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Abstract
Background
Various local drug delivery systems have been tried so far to target microorganisms responsible for
periodontitis. However, none of them were effective enough to destroy the periodontal pathogens. This
study aimed to analyze the antimicrobial, antioxidant, and anti-inflammatory properties of melatonin-
loaded, calcium oxide nanoparticles-based neem and clove extract against oral pathogens to be further used
as a local delivery agent.

Methodology
Powdered fresh neem leaves and clove buds were weighed, added to double distilled water, and then boiled
for half an hour. Boiling helps in activating the phytochemicals present in the extract. The solution was
boiled further to obtain a concentrated solution. To this 0.241 g of melatonin powder dissolved in 10 mL of
double distilled water was added to the previous mixture and left undisturbed in a stirrer overnight.

Results
The properties of the extract such as antioxidant, antibacterial, anti-inflammatory, cytotoxicity, and
embryonic toxicology were studied. In the case of antimicrobial activity, at 100 μg/mL, the zone of inhibition
(ZOI) was the highest at 18 ± 0.16 μg/mL and the lowest at 13 ± 0.3 at 25 μg/mL for Candida albicans.
Similarly, at 100 μg/mL, the ZOI was the highest at 15 ± 0.25 μg/mL and the lowest was 13 ± 0.12 at 25 μg/mL
for Streptococcus mutans and Staphylococcus aureus. Similarly, in the case of antioxidant and anti-
inflammatory properties, they showed increased activity with increased concentrations of 10, 20, 30, 40, and
50 μg/mL.

Conclusions
This study proves that melatonin-added extracts have antimicrobial, antioxidant, anti-inflammatory, and
cytotoxic properties which are almost equal to that of the standard. This indicates that they can be possibly
further used as local delivery drugs. Further animal or cell line studies should be conducted before
experimenting this is in clinical trials for periodontitis patients.

Categories: Preventive Medicine, Epidemiology/Public Health, Dentistry
Keywords: green synthesis, calcium oxide nanoparticles, melatonin, clove, neem

Introduction
Periodontitis is an inflammatory disorder that is characterized by gingival bleeding, the development of
periodontal pockets, and the degeneration of connective tissue attachment. The immune system is
stimulated against bacteria present in the tooth biofilm, where the disease first manifests itself. Plaque-
induced gingival inflammation is the most known form of periodontal disease in people and can lead to
more severe forms of the condition. Gingival tissue and alveolar bone are severely lost in the advanced stage
of the disease.

During the pathogenesis of this disease, free radicals are produced from the bacteria as well as inflammation
and this creates a triggered immune response, which is a significant factor in periodontal disease. This event
leads to the pro-inflammatory molecules getting activated and further causes periodontal destruction [1]. It
also results in a massive increase in the nitrogen and oxygen reactive species which leads to oxidative tissue
damage. The free radicals increase as the defense provided by the antioxidant properties is reduced due to
the inflammation and this imbalance may lead to a considerable detrimental impact on the periodontal
tissues [2]. This symbolizes that the drugs that are used against periodontitis should contain the potential to
act against the pathogens. The potential therapeutic effects of green synthesized drugs in periodontitis have
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gained attention in the past few years because of their fewer side effects.

Green synthesis, the environmentally friendly synthesis or sustainable synthesis, refers to the development
of processes and methodologies that minimizes or avoids the use of harmful substances and reduce the
production of waste [3]. This was validated by another study by Pal et al. that green synthesis has gained
significant attention in various fields, including pharmacology for the synthesis of herbal-based drugs to
overcome the adverse effects of chemical drugs. When it comes to the green synthesis of drugs, researchers
focus on finding alternative, environmentally friendly routes to produce pharmaceutical compounds. Among
the various plants available, neem and clove were chosen considering their medicinal properties. Neem
(Azadirachta indica) is a tree originating from the Indian subcontinent and is known for its numerous
medicinal properties. Various parts of the neem tree, including the leaves, bark, seeds, and oil, have been
traditionally used in Ayurvedic medicine for centuries [3]. Clove (Syzygium aromaticum) is a spice native to
Indonesia and is widely used in medicine. Cloves are the dried flower buds of the clove tree and possess
several medicinal effects due to their active compounds. Both of these are well known for their strong
antimicrobial properties, particularly against bacteria and fungi. They can help inhibit the growth of various
pathogens. They contain anti-inflammatory compounds that can help subside the inflammation [4]. They
also have antioxidant properties that protect cells from oxidative damage, thereby neutralizing the reactive
species. However, these properties do not seem to be strong enough and sufficient against periodontal
pathogens without a powerful additive.

