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ABSTRACT

Objective: To evaluate the antibacterial activity against Streptococcus mutans and compressive
strength of Rosmarinus officinalis L. modified glass ionomer cement with two different concentrations.

Methods: Rosmarinus officinalis L. leaves were macerated to prepare Rosmarinus officinalis
L. extract then the rosemary powdered extract was weighted and added to Fuji IX GIC to prepare
2% and 4% rosemary modified glass ionomer. A total of sixty samples were prepared and divided
into 3 groups Group1; glass ionomer (GI) as control group; Group 2; 2% rosemary modified glass
ionomer (2% R + GI) and Group 3; 4% rosemary modified glass ionomer (4% R + GI). The an-
tibacterial activity against Streptococcus mutans for each group were assessed by disc diffusion
methods after 48 hours. Compressive strength test was done with a universal testing machine at the
rate of Imm/min. Data were tabulated and statistically analyzed using One-way ANOVA followed
by post-hoc test.

Results: Group 3 (4% R + GI) showed the statistically significant highest antibacterial activity
against Streptococcus mutans and compressive strength mean values followed by group 2 (2% R +

GI). However, the glass ionomer control group reported the lowest mean values.

Conclusion: Modification of glass ionomer cement with different concentrations of Rosmari-
nus officinalis L. enhances the antibacterial activity against Streptococcus mutans and compressive

strength with superior performance for the higher concentration.
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activity, Compressive strength.
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INTRODUCTION

Dental caries is one of the most prevalent oral
diseases worldwide, that still a challenge imposes a
major public health problem due to treatment cost™.
The incidence of dental caries is depending on Strep-
tococcus mutans which is the main factor that trigger
dental caries ®. The microbial nature of tooth decay
necessitates chemical control besides the traditional
mechanical control methods. Minimal intervention
dentistry focuses on the innovation and develop-
ment of bioactive restorative materials that provide
therapeutic effects @.

Glass ionomer cement (GIC) is a biomaterial
that characterized by its antibacterial properties and
ion leachability ®. It has a degree of antibacterial
character, but the literature has proofed that it is not
sufficient to diminish the cariogenic bacteria & 9.
Attempts have been employed to improve the anti-
bacterial effect of glass ionomer cement by adding
synthetic antibacterial agents as antibiotics © and
chlorhexidine 7®. Although chlorhexidine was able
to improve the antibacterial activity of glass iono-
mer but it has an adverse effect on microtensile and
shear bond strengths ©. Perhaps this is the reason
why the combination of these antimicrobials with
GICs was not yet employed in production ©.

Dental restorations are subjected to combination
of forces during clinical service, these forces result-
ing in development of different types of stresses
such as tensile, compressive, and shear stresses ©.
For this reason, the use of glass ionomer cement in
high stress bearing areas is limited due to its low
compressive strength®. Compressive strength test-
ing is considered one of the most common em-
ployed test for evaluating the strength properties of
restoratives materials @10,

Nowadays, alternative natural sources that has
antimicrobial effect gained great attention to be in-
corporated into dental restorative materials. These
materials provide efficient, safe, and economical
alternatives for treatment and prevention of dental
caries ™. Previous trials revealed improvement in
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antibacterial activity of glass ionomer upon using
some natural extracts such as Miswak, Proplis @2
and Aloe Vera 19,

Rosmarinus officinalis L. is a medicinal plant be-
longs to the Lamiaceae family which is commonly
known as rosemary . It is a perennial bush, origi-
nated from the Mediterranean region however, it
could be found all over the world 9.1t is an aromat-
ic plant, characterized by its sessile, curved edges,
dark green leaves, and very characteristic smell 19
Rosmarinus officinalis L. can promote several phar-
macological effects include antioxidant, antifungal,
antimicrobial, and anti-inflammatory actions 7.

Rosmarinus officinalis L. has been used in den-
tistry due to its antibacterial action against oral bac-
teria 19, Rosemary extract was able to reduce bac-
terial biofilms viability *®. It has been applied in
an experimental toothpaste, and it was effective in
inhibiting the growth of bacteria *® and controlling
the bacterial plaque . No studies have been con-
ducted to investigate the effect of incorporation of
Rosmarinus officinalis L. extract into GICs. There-
fore, this in vitro study was designed to evaluate the
antibacterial activity against Streptococcus mutans
and compressive strength of Rosmarinus officinalis
L. modified glass ionomer with two different con-
centrations.

