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In vitro study of the combinational effects of Ferula gummosa ethanolic extract
and chlorhexidine mouthwash on the biofilm structure of Streptococcus mutans

e I ® I
. Peiman Alesheikh?® , Fatemeh
o In

o In
Amir Moradi* , Parasto Zarghami Moghadam?®

o < B (v} .
Eshaghigoriji’ , Samaneh Mollazadeh®*

=

Dental Student, Faculty of Dentistry, North Khorasan University of Medical Sciences, Bojnurd, Iran

2. Natural Products and Medicinal Plants Research Center, North Khorasan University of Medical
Sciences, Bojnurd, Iran

3. Department of Operative Dentistry, Faculty of Dentistry, North Khorasan University of Medical
Sciences, Bojnurd, Iran

4. Department of Medical Biotechnology, School of Medicine, North Khorasan University of Medical

Sciences, Bojnurd, Iran

Received: 2025/11/02 Accepted: 2026/07/11

M *Corresponding Author: Fatemeh

: An ideal oral rinse should exhibit potent Eshaghigorji & Samaneh Mollazadeh
antimicrobial activity while minimizing adverse effect on the mouth’s natural ) .

. . - . . Address: Department of Medical
microflora. Therefore, the aim of this study was to investigate the Biotechnology, School of Medicine,
combinational effects of the ethanolic extract of the Ferula gummosa and North  Khorasan  University — of
chlorhexidine mouthwash on the Streptococcus mutans biofilm structure. Medical Sciences, Bojnurd, Iran.

: The roots of F. gummosa were collected, dried, and
extracted via ethanol maceration. Then, different combinational concentrations
of F. gummosa and chlorhexidine were prepared followed by an investigation
of their antibacterial effects on Streptococcus mutans using disk-diffusion and E-mail:
well-diffusion methods. Also, the inhibitory effect on biofilm formation was fateme.eshaghigorji@gmail.com
assessed using the Crystal Violet assay. Analysis of data was done using s.mollazadeh@nkums.ac.ir
SPSS-24 and the Kruskal-Wallis test; P<0.05 was considered statistically
significant.

: The results of this study showed that ciprofloxacin, chlorhexidine
mouthwash (100 mg/ml), and a combined concentration of chlorhexidine (80
mg/ml) and F. gummosa (20 mg/ml) exhibited the highest antibacterial effects
against S. mutans in disc-diffusion, well-diffusion, and biofilm inhibition tests.

: Based on the results, the ethanolic extract of F. gummosa, whether
administered alone or as a major component of the chlorhexidine combination,
exhibited negligible antibacterial activity against S. mutans compared to

chlorhexidine (100 mg/mL). Keywords Ferula gummosa,
chlorhexidine,  Streptococcus
mutans, antibacterial effects.
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INTRODUCTION

Dental plague is a globally prevalent condition
affecting individuals across all demographics
and age groups, serving as a primary etiological
factor in the pathogenesis of dental caries. This
complex microbial biofilm is composed of
diverse commensal oral microbiota, forming
intricate communities of both Gram-positive
and Gram-negative bacteria on a glycocalyx-
rich matrix.

While mechanical plaque removal remains the
gold standard for dentition protection, patient
compliance  often  proves challenging.
Consequently, there is a critical need to
augment mechanical protocols with effective
chemical adjuncts. An ideal oral rinse should
ideally exhibit broad-spectrum antimicrobial
activity and low cytotoxicity, while
maintaining the integrity of the natural oral
microflora and mucosal health, without
inducing  tooth  discoloration.  Although
chlorhexidine-based formulations offer potent
antibacterial,  antifungal, and antiviral
properties—effectively  inhibiting  plaque
accumulation and gingival inflammation—their
clinical utility is often limited by adverse
effects. These include tooth staining, dysgeusia
(taste alteration), and mucosal desquamation,
alongside potential contributions to calculus
formation and periodontal complications
resulting from complex interactions within the
oral environment.

