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Background: Streptococcus mutans are an oral pathogen that causes dental caries, endocarditis, and
systemic dysfunctions, an alternative antibacterial solution from silver nanoparticles (AgNPs) are inves-
tigated.

Methods: AgNPs were synthesized using the ethnobotanical product gum Arabic. It influenced the
nanoparticles with medicinal value through their role as capping, stabilizing, or surface-attached com-
ponents. The biophysical characteristics of the synthesized AgNPs were studied using UV-vis spectrum,

?%Zggj' XRD, EDAX, SEM, and TEM tools. The AgNPs were spherical with the average size less than 10 nm. By using
C;um Arabic the well diffusion and microdilution techniques, the impact of synthesized AgNPs was tested against S.

Acacia senegal mutans isolates.
NPs Results: The smaller the size, the greater the antibacterial and antiviral potential the particles exhibit.
Oral hygiene The biophysical characteristics of AgNPs the presence of phenols, alcohols, amides, sulfoxide, flavanoids,
terpenoids and steroids. The AgNPs exhibited a good antibacterial action against the oral pathogen S.
mutans. The synthesized NPs at a dose level of 200 p.g/mL exhibited an inhibition zone with 18.30 & 0.5
nm diameter. The synthesised nanoparticles inhibited the genes responsible for biofilm formation of S.
mutans over host tooth and gums (gtfB, gtfc, gtfD) and virulent protective factors (comDE, brpA and smu
360) and survival promoter genes (gyrA and spaP, gbpB).
Conclusion: The potent antibiotic action over S. mutans seen with the synthesized NPs, paves the way
for the development of novel dental care products. Also, the small-sized NPs promote its applicability in
COVID-19 pandemic containment.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

Introduction

The emerging drug resistance microbes, evolving new type of
infections, untimely availability of prophylactic vaccines against
pandemic viral infections necessitates the need to get solu-
tions from alternative medicines. In this quest to find alternative
medicine for SARS-CoV-2 and other oral hygiene problems,
attention is focused on pharmaceutical nanotechnology [1].
Nanoparticles synthesized using bio products are a possible remedy
for COVID-19 after a proper clinical evaluation [2,3]. The practical
trials at the home level or endemic population level or at the animal
model level, the silver nanoparticles stand right for treating den-
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tal caries caused by Streptococcus mutans and respiratory infections
caused by coronaviruses.

It is reported that the silver nanoparticles prevent the for-
mation of S. mutans biofilm over teeth and inhibit the quorum
sensing to prevent dental caries [4,5]. The AgNPs are reported to
stand against COVID-19 as a disinfectant, diagnostic tools, drug-
delivering vehicle, and suppress immune response to COVID-19
[1,2,6-8]. According to Oron Zachar, colloidal nanoparticles in
the size range 3—7 nm can effectively block SARS-CoV-2 viral
attachment with the host’s cell [9]. AgNPs can be used with bron-
chodilators through nebulization to get relief from COVID-19 [10].
There are several reports on the biomedical importance of AgNPs
synthesized using botanicals [11,12].

As AgNPs have several biomedical and other applications, atten-
tion being carried out to synthesis the AgNPs using biogenic agents
and its application as antimicrobial antioxidant, anticancer, antivi-

1876-0341/© 2020 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.jiph.2020.12.016
http://www.sciencedirect.com/science/journal/aip/18760341
http://www.elsevier.com/locate/jiph
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jiph.2020.12.016&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:myalansari@ksu.edu.sa
https://doi.org/10.1016/j.jiph.2020.12.016
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

M.M. Al-Ansarietal.