One such compound, which is well known for its activity against periodontal pathogens is melatonin.
Permuy et al. conducted an extensive review of melatonin which is a derivative of the amino acid
tryptophan. Chemically, melatonin is known as N-acetyl-5-methoxytryptamine. It has been studied for its
potential applications in dentistry, particularly in the context of its various properties. It has also been
found to influence bone metabolism by promoting bone formation and inhibiting bone resorption. This
aspect is particularly relevant in periodontics, as the diseases can lead to bone loss around the teeth. The
effects of melatonin on bone may help support periodontal tissue regeneration [5]. To effectively deliver
these substances, a suitable vehicle is mandatory. Using nanoparticles as a potential drug delivery system
due to their unique properties has been a focus for the past few years by authors like Vaseenon et al.
Especially among them, calcium oxide (CaO) nanoparticles are generally considered to be biocompatible and
allow them to penetrate biological barriers and reach target sites more effectively. The nanoparticles can be
engineered to have a controlled size and surface characteristics, enabling improved drug loading and release
profiles. In our study, we synthesized calcium oxide nanoparticles (CaONPs) using neem and clove extract
without the use of any other hazardous chemicals or synthetic agents [6]. The study aims to analyze the
antimicrobial, anti-inflammatory, antioxidant, cytotoxicity, and embryonic toxicology properties of
melatonin-loaded neem and clove extract.

Materials And Methods
Synthesis of extract
Neem leaves and clove buds were the primary ingredients. They were collected, cleaned, and dried for almost
five days to remove moisture. After thorough drying, the dried neem leaves as well as clove buds were
crushed and made into a powder form. Accurately, 1 g of each powder was taken and then added to 100 mL
of double distilled water. It was then boiled at 70°C for around 30 minutes. The boiling helps in activating
the phytochemicals present in the extract. The solution was boiled further to obtain a concentrated solution
[7].

Biosynthesis of CaONPs
The process began by mixing 10 mL of the extract and 90 mL of the CaO solution. An optimum ratio of 9:1
was maintained. Then, the prepared mixture was placed in a stirrer for 48 hours at optimal room
temperature. The visual color change from dark yellow to light yellow denotes the formation of CaONPs. At
10,000 rpm, after centrifugation for about five minutes, the pellets were collected. They were later washed in
double-standard purified water, then again with ethyl alcohol to obtain maximum purity. The obtained
nanoparticle-containing powder was collected through lyophilization. The final product was stored at room
temperature.

Preparation of melatonin mixture
To prepare this mixture, 0.241 g of melatonin powder was dissolved in 10 mL of double distilled water. This
was uniformly mixed with the help of a vortex mixer. Later, this mixture was added to the prepared neem
and clove extract and left in a stirrer overnight. Then, the final mixture was tested for various properties.

Anti-inflammatory activity
Egg Albumin Denaturation Assay

To perform egg albumin denaturation assay, 0.2 mL of fresh egg albumin and 2.8 mL of phosphate buffer
were mixed. Different concentrations (10-50 µg/mL) of melatonin-loaded CaONPs extract were added to the
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mixture. The pH was adjusted to 6.3. Then, it was kept for 10 minutes at room temperature. Incubation was
done in a water bath at 55°C for half an hour. The standard group contained diclofenac sodium while
dimethyl sulphoxide was used as a control. Then, the samples were measured spectrophotometrically at 660
nm [8]. The percentage of protein denaturation was determined utilizing the following equation: %
inhibition = (absorbance of control - absorbance of sample)/absorbance of control × 100.

Membrane Stabilization Assay

In vitro membrane stabilization assay is a widely used technique for evaluating the membrane stabilizing
properties of natural and synthetic compounds. This assay analyzes the potential of a compound to stabilize
the cell membrane by preventing its disruption and subsequent release of intracellular contents. The
materials included tris-HCl buffer, human red blood cells (RBCs), phosphate-buffered saline (PBS), different
concentrations of melatonin-loaded CaONP extract (10-50 µg/mL), centrifuge tube, and UV-visible
spectrophotometer.

Preparation of RBC Suspension

Fresh human blood was collected in a sterile tube containing anticoagulants. The blood was centrifuged at
1,000 g for 10 minutes at optimal room temperature to separate the RBCs from other blood components. The
supernatant was removed and washed the RBCs three times with PBS. Resuspend the RBCs in the tris-HCl
buffer to obtain a 10% (v/v) RBC suspension.

Assay Procedure

Overall, 1 mL of the RBC suspension was pipetted into each centrifuge tube. Then, different concentrations
of melatonin-loaded CaONP extract were added to each tube. The tubes were mixed gently and incubated at
37°C for half an hour. Subsequently, the tubes were centrifuges at 1,000 rpm for 10 minutes at room
temperature to pellet the RBCs. At a wavelength of 540 nm, the absorbance of the supernatant was
calculated with the help of a UV-visible spectrophotometer. The percentage inhibition of hemolysis was
calculated using the following formula: % inhibition = (OD control - OD sample)/OD control) × 100.

OD control is the absorbance of the RBC suspension without the test compound(s) and OD sample is the
absorbance of the RBC suspension with the test compound.

