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W zaawansowanej fazie tej choroby konieczna jest 

chirurgiczna interwencja z zastosowaniem odpowied-

-
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mianowych (Z-5 i Z-8) wobec Salmonella typhimurium  

3 dimetylo-
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Periodontal disease causes problems in dentistry. 

Surgical intervention with appropriate biomaterials 

for tissue regeneration is necessary in advanced 

stages of the disease. Therefore, the aim of this 

study was to determine the genotoxicity of potential 

biomaterials in the form of aluminosilicate bioglass 

(B-I) and calciumsilicate bioglasses (Z-5 and Z-8) 

for Salmonella typhimurium TA 98 and TA 100 in the 

microplate reverse mutation test. The bioglasses 

were extracted with 10 cm3 of dimethyl sulfoxide 

(DMSO), shaken at 250 rpm for 2 g of B-I and Z-8 

bioglass and 1 g of Z-5 bioglass for 72 h at 37°C. 

Extracts of bioglasses were introduced to the test in 

the form of solutions in DMSO. They were partially 

diluted, so that during the exposure 0.25-8.0 mg/cm3 

dose of B-I and Z-8 bioglasses and 0.125-8.0 mg/cm3  

dose of Z-5 bioglass were obtained. Tests were 

carried out with and without metabolic activation at 

B-I bioglass caused a reversion of mutations in 

the TA 100 strain in the presence of S9 fraction. This 

suggests that indirect mutagens occurred in B-I bio-

glass that cause base substitution mutations, which 

TA100 strain detect. Literature data suggests that 

this could be a consequence of the combined effect 

of the components of this bioglass and the remains 

of the substrates used to produce them. Z-5 and 

Z-8 bioglasses did not result in the reversion of the 

mutation against any of the test strains used.

The results indicate that there should be further 

study of Z-5 and Z-8 bioglasses prior to their clinical 

application, and that B-I bioglass should not be used 

in the surgical treatment of periodontal disease.

Keywords: calciumsilicate bioglass, aluminosilicate 

bioglass, biomaterial, reverse mutation test, muta-

genicity
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-

 

-

fazie choroby oprócz zlikwidowania przyczyny bakteryjnej 

-

-

-

2O, 24,5% CaO, 

45% SiO2, 6% P2O5

i od 1985 roku jest stosowane klinicznie jako Bioglass .  

-

2  

-

-

-

-

-

-

nych wyników, krótki czas oczekiwania na wynik, relatywnie 

wyrobów medycznych [12,13].

Salmonella typhimu-

rium

Periodontal disease is a problem in dentistry, and leads 

to the creation of pockets, gingival recession and bone 

loss. The aggressive characteristics of periodontal disease 

most advanced stages of the disease it is necessary to 

regenerate bone tissue using surgical methods in addition 

to eliminating the bacterial causes. Currently, bioactive 

granules of Biogran glass, among others, are used in 

an increased proliferation of osteoblasts (osteogenic cells), 

but do not have an antibacterial effect [1]. The best known 

45S5 bioactive glass has a chemical composition (% by 

2O, 24.5% CaO, 45% SiO2, 6% P2O5 [2].  

This was developed by Hench and has been used clini-

cally as Bioglass  since 1985. The sol-gel method was 

bioactive glass, as even with the increased involvement 

of SiO2 that is not always possible in the high-temperature 

method [3]. Furthermore, bioglass manufactured by this 

way. This can be especially useful during periodontal 

-

tamination during the regeneration of bone tissue in the 

oral cavity, studies are continually being undertaken with  

-

als and providing them with bactericidal properties [5,6]. 

Silver has been most commonly used as a bactericidal 

agent, as its effect has been known for centuries, and its 

well documented. In addition to silver, other metal ions such 

as copper, zinc, gold and cerium are characterized by their 

bactericidal capacity [7-9].