ral, and pharmaceutical agents for many ailments [13,14]. In the
current approach, a novel method of using tree exudates with a
high amount of polysaccharides in gum Arabic [GA] derived from
the tree, Acacia senegal (L) Wild, was used to synthesize AgNPs. This
resin is a polymer with glycoproteins and polysaccharides. Arabi-
nose and galactose present in the gum give a good binding capacity
and are used in the food industry [15]. This water-soluble, edible
glue is used in food, pharmaceutical, and industrial applications.
Why the gum Arabicis used as a moderating agent to prepare AgNPs
is because GA exerts its components over NPs as capping agents
change Zeta potential to negative and causes aggregation process
[16]. Using GA as a growth medium for nickel nanoparticle prepa-
ration enhances excellent antibacterial behaviour [17]. Further GA
exuded from A. senegal was proved to be an immunomodulatory
agent in COVID-19 patients [18]. Using the natural polymers of GA
as a stabilizer promoted capping in nanoparticles and enhanced the
compatibility of AgNPs for pharmaceutical and biomedical appli-
cations [19]. As the natural polymers in the GA can tune up the
synthesis nanoparticles with biomedical potential, in the present
study it is planned to synthesize AgNPs using GA. In the present
study, the synthesized AgNPs are tested against S. mutans that cause
biofilm and induce dental caries. Dental caries is a significant prob-
lem among the citizens of Saudi Arabia. In Saudi Arabia, dental
caries was reported in 85.77% of children in the age group 6 years
and 71.35% in the 15 years group [20].

Materials and methods
Bacterial strains and culture medium

The oral pathogen S. mutans ATCC 25175 was obtained from
Dentistry College at King Khalid Hospital. The strain was grown on
Nutrient Agar media (NA) at 37 °Cfor 24 hand used for further study.
All the media components and analytical reagents were purchased
from, Sigma Aldrich Chemicals, USA, and Watin-Biolife Advanced
diagnostics manufacturing Co., Saudi Arabia.

Preparation of gum Arabica extracts and AgNPs synthesis

The bio-reduction agent chosen to synthesis of AgNPs is the glue
called gum Arabic [GA]. The gum granules were procured from
a supplier from Riyadh, Saudi Arabia. Five gram GA powder was
dissolved in a specific volume (100 mL) of deionized water and fil-
tered with a filter paper. 50 mL of acacia aqueous extract added
to 3 mM of AgNO3 with in a 250 mL of distilled water. In the
bio-reduction process the colorless solution developed dark yellow
color. The change in color indicated the synthesis of GA-AgNPs. The
synthesized AgNPs were collected by centrifugation (15,000 rpm,
25 min) and purified by washing three times with sterile double
distilled water and finally air-dried. The air-dried GA-AgNPs were
lyophilized in ambient conditions, and it was stored in a screw cap
bottle for further characterization and antibacterial activity studies.

Bio-physical characterization of GA-AgNPs

The formation of GA-AgNPs was tested by the character-
istic surface Plasmon resonance (SPR) peak through a UV-vis
spectrophotometer (Shimadzu, UV-240, HitachiU-3200). The XRD
spectra were recorded and analyzed for the bio-synthesized GA-
AgNPs with PANalytical X'Pert PRO X-ray diffractometer. The size
and morphology of GA-AgNPs were examined by using the Trans-
mission electron microscopy-[HR-TEM model on a JEOL JEM 2100].
Scanning electron microscopy was done by using (SEM) Jeol7610.
The elemental analysis was carried out using an Energy Disper-
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Table 1

Primers used for gene study in S. mutans exposed to GA-AgNPs.
Gene FW RV
brpA GGAGGAGCTGCATCAGGATTC AACTCCAGCACATCCAGCAAG
spaP GACTTTGGTAATGGTTATGCATCAA TTTGTATCAGCCGGATCAAGTG
Smu630 GTTAGTTCTGGTTTTGACCGCAAT CCCTCAACAACAACATCAAAGGT
comDE ACAATCCTTGAGTTCCATCCAAG TGGTCTGCTGCCTGTTGC

gtfB CATACAGTAACGACAATCAGTAGCTCTA GTACGAACTTTGCCGTTATTGTCATA
gtfC GGTTTAACGTCAAAATTAGCTGTATTAGC CTCAACCAACCGCCACTGTT

stfD CACAGGCAAAAGCTGAATTAACA GAATGGCCGCTAAGTCAACAG
gbpB  ATGGCGGTTATGGACACGTT TITGGCCACCTTGAACACCT
GyrA  TTCGTACAAGTGTTGCCGATATCT TCTAGGCGCATCACTTTGACA

sive X-ray analyzer. The FT-IR measurements were made using
Shimadzu FTIR-8201PC instrument.

