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Since the bactericidal effect of silver and gold is 

known, an attempt has been made to produce a new 

group of bactericidal biomaterials for use in restorative 

dentistry, containing nanoparticles of silver and gold. 

The aim of this research was to evaluate the cyto-

toxicity and antibacterial activity of newly produced 

biomaterials. Colloidal solutions of silver and gold, as 

well as the addition of nanosilver-containing bioglass 

were used for the preparation of these materials.  

The study was based on water-mixable glass-ionomer 

cement. Two types of glass, obtained by sol-gel 

method were used as nanosilver-containing bioglass. 

The basic performance properties of produced 

cements - setting time and compressive strength - 

were studied. Cytotoxicity assays were performed 

by a direct contact method, in accordance with ISO 

was performed using a dilution method, with Pseu-

domonas aeruginosa and Staphylococcus aureus. 

The results of the above work have shown that 

the method used to supplement water-mixable glass-

-ionomer cements with silver or gold allows to obtain 

materials with antibacterial properties against Pseudo-

monas aeruginosa and Staphylococcus aureus. Also, 

the addition of nanosilver and nanogold to cement did 

not cause significant changes in the level of cytotoxi-

city relative to the basic cement. 

The resulting materials, however, require improve-

ment and optimization, particularly regarding the pre-

paration of glass powders with silver and performance 

of cements. The obtained results encourage the further 

study of dental materials with antibacterial properties.

Keywords: biomaterials, dental cements, cytotoxicity, 

bactericidal
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Glass-ionomer cements are widely used in conservative 

dentistry and prosthodontics. They are characterized by high 

mechanical strength, high adhesion to enamel and dentin, 

they do not show shrinkage during setting, do not erode in 

a long period of time, thereby hindering the development 

of caries. During the hardening process, the cements bind 

chemically to hydroxyapatite, present in dental tissues, 

 

Glass-ionomer cements also exhibit thermal compatibility 

with the enamel and dentin, because they have a low co-

 

A major problem in dentistry is periodontal diseases. One 

of the ways to prevent the development of dental plaque 

 

a long-term biocidal capacity.

The antibacterial activity of silver has been known for 

many centuries. To this day, many aspects and mecha-

nisms of action of silver on microorganisms has been 

explained and documented. There are numerous reports 

of bacteria, fungi and moulds [2-5]. Silver ion therapy is  

bacillus, Staphylococcus aureus, diplococci (Neisseria 

meningitidis, Neisseria gonorrhea, Diplococcus pneumoniae  

or Streptococcus pneumoniae). The broad spectrum  

of antibacterial properties is particularly important in the case 

-

ated with the implantation of biomaterials [6]. The therapeutic 

mechanism of silver ions action is based on their interac-

tion with microbial cell membrane, and damaging DNA and 

RNA, thus preventing DNA replication. Moreover, silver ions 

block the enzymes that are helpful during microbial growth. 

In contrast, anaerobic bacteria and viruses are destroyed 

by oxidation [2]. Silver resistance is not widespread among 

pathogens, for this reason, silver has constant effectiveness 

for many years. Even though the detailed mechanism of 

antibacterial action of silver is not yet fully accepted, the 

empirical studies have demonstrated beyond doubt the 

usefulness of silver for the destruction of microorganisms. 

There are also reports in the literature describing other  

effects of silver, such as a strong stimulation of the skin 

healing processes and other soft tissues, stimulation of 

Since 1970s the antibacterial properties of silver micro-

particles have been tested. It turned out, that the biocidal 

activity was effective, but the technology was too expensive. 

Only through the development of methods for the prepa-

ration of silver nanoparticles (nanosilver), a satisfactory 

have been established, allowing the use of nanosilver on 

a mass scale, especially since the product is ecologically 

clean and safe for the environment. In addition, the active 

which greatly enhances the biocidal potential. Solutions with 

use. Currently, colloidal silver is used in alternative medicine 

as an oral remedy for various ailments, mainly because of its 

antibacterial and antifungal properties. The literature reports 

show that the antimicrobial properties of Ag or Au nanoparti-

cles depend not only on the concentration of nanoparticles 

in a given material, but also on their size and shape [9,10].  
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glinokrzemianowego, poli(kwasu akrylowego), kwasu wino-
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tów zarabianych roztworami koloidalnymi (GJ-S2/W-Ag  

-

 

 

srebrem do proszku podstawowego w proporcji 2000:1  

 (GJ-S2/W-P0 i GJ-S2/W-Z8). Jako 

Some authors consider that the silver or gold nanoparticles 

have certain catalytic properties at low concentrations, which 

may even facilitate the growth of bacteria [11].