Antioxidant activity of CaONPs
Hydrogen Peroxide Assay

Overall, 1 mL of reaction mixture with 100 mL of 28 mM of 2-deoxy-2-ribose was prepared. To that various
concentrations of Andrographis paniculata-mediated silver nanoparticles (10-50 μg/mL) were added. Along
with that, 200 mL of ferric chloride, 200 µL of ethylenediaminetetraacetic acid, and 100 mL of ascorbic acid
were mixed. Then, it was incubated for an hour at 37°C and the OD was measured at the wavelength of 532
nm against the blank solution. Tocopherol was chosen as a control. The following formula was used:
hydroxyl radical scavenging activity (%) = ((A blank - A sample)/Ablank) × 100, where A blank is the
absorbance of the control reaction (without sample), and A sample is the absorbance of the reaction with the
sample.

Ferric-Reducing Antioxidant Powder Assay

Reagents used: (a) 300 mM acetate buffer, pH 3.6: 3.1 g of sodium acetate trihydrate was weighed, 16 mL of
glacial acetic acid was added, and then 1 L of distilled water was added to make the volume. (b) TPTZ (10
mM in 40 mM HCl; M.W. 312.34), 2, 4, 6-tripyridyl-s-triazine. (c) FeCl3. 6 H2O (20 mM; M.W. 270.30). Just

before testing, the functioning ferric-reducing antioxidant powder (FRAP) reagent was made by combining
components a, b, c in ae ratio 10:1:1. FeSO4. 7H2O: 0.1 to 1.5 mM in methanol served as the standard. The

Merck (Germany) firm prepared all regents.

Procedure: Distilled water (0.4 mL) and FRAP solution (3.6 mL) were combined and incubated at 37°C for
five minutes. Then, this solution was combined with an 80 mL concentration of plant extract, which was
then incubated for 10 minutes at 37°C. At 593 nm, the absorbance was gauged. The values were determined
as for sample solutions, and five concentrations of FeSO4, 7H2O (0.1, 0.4, 0.8, 1, 1.12, and 1.5 mM) were used

to generate the calibration curve.

Antimicrobial activity
Using the agar well diffusion method, the antibacterial activity of melatonin-loaded CaONP extract was
assessed. We prepared and sterilized Mueller-Hinton agar plates in an autoclave at 121°C for 15-20 minutes.
The medium was applied to the sterile petri plate surface after sterilization and allowed to cool to room

2023 Harris et al. Cureus 15(9): e46293. DOI 10.7759/cureus.46293 3 of 13

javascript:void(0)


temperature. Using sterile cotton swabs, the bacterial suspension (Streptococcus mutans, Lactobacillus spp.,
Staphylococcus aureus, and Candida albicans) was equally distributed across the agar plates. The agar plates
were divided into 9 mm-diameter wells using a sterile polystyrene tip. Then, melatonin-loaded CaONP
extracts at varying quantities (25 g, 50 g, and 100 g) were added to the wells. The standard was an antibiotic,
such as bacteria-amoxyrite or fungi-flucanazole. For fungi cultures, plates were incubated at the
temperature of 37°C for one and two days. By measuring the diameter of the inhibitory zone surrounding the
wells, the antibacterial activity was assessed. A ruler was used to measure the diameter of the zone of
inhibition (ZOI), record it in mm, and compute the ZOI.

Cytotoxic effect
Brine Shrimp Lethality Assay

Overall, 2 g of salt which does not contain iodine was mixed in 100 mL of double distilled water. In six well
enzyme-linked immunosorbent assay plates, 11-12 mL volume saline was added. Then, 10 nauplii were
placed in each well. The nanoparticles were added in various concentrations. The plates were kept
for incubation for 24 hours. After 24 hours, the count of live nauplii was determined using the following
formula: number of dead nauplii/number of dead nauplii + number of live nauplii × 100.

Zebrafish embryonic toxicology evaluation of CaONPs
Fish Maintenance Protocol and Exposure to CaONPs

Wild-type zebrafish were kept in separate tanks under controlled conditions of temperature (280 ± 20°C).
Twice a day, optimum food was fed to the zebrafishes. Zebrafish embryos were obtained from each breeding
unit, and viable eggs were collected and washed thoroughly thrice with a freshly prepared medium which is
free of methylene blue. The study involved the placement of fertilized eggs in culture plates of varying well
sizes (six, 12, and 24 wells) with 20 embryos per 2 mL solution per well. The experimental treatment and
control groups were replicated three times. To prepare the experimental treatment, a stock suspension of
melatonin-loaded CaONP extract with five different concentrations was freshly made and added directly to
the E3 medium. To disperse the nanoparticles, the solution was placed in a sonicator for 15 minutes. A pH
range of 7.2-7.3 was maintained. Nourished unaffected ones were treated with four specific concentrations
of CaONPs for 24 to 96 hours post-fertilization. The CaONPs were added to the E3 medium in which the
embryos were incubated. Control groups are the untreated ones. Every 12 hours, dead embryos were
disposed of. The experimental plates should be covered in aluminum foil to eliminate light exposure. They
were maintained at an optimal temperature of 28°C.

