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Abstract

Background: Due to the lack of data, the current study aims to determine the protective effect of a nanoemulsion containing Nigella
sativa (NS) and propolis extract (comparing the macroscale and nanoscale form) on the mineral content of enamel after tooth
brushing.

Methods: In this experimental study, six human premolars were sectioned buccolingually, and the specimens were randomly
divided into four groups. These groups were treated with nanoemulsion alone, nanoemulsion accompanied by propolis in either
bulk or nanoparticle form, and distilled water (as a control). The treatment procedure was seven consecutive days, in which the
specimens were etched and brushed daily. The Ca and P content of the enamel surface was quantified by Scanning electron
microscopy with energy dispersive X-ray spectroscopy (SEM/EDX), and the surface roughness was recorded by a profilometer.
Moreover, the SEM micrographs of the specimens were captured. Ultimately, the data were analyzed using one-way ANOVA with
LSD post hoc analysis (¢=0.05).

Results: The Ca and P content of the groups were significantly different (°P=0.000 and P=0.000), but the difference in the surface
roughness of the experimental groups was not significant (0.27).

Conclusion: The beneficial effect of NS+ propolis as a barrier on tooth surface was confirmed. However, its effect on the mineral

content of enamel needs further assessment.
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Introduction
For a considerable time, public health authorities and
official medicine downplayed folk medicine’s significance.
However, there has been a shift in attitude towards this
type of medicine in recent years. It is now recognized as an
accumulation of healing knowledge passed down through
generations within various ethnic groups. Folk medicine
does not disappear entirely in response to modernization
but rather undergoes transformations in its manifestations.
There is a growing worldwide interest in applying
traditional medicine to prevent or treat different diseases.
Furthermore, the World Health Organization (WHO)
has actively promoted the utilization of medicinal plants
in developing countries. They encourage these nations to
harness the potential of their botanical resource to create
effective healthcare programs. According to the literature,
many people (60%-70%) seek folk or traditional medicine,

especially in developing countries. This is primarily
due to the economic viability and fewer side effects of
herbal products.?

Herbs are crucial in preventive dentistry, offering a
natural and holistic approach to maintaining oral health.
With their inherent medicinal properties, herbs can
effectively combat common dental problems, such as gum
infection, caries, and bad breath. Incorporating herbs into
oral hygiene practices can provide numerous benefits,
considering that they can have antimicrobial, anti-
inflammatory, and antioxidant properties. Certain herbs
such as neem, clove, peppermint, and chamomile exhibit
strong antibacterial properties, effectively hindering the
proliferation of harmful oral bacteria and minimizing the
chances of infections. Moreover, these herbs are known for
their calming and curative effects on the gums, fostering
general gum well-being.’
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Protective effect of propolis and Nigella sativa

Since dental caries is one of the most prevalent global
infections, its prevention could tremendously affect
public health.* Moreover, treating dental caries is usually
a high-cost process.® Therefore, preventive dentistry
always attracts much attention from governments,
insurance companies, and patients themselves.*” Thus,
herbal products could be an excellent help for preventing
tooth decay in the population. Previous studies have
investigated many herbs that can potentially prevent
dental caries.®* '

Among various herbs, Nigella sativa (NS) has been
introduced as a miracle drug for treating or preventing
various diseases.>'"'> There are numerous reports on
the medical effects of NS, including its vasorelaxing,
antihypertensive,”® analgesic, anti-inflammatory, and
antibacterial properties.’* Researchers in dentistry have
identified different beneficial effects for NS, including
its antibacterial effect against cariogenic bacteria,>"®
its effectiveness in the treatment of oral mucositis and
promotion of differentiation in pulp cells,'® and its use
as pulpotomy medicament." Moreover, NS contains Ca
and K."” Therefore, due to its calcium content, it could be
considered a remineralizing agent for the tooth surface
after demineralization.” However, the remineralizing
effect of NS on enamel samples has not been investigated.

The synergistic effect of NS and honey mixture has
been frequently documented in recent and historical
documentation.””? Traditional medical texts, such as
Avicennas The Canon of Medicine and Haly Abbas’s The
Complete Book of the Medical Art, mention the honey-
based formulation of NS.%%

Propolis is a resinous bee product extracted from
beehives and used in dentistry?*® Many of its
characteristics are similar to those of honey, but it is
stickier and more durable on surfaces and has less sugar
content.”” Therefore, NS could be more effective on tooth
surfaces in combination with propolis than with honey.