Gold, like silver, copper and zinc also has the biocidal 

and antifungal properties. In dentistry, colloidal solutions 

of silver and gold are used to wash the root canal during 

endodontic treatment. 

in dentistry, leading subsequently to formation of pockets, 

gum recession and bone loss. Main etiological factor in 

majority of these diseases are bacteria from dental plaque. 

Therapeutic strategies vary depending on the severity of the 

disease. A primary therapeutic target in periodontics is the 

minimization of bacterial infection by reducing the number of 

microorganisms through the mechanical removal of plaque 

additional procedures are used in the form of general or lo-

cal antibiotic therapy. However, during the most advanced 

stages of periodontal disease, in addition to elimination of 

the bacterial culprit, it is necessary to regenerate bone tissue 

around the tooth, mainly using surgical methods. There-

fore, an important aspect of problem solving is periodontal 

prophylactic, and one of the courses of action may be the 

use of materials with long-lasting bactericidal capacity in 

conservative dentistry.

Hence, the purpose of the study was to prepare the 

glass-ionomer cements by mixing it with colloidal solutions of 

silver and gold, or by adding a nanosilver-containing bioglass 

powder to the cement, and evaluation of their antimicrobial 

activity compared with cements mixed with water.

The study was based on water-mixable glass-ionomer 

cement GJ-S2/W (nr 8). Cement is a homogeneous mix-

ture of powders: strontium-barium-aluminosilicate glass, 

polyacrylic acid, tartaric acid and the coloring pigment. Two 

types of glass (symbols: P0-Ag and Z8), obtained by a sol-

gel method, were used as a nanosilver-containing bioglass. 

The concentration of silver in bioglass was 1% and 3.5%, 

respectively. A method of preparing the cement powder has 

been described in [12], and bioglass with silver in [5,13].

Two types of cements containing silver and gold were 

prepared: mixed with colloidal solutions and with the addi-

tion of nanosilver-containing bioglass. Colloidal solutions 

of non-ionic silver (concentration 250 ppm, batch no. 

2012.09.24A) and non-ionic gold (200 ppm concentration, 

batch no. 2013.05.06A) produced by Nano-Koloid Sp. z o. o.  

(www.nanogrp.com) were used to prepare cements mixed 

with colloidal solutions (GJ-S2/W-Ag and GJ-S2/W-Au). 

Cements with the addition of nanosilver-containing bioglass 

were prepared by the addition of nanosilver-containing bio-

glass powder to the base powder in a ratio of 2000:1 and 

mixing with water (GJ-S2/W-P0 and GJ-S2/W-Z8). Basic 

cement mixed with distilled water (GJ-S2/W) was prepared 

as a reference sample. Both the GJ-S2/W cement and the 

nanosilver-containing bioglass powder, P0-Ag and Z8, have 

been developed and prepared at the Institute of Ceramics 

and Building Materials in Warsaw.

Each cement sample was prepared in the same manner. 

A weighed quantity of powder, divided into two equal parts, 

and the appropriate amount of the mixing liquid were placed 

on a glass plate. The weight ratio of powder to liquid was 

2.7:0.4. Half of the powder was added to the total amount 

of liquid and mixed for 10 seconds. Then the remaining 

powder was added and mixed for the next 10 seconds, until 

a homogeneous mass was obtained. All test samples were 

formed from cement prepared according to this method. 



35

37oC przy pomocy penetrometru o masie 400 g + 5 g 

-

-

 

1 godziny próbki szlifowano, wyjmowano z form, zanurzano 

w wodzie i przechowywano przez 24 godziny w cieplarce 
o -

komputerowy na podstawie wprowadzonych wymiarów 

komórek L929 (linia komórek fibroblastopodobnych otrzy-

100 j/ml penicyliny, 100 µg/ml streptomycyny i 2 mM/ml 

L-glutaminy w temperaturze 37°C, w atmosferze 5% CO2. 

 

z 0,02% EDTA w PBS, o pH 7,2. 