Evaluation of Zebrafish and Its Developmental Stages

Following fertilization, throughout the exposure period, the growth of zebrafish embryos was monitored
using a high-definition microscope. The embryos were treated with different concentrations of our extract
(5, 10, 20, 40, and 80 µg/L) for 24-78 hpf. Embryonic mortality as well as hatching rates were assessed at 24-
hour intervals. The study parameters included embryo/hatchling mortality, hatching rate, and the
identification and documentation of any malformations among them in control and treatment groups.
Photographic documentation of affected embryos was captured using a COSLAB-light microscope, and the
percentage of affected embryos was recorded every 24 hours.

Results
Anti-inflammatory activity
Melatonin-loaded CaONP-based neem and clove extract showed an increase in activity with increasing
concentrations of 10, 20, 30, 40, and 50 μg/mL extract against similar concentrations of standard diclofenac
sodium. The following calculations were done based on the reading that was obtained (Figures 1, 2). The
activity was tested using three different assays, namely, egg albumin assay and membrane stabilization
assay, respectively, to get an unbiased result.
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FIGURE 1: Graphical representation of the anti-inflammatory activity of
melatonin-loaded neem and clove extract using egg albumin (EA) assay.

FIGURE 2: Graphical representation of the anti-inflammatory activity of
melatonin-loaded neem and clove extract using membrane stabilization
assay.

Antioxidant activity
Antioxidant activity was determined using the hydrogen peroxide and FRAP assays. In past research,
CaONPs showed good antioxidant activity. Therefore, it is evident that the additional antioxidant activity
can be attributed to the melatonin present in the extract. Similar results were obtained from all the assays,
which signifies the reliability of the results. According to Figure 3 and Figure 4, antioxidant activity
increases with increase in concentrations of the extract. The difference in the antioxidant activity between
the standard ascorbic acid and the melatonin-loaded CaONP-based neem and clove extract is only <5% in
terms of ZOI, as validated by hydrogen peroxide and FRAP assays.
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FIGURE 3: Graphical representation of the antioxidant activity of
melatonin-loaded neem and clove extract using the hydrogen peroxide
assay.

FIGURE 4: Graphical representation of the antioxidant activity of
melatonin-loaded neem and clove extract using ferric-reducing
antioxidant powder (FRAP) assay.

Antimicrobial activity
The antimicrobial activity of melatonin-loaded CaONP-based neem and clove extract was demonstrated
using bacterial cultures by means of ZOI. Figure 5 represents the increase in ZOI with increased
concentration of the melatonin extract. Hence, at 100 μg/mL, the ZOI was highest with 18 ± 0.16 and lowest
was 13 ± 0.3 at 25 μg/mL for C. albicans. These results indicate that the extract was almost twofold greater
than the standard. Similarly at 100 μg/mL, the ZOI was highest at 15 ± 0.25 and lowest was 13 ± 0.12 at 25
μg/mL for S. mutans and S. aureus. Whereas for Enterococcus faecalis, the highest activity was seen at the
maximum concentration with the ZOI of 15 ± 0.23 μg/mL and the least at the lowest concentration with the
ZOI of 12 ± 0.32 μg/mL (Table 1). This can also be attributed to the CaONPs used which provide a high
surface area . This allows them to effortlessly come in contact with cell membrane causing damage to the
genetic material which eventually leads to death. This death might be due to endocytosis or direct diffusion
[9].
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FIGURE 5: Graphical representation of the antimicrobial activity of
melatonin-loaded neem and clove extract.

Organism 25 µg/mL 50 µg/mL 100 µg/mL Standard

S. mutans 13 15 16 9

S. aureus 13 15 16 14

E. faecalis 12 14 15 9

C. albicans 13 16 18 9

TABLE 1: The zone of inhibition around S. mutans, S. aureus, E. faecalis, and C. albicans on
treatment with melatonin-loaded neem and clove extract under various concentrations of 25, 50,
100 µg/mL and standard diclofenac sodium.

Cytotoxic effect
A total of 60 live nauplii were taken and distributed into 10 nauplii each into each well. The effect of the
melatonin-loaded CaONP-based neem and clove extract was observed in an interval of 24 hours [10]. It was
observed that on the first day all 60 nauplii were alive at various concentrations of 5, 10, 20, 40, and 80 μL
(Figure 6). However, on the second day, only 54 nauplii were alive in the first well of the microplate with a
concentration of 5 μL, 48 nauplii were alive in the second well with a concentration of 10 μL, 48 nauplii were
alive in the third well with a concentration of 20 μL, 42 nauplii were alive in the third well with a
concentration of 40 μL, and 36 nauplii was alive in the third well with a concentration of 80 μL (Figure 6).
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FIGURE 6: Graphical representation of cytotoxicity of melatonin-loaded
neem and clove extract using brine shrimp.

