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ABSTRACT 
 

Bioactive glass is biocompatible and has the ability to stimulate bone formation. The aim of the 
present study was to evaluate the efficiency of bioactive glass in releasing tetracycline and/or 
hydrocortisone through an in vitro growth inhibition study involving microorganisms commonly 
found in the oral cavity: Staphylococcus aureus (ATCC 27664), Enterococcus faecalis (ATCC 12399) 
and Streptococcus mutans (ATCC 70069). The bioactive glass was prepared using the sol-gel 
method and had a molar composition of 80% SiO2, 4% P2O5 and 16% CaO. Four groups were 
formed: a drug-free control group (CG); a hydrocortisone group (HG) with 2% (in weight) of the drug 
incorporated into the bioactive glass; a tetracycline group (TG) containing 2% (in weight) of the drug; 
and a hydrocortisone-tetracycline group (HTG) containing 2% of each drug. Test specimens were 
distributed in Petri dishes containing agar previously inoculated with the microorganisms and 
incubated for 24 hours. Statistical analysis involved the Kruskal-Wallis and Mann-Whitney tests. The 
CG and HG proved ineffective in inhibiting the growth of the microorganisms. The TG exhibited 
inhibition zones on all microorganisms tested. The HTG had the largest inhibition zones for 
Staphylococcus aureus (ATCC 27664) and Enterococcus faecalis (ATCC 12399), with statistically 
significant differences in comparison to the other groups (p < 0.001). The present study 
demonstrates that bioactive glass is able to release tetracycline for effective antibiotic action. 
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INTRODUCTION 
 
Bioactive glass is a biocompatible synthetic material 
capable of inducing the formation of a layer of 
hydroxyapatite on its surface and generally composed of 
SiO2, Na2O, CaO and P2O5 (Dorozhkin and Epple 2002; 
Laurence and Hillier 2003; Cholewa-Kowalska et al. 
2009; Son et al. 2011; Jiang et al. 2012). Bioactive glass 

can be used to release medications (Piattelli et al. 2000; 
Amaral and Costa 2003) and induce the migration, 
replication and differentiation of osteogenic cells from 
bone marrow (Forsback et al. 2004; Bakry et al. 2013). In 
the field of dentistry, this product is a viable alternative for 
repairing bone defects (Laurence  and  Hillier  2003)  and  
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the remineralization of dentinal tubules (Hu et al. 2009; 
Malachowa and DeLeo 2010). 

The oral cavity is colonized by Gram-positive 
microorganisms, which, despite being commensal, also 
constitute opportunistic pathogenic agents (Andrade et al. 
2009). In dentistry, antibiotics are used to control 
infections caused by these microorganisms (Bellantone 
et al. 2002). Thus, the incorporation of an anti-
inflammatory drug, such as hydrocortisone, and an 
antibiotic, such as tetracycline, into bioactive glass may 
be a viable option for controlling infection and 
inflammatory processes while also promoting bone 
formation.  

The aim of the present study was to evaluate the 
efficiency of bioactive glass in releasing tetracycline 
and/or hydrocortisone through an in vitro growth inhibition 
study involving microorganisms commonly found in the 
oral cavity: Staphylococcus aureus (ATCC 27664), 
Enterococcus faecalis (ATCC 12399) and Streptococcus 
mutans (ATCC 70069).  
 
 
MATERIALS AND METHODS 
 
Preparation of Samples 
 
Bioactive glass samples were prepared using the sol-gel 
method at room temperature. Sol was composed of 
(SiO2)0.80(P2O5)0.04(CaO)0.16 and prepared using tetraethyl 
orthosilicate (TEOS), triethyl phosphate (TEP) and 
calcium chloride (CaCl2) as precursors of silicon, 
phosphorus and calcium, respectively. All chemical 
reagents were obtained from Fluka Production GmbH 
(Germany).  

Briefly, a mixture of ethanol, hydrochloric acid (pH 1.7) 
and TEOS (molar ratio: 1:4:1) was stirred for 30 min. In 
samples containing tetracycline (Fluka Production GmbH 
– Germany), an amount of the drug corresponding to 2% 
in weight was added to the solution, which was stirred for 
another 30 min. TEP was then added and the solution 
was stirred for another 30 min, following which CaCl2 was 
added. The solution was stirred until solidifying. For the 
samples with hydrocortisone, 0.04 g of hydrocortisone 
succinate (União Química Farmacêutica, Brazil) was 
incorporated after the inclusion of all other reagents. 
Following gelification, all samples were maintained in an 
amber vial in an atmosphere with 100% relative humidity 
for 12 hours and then dehydrated in increasing 
concentrations of acetone in 15-second baths. The 
samples were than maintained in the dark to avoid 
photodecomposition (Bellantone et al., 2002). 

The following groups were formed: a drug-free control 
group (CG); a hydrocortisone group (HG) with 2% (in 
weight) of the drug incorporated into the bioactive glass; 
a tetracycline group (TG) containing 2% (in weight) of   
the drug; and a  hydrocortisone-tetracycline group  (HTG)  
 

 
 
 
 
containing 2% of each drug. Moreover, a tetracycline disc 
group (TDG) consisting of standardized (35 mg) 
tetracycline discs (CECON, Sao Paulo, Brazil) was used 
as a positive control of growth inhibition for subsequent 
comparison with the antibiotic incorporated into the 
bioactive glass. The antimicrobial susceptibility test was 
performed through diffusion on agar, following the norms 
recommended by the Clinical and Laboratory Standards 
Institute (2006).  
 
