSSION

It is crucial for the outcome of the root canal 
treatment to successfully eliminates microbes from 
the necrotic root canal space avoiding contamination 
of apical tissue, which can be managed clinically (17).

The best way used for bacterial reduction in the 
root canal apical region, is achieved mechanically 
by instrumentation accompanied by antibacterial 
irrigating solutions.(18,19)

Recently it was stated that silver ions minimize 
the growth of bacteria by binding to thiol groups 
(-SH) in enzymes causing their deactivation. 
Silver forms stable S-Ag bonds with compounds 
containing thiol in the cell membrane which are 
involved in ion transport and energy generation.(20)

Silver containing compounds were used for 
maintaining the antimicrobial activity, (1, 21) because 
of their strong antimicrobial activity, high stability, 
and wide antibacterial spectrum. For the preparation 
of such materials, zeolites have been used as the 
host inorganic compound. Silver zeolite consists 
of a crystalline aluminosilicate zeolite, which 
forms the skeleton of silver zeolite and permits ion 
exchange. Of the several cations that bind to zeolite 
(Ag+, Zn++, etc.), silver ions have been widely 
used in medicine as an antimicrobial agent and bind 
to zeolite resulting in a gradual, stable, and long-
lasting release of silver ions.(22)

Nano silver  which is a metallic silver is 
distributed uniformly on the surface of the dental 
materials. It does not cause its corrosion or changes 
its color. The addition of Nano silver into the root 
canal filling materials prevents further spread of 
bacteria and is highly biocompatible. (23)

ISO recommended (10993-5, 2009), that the cell 
viability if less than 70%, it would be considered as 
cytotoxic to that type of cell.(24)

According to the ISO recommendation Silver 
nanoparticles in the concentrations of 100 μg/

ml, and 50 μg/ml were stated to be cytotoxic as 
the results of cell viability of these concentrations 
were below 70%. While  silver zeolite wasn’t 
cytotoxic in all concentrations used starting from 
the highest concentration 100 μg/ml, till the lowest 
concentration 6.25 μg/ml where the mean of cell 
viability percentages were above 70%.

The results came in conjugation with Kawahara 
et al. (12) who stated that when incorporating 
zeolite in tooth pastes with no toxicity similar to 
the concentrations in the MIC assays, it would be 
a promising additives to incorporate into dental 
materials, especially when used in periodontal 
pockets.

This was also corresponding to Thom et al. (5) 
who also proved that 0.2% Zeolite containing root 
canal filling material showed less cytotoxicity than 
AH 26 and have characteristics similar to the glass 
ionomer cements formulations tested.

Increasing the concentration of silver zeolite in 
this study lead to increasing the cytotoxicity, this 
came in conjugation with Abe et al. (14) who found 
that cell viabilities for Visco-Gel, GC Soft-Liner, 
FITT, and SR-Ivoseal decreased with increasing 
silver-zeolite content.

The alkaline comet assay used after Singh 
et al  (25) allow the the alkali labile sites of DNA 
to be expressed and comet tails appears through 
electrophoresis indicating DNA damage. Silver 
zeolite and nanosilver  treated groups showed 
significant elevation of tail moment versus control 
group, however no significant difference occured 
between silver zeolite and nanosilver treated group.

Nano silver can be taken up by many different 
cells and become internalized   Lu et al (26) have 
found that uptake of nanosilver by human skin 
keratinocytes depends on the shape and size of 
the nanoparticles and incubation time. 

Nano silver interacts with DNA and cause DNA 
damage. Rahban et al (27) have tested the nanosilver 
interaction with DNA of calf thymus and found 
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tight bond. Another studies have investigated DNA 
damage caused by nanosilver (28,29). In the study by 
Hackenberg et al (26), investigation of DNA damage 
were tested using human mesenchymal stem cells. 
Short exposure and incubation of 24 hours induced 
significant time-dependant DNA damage. Their 
conclusion was, direct interaction of nanosilver may 
induce genotoxicity. 

Neutrophils and macrophages exposed 
to  nanoparticles cause inflammation that generate 
oxidative DNA damage due to Reactive Oxygen 
Species ROS formation (30), (31), (32). 

Our results confirmed previous studies and 
explained the damage in DNA in form of tail length 
and DNA intensity calculated as moment unit. 

The nanosilver particles as well as  silver zeolite 
that causes mitochondrial dysfunction, generation 
of (ROS), by entering the cell through endocytosis 
and diffusion leading to damages to nucleic 
acids and proteins, and inhibits proliferation of  
cells (33-37). Oxidative stress occurs when generation 
of ROS exceeds the capacity of the cellular anti-
oxidant defense system. Depletion of glutathione 
and protein bound sulf hydryl groups and changes 
in the activity of various antioxidant enzymes 
indicative of lipid peroxidation have been implicated 
in oxidative damage.(38–39)

CONCLUSION

No significant difference between silver 
zeolite and silver nano particles concerning their 
cytotoxicity and genotoxicity. 
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