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Abstract:
Background: Dental caries, a multifactorial tooth-related disease, is significantly influenced by microorganisms, like
Streptococcus mutans. This bacterium causes dental caries and destruction by forming a biofilm on the tooth surface.
This  study  aimed  to  prepare  Hypericum  perforatum  nanoemulsion  and  evaluate  its  anti-biofilm  effects  against
Streptococcus mutans bacteria.

Methods:  Minimum Inhibitory  Concentration  (MIC),  Minimum Bactericidal  Concentration  (MBC),  and  Minimum
Biofilm Inhibitory Concentration (MBIC) were used to assess the antimicrobial  and anti-biofilm properties  of  the
nanoemulsion.

Results: The results showed that the Hypericum perforatum nanoemulsion had less MIC, MBC, and MBIC than the
free oil form (p=0.03, p=0.03, and p=0.02, respectively). The results also showed that the Hypericum perforatum
nanoemulsion had less MIC and MBC than amikacin as a positive group (p=0.04 and p=0.04, respectively); however,
the MBIC of nanoemulsion and amikacin was similar (p=0.07).

Conclusion: The studied nanoemulsion can be used as a potent and new material for preventing dental caries.

Keywords: Dental caries, Hypericum perforatum, Nanoemulsion, Streptococcus mutans, Biofilm, Antimicrobial.

© 2024 The Author(s). Published by Bentham Open.
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public
License (CC-BY 4.0), a copy of which is available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are
credited.

*Address correspondence to this author at the Department of Dental Biomaterials, Faculty of Dentistry, Tabriz University
of Medical Sciences, Tabriz, Iran; Tel: +98 41 33353161; E-mail: maleki.s.89@gmail.com

Cite as: Zandesh A, Kimyai S, Ghadaksaz S, Panahi Y, Karimzadeh B, Dizaj S. The Effects of Hypericum perforatum
Nanoemulsion on Streptococcus Mutans Biofilm. Open Dent J, 2024; 18: e18742106351887.
http://dx.doi.org/10.2174/0118742106351887241205072645

Received: August 29, 2024
Revised: October 02, 2024

Accepted: November 11, 2024

Send Orders for Reprints to
reprints@benthamscience.net

1. INTRODUCTION
Streptococcus mutans is known to be involved in tooth

decay  [1,  2].  As  a  Gram-positive  bacterium,  it  achieves
adhesion  capability  by  synthesizing  glucans.  It
collaborates  with  other  types  of  bacteria  to  create  a
biofilm on teeth [3], which ultimately causes tooth decay.
A  biofilm  is  an  aggregation  of  bacterial  cells  that  firmly
adheres to the surface of a tooth. Bacteria are enclosed in
a  self-secreted  extracellular  matrix.  This  matrix  is  a
protective shield, guarding bacterial cells against harmful

environmental factors, antibiotics, and the host's immune
defenses  [3,  4].  Streptococcus  mutans,  through
carbohydrate  fermentation  and  acid  production,  lowers
the pH. As a result, the acidic environment enhances the
solubility and demineralization of dental tissue, ultimately
leading to tooth decay [5, 6].

To  prevent  tooth  decay,  various  substances  can  be
used to destroy or inactivate the bacteria responsible for
decay  [7].  The  preventive  agents  include  antibiotics,
fluoride compounds, and chlorhexidine [1, 5]. These anti-
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decay  agents  are  produced  and  available  in  different
forms, such as mouthwash, gel, or toothpaste. While these
products  offer  benefits  in  fighting  cavities  (anti-caries
effects), most of them contain ingredients that can lead to
unintended  consequences.  These  potential  side  effects
include disrupting the natural  balance of  bacteria in the
mouth and gut (oral and digestive flora), digestive issues,
like  diarrhea  and  vomiting,  development  of  bacterial
resistance, and even discoloration of teeth [8, 9]. Indeed,
according  to  scientific  literature,  some  ingredients  of
these  products,  such  as  fluoride  and  sodium  dodecyl
sulfate, remain on the teeth and the oral environment and
enter  the  digestive  system  through  swallowing  [3,  5,  8,
10].

Natural herbal products may show fewer risks and side
effects  compared  to  chemical  products  [11,  12].  Some
effective  ingredients  against  decay-causing  micro-
organisms  include  ginger,  clove  oil,  neem  oil,  garlic
essence, and tea tree oil. These can be incorporated into
mouthwashes, toothpaste, and topical gels for maintaining
oral health [10].