 
Microorganisms 
 
The freeze-dried microorganisms were cultivated in brain-
heart infusion broth (Difco, USA) and added to a blood-
agar culture medium. Following overnight incubation, 
aliquots of 500 µL containing 1.0 x 108 colony forming 
units/mL of the microorganism cultures (Staphylococcus 
aureus ATCC 27664, Enterococcus faecalis ATCC 12399 
and Streptococcus mutans ATCC 70069) were inoculated 
on Mueller-Hinton agar (Difco, USA). Test specimens 
(6.0 mm in diameter) containing the samples from the 
different groups were placed on the surface of the agar 
and incubated at 37 ºC in a CO2 atmosphere. After 24 
hours of incubation, the inhibition zones were measured.  
 
 
Statistical analysis  
 
Mean and standard deviation values were determined 
from triplicate analyses. The Shapiro-Wilk test 
demonstrated non-normal data distribution (p < 0.05). 
Therefore, the nonparametric Kruskal-Wallis and Mann-
Whitney tests were employed for the comparisons of the 
groups. Statistical analysis was performed with the aid of 
the SPSS program, version 20.0 (SPSS Inc., Chicago, 
USA). 
 
 
RESULTS 
 
The CG and HG were ineffective in inhibiting the growth 
of Staphylococcus aureus. The TDG (positive control) 
had the largest inhibition zone for this microorganism, 
with a statistically significant difference in comparison 
with the other groups (Table 1). 

Statistically significant differences were found between 
the TG and all other groups for the growth inhibition of 
Enterococcus faecalis. No statistically significant 
difference was found between the HTG and TDG 
regarding this microorganism (Table 2). 

The TG was the most effective at inhibiting the growth 
of Streptococcus mutans, whereas the CG and HG 
exhibited no inhibition zones. Statistically significant 
differences among the groups were found for this 
microorganism (Table 3). 
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      Table 1. Susceptibility of S. aureus todifferent groups  
 

S. aureus n Minimum Maximum Mean SD p* 

CG 15 0.00 0.00 0.00 0.00 a 
TG 15 16.00 16.00 16.00 0.00 b 

HG 15 0.00 0.00 0.00 0.00 a 

HTG 15 19.80 20.20 20.00 0.76 c 
TDG 15 20.60 21.20 21.00 0.17 d 

 

   SD – standard deviation; *Different letters denote statistically significant differences (p < 0.001) 
 
 

Table 2. Susceptibility of E. faecalis todifferent groups  
 

E. faecalis n Minimum Maximum Mean SD p* 

CG 15 0.00 0.00 0.00 0.00 a 
TG 15 19.00 19.00 19.00 0.00 b 
HG 15 0.00 0.00 0.00 0.00 a 
HTG 15 19.00 22.20 21.00 0.74 c 
TDG 15 21.00 21.00 21.00 0.00 c,d 

 

SD – standard deviation; *Different letters denote statistically significant differences (p < 0.001)  
 
 
 

Table 3. Susceptibility of S. mutans todifferent groups  
 

S. mutans n Minimum Maximum Mean SD p* 

CG 15 0.00 0.00 0.00 0.00 a 
TG 15 23.20 25.00 24.00 0.50 b 

HG 15 0.00 0.00 0.00 0.00 a 
HTG 15 17.60 18.20 18.00 0.15 c 
TDG 15 18.80 19.40 19.00 0.15 d 

 

SD – standard deviation; *Different letters denote statistically significant differences (p < 0.001 
 
 
 
DISCUSSION 
 
As demonstrated elsewhere (Amaral and Costa 2003), it 
is possible to incorporate tetracycline and hydrocortisone 
in bioactive glass samples prepared using the sol-gel 
process at room temperature. In the present study, the 
HTG and TG demonstrated antimicrobial activity against 
Staphylococcus aureus (ATCC 27664), Enterococcus 
faecalis (ATCC 12399) and Streptococcus mutans 
(ATCC 70069).  

The antibacterial action against microorganisms of the 
oral cavity occurred through the interaction of the 
bioactive glass and the drugs in the HTG and TG. This 
finding is in agreement with data reported in a previous 
study, in which silver ions were added to bioactive glass 
in sol-gel form and the interaction produced a significant 
increase in antibacterial action (Andrade et al. 2006; 
Balamurugan et al. 2008). A study involving 45S5 
bioglass also found antibacterial action against 
pathogenic strains, but the authors attributed this action 

to the increase in pH caused by the material (Bellantone 
et al. 2002).  

The incorporation of hydrocortisone and/or tetracycline 
into bioactive glass produced an antibacterial effect in the 
present study, but statistically significant differences were 
found regarding the inhibition zones. The largest 
inhibition zones for S. aureus and E. faecalis occurred in 
the HTG, whereas the largest inhibition zone for S. 
mutans occurred in the TG. These findings suggest a 
different diffusion pattern of the drugs following their 
interaction. However, a previous study found that 
concentrations of hydrocortisone and/or tetracycline used 
in the preparation of bioactive glass triggered no 
chemical reaction or interaction between the drugs 
(Amaral and Costa 2003). 

Despite the need for further experimental and clinical 
investigation, the present findings suggest that the 
addition of drugs to bioactive glass is a viable alternative 
for the health field, implying a reduction in inflammatory 
responses  during  surgical  procedures  (Barie  2002;  
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Cheadle 2006) as well as a reduced risk of contamination 
or recontamination by microorganisms of the oral cavity 
(Rocas et al. 2004; Schirrmeister et al. 2009). Moreover, 
this method favors bone formation (Son et al. 2011) and 
offers greater patient comfort.  
 
 
CONCLUSION 
 
Bioactive glass with tetracycline in its composition 
demonstrated effective antibiotic action, whereas no 
antibiotic action was found with the incorporation of 
hydrocortisone. 
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