Minimum inhibitory concentration (MIC) of GA-AgNPs

The MIC value of GA-AgNPs was measured using MH broth
microdilution method. Serial two-fold dilution of GA-AgNPs was
prepared with the concentration ranging from 0.25 pg/mL to 2.0
pg/mL. The S. mutans concentration was adjusted to 108/CFU/mL,
0.5 Mc Farland standard. The S. mutans was loaded with MH broth
tubes with different doses of GA-AgNPs. The control with only the
broth and experimental tubes with varying doses of GA-AgNPs
were incubated for 24 h at 37 °C. The MIC was the lowest concen-
tration of GA-AgNPs where no visible growth is seen in the tubes.
The control and experimental tubes’ turbidity was recorded before
and after the experiments to confirm MIC values.

Antibacterial study of GA-AgNPs

The inhibitory effect of GA-AgNPs on S. mutans was deter-
mined by the agar diffusion method. S. mutans (ATTC ATCC 25175)
obtained were cultured in LB broth overnight. The culture’s turbid-
ity was made to 5 x 10° CFU/mL. The S. mutans were plated on LB
agar medium (Sigma - chemicals). In the plates, 5 mm wells were
made using a sterile cork borer. The diameter of the wells was 5
mm. In to each well 0.1 mL of the following concentrations of GA-
AgNPs viz., 25 pg/mL, 50 pg/mL, 100 pg/mL, and 200 p.g/mL were
loaded and incubated at 37 °C for 24 h. After incubation, the diam-
eter of the zones of inhibition for each concentration was recorded.
A middle well was used as negative control and filled with 0.1%
DMSO.

RNA isolation and RT-PCR (qRT-PCR) study

To analyze the effect of GA-AgNPs on gene expressions, S.
mutans was cultured in Brain Heart Infusion Broth [BHI] provided
by supplemented with sub MIC concentration of the extracts [5.0
pg/mL-20 wg/mL]. Overnight culture of S. mutans (ATCC 25175-
oral pathogens) was grown in BHI medium. Bacterial culture (OD
600 = 0.8) was diluted at a ratio of 1:50 followed by their inocula-
tion into BHI media and was incubated at 37 °C for 24 h growth.
The concentration of the culture used was 0.5 x 105 CFU/mL. For
RNA isolation, the harvested cultures were centrifuged at 4800 g for
10 min. RNA was isolated and purified using the R Neasy Mini. Kit.
The cDNA was made using (Clontech Laboratories-Advantage RT-
for-PCR kit protocol). ROCHE Light Cycler 96 Real-Time PCR was
performed using the protocol described Li et al. [21]. The primer
sequences used are shown in Table 1.

Statistical analysis

The mean and standard error of mean calculated for the results
with significance p < 0.05.
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Fig. 1. Green synthesis of AgNPs formation from mixture of gum Arabic extract and silver nitrate (a). Aqueous extract of gum Arabic extract; (b). 3 mM aqueous solution of

AgNOs; (c). AgNPs formation.

2
a- Plant extract
; b- AgNO3 (3mM)
15 |\ c- AgNPs (Peak @ 435 nm

Realative Intensity

270 370 470 570 670 770
Wavelength (nm)

Fig. 2. Confirmative analysis of UV-vis spectrum is formation of nanoparticles. (a)
Spectrum of gum Arabic extract; (b). spectrum of AgNOs; (c). spectrum of AgNPs.

Results and discussion

The conversion process of AgNO3 to AgNPs performance was
recorded by visual observation shows in Fig. 1(a-c). Fig. 1a shows
fresh gum Arabic solution; Fig. 1-b combination mixture of GA solu-
tion and 3 mM of AgNO3 and Fig. 1c was observed the interaction
between aqueous extract of GA and AgNOs. The resulting changes
in the color were recorded. The change in color from light yellow
to dark yellow indicated the synthesis of GA-Ag NPs.

