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ABSTRACT:

Background: Silver nanoparticles comprise a very promising approach for the production of new anti
microbial systems. Lawsonia alba has a wide range of medicinal applications due to its wound healing,
anti microbial, antioxidants and anti inflammatory properties. Aim: The aim of this study is to evaluate
the anticariogenic activity of Lawsonia alba mediated Ag Nps. Materials and Methods: In the present
study, Lawsonia alba is used to synthesise silver nanoparticles and were characterized using UV-visible
spectrophotometer. The anticariogenic activity of oral pathogens namely, staphylococcus aureus,
streptococcus mutans, Enterococcus faecalis and Candida albicans were evaluated by agar well
diffusion method. Results: In this present study, maximum zone of inhibition obtained in gram positive
S.mutans with a zone diameter of 20mm at conc of 100 pL. and minimum zone of inhibition obtained
in S.aureus with a zone diameter of 15mm at same concentration. The maximum Zone of inhibition
obtained in gram negative bacteria E.faecalis with a zone diameter of 15mm at concentration of 100 pL
and lowest zone of inhibition obtained in C.albicans with a zone diameter of 11mm at concentration of
100 uL. Conclusion: Silver nanoparticles synthesised using Lawsonia alba have been shown to have
excellent anticariogenic activity and can be used in a wide range of dental applications.

KEY WORDS: Silver nanoparticles; Lawsonia alba; oral pathogens; agar well diffusion assay; anti
cariogenic activity; green synthesis; eco friendly.

INTRODUCTION:

One of the most active research fields of modern material science is nanotechnology. The
development of secure confinement in the knowledge of materials and experimental protocols used
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for nanomaterial synthesis is one of the main facets of the nanotechnology field's concerns (Bayda
et al., 2019). Nanoparticles with dimensions in the range of 1-100nm have attracted a continuous
trickle of interest as a result of their peculiar properties, ability to form superstructures and
applications superior to their bulk counterparts (Ganta et al., 2020). Nanostructured noble metals
have recently gained interest in a range of scientific and medical uses, including molecular
imaging, drug distribution, material production, and medical devices for diagnosis and treatment
(Khan, Saeed and Khan, 2019). Metal nanoparticles have been prepared using a variety of
techniques, the most common of which are chemical reduction, ultraviolet and microwave
radiation, as well as photochemical and sonoelectrochemical methods (Swain, 2016). Noble metals
like Au, Ag, Pd, Pt, and Cu have long been used to make stable colloids that can be used in
optoelectronics, catalysis, photothermal therapy, surface enhanced Raman scattering (SERS)
detection, and biological labelling (Lee and Jun, 2019). At present, silver nanoparticles have
received high attention due to their extraordinary biological activities. Drug delivery, bio-labeling,
sensing, food preservation, wound healing, water purification, and cosmetics are only a few of the
applications (Rajakumari et al., 2020). Moreover, silver nanoparticles have other interesting
applications such as textiles, electronics, catalysis and paints. AgNPs are also used in the
manufacture of surgical masks (Ahmed and Mustafa, 2020). According to studies, silver
nanoparticles (AgNPs) can be used successfully against multidrug-resistant bacteria due to their
small scale and comparatively wide surface area in contrast to volume, which allows them easy to
interact with substances and enhances their antibacterial efficacy (Wang, Hu and Shao, 2017). The
recent strategy for improving antibiotic efficacy is to combine them with AgNPs to control
microbial infections, as indicated by AgNPs' damage to microbial deoxyribonucleic acid (Jackson
et al., 2020).