MATERIALS AND METHODS

Preparation of Rosmarinus Officinalis L. Extract

Rosmarinus officinalis L. leaves were collected
from the experimental plant station, faculty of phar-
macy, Cairo university. Leaves were washed under
running water, chopped into small pieces, left to air-
dried for 6 days in a dark, well-ventilated room, and
then ground using electrical blender (Moulinex Genu-
ine Blender, France). A total of 100 g of the powdered
leaves were macerated in 200ml ethanol (100%) for
72 hours. The filtrates were collected, evaporated till
dryness under vacuum device (Buchi labortechnik
AG 9230 Flawil, Switzerland) and subjected to freeze
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— drying to yield a dark brown amorphous powdered
extract (16g). The extract was prepared in Faculty of
Pharmacy, 6 October university.

Preparation of Rosmarinus Officinalis L. Modi-
fied Glass Ionomer

A total of 100 mg of the powdered extract were
weighed using 4 digit balance (Libror AEG 220,
Denver Instrument Company, USA) and dissolved
in 5g (4ml) liquid of Fuji IX pack (Gold Label —
high strength posterior restorations, GC Corpora-
tion, Tokyo, Japan) to obtain 2% concentration. A
concentration of 4 % was prepared by dissolving
200mg of the powdered extract in 5g Fuji IX liquid
of another pack.

Specimens Grouping

A total of sixty samples were used in the study
and divided into 3 groups (n=20, 10 specimens
for antibacterial activity test and 10 specimens for
compressive strength test). Groupl; glass ionomer
(GI) as control group; Group 2; 2% rosemary
modified glass ionomer (2% R + GI) and Group 3;
4% rosemary modified glass ionomer (4% R + GI).

Antibacterial Activity Test

Thirty glass ionomer specimens (10 specimens
for each group) were prepared using a sterilized
custom split Teflon mold (Smm in diameter X 2mm
in height) for antibacterial assessment. For speci-
mens’ preparation, sterilized glass slide covered
with a Mylar strip (Stripmat, Polydentia, CH-6805
Mezzovico, Switzerland) was used. The glass iono-
mer powder and liquid were proportioned according
to the manufacturer’ instructions and mixed until a
homogenous mix was obtained. The materials were
packed into the mold in one increment, covered with
another Mylar strip and a glass slide, then pressed
for 10 seconds to remove the excess material and
achieve a uniform smooth surface. Glass ionomer
mix was left into the mold till complete setting. The
specimens were stored for 24 h in a dry condition
till testing.
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ATCC 25175 Type strain Streptococcus mutans
(16S rRNA gene, Serotype c. carious dentin) were
obtained from MIRCEN (Microbiological Resourc-
es Centre, Cairo, Egypt) and used in this in vitro
study. Bacteria were cultured at 37°C overnight in
Trypticase Soy agar (BD 236950, Difco ™, USA)
and used as inoculums. The McFarland 0.5 turbidity
standard (Densimat, BioMerieux, France) was used
to determine the turbidity of the suspension. On that
absorbance, the concentration of bacteria is stan-
dardized to about 1x CFU/ml and used as a working
microbial solution.

A total of 100ul of the previously prepared
working microbial solutions was spread evenly over
blood agar (blood agar sheep base, CM0854, Ox-
iod, UK) plate (TSA, Difco, USA). The plates were
incubated at 37 °C a bacteriological incubator. The
antibacterial effect for all groups were appraised by
measuring the diameter of bacterial growth inhibi-
tion zones after 48 hours. The diameter of the bacte-
rial growth inhibition zones was measured in mil-
limeters using an electronic digital caliper (STECO,
Germany) at three different points to obtain three

measurements for each specimen.

Compressive Strength Evaluation

Thirty cylindrical glass ionomer specimens
(n = 10) were prepared for compressive strength
test using a split plastic mold (4mm in diameter x
6 mm in height). Specimens were prepared in the
same manner as mentioned before and stored for
24h at 37°C in distilled water to ensure complete
setting. Specimens were subjected to compressive
loading using a universal testing machine (Instron
model 3345 England). Compressive force was ap-
plied via compression plate at across head speed of
I mm/min up to specimen failure. The maximum
load at fracture was recorded and the compressive
strength was calculated using computer software
BlueHill.
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Statistical Analysis

Numerical data were tested for normality and
variance homogeneity using Shapiro-Wilk and
Levene’s tests respectively. Data showed paramet-
ric distribution and variance homogeneity, so they
were presented as mean and standard deviation val-
ues and were analyzed using one-way ANOVA fol-
lowed by Tukey’s post hoc test. Correlation between
antibacterial activity and compressive strength was
analyzed using Pearson correlation coefficient. The
significance level was set at p<0.05 within all tests.
Statistical analysis was performed with R statistical
analysis software version 4.1.2 for Windows".

