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INTRODUCTION 

Dental caries is a major public health problem 
that is costly to treat and impacts on the quality of 
life at all ages. Established on the microbial nature 
of dental caries, its treatment necessitates chemical 
control along with the traditional mechanical means 
of caries control 1.

Glass‑ionomer cement (GIC), is the first intro-
duced fluoride‑releasing material in an aqueous 
environment. It is a tooth-coloured, acid-based ma-
terial that can be utilized as base, liner, direct re-
storative material and also in atraumatic restorative 
technique (ART) which is especially valuable for 
children and patients with dental anxiety or learning 
difficulties 2.
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ABSTRACT
Background: Salvia officinalis (S. officinalis) has been vastly used in medicine as it possesses 

anticaries, antiplaque, anti‑inflammatory, antibacterial, antifungal, antiviral, astringent, antioxidant 
effects. 

Aim: This study was executed to estimate the antibacterial effect of glass ionomer cement 
(GIC) containing S. officinalis on Streptococcus mutans (S. mutans) as main etiological factor of 
dental caries process. 

Methods: A total number of 12 specimens were assigned into 2 equal groups: Group 1(Control 
group) where conventional powder and liquid Fuji IX GIC was used and Group 2 (Test group) where 
the S. officinalis extract was prepared and added to the GIC liquid at 0.5% weight concentration 
level. Six disk‑shaped specimens, with diameter 10 mm and thickness 2 mm, were constructed 
for each group then tested, in vitro, against strains of S. mutans. Diameter of inhibition zone was 
recorded after 24 and 48 h. 

Results: During the study period, the mean diameter of the inhibition zones was high in the test 
group in contrast to the control group, with high statistically significant difference. 

Conclusions: Glass ionomer cement with S. officinalis extract has direct inhibitory effect 
towards S. mutans.
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To improve the anti-caries ability of GIC, many 
modifications such as incorporation of antibacterial 
agents like chlorhexidine hydrochloride, cetrimide, 
benzalkonium Chloride, and cetylpyridinium chlo-
ride are done to attain a material with direct anti-
microbial effect that provides antibacterial seal to 
decrease postoperative sensitivity and recurrent car-
ies and also to improve health of the pulp and peri-
odontal tissue 3,4.

Nowadays, herbal extracts, with potential an-
timicrobial effect, have gained great attention to 
be incorporated into oral care products and dental 
materials providing effective, safe and economi-
cal substitutional materials for treatment of dental  
caries 5.

Salvia officinalis (S. officinalis), named Sage, is 
a perennial evergreen plant native to Mediterranean 
zone and cultivated in Iran. It has wooden stalks, 
grayish leaves and blue‑purple flowers5,6.  S. offici-
nalis extract has antioxidant, antibacterial, antican-
didal, antiplaque, analgesic and anti‑inflammatory 
properties. Sage tea is a worthy agent to control 
fever, sore throat, inflammatory oral lesions and 
gingivitis. The essential oil of S. officinalis consists 
of alpha- and beta-thujone, borneol, camphor, and 
cineole 5–7.

Kermanshah et al 8 confirmed the cariostatic 
action of S. officinalis extract through a great in-
hibitory effect on caries‑producing oral microflora. 
Many studies stated the inhibitory influence of S. 
officinalis extract on Candida albicans and Porphy-
romonas gingivalis5. The adequacy of S. officinalis 
in lowering the numbers of Streptococcus mutans 
(S. mutans) colonies in bacterial plaque has been 
proved by Beheshti-Rouy et al 9.

Therefore, the present study was done to assess 
any possible inhibitory action of S. officinalis modi-
fied GIC on S. mutans as a main etiological factor 
of dental caries.

MATERIALS & METHODS

Study design:

The study design was in vitro 

Sample size:

According to Shahriari et al 10
, a total number 

of 12 specimens (6 in each group) was calculated 
using G*power Program (Düsseldorf, Germany) 

version 3. 1. 9. 4 and equation  ,  

assuming a power of 95 % and alpha = 0.05.

Methods:

According to Shahriari et al10
, fifty grams of 

high-quality S. officinalis was purchased from the 
Experimental Plants Station, Faculty of Pharmacy, 
Cairo University. Leaves of the plant were chopped, 
cut into small pieces, filtered through a mesh, then 
soaked in 1500 ml of solvent (50% water, 50% etha-
nol [96%]) in a shaker apparatus (Jenway 1000 Hot-
plate/Stirrer,UK) at 90 rpm for 48 h. The solution 
was passed through a strainer and then transferred 
to a rotary evaporator apparatus, Rotavap, (Eyela 
OSB‑2100, Tokyo Rikakikai Co., LTD., Japan) to 
separate the solvent from the purified extract. The 
procedure was done by a pharmacology professor, 
Faculty of Pharmacy, Cairo University.

The study sample was sorted into 2 equal groups:

Group 1 (Control group): included 6 specimens 
of conventional powder and liquid Fuji IX GIC (GC 
Corporation, Tokyo, Japan). 

Group 2 (Experimental group): included 6 spec-
imens prepared by adding S. officinalis extract to 
the liquid part of Fuji IX GIC (GC Corporations, 
Tokyo, Japan) at 0.5% weight concentration level, 
according to Kermanshah et al 8. 