The data regarding the synergistic effect of NS and
propolis for protecting teeth against dental caries are
sparse. By investigating the combined impact of these
two natural substances, we can uncover a powerful
combination to enhance enamels protective and
reparative properties. NS, known for its therapeutic
properties, and propolis, renowned for its antimicrobial
and anti-inflammatory effects, may work synergistically
to strengthen and fortify tooth enamel against decay,
erosion, and bacterial attacks. Understanding the
potential synergistic benefits of these substances at the
nano level could pave the way for innovative preventive
and therapeutic strategies in dental care, contributing
to improved oral health outcomes for individuals.
Therefore, the aim of the current study includes the
protective effect of the mixture of NS and propolis
extract (in the macroscale and nanoscale form) on the
mineral content of enamel after tooth brushing.

Methods

Our experimental study was approved by the local
Ethics Committee (IR.SHAHED.REC.1400.193), and the
following steps were performed:

Ethanolic extraction of propolis
After hand-collecting propolis from the beehives (April/
May 2019, Jiroft, Iran), it was dried and kept at 4 °C
until the study started. Following Bosio and colleagues’
method,* ethanol 95% (v/v) was added and maintained at
26 °C for seven consecutive days. After that, it was filtered
(#4 Whatman paper) and ultimately dehydrated to obtain
the pure powder.

Finally, the 70% solution was made by mixing the pure
particles and ethanol 95%.

Ethanolic extract of NS
NS was purchased, and an ethanolic extract was prepared
using the maceration method. The seeds were mixed
with 96% ethanol (equal weight of both) at 26 °C and
slowly shaken for 48 hours. The mixture was filtered
and dehydrated at 40 °C using air suction. After that, the
completely dried sample was kept at 4 °C until the start
of the study.

At the beginning of the experiment, a 100 mg/mL
solution was achieved by mixing the obtained dried
powder with pure ethanol.

Nanoparticle production
In order to produce propolis extract nanoparticles (PEN)
and NS nanostructures (NSN), these steps were followed:

Either propolis extract or NS extract (mentioned above)
were poured in isolated beakers, shaken vigorously for
30 minutes at 26 °C, filtered via #4 Whatman paper to
eliminate any possible impurities, and finally mixed
with warm distilled water (1:10 ratio to isolate the pure
particles). In order to produce the nanostructures, the
whole suspension was put in a homogenizer for 5 minutes
and then in an ultrasonic bath for 20-30 minutes. Finally,
the mixture received 20 cycles of ultra-prob sonication
(each cycle 10 s) (Hielscher, UP100H, Germany).
The colloid state was achieved in this stage, and the
nanoparticles could be observed. In order to produce the
powder form of the nanoparticles, colloid nanoparticles
were centrifuged for 20 minutes at 9000 rpm (revolutions
per minute). After filtration with filter paper, the mixture
was freeze-dried using a freeze dryer (Martin Christ
GmbH, Osterode am Harz, Germany) for 24 hours at -70
°C. Subsequently, PEN and NSN samples were obtained in
powder form.

Furthermore, the nanoemulsions comprising PEN
and NSN were produced using a low-energy titration
technique.» Formulations were prepared separately,
constituted by water, 70% (w/w) propolis, and 5% (w/w)
polysorbate 80. The other beaker contained water, 30%
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(w/w) NS, and 5% (w/w) polysorbate 80. The extracts were
combined at 800 rpm with a surfactant and stirred for 30
minutes using a magnetic stirrer. Following this, water
was introduced at a regulated flow rate of 3.5+ 5 mL/min,
and the system was further homogenized for 15 minutes
using a homogenizer. Subsequently, the nanoemulsion
was stored at room temperature (25+2 °C) in a light-
protected environment. The nanoemulsion was diluted
in deionized water (1:25) to determine its characteristics,
such as droplet size and polydispersity index (PDI), using
dynamic light scattering (DLS; Zetasizer ZS, Malvern, UK).

Proteins, enzymes, terpenoids, and flavonoid cofactors
in the extract play a dual role in capping and reducing.
They act as protective agents and assist in the reduction
process. Furthermore, these biomolecules exhibit a strong
ability to bind to amino acid residues (carbonyl group),
preventing agglomeration and ensuring the stability of
the medium. The nanosizer technique was employed
for particle size calculations utilizing an SBL analyzer
(Statistical Bin Limits). The hydrodynamic radius was
excluded from the calculations to minimize agglomeration
issues and accurately measure the particle size.