Embryonic toxicology
The embryos were treated with various concentrations of the prepared extract before 4 hpf, which is the
sphere stage, and their developmental abnormalities were observed. Figure 7 represents the toxicity of the
test and control groups which are untreated and treated groups, respectively. There were no significant (p >
0.05) changes during the exposure at the concentrations of 5, 10, and 20 μg/mL. However, on exposure to
higher concentrations of 40 and 80 μg/mL of the extract, there was highly significant effect (p < 0.01) on
embryo’s mortality rate. This significant rise in the mortality rates was observed up to 96 hpf on increasing
the concentration of melatonin-containing extract. At the concentration of 80 μg/mL, there was a mortality
rate of 25% at the stage of 96 hpf [11]. Figures 8-11 show the developmental stages of wild zebrafish at 24,
48, and 96 hpf at the maximum concentration of 80 μL.

FIGURE 7: Graphical representation of the viability rate of wild zebrafish
on treatment with melatonin-loaded neem and clove extract.
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FIGURE 8: Graphical representation of the hatching rate of wild
zebrafish on treatment with melatonin-loaded neem and clove extract.

FIGURE 9: Microscopic image of wild zebrafish at 24 hpf with no signs
of toxicity when treated with 80 µg/mL of melatonin-loaded neem and
clove extract.
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FIGURE 10: Microscopic image of wild zebrafish at 48 hpf showing
signs of yolk sac edema when treated with 80 μg/mL of melatonin-
loaded neem and clove extract.

FIGURE 11: Microscopic image of wild zebrafish at 96 hpf showing
signs of pericardial edema when treated with 80 µg/mL of melatonin-
loaded neem and clove extract.

Similarly, the hatching rate of zebrafish embryos were also affected depending on the concentrations. There
was hatching rate of 100% in untreated embryos. However, at the concentrations of 20 and 40 μg/mL of the
extract, embryos showed a 75% hatching rate. There were no significant differences between two
concentrations. Their p-value was less than 0.01. Whereas up to a concentration of 80 μg/mL, the hatching
rate was moderately significant (p < 0.05). Figure 8 represents the significant delay in the hatching ability as
well as retardation of growth with developmental toxicity on increasing the concentrations of the extract.
There was no problem with the zebrafish growth in the untreated group. In lower concentrations such as 5
and 10 μg/mL, there were no significant malfunctions up to the 96 hpf stage. Above 10 µg/mL, there was
flexure as well as the truncation of the tail and spinal cord, edema in the yolk sac, and abnormalities of the
fin. On microscopic examination, axial and tail bend along with pericardial edema wax observed. This was
indicated by hypoplasia of head and eye, shrunken digestive gut and absence of swim bladder in the treated
embryos. The abnormality was evident in the concentration of 80 μg/mL at almost all stages of embryo 24,
48, and 96 hpf.

Discussion
Melatonin, which is well known for its vital role in regulating the circadian rhythm, has been widely studied
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for its potential effects on various physiological processes. While the primary use of melatonin is related to
sleep disorders and jet lag, it has also been explored in other areas of healthcare, including dentistry,
especially periodontics. In the field of periodontics, melatonin has attracted attention due to its antioxidant
and anti-inflammatory properties. Chronic periodontitis is an inflammatory condition that affects the
supporting tissues of the teeth, including the periodontal ligament and bone. Inflammation plays a vital role
in the progression of periodontal disease, and reducing inflammation is an essential aspect of its
management. Research suggests that melatonin may help in the treatment of periodontal disease through
its anti-inflammatory effects. Additionally, melatonin’s antioxidant properties may contribute to its
potential benefits in periodontics [12].

Melatonin’s ability to reduce free radicals and reduce oxidative stress may help protect periodontal tissues
from damage. While the research on melatonin in periodontics is still limited, preliminary studies and
experimental data have shown promising results. However, more comprehensive clinical trials are needed to
establish its efficacy and determine the optimal dosage, delivery methods, and treatment protocols. Rana et
al., in their study about melatonin against metal toxicity, reported that gram-negative organisms have a
double membrane layer that contains a variety of lipids, which produces a permeability barrier that prevents
the entry of some drugs [12]. Melatonin can easily penetrate cell membranes due to its higher lipophilic
nature. Porphyromonas gingivalis uses heme to produce metabolic energy by degrading hemoglobin with the
aid of the proteinase-adhesin complex. Melatonin, however, binds to iron, copper, and zinc due to its affinity
for metal ions, making it unavailable for bacterial sustenance.

According to the data by Drobnik et al., the melatonin-induced increase in collagen content in the infected
area that was seen in vivo may be caused by the direct action of melatonin on the fibroblasts. Furthermore,
the activation of melatonin membrane receptors on collagen-producing cells determines whether this
impact occurs [13]. Cutando et al. demonstrated that diabetes patients with periodontitis who applied 1%
melatonin orabase cream topically to their gingiva could reduce their probing pocket depth and gingival
index. Additionally, the use of 1% melatonin cream resulted in a large increase in salivary osteoprotegerin
and a significant drop in salivary RANKL [14]. The study conducted by Ganganna et al. revealed that even
after a lengthy incubation period of 72 hours, the minimal inhibitory concentration (MIC) value against
Aggregatibacter actinomycetemcomitans (6.25 g/mL after 24 hours) remained constant. At the end of 72 hours,
the MIC for P. gingivalis and Fusobacterium nucleatum increased [15]. Up to a concentration of 1 mM MEL and
5-MTX were proven to be biocompatible for human fibroblasts.