The liquid and powder were mixed, according to 
manufacturer’s instructions, using a sterile spatula 
and then inserted into a custom made Teflon mold 
with diameter 10 mm and thickness 2mm and left to 
set at room temperature.
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Stock culture of S. mutans (EMCC1815) was 
acquired from the Microbiology Laboratory, Fac-
ulty of Medicine, Cairo University and cells were 
cultured freshly from frozen stock on brain–heart 
infusion broth (HIMEDIA Laboratories, Mumbai, 
India) for 24 h at 37°C in a 10% CO2 incubator. The 
inoculum was obtained according to De Castilho et 
al 11. Then a base layer containing 15 ml of BHI agar 
blended with 300 ml of S. mutans inoculum was 
obtained and placed in every sterilized Petri dish  
(15 mm × 90 mm) 11.

 The set specimens were put on a BHI agar plate 
inoculated with bacterial strain and left at 37°C for 
24 and 48 h. By a digital caliper, inhibition zones 
were measured in millimeters at the two outermost 
points. 

Statistical analysis:

For the two groups, diameter of zones of inhibi-
tion after 24 and 48 h incubation period were re-
ported as mean ± standard deviation. The difference 
in antibacterial properties between groups at the 
same time point was evaluated using the student’s t-
test. Significant level was set at P<0.05. Statistical 
analysis was completed using a commercially avail-
able software program SPSS version 21 (Chicago, 
IL, USA).

RESULTS

According to student’s t-test, the mean diameter 
of the inhibition zone for S. mutans, after 24h, in 
the experimental group was higher (11.67 mm) than 

that in the control group (zero) with high statisti-
cally significant difference (P < 0.05). After 48h, the 
mean diameter of the inhibition zone was enhanced 
in both groups (18.17 mm in experimental group 
and 8.17 mm in the control group) with high statisti-
cally significant difference between the two groups 
(P < 0.05), as shown in table (1,2), figure (1,2).

Fig. (1): Zones of bacterial growth inhibition around specimens 
in control group 

Fig. (2): Zones of bacterial growth inhibition around specimens 
in experimental group

TABLE (2): Mean diameter of the inhibition zone in 
(mm) for Streptococcus mutans after 48 hours

Groups Mean SD P- value

Control group
(G.I)

8.166666667 1.169045194

1.53383E‑05
Experimental group
(G.I + S. officinalis)

18.16666667 2.228601953

TABLE (1): Mean diameter of the inhibition zone in 
(mm) for Streptococcus mutans after 24 hours

Groups Mean SD P-value

Control group
(G.I)

Zero zero

2.1302E‑05Experimental group
(G.I + S. officinalis)

11.6666667 1.86189867
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DISCUSSION

A distinctive benefit of this study is the utilization 
of safe and effective herbal extract as an alternative 
to chemical agents to provide a modified GIC with 
strong antibacterial effect 10.

Fuji IX GIC was used as the control in the 
present  study, since it is the gold standard in high 
strength posterior restorations. It possesses good 
adhesion to the tooth, good mechanical strength 
and anticariogenic potential. However, the 
anticariogenic potential of GIC is not sufficient, 
although it releases fluorine but not in a constant 
level 12,13.

Procedures applied in treatment of carious lesion 
don’t eradicate all the bacteria from the cavity. 
During the cavity preparation, complete removal of 
decalcified dentine may cause exposure of pulp. It 
has been confirmed that demineralized dentine can 
be left to protect the pulp from becoming exposed 
providing that the capping material has antibacterial 
potential against cariogenic bacteria 14.

Streptococcus mutans bacterial strain was 
utilized for this study because of its impact as 
an initiator of the pathological process of dental 
caries. Also, the antibacterial properties of the S. 
officinalis show a wide variability, established on 
the sensitivity of microorganisms. Gram-positive 
S. mutans have a greater vulnerability to Salvia 
essential oil in contrast to other bacterial type which 
resulted from the morphological structure and 
chemical composition of their membrane 9,15.

Growth of the S. mutans was assessed using the 
broth-dilution method with a liquid culture medium 
as it resembles the oral environment and GIC is a 
solid material which is hard to be soluble in a solid 
culture medium such as the agar diffusion test 16.

According to the findings of the current study, 
conventional GIC (Group I) did not cause bacterial 
inhibition after 24 hours. These results were in 
accordance with Vermeersch et al and Yesilyurt et 

al 17,18 whereas the growth of S. mutans was only 
inhibited the second day of the study (after 48 h) 
which agreed with the findings of Łuczaj-Cepowicz 
et al 14. The antibacterial influence of control 
specimens may be associated with release of fluoride 
and zinc ions into an aqueous medium, which may 
inhibit the growth of S. mutans. However, the release 
of these ions from GIC is controlled by numerous 
factors such as material preparation, powder/liquid 
ratio, handling time and temperature 12.

Salvia officinalis was added to GIC at a 
concentration of 0.5 weight % as this is the minimal 
inhibitory concentration with minimal bacterial 
assays that can be used without decreasing the 
compressive strength of the set specimen8,10 also, it 
was proved that the addition of antimicrobials into 
GIC decreases its compressive strength and there is 
an inverse relation between the concentration of the 
added antimicrobials and the compressive strength 
of the set material 12, 18,19, 20.

There was a high statistically significant 
difference of the mean inhibition zone diameter in 
the experimental group in contrast to the control 
group. This result was complementary to the findings 
of Shahriari et al 10. This can be due to the presence 
of essential oils with volatile monoterpenoid 
as their main ingredients are described to be 
potent antibacterial. Essential oils can suppress 
microorganisms by making cell membrane more 
permeable leading to leakage of cell contents and 
ultimately cell death 9.

CONCLUSIONS

At 0.5% weight concentration level, GI con-
taining S. officinalis has a great antibacterial effect 
against S. mutans compared to conventional GIC.
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