-

 
5/ml i inkubowano 24 h w temperaturze 37°C, 

w atmosferze 5% CO2

 

 

w temperaturze 37°C i atmosferze 5% CO2 -

-

 

The setting time of cement was determined at 37°C, us-

ing a penetrometer with a mass of 400 g + 5 g and a 1 mm 

-

tic state, the test was performed by lowering the tip of the 

penetrometer vertically on the material surface and leaving 

it there for 5 seconds. The penetrometer tip was lowered 

at intervals of ten seconds, until it was no longer leaving 

the circular indentations in the material, visible under 2x 

the end of mixing, until the tip was no longer leaving the 

circular indentations on the cement surface. 

The compressive strength values of the developed ce-

ments has been established, since this parameter deter-

mines the resistance of materials used for the reconstruc-

tion of hard tissues of the tooth, against the vertical forces 

exerted during chewing action. Six cylindrical samples were 

prepared for each cement type. Immediately after mixing, 

to obtain samples with a diameter of 4 mm and a height 

of 6 mm. After 1 h the samples were polished, removed 

from the molds, immersed in water and stored for 24 h in 

an incubator set at 37°C. Strength parameters of prepared 

cements were determined using a testing machine, with a 

maximum load of 10 kN and the speed of head traverse of 

0.7 mm/min. Compression strength values were calculated 

by a computer program, based on a given sample dimen-

sions and the measured maximum load. 

The cytotoxicity of biomaterials was investigated ac-

cording to Polish standard (PN-EN ISO 10993-5:2009) on 

-

maintained in Eagle’s medium (EMEM-minimum essential 

medium Eagle’a) supplemented with 10% calf serum, an-

tibiotics (100 U/mL penicillin and 100 g/mL streptomycin), 

and 2 mM l-glutamine. The cells were passaged using 

0.05% trypsin with 0.02% EDTA in PBS, pH 7.2. Testing of 

the cytotoxic effect of the samples was performed by direct 

contact with a monolayer of L929 cells after 24, 48 and 72 h.  

A culture of L929 cells with a density of 1x105/ml has been 

carried out on a 24-well Nunc plate, and incubated for 24 h 

at 37°C under 5% CO2. After this time the cell culture super-

natant was removed and the 1 ml of medium supplemented 

with 2% calf serum was added to cell monolayer. Samples 

of the tested materials in the form of discs were applied on 

such prepared cell culture and incubated at 37°C and 5% 

CO2. Before applying material on the cells, the samples 

were irradiated with UV light for 45 min. Morphological and 

quantitative changes resulting from the application of tested 

materials were evaluated after 24, 48 and 72 h using an 

inverted microscope. In order to determine the amount of 

dead cells, staining with trypan blue was used. Dead cells 

are stained dark blue, while viable cells are iridescent and 

colorless.

Antimicrobial activity studies were conducted using 

microorganisms from the Polish Collection of Microorgan-

isms (PCM): Pseudomonas aeruginosa (PCM 2058) and 

Staphylococcus aureus (PCM 2054). The dilution method 

was used during the study. The starting bacterial cultures of 

the test strains of P. aeruginosa and S. aureus, were set up in 

nutrient broth and incubated for 18 h at 37°C. Cement sam-

ples for testing were sterilized by UV irradiation for 45 min.  

24-well plastic plate (NUNC), containing 1 ml of broth and 

the test material (disc) and incubated for 24 h, 48 h and  

7 days. After this time the cultures were diluted with NaCl 

were incubated at 37 ± 1°C. After 18 h of incubation, colonies 

were counted. Broth cultures of all microorganisms, without 

the tested materials were used as controls.
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z Polskiej Kolekcji Mikroorganizmów (PCM): Pseudomo-

nas aeruginosa -   (PCM 2058) oraz 

Staphylococcus aureus - 

hodowle szczepów testowych bakteryjnych, P. aeruginosa 

i S. aureus

18 godzin w temperaturze 37o

i inkubowano 24 h, 48 h oraz 7 dni. Po tym czasie hodowle 

oC.  

Po 18 godzinach inkubacji liczono kolonie. Kontrole stano-

-

ciwbakteryjnego wykonano w Instytucie Immunologii i Terapii 

 

i zmiany morfologiczne. Po 48 i 72 godzinach inkubacji 

-

 

Both the studies of cytotoxic activity and antibacterial 

properties were conducted at the Institute of Immunology 

and Experimental Therapy PAS, in Wroclaw. 