UV-vis spectroscopy is an important technique to confirm the
formation of nanoparticles. Fig. 2(a—c)illustrates the UV-vis spectra
of GA extract, AgNO3; and GA-AgNPs. The formation of Ag NPs was
noted in the color change of reaction mixture from light yellow to
dark yellow within an hour indicated the synthesis of GA-AgNPs
and the Surface Plasmon Resonance (SPR) absorption band was at
420 nm. These results agreed with that reported for silver nitrate
solution reduction to silver nanoparticles [11-15].

The biomolecules present in the bio tuner, GA for the formation,
for the capping and stabilization of the Ag NPs were determined
using FTIR studies. The functional groups present in the gum Ara-
bica and gum Arabica mediated AgNPs were reflected in the IR
spectrum wavelength with different bandwidths. The band inten-
sities in the different positions of IR spectrum (Fig. 3a) for crude GA
and GA moderated AgNPs (Fig. 3b) showed in closely related wave-
lengths indicating similar biomolecules and are derived from GA
associating and stabilizing agents. The GA showed different promi-
nent peaks at the wavelength position at 3422.74,2909.71,1624.11,

220 4 11

200
280 l

240

= ,‘Mllﬁ | L (T
S M i i

80 | |
A

40 T T T 1
0 20 40 60 80

2 theta

Intensity (A.U)

Fig. 3. Identifications of functional groups from gum Arabic powder (a) and GA-
AgNPs using by FTIR.

1407.11, and 1059.26 cm~!. The FTIR spectrum for GA-AgNPs
showed peak positions at 3399.82, 2918.39, 1648.22, 1382.94,
1234.52 and 1072.52 cm™. In the GA-AgNPs spectrum, a new peak
at 1234.52 cm~! was noted, which is not seen in GA-FTIR. The
broad peak position at wavelength 3422.79 cm~! for GA and little
reduced peak at 3394.82 cm~! for GA-AgNPs indicated the func-
tional groups’ alcohols and phenols with O—H stretch H-bonds. The
absorption spectra observed at 2909.71 cm~! for GA and 2918.39
cm~! for GA-Ag NPs indicates alkanes’ presence with medium C—H
bond stretch. The sharp spectral peak at 1624.11 cm~! for GA and
little blind peak at 1648.22 cm~! for GA-Ag NPs indicated the pres-
ence of strong C = stretch to alkenes.

The peak of the spectrum at the wavelength between
1410-1380 cm~! indicates strong S=0 stretching for sulfonyl chlo-
ride. In the FTIR spectrum of GA and GA-AgNPs, a peak wavelength
with the range of 1383.94-1407.11 cm~! was observed. The spec-
tral wavelength between 1390-1310 cm~! indicates a strong C—O
stretching with the compound alkyl aryl ether. Also, the wave-
length between 1250-1020 cm~! represents medium-strength
C—N stretching, indicating amine compounds’ presence.

In both GA and GA-AgNPs spectrum, another peak was observed
at 1059.26 cm~! and 1072.52 cm™!, respectively. The wavelength
between 1085-1050 indicates strong C—O stretching for primary
alcohol, and a peak between 1070—1030 suggests strong S=0
stretching for sulfoxide. The marginal shifts are seen between the
peak value of IR spectra for GA and GA-AgNPs indicates that the
gum Arabica has shared its functional molecules with AgNPs in var-
ious capacities like capping spot, surface-attached and stabilizing
agents. The presence of phenols, alcohols, amides, sulfoxide, fla-
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Fig. 4. The XRD- of synthesized GA-AgNPs with 28 values.

vanoids, terpenoids and steroids etc. found in GA-AgNPs are also
reported by other researchers [11-16].

X-ray diffractogram is one of the bio-physical tools to evaluate
the nature of synthesized nanoparticles. The XRD-study of GA-
AgNPs showed four Bragg’s reflections with 20 values of 37.21°;
48.53°; 59.23° and 77.5° corresponding to the planes (111), (200),
(220) and (311) respectively. In addition to these peaks several
weak peaks were noticed (Fig. 4). The prominent sharp peaks,
on correlation with the reference (JCPDS) card, no.04-indicated
the crystalline nature of GA-AgNPs with a face-centred cubic (fcc)
structure as reported by earlier workers.