In this present study Lawsonia Alba plant has been used as a biological source for synthesizing
silver nanoparticles. Lawsonia alba is a dwarf shrub that is well known for its cosmetic use due to
the presence of unique active principles in the leaves. Henna or mehndi are two common names
for it. It's a North African and South-West Asian native that's also grown in West Africa (Sharma,
Goel and Bhatia, 2016). It is an ornamental hedge and dye plant that has been used for Centuries
in many civilizations and cultures (Abd-el-Malek et al., 1973). L. alba leaf paste is used to dye
hair and palms of hands, as well as to avoid skin inflammation. As a colouring agent, it includes
lawsone (Badoni Semwal et al., 2014). Wounds, ulcers, asthma, bronchitis, lumbago,
rheumatalgia, inflammations, diarrhoea, dysentery, leucoderma, scabies, boils, anaemia,
haemorrhages, fever, hair loss, and greying hair are all treated with the leaves of this herb (M,
Mungle A N. Ittadwar A M Mungle A N. Ittadwar A M and ijrbat, 2018). The secondary
metabolites including saponins, triterpenoids and dioxin derivatives isolated from Lawsonia
inermis plant had an antibacterial effect against Pseudomonas aeruginosa (Gull et al., 2013).
Oral health is related to physical well-being and life satisfaction. Oral infections may result from
either an endogenous source that produces microorganisms that are normally present in the mouth,
such as plaque-related dental caries and periodontal disease, or an exogenous source that produces
microorganisms that are not normally found in the oral microflora (Ali et al., 2020). The use of
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nano-sized antimicrobials provides the possibility to monitor the formation of these oral biofilms
through the use of nanoparticles with biocidal, anti-adhesive and delivery capabilities (Barma,
2020). This is why the current work stands remarkable as it deals with green synthesis of Ag Nps
using Lawsonia alba extract. Our team has extensive knowledge and research experience that has
translated into high quality publications (Princeton, Santhakumar and Prathap, 2020),(Mathew et
al., 2020),(Sridharan et al., 2019),(R et al., 2020),(Antony et al., 2021),(Sarode, Gondivkar,
Sarode, et al., 2021),(Hannah R et al., 2021),(Chandrasekar et al., 2020),(Subramanyam et al.,
2018),(Jeevanandan and Thomas, 2018),(Ponnulakshmi et al., 2019), (Sundaram, Nandhakumar
and Haseena Banu, 2019),(Alsawalha et al., 2019),(Yu et al., 2020),(Shree et al., 2019),(Zafar et
al., 2020),(Karunagaran et al., 2019),(Sarode, Gondivkar, Gadbail, et al., 2021),(Raj Preeth et al.,
2021),(Prithiviraj et al., 2020). (Krishnan and Lakshmi, 2013; Soh and Narayanan, 2013; Lekha
et al., 2014; Dhinesh et al., 2016; PradeepKumar et al., 2016)The aim of the present study is to
determine their anti cariogenic activity against oral pathogens such as S.mutans, S.aureus,
E.faecalis and C.albicans which are responsible for the cause of tooth caries and nosocomial
infections.

MATERIALS AND METHODS:

Preparation of plant extract:

Leaves of Lawsonia alba were purchased commercially. About 1g of Lawsonia alba leaf powder
was dissolved in distilled water and boiled for 5-10 min at 60-70° (Figure-1). The solutions were
then filtered using whatman No 1 filter paper. The filtered extract was collected and stored in 4 °
C for further use.

Synthesis of Silver Nanoparticles:

About 1 mmol of silver nitrate was prepared in 90 ml of distilled water. The plant extracts of
Lawsonia alba were added with the metal solution and this solution was made into a 100 ml
solution. The colour change was observed visually and photographs were taken for the record. The
solution was then kept in a magnetic stirrer for synthesis of nanoparticles. The synthesis of
nanoparticles is primarily characterized using UV-visible spectroscopy (Figure-2). 3 ml of the
solution is taken in a cuvette and scanned in a UV-visible spectrometer under 300 nm to 700nm
wavelength. The results were recorded for graphical analysis.

Anticariogenic activity

The anticariogenic activity was determined by the well diffusion method (Figure-3). The mueller
Hinton agar plates were prepared and each plate was swabbed with four different oral pathogens
such as S.mutans, S.aureus, E. faecalis and C.albicans. A gel puncture was used to cut four wells
on each petri plate. To the first three wells, silver nanoparticles with lawsonia alba were added in
different concentrations of 25 pL, 50 puL., 100 pL. The anticariogenic activity was determined based
on the measurement of the diameter of the zone of inhibition formed around the well and the mean
values were calculated.
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Figure-2: Characterization of Silver nanoparticles is done by using UV visible spectroscopy. The
graphical representation of the red line indicates the wavelength at which the nanoparticles are
synthesized. The wavelength ranges from 300-700 nm. The synthesis of AgNps was confirmed by

formation of a peak at 400 nm.

Figure-3: Anticariogenic activity of Lawsonia alba mediated silver nanoparticles against oral
pathogens (S.mutans, E.faecalis, C.albicans, S.aureus)
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RESULTS AND DISCUSSION:

Visual observation:

The leaf extract of Lawsonia alba was visually observed (Figure-2). It was gold colour first and
when it was added with the metal solution, it turned into a dark brown extract which was indicated
with the formation of silver nanoparticles.

Figure-4: Lawsonia alba mediated Ag Nps synthesis and colour transition from golden yellow
colour to canary yellow.

UV-vis spectroscopy:

The bio-reduction of pure AgNos to Ag Nps was characterised by using UV-vis-spectroscopy. The
presence of nanoparticles was confirmed by obtaining a spectrum in the visible range of 300-
700nm. The absorption spectrum of the incubated solution, which showed a peak at 400nm
confirmed the formation of Ag Nps as shown in Figure-2.

