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KEYWORDS Abstract Introduction: Gingivitis is an oral condition characterized by inflammation and bleeding
Metal nanoparticles; of the gingiva (gums), largely caused by Porphyromonas gingivalis. Oral hygiene options for control-
OxyR protein; ling P. gingivalis include mouthwash containing Commiphora myrrha (myrrh), which has been
P.Gingivalis; shown to be effective against the microbe. Silver nanoparticles (SN) have been studied for their
Commiphora; antibacterial effect in different oral health applications, including mouthwash. This was an
oral health; in vitro laboratory study of the anti-microbial actions of myrrh and SN against P. gingivalis.

Anti-infective agents Methods: We compared the anti-microbial properties against P. gingivalis of four solutions: a)

placebo solution, b) myrrh solution (MS), ¢) MS mixed with silver nanoparticles (MSN), and d)
SN suspension alone. Sixteen agar plates were divided into four groups of four plates, and each
group was treated with one of the solutions/suspensions. The solution/suspension was administered
on the agar disc diffusion method, and inhibition zones (IZs) were measured after 24 (time 1), 48
(time 2), and 72 h (time 3). To characterize MSN and SN, Fourier-transform infrared spectroscopy
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(FT-IR) was used. UV—Vis spectroscopy and energy dispersive X-ray (EDX) were used to further
characterize MSN.

Results:  After 24 h, the median IZ for the MS plates was 16 mm, and the median 1Z for MSN
plates was 15 mm. At time 2, the MS median IZ was 15 mm, but the MSN median IZ increased to
18 mm, and the interquartile ranges (IQRs) did not overlap. At time 3, the median 1Zs was similar
again, with MSN and MS having 1Zs of 16 mm and 15 mm, respectively. SN alone showed no anti-
microbial activity.

Conclusions: Our findings show that MSN displayed superior anti-microbial activity against P.
gingivalis compared to MS and SN after 48 h of incubation, but not after 24 h. Also, the increased
anti-microbial activity had ceased by 72 h.
© 2021 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Gingivitis is an oral condition characterized by inflammation
and bleeding of the gingiva (gums) (Zahid and Alblowi,
2019). Gingivitis is induced by bacteria that accumulates into
bacteria-laden plaques, and is reversible, as the removal of pla-
ques reduces the inflammation (Aminu et al., 2020; Zahid and
Alblowi, 2019). Although several bacteria are associated with
the occurrence of gingivitis, plaque-associated gingivitis is
often caused by Porphyromonas gingivalis (How et al., 2016).
In gingivitis patients, there is a buildup of P. gingivalis and
other bacteria, which might accumulate in plaque and cause
recurrence of disease (Arunachalam et al., 2017). Patients are
therefore encouraged to develop a habit of regular oral health
maintenance to prevent this buildup (Arunachalam et al.,
2017).

Patients susceptible to gingivitis are encouraged to adopt
oral hygiene practices used to control plaque which typically
include an anti-microbial mouthwash (Huang et al., 2016).
Chlorhexidine (CX) has been the most researched anti-
microbial agent put in mouthwash and found to be effective
in treating and preventing gingivitis. Yet, due to some of its
less desirable features, natural alternatives have also been
researched (Arunachalam et al., 2017; Zahid and Alblowi,
2019). One of the natural alternatives researched as a potential
alternative to CX mouthwash has been Commiphora myrrha
(myrrh) (Zahid and Alblowi, 2019). Myrrh has been studied
for its anti-microbial activity and potential application as a
natural mouthwash to promote oral health, with generally pos-
itive results (Bassiouny and Al Barrak, 2014; Zahid and
Alblowi, 2019). Myrrh has also been reported to promote oral
healing (Laugisch et al., 2016) and prevent gingivitis as part of
an anti-microbial toothpaste (Kariuki et al., 2017). These find-
ings are especially important to patients with dental implants,
who have a higher risk of gingivitis as well as other peri-
implant diseases (Padial-Molina et al., 2016).