RESULTS

One-way ANOVA results showed that there was
a significant difference between the tested groups
(p<0.001). Descriptive statistics of antibacterial ac-
tivity after 48 hours were represented as mean and
standard deviation (SD) values in table (1). Post hoc
pairwise comparisons between the tested groups
revealed that group 3; (4% R + GI) showed the
statistically significantly highest mean inhibition
zone diameter followed by group 2; (2% R + GI).
Groupl; (GI control) showed the lowest mean inhi-
bition zone diameter. Figure (1) showed inhibition
zone diameter after 48 hours against Streptococcus
mutans around the tested groups.

Descriptive statistics of compressive strength
were represented as mean and standard deviation
(SD) values in table (2). Post hoc pairwise compari-
sons between the tested groups revealed that group
3; (4% R + GI) showed the highest mean compres-
sive strength value followed by group 2; (2% R +
GI) while groupl; (GI control) showed the lowest
value.

* R Core Team (2021). R: A language and environment
for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-
project.org/.
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Results of correlation analysis presented in fig-
ure (2) showed that there was a strong positive cor-
relation between antibacterial activity against Strep-
tococcus mutans and compressive strength which

was statistically significant (r=0.980, p<0.001).

TABLE (1) Mean, standard deviation values and

intergroup comparisons for antibacterial

activity
Mean+SD
Parameter p-value
GI 2% R 4%R
(Control) + GI + GI
Antibacterial
tivit 11.84 13.65 14.75
aciy <0.001%
(Bacterial inhibi- ~ +0.27¢ +0.108  +0.254
tion zone in mm)
* Significant (p<0.05)

Fig. (1) The bacterial growth inhibition zone diameter after 48
hours against Streptococcus mutans for the different
groups; a) GI (control), b) 2% R+ GI, ¢) 4% R+ GI.

TABLE (2) Mean, standard deviation values and
intergroup comparisons for compressive

strength
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Mean+SD
Parameter p-value
GI 2% R+ 4% R+
(Control) GI GI
Compres-
. 135.72 197.78  255.88
sive strength e B A <0.001%
(MPa) +2.42 +1.87 +3.94
* Significant (p<0.05)
e N
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Fig. (2) Scatter plot for the correlation between antibacterial
activity against Streptococcus mutans (bacterial inhibi-
tion zone diameters in mm) and compressive strength

DISCUSSION

The present study was designed to evaluate the
antibacterial activity against Streptococcus mutans
and compressive strength of Rosmarinus officinalis
L. modified glass ionomer with two different con-
centrations.

Natural products are valuable sources of poten-
tially effective antimicrobials that have least cost
and low levels of toxicity. Recently, plant extracts
and their compounds are efficient natural alterna-
tives in prevention of dental caries. One of these
materials is Rosmarinus officinalis L., which is a
valuable raw material for therapeutic products %
2D Rosemary has been widely used in cooking as
food spices to modify and enhance flavors ?”. Also,
it used in traditional medicine being a highly ap-
preciated medicinal plant to prevent pain of muscles
and joints, cure colds, and rheumatism. Nowadays,
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rosemary is one of the most popular sources of
natural bioactive compounds, as it possesses vari-
ous pharmacological activities such as antibacterial,
antidiabetic, anti-inflammatory, antitumor, and anti-
oxidant ™. Tt shows no toxicity, as it is considered
‘generally recognized as safe’ (GRAS) by the US
Food and Drug Administration (FDA) @2,

In the present study, Rosmarinus officinalis
L. ethanolic extract was prepared by maceration
method in which the powdered materials are left
in ethanol solvent for at least three days at room
temperature under agitation then, the solution was
filtered. This preparation method allows the phyto-
compounds to be released in the solvent by breaking
the cell wall of plant cells 19.