D = 0.9\ /BCosOT = 0.9\ /BCosb

Using the Debye-Scherrer Eq. The average size of NPs, width
of Bragg’s reflection at 111, and the corresponding average size of
the GA-AgNPs, was found to be 11.0 nm. The presence of several
unassigned peaks indicates that the GA-AgNPs have bio-organic
compounds derived from gum Arabic on their surfaces, as reported
by several other workers [11-16].

The SEM image of GA-AgNPs (Fig. 5-a) shows a dense population
of nanoparticles with oval, spherical, and nearly spherical shapes.
The EDAX spectrum of synthesizing GA-AgNPs (Fig. 5b) indicates
silver with a strong signal peak at 3KeV, as reported by previous
workers [22].

Transmission electron microscopic study on the biogenic
GA-AgNPs (Fig. 5c), shows the presence of spherical and
oval or quasi-spherical shaped nanoparticles in the size range
3.672-13.672 nm diameter with an average of 8.41 nm among 100
NPs observed using 80,000 x magnification. The NPs are dispersed
uniformly without any suggestion except few couplets. The TEM

image at the magnification 60,000 (Fig. 5d) showed the nanopar-
ticles in the size range 9.636 nm-36.976 nm with an average of
16.66 nm. The size of the nanoparticles is one of the important fac-
tors that govern the action of NPs. Its size is crucial for using NP
in the drug delivery system as antiviral, antibacterial, and wound
healing agents. Silver nano colloids in size range 3 nm-7 nm is an
effective optimal dose for inhalation therapy for SARS-CoV-2 infec-
tion [23]. It is also reported that for effective antiviral action, the
nanoparticles’ size must be less than 10 nm. The geometrical lim-
itation between glycoprotein protrusions in the form of spikes of
coronaviruses or influenza viruses with the size of 100 nm and the
NPs is if less, the NPs can effectively inhibit viral load. The size of the
NPs and capping layer, and its composition influences the antiviral
or antimicrobial action of NPs [24]. The high surface area and tiny
particle size, NPs have been applied RT-PCR, ELISA, and RT-LAMP
techniques to detect viral infection [3,25].

S. mutans is a well-known cariogenic bacterium causing dental
caries in 60-80% of children and 100% adult population [26]. Before
the dental caries formation, S. mutans makes a biofilm over the
teeth; it metabolizes the fermentable carbohydrates into organic
acids with low pH. The formed organic acids corrode the teeth’
enamel leading to dental caries [27]. S. mutans is also found to
cause endocarditis (Dafani, 1997). S. mutans are also reported to
have developed multidrug resistance [28,29].

As S. mutans is exhibiting drug resistance, an alternate search
with nanoparticles recommends GA-AgNPs as a good alternative. In
the present study, GA-AgNPs were tested against S. mutans, causing
dental caries in Fig. 6(a-c). The tested doses of GA-Ag NPs ranged
between 25 pg/mL to 200 wg/mL. S. mutans growth was highly
inhibited. The diameter of the zone of inhibition for 25 pg/mL, 50
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Fig. 6. Antibacterial effect of tested bacteria with GA-AgNPs with concentrations at (0.25%, 0.5%, 1%, 2%). (a) S. mutans; (b). P. aeruginosa; (c). E. fecalis.
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Fig. 7. Inhibition of virulence genes in S. mutans exposed to different concentrations of GA-AgNPs (a-h).