There is a need to prevent P. gingivalis in patients with den-
tal implants by developing approaches to add anti-microbial
activity to the implants (Song and Ge, 2019). Hence, not unlike
myrrh, silver nanoparticles (SNs) have been studied for their
antibacterial effect in different oral health applications, includ-
ing mouthwash, being added to the dental resin, in the repair
of tooth defects, and in toothpaste (Aminu et al., 2017). One
study compared SNs that were biosynthesized using the endo-

phytic fungus Fusarium semitectum with two dilutions of CX
and saline (placebo); the SN condition performed as well as
both CX dilution conditions against P. gingivalis, and all three
conditions greatly outperformed the placebo (Halkai et al.,
2018). Other in vitro studies of anti-microbial efficacy of SN
against oral pathogens have either used generalized measures
of the anti-microbial activity or studied pathogens other than
P. gingivalis, and therefore, it is difficult to pinpoint SN’s
specific action against P. gingivalis (Panpaliya et al., 2019).

Our specific aim was to compare the anti-microbial activity
of myrrh mixed with SN (MSN) against P. gingivalis and to
also determine the anti-microbial activity of myrrh solution
(MS) and SN in their separate forms.

2. Materials and methods

2.1. Materials

Solutions/suspensions were made using double-distilled water
(DDW). Dried myrrh was obtained from a local store in the
Kingdom of Saudi Arabia (KSA). Silver nitrate powder
(SNP, AgNO3; > 99.9%) was from Sigma Aldrich (Hamburg,
Germany). The average particle size of AgNO; was <150 nm
as specified by the manufacturer. Fourier-transform infrared
spectroscopy (FT-IR) was done using Spectrum BX spectrom-
eter (PerkinElmer, Waltham, MA, USA), UV-Vis spectrum
was analyzed using UV 2450 Spectrophotometer (Shimadzu
Corporation, Kyoto, Japan). Dispersive X-ray spectroscopy
(EDX, Oxford Instruments, UK) was done using a JEM-
2100F transmission electron microscope (JEM-2100F
200 kV, Joel Ltd, Japan).

2.2. Solution preparation

2.2.1. Placebo solution

DDW water was used for the placebo solution.

2.2.2. Myrrh solution

To develop a myrrh solution (MS), 5 g of myrrh was immersed
in 100 ml of boiling DDW (ratio 1:20) and soaked overnight.
The next day, the solution was then centrifuged for 10 min
at 5000 rpm. The supernatant was stored at 4 °C until use.
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2.2.3. Suspension with silver nanoparticles (AgNPs) using
myrrh extract

To create a suspension of AgNPs using myrrh extract (myrrh
+ AgNP suspension, MSN), 5ml from the aqueous myrrh
extract was mixed with 50 ml of AgNO; (1.0 mM). This sus-
pension alone is the AgNP suspension (SN). This suspension
was then placed on an electric heater and magnetic stirrer at
60° C until a yellowish color was observed, indicating the for-
mation of silver nanoparticles (AlMasoud et al., 2020; Alomar
et al., 2020). This suspension was stored in a conical glass flask
covered with foil at room temperature until use, as studies
show the suspension remains stable under these conditions
(AlMasoud et al., 2020; Alomar et al., 2020).

2.2.4. Characterization of synthesized silver nanoparticles

Both the MS and MSN solutions/suspensions were character-
ized using FT-IR (Faghihzadeh et al., 2016). The samples were
analyzed within the wavelength range between 4000 and
400 cm~'. Two additional tests were done to characterize the
MSN. The first was ultraviolet—visible spectroscopy, which
measures the intensity of light passing through the sample as
an estimation of purity and/or quality of the sample (Abbas,
2019). The UV-visible spectrophotometric analysis was con-
ducted on the MSN to characterize the relative components
of the suspension of the MS and the AgNP suspension. The
second was EDX analysis conducted with a JEM-2100F trans-
mission electron microscope. This is an elemental analysis
done to confirm the presence of silver in the suspension.

2.3. Agar disc diffusion method

The agar disc diffusion assay was used in this study to compare
the placebo, MS, SN, and MSN’s anti-bacterial effect against
P. gingivalis. The diffusion method involves the use of agar
plates that have been inoculated with the test microorganism
(Balouiri et al., 2016). Paper discs containing the test com-
pound with a diameter of about 6 mm are placed on the agar
surface (Balouiri et al., 2016). The agar plates with the discs are
incubated for 24 h before the inoculation, and the diameters of
the zone in which growth is inhibited are measured (Balouiri
et al., 2016). In this way, larger zones indicate larger areas of
inhibition, called inhibitions zones (IZ), and a greater antimi-
crobic capacity (Balouiri et al., 2016) (Fig. 1).