In this in vitro study, all tested groups showed
statistically significant effect on mean inhibition
zone diameter after 48 hours. Group 3; (4% R + GI)
showed the highest mean inhibition zone diameter
after 48 hours followed by group 2; (2% R + GI)
while the control group showed lowest mean value.
This antimicrobial activity is attributed to the active
component of Rosmarinus officinalis L. extract as
it contains several phytocompounds include caffeic
acid, carnosic acid, chlorogenic acid, monomeric
acid, oleanolic acid, rosmarinic acid, ursolic acid,
camphor, carnosol, eucalyptol, rosmadial, rosmanol,
rosmaquinones A and B, secohinokio, and deriva-
tives of eugenol ™. These compounds pass through
the cell wall and cytoplasmic membrane, disrupt-
ing the different layers of fatty acids, phospholipids,
and polysaccharides in bacterial cell wall, thereby
leading to cell permeability. This led to leakage of
ions and other cell contents resulted in bacterial cell
death ®.

The results showed that group 3; (4% R + GI)
showed the highest mean inhibition zone diameter
after 48 hours in comparison to group 2; (2% R +
GI). In other words, the higher percentage of Ros-
marinus officinalis L. extract in glass ionomer, the
greater the antibacterial effect. This might be attrib-
uted to the increase in the percentage of terpenoids,
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flavonoids, and polyphenols (most commonly di-
osmin, luteolin, and alpha-pinene) in rosemary ex-
tract. Such phytocompounds have been demonstrat-
ed antimicrobial activity due to inhibition of nucleic
acid synthesis and alteration of cytoplasmic mem-
brane ®. Results of this study was in accordance
with Valones et al., 2016 "® who evaluated the
antimicrobial activity of a dentifrice containing an
alcoholic rosemary extract on Streptococcus mu-
tans. They demonstrated that a dentifrice containing
rosemary extract has the capability of inhibiting the
growth of Streptococcus mutans. This result was in
agreement with another clinical study  reported
that experimental toothpaste containing Rosmari-
nus officinalis was effective in controlling bacterial
plaque in comparison to conventional fluoridated
toothpaste. Also, Oliveira et al., 2017 " analyzed
the antimicrobial effect of rosemary extract on
Streptococcus mutans biofilm viability and reported
significant reduction in biofilm viability.

In the present study, Fuji IX GIC was used as
control as it is considered the gold standard in high
strength posterior restorations. Concerning the com-
pressive strength of Rosmarinus officinalis L. modi-
fied glass ionomer, group 3; (4% R + GI) showed
the significantly highest mean value, followed by
group 2; (2% R + GI), then control group showed
the lowest compressive strength value.

This increase in the compressive strength may be
attributed to the chemical composition of Rosmari-
nus officinalis L. extract as it contains caffeic acid
and carnosic acid. These carboxylic acids when add-
ed to glass ionomer liquids, they showed increase in
the degree of cross-linking together with polysalt
bridge formation and subsequently the increase in
mechanical properties of the set cement .

Moreover, Rosmarinus officinalis L. extract con-
sists of phytocompounds that have OH and COOH
functional groups in their chemical formulas such as
rosmadial, chlorogenic acid, oleanolic acid, rosma-
rinic acid, ursolic acid, carnosol, caffeic acid, car-
nosic acid, and rosmanol 29 Functional groups
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OH and COOH are also present in the chemical
structure of glass ionomer, which participates in
the acid-base reaction between polyacrylic acid and
glass particles . The similarity of chemical for-
mula for these compounds with functional groups
present in GIC can be explained the increase in
compressive strength.

The results of this study showed that group 3;
(4% R + GI) has the statistically significant highest
compressive strength values in comparison to group
2; (2% R + GI). This direct correlation between the
increased concentration of Rosmarinus officinalis L
extract in glass ionomer and the increase in com-
pressive strength may be attributed to the increase
in the percentage of active ingredients in rosemary
modified glass ionomer. It seems that the addition of
Rosmarinus officinalis L. extract at both 2% and 4%
concentrations improve the compressive strength
of glass ionomer cement. As there are no available
studies in the literature about the antibacterial activ-
ity against Streptococcus mutans and compressive
strength of Rosmarinus officinalis L. modified glass
ionomer, the result of this study cannot be directly
compared.

CONCLUSION

Based on the results of this study with concern
to its limitations, modification of glass ionomer
cement with different concentrations of Rosmari-
nus officinalis L. enhances the antibacterial activ-
ity against Streptococcus mutans and compressive
strength with superior performance for the higher
concentration.

RECOMMENDATIONS

1. Further investigations to evaluate the color
properties of Rosmarinus officinalis L. modified
glass ionomer.

2. Further investigations to evaluate the bond
strength of Rosmarinus officinalis L. modified
glass ionomer to dentin.
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