pg/mL, 100 pg/mL and 200 pg/mL were 14.05 + 0.7, 15.5 + 0.8,
16.3+1.0and 18.30+ 0.5 nmrespectively. The minimum inhibitory
concentration of GA-AgNPs for S. mutans was 10.0 p.g/mL. From the
present study, it is evident that the synthesized AgNPs using gum
Arabic can be used as an effective oral antibiotic to prevent dental
caries by incorporating it with mouth wash and kinds of toothpaste.
In S. mutans Glucosyl transference (gtfc gtfD and gtfB) are the vir-
ulent genes for plaque formation in biofilm over the tooth surface.
The inhibition of the three glucosyltransferase genes impairs the
colonization and biofilm formation by S. mutans [30]. The gene gtfD
lies in a distant locus from gtfB, gtfC and gbpB (Fig. 7a-d). However,
it plays a role in the structure of glucans in the biofilm formed by S.
mutans. The inhibition of virulence of gftB, gftC and gftD interferes
with the virulence of S. mutans and its biofilm formation over teeth
that induces dental enamel corrosion and dental caries [30]. The
glucan binding protein gbpB is another important virulent gene-
regulating antibiotic sensitivity, oxidative and osmotic stress, cell
wall construction, maintaining cell shape, hydrophobic, and biofilm
formation [31]. A study showed that the mutation of gbpB gene in
S. mutans altered the cell shape of S. mutans, leading to growth
inhibition [32]. Fujita et al. reported that gbpB genes have several
expression patterns according to the strain types of S. mutans [33].
The surface protein antigen 1/11 gene (spaP) is housekeeping genes
in S. mutans interact with glycoprotein found in saliva to decide the
receptors for the adhesion with teeth or gums, and its inhibition
prevents S. mutans attachment with the teeth or gum of the host
body [32].

The S. mutans (smu 360) gene studied in the present work is
a hypothetical protein involved in establishing and surviving S.
mutans in biofilm. The expression of smu 360 genes in S. mutans
gets altered and inhibits biofilm formation under antibacterial blue
light-induced oxidative stress [34]. The biofilm regulatory protein
(brpA) of S. mutans plays a major role in the biofilm formation of S.
mutans. The brpA gene is involved in systemic virulence in the blood
[35]. Inhibition of brpA gene disturbs cell wall stress regulation,
cohesiveness in biofilm and biofilm formation [36].

The gene regulation of treated S. mutans of brpA, spaP, comDE
and smu 360 in Fig. 7e-h). The triple genes comDE, brpA and smu
360 are responsible for forming a protective extracellular matrix

over S. mutans [37]. Any inhibition of these three genes prevents
S. mutans colonization and growth. The competence regulation
comDE gene is responsible for bacitracin production, cell formation,
and competence [37,38]. So the inhibition of comDE by GA-AgNPs
will paralyze the formation and survival of S. mutans in oral cav-
ity. The gyra A gene studied is also an important virulent gene of
S. mutans. The DNA gyrase encoding gyra A is a housekeeping gene
offers protection to S.mutans against antibiotics and environmen-
tal stress [38,39]. In the present study, the synthesized GA-AgNPs
inhibited the virulence of gyra Agene. From the evaluation of GA-
AgNPs molecular inhibition of S. mutans showed that the differ-
ent sets of genes, gtfB, gtfC, gtfD and gbpB responsible for biofilm
formation, brpA, smu 360 and comDE responsible for protective
extracellular matrix over S. mutans and spaP and gyrA genes for the
survival of S. mutans in odd oral cavity ambiance are all inhibited
[40]. The virulence gene expression study further strengthens the
inhibitory action over the oral pathogen S. mutans causing dental
caries and other diseases like endocarditis by GA-AgNPs by well
diffusion assay.

Conclusion

The gum Arabica obtained from Arabica senegal is an eth-
nobotanical compound. The utilization of this natural medicinal
product to tune silver nanoparticles’ formation transferred its valu-
able components over the NPs as a capping and stabilizing agent.
The gum Arabic moderated AgNPs are small in size with a maximum
below 10 nm expands its application beyond the dental pathogen S.
mutans to SARS-CoV-2 viral infection control. The COVID-19 viruses
are reported to affect the upper respiratory tract as well as the oral
cavity. So GA-AgNPs nasal spray or mouth wash can be used to
eliminate the dental carcinogenic S. mutans and also other viruses
causing respiratory-related problems.
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