Medicinal plants, characterized by their diverse
profiles of bioactive secondary metabolites,
exert a wide array of pharmacological effects.
A prominent example is Ferula gummosa (gum
ferula), a member of the Apiaceae family
indigenous to the eastern, central, and western
regions of Iran. The Ferula genus, which

encompasses approximately 30 endemic
species, is highly regarded in Iranian
ethnopharmacology  for its  multifaceted

therapeutic potential. The essential oils of F.
gummosa are characterized by a complex
composition of terpenoids, including S-pinene,
a-pinene, myrcene, limonene, and a-thujene.
Previous investigations have substantiated the
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antibacterial, antioxidant, anti-inflammatory,
antifungal, and anticonvulsant activities of this
species. Building upon the established
antimicrobial efficacy of chlorhexidine and the
diverse bioactive properties of F. gummosa, the
present study aims to evaluate the potential
combinatorial effects of an ethanolic extract of
F. gummosa and chlorhexidine mouthwash on
the biofilm architecture of Streptococcus
mutans in an in vitro model.

METHODOLOGY

The F. gummosa root was extracted by
maceration using absolute ethanol. Then, the
antimicrobial effects of the alcoholic extract of
F. gummosa and chlorhexidine mouthwash, at
different concentrations were evaluated using
well-diffusion, disk-diffusion, and biofilm
inhibition tests. In the well-diffusion method,
wells were prepared in culture media
inoculated with the S. mutans strain (Iran
National Genebank). A sterile Pasteur pipette
was used to dispense 50 L of each extract into
designated wells. After incubation for 24 hours
at 37°C, the growth-inhibition zones were
determined by measuring the radial zones
around each well; results were expressed as
mean values (mm). Chlorhexidine mouthwash,
0.2%, (Shahdaro, Iran) and ciprofloxacin
(0.3%, Sina Darou, Iran) were included as
positive controls, while DMSO was used as the
negative control.

In the disc-diffusion approach, paper disks
impregnated with the specified treatments were
prepared and allowed to dry under sterile
conditions for 1 hour. Subsequently, the discs
were transferred onto prepared growth media
inoculated with the S. mutans strain and
incubated at 37°C for 24 hours. Finally, the
diameters of the inhibition zones around the
discs were measured.

The anti-biofilm activity was evaluated using a
96-well microtiter plate-based colorimetric
assay with Crystal Violet staining. The first
well served as the positive control (medium
without extract). In the subsequent wells, 100
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pL of different combined concentrations of the
extract and chlorhexidine were added to the
culture medium. A negative control well
containing medium and bacteria without
extract. The plate was incubated at 37°C for 24
hours to allow biofilm formation on the well
surfaces. Following incubation, the contents of
the wells were gently aspirated and air-dried.
Subsequently, 200 pL of methanol was added
to each well to chemically fix the adherent
biofilm, followed by thorough air-drying. For
quantification, 200 pL of 2% crystal violet was
added to each well for 5 minutes. The stained
biomass was then solubilized by adding 200 pL
of 33% acetic acid to each well, followed by
thorough agitation. Then, the absorbance of
each well was measured at 630 nm using a
microplate reader (BioTek, Germany). The
biofilm formation status in the wells was
assessed using the optical density of the
positive control wells (ODC) and the treated
wells (OD).

The results were replicated three times and
subjected to statistical evaluation using SPSS
version 24. The differences between the group
means were analyzed using the Kruskal-Wallis
test.

RESULTS

In the disk-diffusion and well-diffusion assays,
there was a statistically significant difference
among the various combined formulations with
each other and with the antibiotic with respect
to the growth inhibition zone diameters. The
strongest antibacterial effect against S. mutans
was observed for ciprofloxacin followed by
100 mg/mL chlorhexidine, and a formulation
containing 20 mg/mL of F. gummosa and 80
mg/mL  of chlorhexidine. The lowest
antibacterial activity was associated with the
100 mg/mL of F. gummosa and the
combination containing 80 mg/mL of F.
gummosa and 20 mg/mL of chlorhexidine, for
which no inhibition zone was observed.

In the biofilm assay, there was no statistically
significant difference in the capacity for
biofilm formation among different
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concentrations of F. gummosa+chlorhexidine
on the biofilm structure of S. mutans (P =
0.073). In this method, the strongest anti-
biofilm effect was observed for the 100 mg/mL
of chlorhexidine mouthwash as well as 20
mg/mL of F. gummosa+80 mg/mL of
chlorhexidine. The lowest anti-biofilm activity
corresponded to the 100 mg/mL of F.
gummosa.