The adverse effect found because of long usage was drowsiness after oral intake [16]. In addition to its
potential against reactive oxygen species and advantageous effects on bone metabolism, MEL also increases
the expression of certain collagenous, non-collagenous proteins and pro-inflammatory mediators such as
IL-10, thereby lowering the matrix metalloproteinases and tissue inhibitors of metalloproteinases ratio, and
promotes healing by primary intention, all of which point to the possibility that it may help preserve and
restore the integrity of gingival tissues [17]. Similarly, melatonin-loaded CaONP-based neem and clove
extracts have also shown increased antioxidant activity as validated by hydrogen peroxide and FRAP assay in
comparison with ascorbic acid as control. Balaji et al. suggested that melatonin is a potent local deliverable
drug with minimal side effects [18]. Meenakshi et al. reported that melatonin levels were found to be higher
in patients with healthy gingiva compared to those with periodontitis [19]. A clinical study conducted by
Pawane et al. proved that local administration of melatonin improved the clinical parameters significantly
when compared to those without local intervention [20].

This study supports the results of our study which shows an increase in the antimicrobial activity with
increasing concentration of melatonin-loaded CaONP-based neem clove extract. According to Wang et al.,
melatonin reduces the expression of pro-inflammatory cytokines and boosts the levels of antioxidants,
thereby reducing the oxidative stress associated with periodontal inflammation [21]. Similarly while
exploring the properties of neem in periodontitis, Elavarasu et al. concluded that neem possesses
antimicrobial properties using the Mueller-Hinton agar plates method with ZOI ranging from 29-34 mm
under various concentrations against oral pathogens [22]. The gingival problems which manifest as minor
symptoms such as bleeding or swollen gums later develop into tooth mobility or purulent exudates [23].
These problems can be influenced by various risk factors which might aggravate the progression of the
disease [24]. Hence, proper knowledge of these influences on the molecular level might help to develop
periodontal vaccines with agents similar to melatonin which can prevent the disease [25].

Limitations
There is very limited literature evidence for clove, especially in the treatment of periodontitis. Hence, this
study might provide insights into the effects of Syzygium aromaticum on the periodontal tissues during
intervention. Further, an antimicrobial assay against periodontal pathogens should be done to test its
application as a local delivery drug in periodontitis.

Conclusions
We have successfully biosynthesized melatonin-loaded CaONPs using neem and clove oil extract, which is
the first study to try this combination of herbs. The phytochemicals included in the extract play the role
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of both reducing and helping in stabilizing the extract, limiting the usage of hazardous chemicals in the
synthesis process. As the phytochemicals of the herbs were used as stabilizing agents, the use of toxic
chemicals was avoided. The properties of the extract such as antioxidant, antibacterial, anti-inflammatory,
cytotoxicity, and embryonic toxicology were studied. All properties showed minimal differences when
compared to the standard in terms of anti-inflammatory, antioxidant, antimicrobial, and cytotoxic
properties. Embryonic toxicology testing done using zebrafish showed that toxicity increases with higher
concentrations. This should be kept in mind while considering using this formula as a local delivery drug.
Hence, melatonin-loaded neem and clove extract can be further formulated into various vehicles to be used
against periodontal pathogens in periodontitis patients. However, animal or cell line studies are needed to
ensure safety, heading into clinical application to periodontitis patients.

Additional Information
Disclosures
Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: Scientific Review Board Issued protocol number SRB/SDC/PERIO - 2103/23/055. Conflicts
of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
We are thankful to the Saveetha Institute of Medical and Technical Sciences for providing us with the facility
for our work as well as for their help and support.

References
1. Meyle J, Chapple I: Molecular aspects of the pathogenesis of periodontitis . Periodontol 2000. 2015, 69:7-17.

10.1111/prd.12104
2. Kwon T, Lamster IB, Levin L: Current concepts in the management of periodontitis . Int Dent J. 2021,

71:462-76. 10.1111/idj.12630
3. Pattanayak M, Nayak PL: Ecofriendly green synthesis of iron nanoparticles from various plants and spices

extract. Int J Plant Animal Env Sci. 2013, 3:68-78. 10.1007/s10311-020-01074-x
4. Pal G, Rai P, Pandey A: Green synthesis of nanoparticles: a greener approach for a cleaner future. . Green

Synthesis, Characterization and Applications of Nanoparticles. Shukla AK, Iravani S (ed): Elsevier, New
Delhi; 2019. 1-26. 10.1016/B978-0-08-102579-6.00001-0

5. Permuy M, López-Peña M, González-Cantalapiedra A, Muñoz F: Melatonin: a review of its potential
functions and effects on dental diseases. Int J Mol Sci. 2017, 18:865. 10.3390/ijms18040865

