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The aim of this study was to determine in vitro 

antibacterial activity of bioactive glasses doped with 

Mg, Sr and Au. Authors showed tests of modified bio-

glasses containing selected elements incorporated to 

the composition in order to increase bioactivity, which 

could contribute to physiological processes of osteo-

genesis and exhibit bactericidal activity. The presence 

of magnesium in the composition of the biomaterial 

enhances its bioactivity. Strontium improves the pro-

liferation of bone cells. Gold belongs to the group of 

activate metabolism by acting on enzymes. The silane 

used for the synthesis of sol-gel bioglasses may also 

increase bioactivity.

2 and 

25 wt% of CaO and 5 wt% of P2O5 was a reference 

substituting 1 wt% of CaO by MgO or SrO respectively. 

-

of 0.00065 wt% and 0.002 wt% as colloidal solution 

or nonionic colloidal gold respectively.

Physical and chemical properties of sol-gel bioacti-

ve glasses including grain morphology and bioactivity 

in simulated body fluid and the results of cytotoxicity 

were presented in a previous publication. It was 

found that bioglasses were bioactive in contact with 

cells in vitro.

The results of in vitro antibacterial activity studies 

of obtained bioglasses showed higher activity against 

strain of Staphylococcus aureus than Pseudomonas 

aeruginosa. The growth of microorganisms was 

inhibited in the most effective way by the bioglass  

 

shows the weakest bactericidal effect.

Keywords: bioglass, sol-gel method, cytotoxicity, 

antibacterial activity
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z tworzeniem nowej tkanki kostnej.

Proces tworzenia warstwy apatytu na powierzchni biosz-

-

-

2+ 

jonami Mg2+ lub Sr2+

-

2+

jest podobna do apatytu biologicznego [5], a dodatkowo 

-

-

bakteryjnie oraz aktywuje procesy metaboliczne poprzez 

-

-

 

-

-

 

in vitro

W prezentowanej pracy przedstawiono badania nad 

-

 

-

 

Post-operative infections are an important reason of 

failures in the tissue integration of biomaterials [1]. Hence 

during the therapy of tissue regeneration with the use of bio-

materials, materials with the ability of antibiotic’s release are 

implemented in the treated site. Such option however has 

also disadvantages related to allergic reactions, microbial 

 For these reasons 

new solutions are still sought and integration of materials 

with body’s tissue is being improved. A better integration 

of biomaterial with bone tissue through the formation of 

intermediate apatite layer which will provide the bonding 

with a bone is expected. Biomaterials’ properties which 

substitution with new bone tissue are also very important. 

Development of biomaterial with bactericidal effect and  

a rate of resorption correlated with a new tissue creation 

will be the ideal solution.

The process of apatite-like layer’s formation on the sur-

face of bioglasses is initiated by releasing of calcium ions 

 

The presence of other ions is also advantageous, includ-

ing phosphorus ions in biomaterial’s composition. The 

replacement of Ca2+ ions in the network of glass with ions 

of Mg2+ or Sr2+ affects the increase in surface reactivity of 

bioglasses, which improves the ability of apatite formation 

The presence of Mg2+ ions in biomaterial’s composition 

results in chemical similarity of the apatite layer created in 

the process to biological apatite [5], and additionally these 

ions perform an important function in metabolic processes 

via stimulation of production of bone lamellae. The pres-

ence of Sr2+ ions with osteoinduction function within bio-

material contributes to a better proliferation of bone cells 

[6,7]. Gold belongs to ultraelements’ group of antimicrobial 

performance and it activates metabolic processes through 

affecting enzymes [8]. The mechanism of the antibacterial 

activity of gold nanoparticles in contact with 

described by Cui Y. et al. [9] is consisting, partly in chang-

ing of membrane potential and inhibiting the activity of ATP 

synthase. There is a promising prospect of application of 

gold nanoparticles in engineering of biomaterials [10].

Properties of bioglasses are determined mainly by their 

chemical composition. In order to achieve their antibacterial 

properties, ions of some metals considered as cytotoxic 

should be released from the bioglass [11]. But even in the 

absence of these ions, bioglasses can show a limited anti-

bacterial activity in contact with some bacteria. Mechanism 

of this action can be explained as a result of combination of 

several factors including the increase in pH during the action 

of other ions release from bioglass network [12]. Application 

of some silanes as reagents for the synthesis of bioglasses 

by sol-gel method may also increase their bioactivity [13]. 