Some of the materials that could potentially have medical 

-

tions – permanent, inheritable changes in hereditary sub-

induce cancer, namely carcinogenesis. Therefore, before 

the introduction of new medical materials for widespread 

properties. The Ames test is one of the many bioassays 

for identifying the mutagenic activity of tested specimens 

considerable credibility of the results, a short waiting period, 

and a relatively low workload and material consumption.  

of medical products [12,13].

Therefore, the aim of this study was to determine the 

-

silicate bioglasses for Salmonella typhimurium in the Ames 

effectiveness among the analyzed bioglasses [15].
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-

glinu, czterowodny azotan(V) wapnia, fosforan(V) trietylu 

-

Odczynniki do testów biologicz-

nych zakupiono w firmie Sigma-

-Aldrich uwodniona dwusodowa 

sodowa fosforanu(V) dinukleotytu 

jednozasadowy CAS 7558-80-7, 

wodorofosforan(V) disodu CAS 

7558-79-4, dimetylosulfotlenek(IV) 

-

-

Salmonella typhimurium

mikrobiologiczne: wzrostowe, ekspozycyjne i indykacyj-

aktywowana Aroclor 1254 oraz kontrolne mutageny pozy-

 

Biologiczna 

-
3 rozpusz-

-

szczepów Salmonella typhimurium TA 98 i TA 100 (Ames 

MPFTM -

-

Vogel-Bonnera na szalkach Petriego.

3 mieszaniny podczas ekspozycji,  
3. Bakte-

-

 

the sol-gel method using the following substrates: tetraethyl 

and silver nitrate. Synthesis conditions and physicochemi-

cal properties of these bioglasses were previously reported 

quantitative microanalysis of the surfaces [16] and the 

Reagents for biological tests 

were purchased from Sigma-Al-

6-phosphate (V) disodium salt hy-

-

-

enine dinucleotide phosphate(V) 

-

sodium phosphate(V) monobasic 

-

 

-

ing materials for the Ames microplate test were provided 

included TA 98 and TA 100 Salmonella typhimurium strains, 

microsomal fraction of rat liver activated Aroclor 1254 and 

 

 

and the 24, 96 and 384 well microplate.

evaluation of medical devices. Part 12. Sample prepara-

tion and reference materials) recommendations, B-I and 

2 g in 10 cm3 of solvent, shaken at an oscillation rate of 

which absorbed more solvent, it was necessary to change 

separated from the suspension by centrifugation in order to 

enable a precise dosing of test samples for biological testing. 

and TA 100 Salmonella typhimurium strains (Ames MPFTM 

activation of 30% rat liver S9 microsomal fraction. The pro-

cedure described in the manufacturer’s instructions test was 

applied, based on studies [10] and [11], taking into account 

the differences caused by undertaking the test procedure in 

the liquid media in microplates and not on the Vogel-Bonner 

medium on a Petri dishes.

cm3

3. The test 

 

90 min in a 24-well microplate in triplicate for each dilution.  

Bioglass
Content, wt%

SiO2 Al2O3 CaO P2O5
Ag2O

95.7 0.8 - - 3.5

89.0 7.5 - - 3.5

B-I 60.0 - 37.0 2.0 1.0
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-

3 -

48 godzin w temperaturze 37°C w warunkach tlenowych, 

 

-

 

-

 

a kontrolami negatywnymi badano jednostronnym testem 

 

dla szczepu Salmonella typhimurium TA 98 i 12 dla szczepu 

Salmonella typhimurium TA 100 a w kontroli pozytywnej 

-

-

gennej wobec szczepu TA100 bez aktywacji metabolicznej 

par zasad na wykrywanie których pozwala szczep TA100. 

-

powstawanie mutacji zmiany fazy odczytu, na wykrywanie 

 

the 24 wells. 2.8 cm3 of indicator medium was added after 

each well was sieved to one of 48 wells of a 384-well plate.  

The 384-well plates were incubated for 48 h at 37°C in aero-

bic conditions, shaken at an oscillation speed of 250 rpm.  