The test microorganism was P. gingivalis (ATCC®
33277TM), which was suspended in 0.85% saline correspond-
ing to No. 0.5 McFarland turbidity standard. This culture was
incubated at 37 °C for 18 h, then diluted to 1/10 concentration
to yield a culture density of approximately 1.5 x 108 CFU/
mL. These subcultures were incubated at 37 °C for 24 h.

2.4. Statistical analysis

FT-IR, UV-Vis spectrum, and EDX descriptive analyses were
conducted. To determine if MSN has a superior extended pat-
tern of anti-microbial activity against P. gingivalis compared to
MS and SN alone, first, the median and interquartile range
(IQR) for 1Zs were calculated for each set of four plates in each
condition at each time interval. Next, these medians were plot-
ted with the IQR over time intervals for each group.
Because only four plates were included in each condition at

Fig. 1  Agar disc diffusion assay. Paper discs containing the test
compound with a diameter of about 6 mm are placed on the agar
surface. The inoculum is labeled as follows: DW (distilled water,
placebo), myrrh solution (MS), silver nanoparticle suspension
(SN), and a myrrh solution mixed with silver nanoparticle (MSN).
They are incubated for 24 h, and the diameters of the zone in
which growth is inhibited, called ‘““inhibition zones” (IZs), are
measured.

each time period, the data were insufficient to perform any
statistical tests.

3. Results

Fig. 1 shows the agar disc diffusion method, and Fig. 2 com-
pares FT-IR results between MSN and MS.

The FT-IR spectra of MS with and without SN showed
similar peaks with a slight shift (Fig. 2). The OH-stretching
group or NH group of amines or amides absorption band
was at 3,427.14cm™! for the MS spectrum, while the MSN
band is at 3,440.30 cm ™' (El-Sherbiny et al., 2013). The bands
at 2,936.24 cm™! for the MS spectrum and at 2,921.23 cm™!
for the MSN spectrum are designated to CH-stretching. The
bands related to the CN group in the MS spectrum are at
1,634.64cm™!, but in MSN, they are shifted to
1,638.14cm™'. The bands at 1,634.64cm™', 1,384.81 cm™ ',
and 1,417.84 cm™! were considered to be related to the C—=0
group of carboxylic acids, and the C—=C group of alkenes.
The slight shift in the MS spectrum can also be seen at
1,638.14cm ™', 1,413.39cm™', and 1,348.76 cm™~'. The C—=C
group of alkenes in the MS spectrum peaked at
1,417.84cm™", while on the contrary, it peaked at
1,413.39 cm™! in the MSN spectrun.

The UV-Vis spectrum results for MSN are given in Fig. 3,
and the EDX results for MSN are in Fig. 4.

As shown in Fig. 3, the UV-visible spectrophotometric
analysis was recorded from 300 to 800 nm, and the maximum
absorption wavelength in UV-vis spectroscopy absorption
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Fig. 3 UV-vis spectroscopy results. The UV-vis spectroscopy
results for myrrh solution mixed with silver nanoparticles (MSN).
UV-visible spectral analysis was recorded from 300 to 800 nm,
and the maximum absorption wavelength in the UV-vis absorp-
tion spectrum was 439 nm.

spectrum was 439 nm. Silver can be seen to be present at
around 4 KeV (Fig. 4). The pattern also illustrates some peaks
correlating with the binding energies of carbon, nitrogen, and
oxygen, which might represent contaminants that were intro-
duced during the drying of the samples.

Fourier-transform infrared spectroscopy (FT-IR) results. FT-IR spectra of (A) myrrh solution mixed with silver nanoparticles

Fig. 5 shows the results of the agar disc diffusion method.