Hypericum  perforatum  is  one  of  the  plants  used  in
traditional medicine [13]. It has numerous uses, including
in  the  treatment  of  bacterial  infections,  Acquired
Immunodeficiency Syndrome (AIDS), malignancies, burns,
and  digestive  problems  [14].  This  plant  extract  appears
promising as a natural ingredient in dental care products.
Researchers  suggest  that  it  has  antibacterial  properties
effective against several bacteria commonly found in the
mouth, including Lactobacillus plantarum,  Streptococcus
mutans,  Streptococcus  sobrinus,  and  Enterococcus
faecalis  [7].  Bagheri  et  al.  explored  that  Hypericum
perforatum inhibited the growth of Streptococcus mutans,
Escherichia coli, and Enterococcus faecalis, and prevented
them from forming biofilm [15].

The  introduction  of  nanotechnology  techniques  in
medical  research  has  led  to  the  use  of  nanomaterials  in
the diagnosis, treatment, and control of biological systems
[14].  Nanoemulsions  are  non-equilibrium  systems
characterized  by  droplet  sizes  in  the  nanometer  range
(typically 20 to 200 nm) [16, 17]. These systems offer an
excellent  option for  creating nanoscale  versions  of  plant
oils. Since plant ingredients are insoluble in water, their
bioavailability  and  effectiveness  in  the  body  are  limited.
However, by preparing nanoemulsions of these oils, their
solubility and bioavailability can be enhanced, leading to
more effective outcomes [18].

Researchers have explored the impact of nanoemulsions
derived from various vegetable oils on Streptococcus mutans
biofilm, a pivotal contributor to dental caries, by preparing a
soybean  oil  nano-emulsion  with  an  MIC  of  250  µl  [18],  a
cinnamon nano-emulsion that has emerged as the most potent
agent against biofilm [19], and curcumin nano-emulsion that
has  exhibited  significant  antibacterial  and  anti-biofilm
properties  [20].

Therefore, this study aimed to explore the impact of the
nanoemulsion  of  Hypericum  perforatum  on  the  biofilm  of
Streptococcus mutans, which serves as the primary pathogen
in dental caries.

2. METHODS AND MATERIALS
The nanoemulsion was prepared in our previous study

[21]. Briefly, tween 80 surfactant (2% w/w, Sigma Ultra,
low  peroxide)  was  gradually  added  to  Hypericum
perforatum  oil  (4%  w/w,  Barij  Esans  Co.,  Tehran,  Iran),
and  then  the  distilled  water  (Takrou,  Tehran,  Iran)  was
added slowly to the mixture, and the mixture was stirred
for  10  minutes  at  1000  rpm.  Then,  the  formed emulsion
was transferred to an ultrasonic device (at 17000 rpm) to
finalize  the  preparation  of  the  nanoemulsion  (Tomey,
Erlangen,  Germany,  400  W,  20).  The  prepared
nanoemulsion was then characterized using conventional
methods.  The  prepared  nanoemulsion  demonstrated
proper  physicochemical  properties  with  no  cytotoxicity
against  human  Gingival  Fibroblasts  (hGFs)  [21].

2.1. Sample Size
The  results  of  three  repetitions  were  averaged  and

expressed  as  descriptive  statistics  (n=12  for  each  test).
The study included 4 groups as follows:

Group 1: Hypericum perforatum nanoemulsion
Group 2: Hypericum perforatum free oil
Group 3: negative control: this group served as a baseline
and only contained the culture medium typically used to
grow  bacteria.  It  did  not  include  any  antibiotics  or  the
nano-emulsion.
Group  4:  positive  control:  this  group  included  the
amikacin  antibiotic,  known  to  be  effective  against
bacteria.

2.2. Inclusion Criteria
The  inclusion  criteria  employed  were  the  use  of

Streptococcus mutans ATCC25175 standard strain (Pastor
Institute,  Tehran,  Iran),  well-defined  and  validated
Hypericum perforatum oil (Barij Esans Co, Tehran, Iran),
and the standard antimicrobial tests (MIC, MBC, MBIC).

2.3. Exclusion Criteria
Samples with any contamination were excluded.

2.4.  Evaluation  of  Antimicrobial  and  Anti-biofilm
Effects

Hypericum perforatum  nanoemulsion and Hypericum
perforatum free oil were serially diluted 1:2 (10 times) in
Mueller  Hinton  broth.  A  suspension  of  Streptococcus
mutans  (106  CFU/mL)  was  added  to  the  serially  diluted
tubes.  Following 20 h  of  incubated exposure (37°C),  the
tubes were inspected visually to determine the turbidity.
The concentration with turbidity was recorded as the MIC
value.  For  MBC  determination,  the  measured  quantities
were  transferred  from  the  dilution  suspension
representing  the  MIC  and  from  the  two  dilution
suspensions preceding the MIC dilution to plates of solid
growth  medium,  which  were  then  incubated  for  20  h  at
37°C. Following incubation, the plates were examined for
the growth of the microorganism. The concentration that
produced no growth was recorded as the MBC.
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Table 1. MIC and MBC values of the studied groups.