The results of the cement setting time testing showed 

that the mixing of cements with colloidal solutions does 

not change the setting time, while the addition of silver-

containing bioglass increases the setting time by approx. 40-

45% (FIG. 1). Compressive strength tests (FIG. 2) showed 

parameter. The addition of nanosilver-containing bioglass 

slightly reduces the compressive strength of the cements.

To determine whether cements may affect cells, new 

biomaterials were assayed for in vitro cytotoxic activities, 

in the standardized cell-culture system, according to Pol-

ish standard (PNEN ISO 10993-5:2009) where mouse 

fibroblasts cell line L929 were used. Cell growth, cell 

morphology and cell viability were examined as the pa-

rameters to determine the cytotoxicity of the cements. 

After 48 and 72 h of incubation, all of the tested cements 

displayed cytotoxicity to low or moderate degree (TABLE 1).  

-

-

Symbol 
próbki 

Cement 
symbol

The degree of cytotoxicity*

po 24 godz. 
inkubacji 

after 
24 h of 

incubation

po 48 godz. 
inkubacji

after 
48 h of 

incubation

po 72 godz. 
inkubacji

after 
72 h of 

incubation

GJ-S2/W 1 2 2

GJ-S2/W-Ag 0 2 2

GJ-S2/W-Au 0 1 1

GJ-S2/W-P0-Ag 2 1 2

GJ-S2/W-Z8 1 2 2

* 0 - no effect, 1 - weak effect, 2 - moderate effect 



37Po 24 h jedynie cementy zarabiane roztworami koloidalnymi 

-

-

(po 72 godz. inkubacji) zamieszczono na RYS. 3. 

-

-

 

-

naniu do kontrolnych hodowli szczepów, wszystkie cementy 

bakterii (blisko 100x) (RYS. 4 i 5).

After 24 h only cements mixed with colloidal solutions  

(GJ-S2/W-Ag and GJ-S2/W-Au) showed no cytotoxic effect. 

Studies have shown that addition of nanosilver to cement 

-

ity, comparing to the base cement (GJ-S2/W). The lowest 

degree of cytotoxicity was displayed by the cement with the 

addition of gold nanoparticles.

Representative microscopic images of the cells morphol-

ogy (after 72 h of incubation) are presented in FIG. 3.

The studies of antibacterial activity have shown that ce-

ments containing silver and gold nanoparticles, compared 

to a material without additives (GJ-S2/W), exhibit weak 

antibacterial activity - reducing the amount of bacteria sev-

eral-fold. From among these cements, the most effective is 

cement mixed with colloidal solution of silver (GJ-S2/W Ag), 

while the weakest - cement with the addition of Z8 bioglass 

(GJ-S2/W-Z8). However, in comparison to control cultures 

of bacterial strains, all cements containing Ag or Au very 

clearly contribute to decreasing the number of bacteria 

(approx. 100x) (FIG. 4 and 5).

-
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-

-

Pseudomonas aeruginosa oraz gron-

Staphylococcus aureus.

-

 

-

-

-

nak udoskonalenia i optymalizacji, szczególnie w zakresie 

-

 

w Warszawie.

Since the conducted studies have a preliminary character, 

the course of further detailed studies. The results of the 

above work have shown that the method used to supplement 

water-mixable glass-ionomer cements with silver or gold  

allows to obtain materials with antibacterial properties 

against Pseudomonas aeruginosa and Staphylococcus  

aureus. Cements GJ-S2/W-P0-Ag and GJ-S2/W-Ag dis-

played the strongest antibacterial properties, slightly weaker 

antibacterial effects were displayed by materials GJ-S2/ 

W-Z8 and GJ-S2/W-Au, and the weakest - by cement GJ-

S2/W. Since the tested materials displayed weak to moder-

ate degree of cytotoxicity after 48 and 72 h of incubation, it is 

necessary to explain the cytotoxicity of these materials in the 

course of future research. The resulting materials, however, 

require improvement and optimization, particularly regarding 

the preparation of glass powders with silver and performance 

of cements. The results encourage to conduct further studies 

on dental materials with antibacterial properties.

The authors would like to thank the Institute of Ceram-

support to this project.
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