The anticariogenic activity of Lawsonia alba mediated silver nanoparticles was investigated
against oral pathogens namely, S.mutans, E.faecalis, C.albicans and S.aureus recovered from
dental caries and nosocomial infected patients. The results obtained are recorded and inhibitory
activity of Lawsonia alba mediated Ag Nps is calculated for anticariogenic activity and shown in
table 1. It was found that Lawsonia alba mediated Ag Nps caused inhibition of oral pathogens in
a dose dependent manner. The graph seen in Figure-4 depicts maximum zone of inhibition
obtained in gram positive bacteria S.mutans with a Zone diameter of 20mm at concentration of
100 pL and minimum zone of inhibition obtained in S.aureus with a zone diameter of 15mm at
same concentration. The maximum Zone of inhibition obtained in gram negative bacteria
E.faecalis with a zone diameter of 15mm at concentration of 100 pL and lowest zone of inhibition
obtained in C.albicans with a zone diameter of 11mm at concentration of 100 pL. The results
revealed that Lawsonia alba mediated Ag Nps show effective anti cariogenic activity.

Table-1 depicts the anticariogenic activity of Silver nanoparticles with Lawsonia alba at various
concentrations compared with the antibiotic (amoxicillin).
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Concentration 25 ul 50 uL 100 uL Antibiotic
E.faecalis 9 12 15 25
S.mutans 15 16 20 27
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Figure-5: The bar graph represents the comparison between the Lawsonia alba (Ag Nps) and
standard antibiotic (amoxicillin). The X- axis represents the concentration of the Lawsonia alba
(Ag Nps) and the standard amoxicillin and the Y-axis represents the zone of inhibition against the
oral pathogens. The anticariogenic activity of AgNps which showed that S. mutans was the most
sensitive bacteria followed by E. faecalis, S.aureus and C.albicans.

Since oral bacteria have highly complex adherence mechanisms, they colonise and cause disease
primarily in the oral cavity (Nasim, Kamath and Rajeshkumar, 2020). Commercially available
antibacterial agents such as chlorhexidine, fluorides, and various antibiotics that can be used to
avoid dental caries. However, they have a variety of side effects that include nausea, vomiting, and
diarrhoea and that an attempt has been made to find medicines made from naturally occurring
substances with the minimum side effects (Aronson, 2009). Synthetic chemicals may be replaced
with natural ingredients derived from plants used in herbal medicine. About 80% of people in
developing countries use traditional medicine which includes substances obtained from medicinal
plants (Veeresham, 2012). Herbal medicines are usually thought to be harmless. However, in order
to prevent fatal effects, it is appropriate to assess their biological safety before use. There is no
doubt about Lawsonia alba's pharmacological properties, but toxicological testing is still needed.
Lawsonia alba extracts were tested in mice in vivo for acute toxicity, and no mortality was
observed (Chowdhury, Kubra and Ahmed, 2014).
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In previous literature, omani henna extract was evaluated against S. aureus, E. coli, P. aeruginosa,
Shigella sonnei and C.albicans. It was found to be the best anti microbial activity against Shigella
sonnei but it failed to show antifungal activity against C. albicans (Habbal et al., 2005). But in our
study, Lawsonia alba mediated Ag Nps have a good antimicrobial activity against C.albicans at
Conc of 100 pL. Another study reported, aqueous extracts show less antimicrobial activity against
Escherichia coli ATCC 25922. However, Staphylococcus aureus ATCC 25923 and Candida
albicans ATCC 10231 were sensitive toward leaf extract of Lawsonia inermis (Hadef and
Boufeldja, 2019). In our study, a combination of silver nanoparticles with Lawsonia alba showed
better anticariogenic activity against E.faecalis, S. aureus and C. albicans. L.inermis exhibited
antimicrobial activity against Gram-positive bacteria while was ineffective for Gram- negative
bacteria (Papageorgiou et al., 1999). While in our study, Lowsonia alba had antimicrobial activity
against Gram positive bacteria as well as Gram negative bacteria (S.mutans, E.faecalis,
C.albicans, S.aureus). Another study reported that Phyllanthus emblica exhibited strong
antibacterial activity against a wide range of bacteria such as B.cereus, S.aureus, P. aeruginosa
and E.coli compared to Lawsonia alba (Khan et al., 2013). Using Ag Nps alone against S.mutans
was found to be significant bactericidal and bacteriostatic activity and these effects were similar
to commercially available chlorhexidine (Santos et al., 2014). Similar study, performed by silver
nanoparticles with Phyllanthus emblica and Cinnamomum verum was found to be good
antibacterial activity against S. aureus followed by Lactobacillus, E. faecalis and S.mutans (S et
al., 2020). While in our study, silver nanoparticles formulation with Lawsonia alba produces
significant anti cariogenic activity against dental pathogens.

The present study was done to evaluate the anticariogenic activity of Lawsonia alba (Ag Nps)
extract against limited microbes. Further, it shows moderate anticariogenic activity compared to
amoxicillin. However, it is environmentally friendly, quick, and simple to synthesise, as well as
effective against bacteria with multidrug resistance. Thus, Ag Nps may potentially be used as a
non-toxic alternative to antibiotics.

CONCLUSION:

In our present study, lawsonia alba mediated silver nanoparticles showed excellent anticariogenic
activity and these green synthesis of silver nanoparticles was of low cost and convenient to carry
out. Thus, it is a promising new approach incorporated as an oral health care product for the
prevention of oral pathogens in the near future.
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