MIC (µl) MBC (µl)

Nanoemulsion Free Oil Positive Control Negative Control Nanoemulsion Free Oil Positive Control Negative Control

0.041±0.01 0.6±0.23 0.08±0.02 0 0.08±0.02 1.1±1.11 0.16±0.11 0

Table 2. MBIC of the studied groups.

MBIC (µl)

Nanoemulsion Oil Positive Control Negative Control

0.08±0.11 0.5±0 0.08±0.02 0

The Minimum Biofilm Inhibitory Concentration (MBIC)
was  determined  to  assess  the  anti-biofilm  properties.
MBIC  demonstrated  the  lowest  concentration  of
antimicrobial substances, resulting in a difference of less
than 10% compared to the standard Optical Density (OD).

A  suspension  of  Streptococcus  mutans  that  matched
the density of the 0.5 McFarland standard was prepared.
The  bacterial  suspension  was  placed  in  a  special  micro-
plate.  Each  well  contained  a  growth  medium  called
Mueller Hinton broth. The plate was incubated for 20 h at
37°C,  which  is  a  favorable  temperature  for  bacterial
growth. After incubation, the contents (serially diluted 1:2,
10 times) were removed from each well and washed with a
sterile  solution.  Then,  various  diluted  concentrations  of
the extract were added. The treated wells were incubated
again  for  20  h  at  37°C.  Once  more,  the  contents  were
removed,  and  the  wells  were  washed.  Fresh  culture
medium (without  any  antimicrobials)  was  added  to  each
well. The spectrophotometer was used to measure the OD
of the cultures at a specific wavelength (650 nm) before
and after an additional 6 h of incubation. The OD showed
the culture's cloudiness, indicating bacterial growth.

2.5. Statistical Analysis
The data were summarized using descriptive statistics.

A  normality  test  (Shapiro-Wilk)  was  conducted  to
determine  normality.  One-way  ANOVA  was  used  to
compare the data. GraphPad software was used to analyze
the  data.  A  p-value  less  than  0.05  was  considered  a
statistically  significant  level.

3. RESULTS
The  results  showed  that  the  Hypericum  perforatum

nanoemulsion had less MIC, MBC, and MBIC values than
the  free  oil  form  (p=0.03,  p=0.03,  and  p=0.02,
respectively). The results also showed that the Hypericum
perforatum  nanoemulsion had less  MIC and MBC values
than the positive group (p=0.04 and p=0.04, respectively);
however,  the  MBIC  of  the  two  groups  was  similar
(p=0.07).  Tables  1  and  2  summarize  the  results.

4. DISCUSSION
The  studies  have  shown  different  forms  of  H.

perforatum  extracts  to  have  different  antibacterial
properties against both Gram-positive and Gram-negative

bacteria  [22,  23].  The  secondary  metabolites  of  H.
perforatum, mainly n-hexane and ethyl acetate, have been
revealed to exhibit better antibacterial  activity against a
considerable number of Multidrug-resistant (MDR) clinical
isolates  of  Gram-positive  bacteria  compared  to  broad-
spectrum  antibiotics,  as  defined  by  susceptibility
breakpoints  [23].  An  additional  study  found  that  the
essential  oils  derived  from  H.  perforatum  contained  a
substantial  quantity  of  aromatic  polyketides,  such  as
hypericin,  indicating  anti-fungal  and  anti-yeast
characteristics  against  pathogenic  microorganisms  [24,
25].  According  to  Khademnejad  et  al.,  the  hypericin
present  in  this  plant  can  remove  acid-producing  strains,
like Streptococcus mutans [26]. Based on a recent study,
all different forms of H. perforatum extracts consisting of
oils  and  organic  extracts  demonstrated  some  degree  of
ability  to  prevent  biofilm  formation.  That  study  also
determined antibacterial activities across all strains of S.
aureus  and  demonstrated  that  the  aqueous  extract  of
flowering aerial  parts  and methanol  extract  of  flowering
aerial parts exhibited growth inhibition properties [27].