Tooth preparation

A total of six human premolars, which had been extracted
for orthodontic purposes, were chosen for the study. The
teeth were carefully inspected under a magnification
ofx2.5, and any teeth that exhibited cracks or decay
were excluded from the sample. The selected teeth
underwent a thorough cleaning process using a low-speed
headpiece and pumice powder. Each tooth was sectioned
mesiodistally after cutting off the root to produce two
equal buccal and lingual segments (resulting in 12
specimens). Figure 1 represents the prepared specimens,

Figure 1. The prepared specimens consisting of sectioned premolar teeth and
a specified circular area on their surface to be treated by the experimental
solutions

each featuring two 1 mm circles painted with nail varnish.
These circles served as markers indicating the precise
locations where the agent should be applied.

Treatment procedure

The prepared specimens were randomly divided into the
tollowing four groups (n=3):

1. Nano emulsion

2. PEN+NSN (Propolis Extract Nano + NS Nano)

3. PEB+NSB (Propolis Extract Bulk + NS Bulk)

4. Control (distilled water)

Before the immersion of teeth, each prepared agent
(treatment solution) was kept in an ultrasound device to
completely de-aggregate the particles.

The specimens were immersed in 3 mL of the assigned
solution during the treatment phase for 15 minutes daily.
Afterward, they were rinsed with distilled water and stored
at 4 °C until the following day. On the next day, the teeth
were retrieved from the water, brushed for 1 minute, and
immersed in a fresh solution for another 15 minutes. The
control group was subjected to a brief etching process of 5
seconds per day, followed by a rinse without any brushing,
and then placed in distilled water at the same temperature
until the next day.

Scanning electron microscopy with energy dispersive
X-ray spectroscopy (SEM/EDX) mapping
After seven days of treatment and brushing, the specimens
were analyzed for the weight percent of surface Ca**and
PO,—by SEM/EDX mapping (EDS/mapping Bruker
XFlash6/10, SEM Quanta 45, Netherland).

Surface profilometry

After the seven-day treatment and brushing period, the
specimens were subjected to surface roughness analysis
(EDS/mapping Bruker XFlash6/10, SEM Quanta 45, the
Netherland).

Field emission scanning electron microscopy (FE-SEM)
micrograph

In the final stage, the specimens were gold coated, and
their surface microstructure was assessed via FESEM
(TESCAN MIRA3, Czech Republic).

Statistical analysis

After assessing the normal distribution of data, a one-way
ANOVA test was conducted to compare the data. Post
hoc analysis was performed using the least significant
difference (LSD) method to compare the mineral content
within each group before and after acid etching. The
significance level was set at 0.05 (a=0.05).

Results
DLS analysis of nanoparticles
Figure 2 (A and B) displays the histogram generated by the
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SBL nanosizer, revealing the mean particle size diameter of
approximately 98.17 nm for PEN samples and 118.11 nm
for NSN samples. The results indicate the nanoparticles’
narrow size distribution and homogeneous dispersity, as
observed in the figure.

SEM/EDX mapping

Figures 3 and 4 illustrate the mean +standard deviation
(SD) of Ca’*and PO4- content in the enamel samples
before and after acid etching. One-way ANOVA statistical

Figure 2. The histogram of the SBL nanosizer related to Nigella sativa (A) and
propolis (B) nanoparticles
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Figure 3. Mean SD of surface Ca in experimental groups before and after
acid etching

analysis showed significant differences among the three
groups in both Ca and P content (P-values of 0.00 and 0.00,
respectively). Furthermore, the P values corresponding to
pairwise comparisons are presented in Table 1.

On the other hand, there was no significant difference
among the groups before and after acid etching (P=0.91
and P=0.92 for Ca and P, respectively). As can be seen
from Figures 1 and 2, the highest amounts of Ca and P
were related to the control group.

Surface profilometry

Figure 5 displays surface Ra values’ mean +SD. Despite
the variations in mean values among the groups, the one-
way ANOVA analysis indicated no significant difference
between the experimental groups (P=0.273). Moreover,
a sample profilometer of one specimen is presented in
Figure 6.

FESEM micrograph

Figure 7 depicts the SEM micrographs of some samples.
In the experimental samples, a rough and uniformly
distributed layer has formed on the enamel surface.
However, the enamel prism orientation, including the
head and tail, remains visible beyond this layer.

Discussion

In our study, SEM/EDX showed the effect of NS added to
propolis on the calcium content of the enamel. However,
due to the stickiness of propolis, the Ca and P content of
the samples was reduced. In more detail, the SEM/EDX

Figure 4. Mean SD of surface P in experimental groups before and after acid
etching
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Figure 5. Mean SD of surface roughness in experimental groups (um)
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probe calculated the Ca and P content of the resinous
layer, which was confirmed by the FESEM pictures.