After 48 h, the test results were read separately and counted 

for each dilution of the sample holes from the revertants. 

Their presence was determined by the indicative substrate 

color change from purple to yellow, or the presence of bac-

teria colonies visible at the bottom of the hole.

Tests were performed according to the procedure de-

positive when the number of holes containing revertants 

was at least three times greater than the negative control.  

the test was used for statistical analysis. The statistical 

between test samples and negative controls were studied in 

According to the procedure, the test results were considered 

reliable because the average number of positive holes (from 

a TA 98 and 12 for the Salmonella typhimurium strain, and 

Salmonella typhimurium 

strain in the positive control. 

B-I calciumsilicate bioglass showed mutagenic activity 

against the TA100 strain with metabolic activation of the 

S9 fraction, and did not demonstrate mutagenic activity 

against the TA100 strain without metabolic activation or 

the TA98 strain with and without metabolic activation. This 

indicates that B-I bioglass included indirect mutagens that 

cause base-substitution mutations, which TA100 strain 

detect. They did not include direct mutagens causing base-

substitution mutations and direct and indirect mutagens 

caused frame-shift mutations, the detection of which allows 

Concentration
3]

The number of positive holes (mean and standard deviation)

TA 98 TA 100

-S9 +S9 -S9 +S9

0 1.33 ± 1.00 1.67 ± 0.58 4.22 ± 1.72 6.11 ± 1.96

0.25 0.67 ± 0.58 1.67 ± 0.58 5.00 ± 3.46 26.67 ± 6.51*

0.5 0.67 ± 0.58 2.33 ± 2.08 2.67 ± 0.58 28.00 ± 2.65*

1 0.67 ± 0.58 2.67 ± 2.52 3.67 ± 0.58 29.33 ± 4.16*

2 1.67 ± 0.58 1.67 ± 1.15 4.67 ± 2.52 29.67 ± 8.08*

4 0.33 ± 0.58 2.33 ± 1.15 4.00 ± 1.00 28.00 ± 3.00*

8 1.00 ± 1.00 1.00 ± 1.00 3.00 ± 1.00 23.67 ± 5.51*

kontrola pozytywna
positive control

32.33 ± 3.06 47.67 ± 0.58 46.67 ± 0.58 48.00 ± 0.00

*p<0.0001
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-

literaturze brakuje natomiast informacji o badaniu tym te-

-

-

Salmonella typhimu-

rium

Salmonella. 

Drosophila melanogaster, nie 

-

-

 

-

pów testowych Salmonella typhimurium

 

 

szczepy Salmonella typhimurium TA 98 i TA 100.

described here and their precursors has been previously 

-

ing the chemical B-I bioglass mutation reversion test with 

negative results in the test [17,18]. There is a need for 

information about testing of the remaining ingredients in 

this assay. Chronic inhalation of crystalline silica induced 

rat lung cancer formation when it took a crystalline form, 

but did not induce cancer formation when it took an amor-

phous form [19].

B-I bioglass could also contain trace amounts of sub-

strates used to make it. Some of them give rise to different 

mutations. In previous studies, the reversing point muta-

tions in Salmonella typhimurium were caused by triethyl 

reversion of mutations in Salmonella. Silver nitrate gener-

in Drosophila melanogaster, but did not cause formation of 

chromosomal aberrations in human lymphocytes [21-24]. 

The collected literature data indicate that reversion of mu-

tations in the TA 100 strain in the presence of S9 caused 

by B-I bioglass could be a consequence of the combined 

effect of its components and the substrates remains used 

to obtain it.

mutagenic activity applied to the Salmonella typhimurium 

strains tests with and without metabolic activation of S9 

suggests that the tested bioglasses did not contain direct or 

indirect mutagens causing a frame-shift mutation and base-

substitution mutation for the detection that allows TA 98  

and TA 100 strains of Salmonella typhimurium.