6. Vaseenon S, Chattipakorn N, Chattipakorn SC: Effects of melatonin in wound healing of dental pulp and
periodontium: evidence from in vitro, in vivo and clinical studies. Arch Oral Biol. 2021, 123:105037.
10.1016/j.archoralbio.2020.105037

7. Rajeshkumar S, Menon S, Venkat Kumar S, et al.: Antibacterial and antioxidant potential of biosynthesized
copper nanoparticles mediated through Cissus arnotiana plant extract. J Photochem Photobiol B. 2019,
197:111531. 10.1016/j.jphotobiol.2019.111531

8. Niveda R, Jaiganesh R, Rajeshkumar S, et al.: Evaluation of antioxidant and anti inflammatory activity of
grape seed oil infused with silver nano-particles an in vitro study. Int J Dentistry Oral Sci. 2021, 15:3318-22.
10.19070/2377-8075-21000676

9. Deepika BA, Ramamurthy J, Girija S, et al.: Evaluation of the antimicrobial effect of Ocimum sanctum oral
gel against anaerobic oral microbes: an in vitro study. World J Dent. 2022, 1:23-7. 10.5005/jp-journals-
10015-2140

10. Rajeshkumar S, Santhoshkumar J, Vanaja M, Sivaperumal P, Ponnanikajamideen M, Ali D, Arunachalam K:
Evaluation of zebrafish toxicology and biomedical potential of Aeromonas hydrophila mediated copper
sulfide nanoparticles. Oxid Med Cell Longev. 2022, 2022:7969825. 10.1155/2022/7969825

11. Garapati B, Malaiappan S, Rajeshkumar S, Murthykumar K: Cytotoxicity of lycopene-mediated silver
nanoparticles in the embryonic development of zebrafish-an animal study. J Biochem Mol Toxicol. 2022,
36:e23173. 10.1002/jbt.23173

12. Hacışevki A, Baba B: An overview of melatonin as an antioxidant molecule: a biochemical approach .
Melatonin - Molecular Biology, Clinical and Pharmaceutical Approaches. Drăgoi CM, Nicolae AC (ed):
IntechOpen, London; 2018. 59-85. 10.5772/intechopen.79421

13. Drobnik J, Owczarek K, Piera L, Tosik D, Olczak S, Ciosek J, Hrabec E: Melatonin-induced augmentation of
collagen deposition in cultures of fibroblasts and myofibroblasts is blocked by luzindole--a melatonin
membrane receptors inhibitor. Pharmacol Rep. 2013, 65:642-9. 10.1016/s1734-1140(13)71041-7

14. Cutando A, López-Valverde A, de Diego RG, de Vicente J, Reiter R, Fernández MH, Ferrera MJ: Effect of
topical application of melatonin to the gingiva on salivary osteoprotegerin, RANKL and melatonin levels in
patients with diabetes and periodontal disease. Odontology. 2014, 102:290-6. 10.1007/s10266-013-0122-5

15. Ganganna A, Rudariah CB, Rao R, et al.: Antibacterial activity of melatonin against prime periodontal
pathogens: an in vitro study. J Int Oral Health. 2021, 13:164-8.

16. Arendt J: Safety of melatonin in long-term use (?) . J Biol Rhythms. 1997, 12:673-81.
10.1177/074873049701200624

2023 Harris et al. Cureus 15(9): e46293. DOI 10.7759/cureus.46293 12 of 13

https://dx.doi.org/10.1111/prd.12104?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/prd.12104?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/idj.12630?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/idj.12630?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10311-020-01074-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10311-020-01074-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/B978-0-08-102579-6.00001-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/B978-0-08-102579-6.00001-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms18040865?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms18040865?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.archoralbio.2020.105037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.archoralbio.2020.105037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jphotobiol.2019.111531?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jphotobiol.2019.111531?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.19070/2377-8075-21000676?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.19070/2377-8075-21000676?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5005/jp-journals-10015-2140?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5005/jp-journals-10015-2140?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2022/7969825?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2022/7969825?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jbt.23173?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jbt.23173?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5772/intechopen.79421?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5772/intechopen.79421?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s1734-1140(13)71041-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s1734-1140(13)71041-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10266-013-0122-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10266-013-0122-5?utm_medium=email&utm_source=transaction
https://www.jioh.org/article.asp?issn=0976-7428%3Byear%3D2021%3Bvolume%3D13%3Bissue%3D2%3Bspage%3D164%3Bepage%3D168%3Baulast%3DGanganna&utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/074873049701200624?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/074873049701200624?utm_medium=email&utm_source=transaction


17. Gómez-Florit M, Ramis JM, Monjo M: Anti-fibrotic and anti-inflammatory properties of melatonin on
human gingival fibroblasts in vitro. Biochem Pharmacol. 2013, 86:1784-90. 10.1016/j.bcp.2013.10.009

18. Balaji TM, Varadarajan S, Jagannathan R, et al.: Melatonin as a topical/systemic formulation for the
management of periodontitis: a systematic review. Materials (Basel). 2021, 14:2417. 10.3390/ma14092417