DISCUSSION

S. mutans is the first and most important
microorganism present in dental plaque, whose
cariogenicity has been established; therefore, it
IS advisable to prevent the entry and
proliferation of this pathogen in the oral
environment. Therefore, the necessity of
investigating and conducting research to find

solutions to overcome these conditions is
evident.
Herbal ~mouth rinses, compared with

chlorhexidine, offer advantages due to their
natural constituents, resulting in better
compatibility with physiological processes and
lower toxicity risk. The antimicrobial effects of
plants have long attracted researchers’
attention, and thus the use of herbal mouth
rinses can be very beneficial when they
demonstrate adequate efficacy. Therefore,
identifying an effective herbal formulation to
inhibit the growth of pathogenic oral bacteria
for use as a mouth rinse is of considerable
importance, with the aim of introducing a
combination that offers greater efficacy and
fewer side effects, which is the objective of the
present study.

The results of this study indicated that
chlorhexidine at a concentration of 100 mg/mL
exhibited the greatest inhibitory effect on the
growth of the studied pathogenic bacterium.
The ethanolic extract of F. gummosa, when
used alone or in high-concentration in
combinations (40-80 mg/ml), did not affect the
growth inhibition of this bacterium. Consistent
with the strong antibacterial effects of
chlorhexidine observed in this study, it has
been reported that chlorhexidine at 0.2% and
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eugenol at 99% concentration inhibited biofilm
formation in the isolate UTMC 2446.
Furthermore, these compounds effectively
inhibited the growth of planktonic cells at
concentrations of 0.14% and 79.2%,
respectively.

In the present study, the strongest anti-biofilm
effect was observed with 100 mg/mL of
chlorhexidine  mouthwash alone and a
combination of 20 mg/ml of F. gummosa and
80 mg/mL of chlorhexidine; however, the
addition of F. gummosa to the formulation did
not result in a notable antibacterial effect. It has
been shown that the foreign mouthwash, Kin-
Gingival (Kin Spain), was more effective than
the lranian mouthwash, Epimax (Emad Darou
Iran), in reducing plaque in the posterior region
of the mandible, both containing identical
active ingredients, 0.12% chlorhexidine and
0.05% sodium fluoride. These findings align
with the current study’s results, which support
the strong antibacterial effect of chlorhexidine
mouthwash. In contrast to our findings, it has
been demonstrated that the essential oil from
the aerial parts of F. gummosa exhibits
antimicrobial effects against cariogenic bacteria
comparable to those of chlorhexidine.
Furthermore, it has been reported that the gum-
resin of F. gummosa possesses significant
antibacterial activity, with its alcoholic extract
demonstrating a greater inhibitory effect on
Acinetobacter strains (Minimum Inhibitory
Concentration [MIC] of 18.75 mg/mL). It has
been shown that the methanolic extract of F.
gummosa gum exhibits higher antimicrobial
activity against Bacillus subtilis compared to its
ethanolic and aqueous extracts. Another study
demonstrated that the ethanolic extract of F.
gummosa root exhibited greater inhibitory
activity than its methanolic and aqueous
extracts. Regarding the methanolic extract, the
highest  sensitivity = was  observed in
Staphylococcus aureus, whereas in the
ethanolic extract, the greatest sensitivity was
observed in Escherichia coli and Shigella
dysenteriae. It has been demonstrated that F.
gummosa essential oil exhibits a stronger
inhibitory effect on Staphylococcus epidermidis
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than essential oil of Cinnamomum against
several Gram-positive and Gram-negative
bacteria. The discrepancies between our
findings and those of previous studies may be
attributed to differences in the bacterial strains
tested and the specific type of F. gummosa
extract or essential oil utilized.

In line with our findings, other researchers have
shown that aqueous and alcoholic root extracts
of F. gummosa had no inhibitory effect. It has
been depicted that the aqueous root extract of
F. gummosa does not affect the growth of
Pseudomonas aeruginosa, in contrast to the
alcoholic root extracts.

CONCLUSIONS

The results indicate that chlorhexidine (100
mg/mL) exhibited the strongest antibacterial
effect against S. mutans, followed by the
combination of chlorhexidine (80 mg/mL) and
F. gummosa (20 mg/mL), which also
demonstrated significant efficacy. In contrast,
the ethanolic extract of F. gummosa at 100
mg/mL demonstrated the lowest antibacterial
activity.  Regarding  biofilm  formation,
formulations with higher proportions of F.
gummosa  promoted biofilm growth;
consequently, increasing the  extract
concentration within these mixtures reduced
overall antibiofilm efficacy, suggesting a
potential antagonistic interaction.
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