The effect of NS against the most common dental
cariogenic bacteria was shown in research done by
Nazemi et al.*> They conducted an experimental study
to compare the effects of 0.2% chlorhexidine mouthwash
and NS nanoparticle with different dilutions in
inhibiting Streptococcus mutans, sobrinus, and Salivarius,
Lactobacillus acidophilus, and Enterococcus faecalis using
minimum inhibitory concentration and minimum
bactericidal concentration assessment. They showed NS
has an inhibitory effect on these bacteria.

Kumar et al** confirmed NS’s remineralizing potential.
This in vitro study compared NS’s effectiveness with

Figure 6. The surface profilometry of a rough sample conventional remineralizing agents, sodium fluoride, and

Figure 7. The SEM micrograph shows an enamel prism pattern beneath a sticky, resinous layer

Table 1. P values related to pairwise comparison of the groups for Ca (above the diagonal) and P content (below the diagonal)

Nano emulsion Nano Nigella sativa+nano propolis Bulk Nigella sativa +bulk propolis Control
Nano emulsion * 0.000 0.021 0.04
Nano Nigella sativa+nano propolis 0.00 * 0.00 0.00
Bulk Nigella sativa+bulk propolis 0.09 0.00 * 0.00
Control 0.05 0.00 0.001 *
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casein phosphopeptide-amorphous calcium phosphate
to assess their ability to promote remineralization. The
results showed that the specimens in the NS group had
greater depth of remineralization.

The caries protective effect of NS is consistent with
Shaker et al,'* who performed a study on rats. Their results
showed that the rats treated with thymoquinone (TQ) (a
main active constituent in NS extract) showed statistically
lower caries scores and plaque indices although fed a
sucrose-rich diet. In their study, the rats received TQ
as oral gel or added to their drinking water. Therefore,
the researchers concluded that the caries-protective
effect of the NS extract was greater than its antibacterial
properties.'* Moreover, Omar et al** showed the significant
anti-inflammatory effect of NS during pulp cap.

Previous research has demonstrated that the calcium
content of NS is approximately 168+10.9 mg/g, making
it the mineral with the highest concentration in NS.* This
high calcium content enables NS to deposit Ca**on the
enamel surface. On the other hand, propolis has a sticky
structure that could form a protective layer on the enamel
surface and preserve the Ca**content of the enamel during
acid etching. The health-promoting benefits of NS are
attributed to its chemical components, such as fixed oils,
proteins, alkaloids, saponins, and essential oils.? However,
TQ is among its most important active constituents.”? TQ
is an anion scavenger that neutralizes oxygen radicals.'**

Incorporating NS has been strongly recommended in
dentistry research due to its natural origin, which has
rendered it a biologically accepted agent. It induces a
minimal inflammatory response, is inexpensive, and is
widely available.'**

This study was the first investigation into the potential
synergistic effect of NS and propolis. Thus, it can be
considered a preliminary study. The combination of NS
and honey is also synergistically effective in treating H.
pylori in clinical studies,?>*** COVID-19 treatment,?
controlling asthma," protecting the liver,** and promoting
wound healing in rat models.”?

Javadi et al? reported that the combination of NS and
honey was significantly more effective in decreasing the
wound size than NS or honey alone. Furthermore, El-
Kholy et al stated that honey was more hepatoprotective
than NS, but their combination was significantly better.
In addition, they strongly suggested incorporating this
mixture in human food as an additive because of its strong
protective effect.” On the other hand, Mohtashami et al
revealed significant improvement in controlling H. pylori
in patients suffering from dyspepsia when they received a
honey-based formulation of NS compared to the control
group. Although they did not compare their results with
NS or honey alone, they concluded that NS and honey
combination was effective.” In a review by Jarmakiewicz-
Czaja et al,*® the hypoglycemic, hypolipemic, and
hepatoprotective effects of NS were confirmed. Laboratory

tests also show immunomodulatory and anticancer
effects in NS.

However, none of these studies has mentioned the
mechanism responsible for the synergistic effect of NS
and honey.

Strengths and limitations

This study’s most important weaknesses include its short-
term follow-up (seven days); thus, prolonged durations
and exposure to bacterial plaque-induced acid formation
are required. Moreover, as this is a laboratory study, its
results could not be directly applied to clinical settings.

Conclusion

NS, propolis, and their combination can be considered
caries-protective agents that could produce a barrier on
the tooth surface. These products are widely available,
economically viable, and biologically safe.
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