The bioglass with a share of vinyltrimethoxysilane (VS) in 

in vitro tests showed a smaller cytotoxicity degree [14].

on new bioglasses containing selected elements was un-

dertaken. It was aimed at bioglasses applicable as bioma-

terials with increased bioactivity, which would strengthen 

physiological processes of osteogenesis and would exhibit 

antibacterial activity. The presence of even slight amounts of 

related to bone cells.
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(VS), azotanu wapnia czterowodnego i fosforanu trietylo-

-

-

Badania in vitro 

 

 

-

-

-

Pseudomonas 

aeruginosa PCM 2058 i Staphylococcus aureus PCM 2054 

 

 

 

37 ±1oC przez 24 godziny, 48 godzin oraz 7 dni, po tym czasie 

 

w temperaturze 37 ±1oC, po 18 godzinach inkubacji liczono 

-

po 48 h, odpowiednio w stosunku do szczepu Pseudomonas 

aeruginosa i Staphylococcus aureus.

 

w stosunku do Pseudomonas aeruginosa jak i Staphylo-

coccus aureus

czym szczep Staphylococcus aureus

-

Pseudomonas aeruginosa i Staphylococcus aureus 

Four bioglasses doped with Mg, Sr and Au and an 

undoped bioglass P5-VS as a reference material were 

obtained. Bioglass P5-VS containing 70 wt% of SiO2 and  

25 wt% of CaO and 5 wt% of P2O5 being a reference material 

was produced using tetraethoxysilane, vinyltriethoxysilane 

(VS), calcium nitrate tetrahydrate and triethyl phosphate as 

with the same composition as P5-VS were obtained by 

substituting 1 wt% of CaO by MgO or SrO, respectively.  

0.00065 wt% and 0.002 wt% as colloidal suspension or non-

ionic colloidal gold, respectively. The process of preparing 

bioglasses by sol-gel method was carried out according to 

procedures described in earlier reports [8]. The bioglasses 

obtained were bioactive after incubation in SBF solution, 

-

glasses some aggregates were formed which were typical 

structures for morphology of apatite obtained in biomimetic 

The in vitro tests of cytotoxic activity of the obtained 

bioglasses showed the lack of toxic effect to L929 line of 

mice (ATCC CCL 1). Bioglasses doped by Mg or Sr or Au, 

in direct method in the concentration of 20 mg/ml, showed 

-

enced survivability of cells; the best results were obtained 

for 5 mg/ml. Morphological images of cell cultivations in 

the indirect method, after a contact of L929 with eluates of  

examined bioglasses were correct, and proliferation indi-

cated after 48 h was tended to increase [8].

Studies of antibacterial activity were performed by using 

bacterial strains of Pseudomonas aeruginosa PCM 2058 

and Staphylococcus aureus PCM 2054 ( PCM-Polish Col-

lection of Microorganisms). To the wells of sterile 24-well 

plastic plate containing 1 ml nutrient broth, was applied UV 

sterilized bioglass at the following concentration of 1 mg/ml, 

culture. The plates were incubated at 37 ±1oC  for 24 h, 48 h  

and 7 days after which time the bacterial cultures were di-

luted and plated. After 18 h incubation at 37 ±1oC antibacte-

The controls consisted of broth cultures of microorganisms 

without bioglasses.

FIG. 1 and FIG. 2 show the results of antibacterial activ-

ity tests of bioglasses in different concentrations after 48 h 

on Pseudomonas aeruginosa and Staphylococcus aureus, 

respectively. Results of these tests indicate that all of them 

lead to reduction of the number of bacteria. The best results 

were obtained using the highest concentration of bioglass 

samples. 

The results showed that all the bioglasses tested had an 

impact on the decrease in the number of bacteria. The best 

antimicrobial effect was observed for the concentration of 

50 mg/ml for both Pseudomonas aeruginosa and Staphy-

lococcus aureus. The evaluated antibacterial effect of the 

bioglasses tested was more effective for Staphylococcus 

aureus strain. FIG. 3 and FIG. 4 show viability of Pseu-

domonas aeruginosa and Staphylococcus aureus at the 

concentration of 20 mg/ml of tested bioglasses after 24 h,  

48 h and 168 h.
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obserwowano wzrost liczby Pseudomonas aeruginosa -

 w kontakcie z 

do szczepu Pseudomonas aeruginosa

-

Staphylococcus aureus 

Pseudomonas aeruginosa.