At time 1, after 24 h of incubation, both the MS and MSN
conditions had a median 1Zs, which were close, with MS at
16 mm and MSN at 15 mm (Fig. 5). After another 24 h, at time
2, the MS median was 15 mm, but the median IZ for MSN had
increased to 18 mm, and its IQR did not overlap the IQR of
MS. This increased IZ did not persist after another 24 h at time
3, when MSN returned to a median IZ of 16 mm compared to
MS’s time 3 median of 15 mm.

4. Discussion

Here we report that MSN indeed displayed superior anti-
microbial activity against P. gingivalis compared to MS and
SN after 48 h of incubation, but not after 24 h. Also, the
increased anti-microbial activity had ceased by 72 h. SN alone
showed no anti-microbial activity.

These findings confirm the anti-microbial activity of myrrh
alone against P. gingivalis as documented in the literature
(Bassiouny and Al Barrak, 2014; Zahid and Alblowi, 2019).
They also show that when myrrh is mixed with SN, the anti-
microbial activity can be increased compared to myrrh alone.
With MSN, anti-microbial activity increased to a peak after
48 h, then returns to baseline. The AgNPs, which are nega-
tively charged, may have deteriorated by 72 h, which would
explain this phenomenon. This behavior suggests that when
using SN to improve myrrh’s natural anti-microbial action,
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Fig.4 Energy dispersive X-ray (EDX) results. The EDX results for myrrh solution mixed with silver nanoparticles (MSN). Silver can be
seen to be present at round 4 KeV. The pattern also illustrates some peaks correlating with the binding energies of carbon, nitrogen, and

oxygen.
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Fig. 5 Agar disc diffusion results. Four conditions were tested: placebo (distilled water), myrrh solution (MS), silver nanoparticle
suspension (SN), and a myrrh solution mixed with silver nanoparticle (MSN). Four plates were assigned to each condition, and the
inhibition zone (IZ) was measured in mm after three 24-h increments. Both placebo and SN had IZs of zero at all time points and,
therefore, are not represented on the plot.

this strategy will only work if the oral environment has at least tal implants are at higher risk for oral health infections, and P.
48 h of exposure to the MSN. gingivalis is the primary pathogen implicated. We speculate

These findings have implications for how SN could be used that adding myrrh mixed with SN to the surface of dental
to enhance oral health. As described earlier, patients with den- implants could theoretically inhibit microbes, but having a
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constant delivery would be challenging, and obstacles would
need to be addressed. A recent systematic review and meta-
analysis reviewed 61 articles focused on examining the success
of osseointegration and bone regeneration around dental
implants with local drug or chemical compound delivery fea-
ture experimentally placed in animals (Alenezi et al., 2018).
The two main methods used for local drug delivery were
through the implant surface, and through the local applica-
tions of drugs at the implant site using carriers (Alenezi
et al., 2018). Given our specific findings, it seems that the sec-
ond method would be more appropriate, because doses could
be timed such that the peak inhibition we saw after 48 h in our
data could be leveraged. The meta-analysis found that overall,
bone-to-implant contact was improved through the use of
local drug and chemical compound delivery through implants,
but the authors cautioned that there were no clear implications
for patients in the clinical setting (Alenezi et al., 2018).

This study has several limitations. Because this study was lar-
gely exploratory, it was underpowered, so statistical tests could
not be performed. Nevertheless, the descriptive analysis per-
formed suggested that the research aims have been met. This
study only looked at anti-microbial activity against P. gingivalis;
many other oral pathogens exist, and the findings for MS, SN,
and MSN and anti-microbial activity may be different for them.
The main limitation of this study is that it is not clear how the
findings could be applied clinically. The use of nanoparticles in
clinical care raises serious questions of safety and practical appli-
cation. Therefore, more work will need to be done on how
nanoparticles can be safely in patients before planning a line
of research toward any practical application.

5. Conclusions

In conclusion, our study of the anti-microbial effect of MS
alone and mixed with SN against P. gingivalis showcased
myrrh’s well-documented action against P. gingivalis while
providing insight into myrrh’s enhanced action in the presence
of SN. Studies of the potential use of nanoparticles in oral
health maintenance can be useful to provide insight into the
possibility of new approaches to the prevention and treatment
of oral health issues, including gingivitis and peri-implantitis.
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