Concentration
3]

The number of positive holes (mean and standard deviation)
TA 98 TA 100

-S9 +S9 -S9 +S9
0 1.33 ± 1.00 1.73 ± 0.65 4.22 ± 1.72 6.11 ± 1.96

0.125 1.00 ± 1.00 3.00 ± 1.73 4.67 ± 1.15 6.67 ± 3.51
0.25 0.67 ± 1.15 2.00 ± 1.00 3.00 ± 1.73 5.67 ± 1.53
0.5 1.33 ± 1.53 2.33 ± 1.15 3.67 ± 0.58 7.00 ± 1.00
1 0.67 ± 1.15 2.00 ± 1.00 3.00 ± 1.00 9.00 ± 2.65
2 0.33 ± 0.58 2.00 ± 0.00 3.00 ± 1.73 8.33 ± 2.08
4 0.67 ± 0.58 1.67 ± 0.58 3.33 ± 1.15 6.00 ± 3.46
8 1.33 ± 1.15 2.00 ± 1.00 3.67 ± 0.58 6.33 ± 1.53

kontrola pozytywna
positive control

34.33 ± 4.16 48.00 ± 0.00 47.67 ± 0.58 47.67 ± 0.58

Concentration
3]

The number of positive holes (mean and standard deviation)
TA 98 TA 100

-S9 +S9 -S9 +S9
0 1.33 ± 1.00 1.73 ± 0.65 4.22 ± 1.72 6.11 ± 1.96

0.25 1.00 ± 0.00 4.00 ± 1.73 3.00 ± 1.00 7.00 ± 1.00
0.5 0.33 ± 0.58 2.00 ± 1.00 7.00 ± 2.00 7.67 ± 2.08
1 1.33 ± 0.58 2.33 ± 1.15 5.00 ± 2.65 4.00 ± 1.00
2 0.33 ± 0.58 2.00 ± 1.00 5.33 ± 0.58 4.33 ± 3.51
4 0.33 ± 0.58 2.00 ± 0.00 4.00 ± 3.46 6.33 ± 1.53
8 0.67± 0.58 1.67 ± 0.58 3.67 ± 2.08 8.33 ± 2.08

kontrola pozytywna
positive control

33.00 ± 2.00 48.00 ± 0.00 47.33 ± 0.58 47.67 ± 0.58
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-

jego wytworzenia.

polega m.in. na wchodzeniu w reakcje z zasadami azoto-

wymi. Prowadzi to do powstania skondensowanej formy 

-

-

-

Salmonella typhimurium

-

 

zastosowanie.

badawczy rozwojowy Nr R08 010 02.

as a nanomaterial [25,26]. It did not cause a reduction in 

chromosomal aberrations in the polychromatic erythrocytes 

of bone marrow of rats [25]. The remaining components of 

these bioglasses and substrate used in their manufacture 

are the same as B-I calciumsilicate bioglass. Only calcium 

calcium nitrate tetrahydrate had not been used for its 

manufacture.

from the tested bioglasses. Silver could be built into the 

structure of bioglass and occurred as nanoparticles of metal 

-

rial activity of silver ions relies, among others, on nitrogen 

bases entering in the reactions. This leads to the forma-

tion of condensed forms of nucleic acid. As such, there 

can be no duplication of genetic material [28,29]. Silver 

 

In response, there is an increased production of free radicals 

that damage cells [30,28]. They can also cause mutations [31].  

however it resulted in the formation of micronuclei in the 

to eukaryotic organisms including humans, despite negative 

result obtained in the bacterial test.

The results indicated that the presence of intermediate 

mutagens in the B-I calciumsilicate bioglass cause base-

substitution mutations. This formulation should therefore 

not be used in the surgical treatment of periodontal dis-

Salmonella typhimurium in the Ames test, with and without 

metabolic activation. This means that they do not cause 

frame-shift and base substitution mutations, which the 

applied strain allows for detection. Thus, there should be 

-

cal application.

and Higher Education (project no. R08 010 02).
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