-

-ujemnych (Pseudomonas) -

-

bakterii Gram-dodatnich (Staphylococcus) jest peptydoglikan 

-

-

fluor przeciwko Gram-dodatnim bakteriom Streptococcus 

i Actinomyces

-

 

-

Pseudomonas aeruginosa i zmniejszenie efektu 

-

mikroorganizmu. Szczep Gram-dodatni Staphylocuccus 

aureus

Pseudomona 

aeruginosa

P. aeruginosa S. aureus. Lima 

-

chia coli oraz Salmonella typhi  

The comparison of bactericidal function of studied 

bioglasses over time and in the concentration of 20 mg/ml  

show that the number of bacteria decreased with time. The 

biggest antimicrobial effect in relation to Pseudomonas 

aeruginosa strain (FIG. 3) was observed in the case of the 

Staphylococcus 

aureus  

After 48 h, the proliferation of Pseudomonas aeruginosa in 

shows the result of antibacterial activity of tested bioglasses 

at the concentration of 20 mg/ml on both selected strains. 

The survivability of bacteria in contact with bioglasses after 

168 h was higher for Pseudomonas aeruginosa strain.

Antimicrobial activity of biomaterials depends on the 

type of carrier and the kind of nanoparticles, dispersion of 

nanoparticles on the biomaterial surface and its roughness. 

Structure of the bacterial cell wall is an important factor in-

 

The wall of Gram-negative bacteria contains 20% pepti-

doglycan and an outer membrane is rich in lipopolisaccha-

rides and proteins [16]. Peptidoglican (90%) and complex 

polymers of lipoteichoic acid [17] are main components of 

cell wall of most Gram-positive bacteria (S.aureus). Addition 

activity of biomaterials.

-

Gram-positive bacteria, Streptococcus and Actinomyces. 

They have demonstrated that antibacterial activity of glass 

ionomer cement was due to strontium release in higher 

strontium was added. Results of Gary et al. [19] indicate that 

addition of SrO to hydroxyapatite containing silver (HA-Ag) 

samples, was able to reduce effectively cytotoxicity and 

to improve bactericidal properties against Gram-negative 

strain Pseudomonas aeruginosa, compared to HA or HA-Sr  

samples. These studies have shown that it is possible to 

create appropriate materials that are non-toxic for cells, and 

able to inhibit bacteria growth. 

In our research bioglass P5-VS without addition of 

Mg, Sr or Au showed the weakest antibacterial effect. 

Addition of Sr, Au or Mg increased antibacterial activity, 

but its intensity depended on the type of microorganism 

 Gram-

positive strain Staphylococcus aureus, much better than 

that of Gram-negative Pseudomona aeruginosa. Growth 

of Pseudomonas aeruginosa strain was inhibited in the 

 

et al. [20] showed that addition of Au might cause strong 

inhibition of growth of Gram-negative  

and Salmonella typhi in a short time equal to 90 min.  
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-

 

roztworu koloidalnego lub 0,002% wag. niejonowego 

-

-

przeciwbakteryjnych.

Wyniki in vitro

 

w stosunku do szczepu Staphylococcus aureus 

Pseudomonas aeruginosa

okresie czasu wzrost liczby bakterii szczepu Staphylococ-

cus aureus  

a szczepu Pseudomonas aeruginosa  

 

w Warszawie.

Zeolites containing 2.5 wt% Au small particles (5 nm) on 

the surface, eliminated the 90-95% of bacteria [20]. In our 

-

terial activities, what presumably could result from the low 

concentration of Au nanoparticles, (0.00065 wt% colloidal 

solution and 0.002 wt% nonionic colloidal gold nanoparti-

cles) in tested samples. Antibacterial activity of tested bio-

glasses was increasing with the increase in concentrations 

of the samples, which resulted probably from the increased 

quantities of each type of nanoparticles. Addition of appro-

priately selected types and quantities of nanoparticles to the 

basic composition of the bioglass should permit obtaining 

optimal antimicrobial properties.

The results of in vitro antibacterial activity studies of 

bioglasses in selected strains of bacteria showed higher 

activity against Staphylococcus aureus than Pseudomonas 

aeruginosa. For higher concentrations of tested bioglasses 

the antimicrobial effect was higher. The P5-VS bioglass 

without Mg, Sr or Au addition shows the weakest bacteri-

cidal effect. During the test, the growth of Staphylococcus 

aureus strain was inhibited in the most effective way by 

 Pseudomonas 

aeruginosa strain was inhibited in the most effectively way 
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