Due to the main role of Streptococcus mutans in dental
caries,  this  study  offered  promising  insights  into  the
antimicrobial  capacity  of  Hypericum  perforatum
nanoemulsion against Streptococcus mutans. The results
showed  that  the  Hypericum  perforatum  nanoemulsion
exhibited  better  antimicrobial  and  antibiofilm  functions
than the free oil form. It also exerted better antimicrobial
effects  than the positive group;  however,  the antibiofilm
effects of the two groups were similar.

In our study, the Hypericum perforatum nanoemulsion
demonstrated  higher  antimicrobial  effects,  as  evidenced
by  lower  MIC,  MBC,  and  MBIC  values  compared  to  the
free oil form (p=0.03, p=0.03, and p=0.02, respectively).
These findings were found to be consistent with the work
of  Bagheri  et  al.,  who  showed  that  H.  perforatum  oil
inhibited bacterial growth and prevented biofilm formation
[15]. However, the enhanced efficacy of the nanoemulsion
in our study aligned with the research performed by Li et
al., which highlighted the superior antimicrobial activity of
nanoemulsions compared to conventional formulations due
to better stability and bioavailability [28].

Interestingly, while Horváth et al. [19] reported higher
MIC  values  for  essential  oil  nanoemulsions  against



4   The Open Dentistry Journal, 2024, Vol. 18 Zandesh et al.

Streptococcus  mutans,  our  study  found  lower  MIC  and
MBC values for H. perforatum nanoemulsion compared to
both the free oil form and the positive control (p=0.04 and
p=0.04,  respectively).  This  suggests  that  our
nanoemulsion  formulation  may  have  distinct
physicochemical properties, contributing to its enhanced
antimicrobial  action.  However,  similar  to  the  results  of
Horváth  et  al.,  the  antibiofilm  activity  (MBIC)  of  the
nanoemulsion and the positive control group in our study
was  statistically  similar  (p=0.07),  indicating  that  while
nanoemulsions may improve antimicrobial  potency, their
antibiofilm  capabilities  might  not  always  outperform
conventional  treatments.

Moreover, Khademnejad et al. [26] reported the role of
hypericin in removing Streptococcus mutans,  which may
explain  the  similar  MBIC  values  observed  between  the
nanoemulsion  and  positive  control  groups  in  our  study.
This  suggests  hypericin,  along  with  other  bioactive
compounds,  to  play  a  key  role  in  the  biofilm  inhibition
observed.

4.1. Strengths and Limitations
One of the strengths of our study is the demonstrated

superiority  of  Hypericum perforatum  nanoemulsion  over
the free oil  form, particularly in terms of MIC and MBC,
aligning  with  prior  research  suggesting  that
nanoemulsions  offer  enhanced  antimicrobial  effects  [9,
20].  The  lower  concentrations  required  in  our  study,
compared  to  earlier  studies,  provide  promise  for  the
development  of  more  efficient  and  potentially  safer
formulations,  which  could  be  valuable  for  clinical
applications,  especially  in  dental  care  for  Streptococcus
mutans.

However, a notable limitation of our study is its in vitro
nature,  which  does  not  fully  reflect  in  vivo  conditions.
Additionally,  while  the  antimicrobial  effects  of  the
nanoemulsion  were  superior,  the  similar  MBIC  values
between the nanoemulsion and the positive control group
indicated  that  further  research  is  needed  to  improve  its
antibiofilm  capacity.  This  is  consistent  with  studies,  like
that  of  Horváth  et  al.  [12],  where  nanoemulsions
demonstrated variable biofilm inhibition depending on the
formulation. Future studies should focus on optimizing the
nanoemulsion's  composition  to  enhance  its  antibiofilm
effects  and  verify  these  findings  in  clinical  settings.

Moreover,  it  remains  unclear  whether  the  enhanced
effects  observed  in  the  study  were  solely  due  to  the
nanoemulsion  formulation  or  if  specific  bioactive
compounds, like hypericin, were responsible. As previous
studies have highlighted the role of different forms of H.
perforatum extracts in varying antimicrobial activity [16,
19], further investigation of the exact mechanism of action
is required to fully understand and exploit the therapeutic
potential of H. perforatum nanoemulsions.

CONCLUSION
The  prepared  nanoemulsion  showed  the  lowest  MIC,

MBC,  and  MBIC  values  among  the  studied  groups,
indicating  its  antibacterial  and  antibiofilm  effectiveness.

Therefore, we suggest conducting more studies in order to
examine the chance of using this material as an alternative
to antibiotics owing to their restrictions.
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