19. Meenakshi SS, Malaiappan S: Role of melatonin in periodontal disease - a systematic review . Indian J Dent
Res. 2020, 31:593-600. 10.4103/ijdr.IJDR_227_18

20. Pawane IR, Malaiappan S: Efficacy of supplementary melatonin as adjunct to surgical periodontal therapy
on periodontal parameters: a pilot study. J Popul Ther Clin Pharmacol. 2023, 13:75-82.
10.47750/jptcp.2023.30.10.012

21. Wang C, Wang L, Wang X, Cao Z: Beneficial effects of melatonin on periodontitis management: far more
than oral cavity. Int J Mol Sci. 2022, 23:14541. 10.3390/ijms232314541

22. Elavarasu S, Abinaya P, Elanchezhiyan S, Thangakumaran, Vennila K, Naziya KB: Evaluation of anti-plaque
microbial activity of Azadirachta indica (neem oil) in vitro: a pilot study. J Pharm Bioallied Sci. 2012, 4:S394-
6. 10.4103/0975-7406.100299

23. Otomo-Corgel J, Pucher JJ, Rethman MP, Reynolds MA: State of the science: chronic periodontitis and
systemic health. J Evid Based Dent Pract. 2012, 12:20-8. 10.1016/S1532-3382(12)70006-4

24. Schätzle M, Löe H, Bürgin W, Anerud A, Boysen H, Lang NP: Clinical course of chronic periodontitis. I. Role
of gingivitis. J Clin Periodontol. 2003, 30:887-901. 10.1034/j.1600-051x.2003.00414.x

25. Meenakshi S, Varghese S: Periodontal vaccines-a systematic review. Braz Dent Sci. 2020, 31:17.
10.14295/bds.2020.v23i1.1821

2023 Harris et al. Cureus 15(9): e46293. DOI 10.7759/cureus.46293 13 of 13

https://dx.doi.org/10.1016/j.bcp.2013.10.009?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bcp.2013.10.009?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ma14092417?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ma14092417?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijdr.IJDR_227_18?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijdr.IJDR_227_18?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.47750/jptcp.2023.30.10.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.47750/jptcp.2023.30.10.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms232314541?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms232314541?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0975-7406.100299?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0975-7406.100299?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S1532-3382(12)70006-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S1532-3382(12)70006-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1034/j.1600-051x.2003.00414.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1034/j.1600-051x.2003.00414.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14295/bds.2020.v23i1.1821?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14295/bds.2020.v23i1.1821?utm_medium=email&utm_source=transaction

	The Development and Evaluation of Melatonin-Loaded, Calcium Oxide Nanoparticle-Based Neem and Clove Extract: An In Vitro Study
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	Synthesis of extract
	Biosynthesis of CaONPs
	Preparation of melatonin mixture
	Anti-inflammatory activity
	Antioxidant activity of CaONPs
	Antimicrobial activity
	Cytotoxic effect
	Zebrafish embryonic toxicology evaluation of CaONPs

	Results
	Anti-inflammatory activity
	FIGURE 1: Graphical representation of the anti-inflammatory activity of melatonin-loaded neem and clove extract using egg albumin (EA) assay.
	FIGURE 2: Graphical representation of the anti-inflammatory activity of melatonin-loaded neem and clove extract using membrane stabilization assay.

	Antioxidant activity
	FIGURE 3: Graphical representation of the antioxidant activity of melatonin-loaded neem and clove extract using the hydrogen peroxide assay.
	FIGURE 4: Graphical representation of the antioxidant activity of melatonin-loaded neem and clove extract using ferric-reducing antioxidant powder (FRAP) assay.

	Antimicrobial activity
	FIGURE 5: Graphical representation of the antimicrobial activity of melatonin-loaded neem and clove extract.
	TABLE 1: The zone of inhibition around S. mutans, S. aureus, E. faecalis, and C. albicans on treatment with melatonin-loaded neem and clove extract under various concentrations of 25, 50, 100 µg/mL and standard diclofenac sodium.

	Cytotoxic effect
	FIGURE 6: Graphical representation of cytotoxicity of melatonin-loaded neem and clove extract using brine shrimp.

	Embryonic toxicology
	FIGURE 7: Graphical representation of the viability rate of wild zebrafish on treatment with melatonin-loaded neem and clove extract.
	FIGURE 8: Graphical representation of the hatching rate of wild zebrafish on treatment with melatonin-loaded neem and clove extract.
	FIGURE 9: Microscopic image of wild zebrafish at 24 hpf with no signs of toxicity when treated with 80 µg/mL of melatonin-loaded neem and clove extract.
	FIGURE 10: Microscopic image of wild zebrafish at 48 hpf showing signs of yolk sac edema when treated with 80 μg/mL of melatonin-loaded neem and clove extract.
	FIGURE 11: Microscopic image of wild zebrafish at 96 hpf showing signs of pericardial edema when treated with 80 µg/mL of melatonin-loaded neem and clove extract.


	Discussion
	Limitations

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


