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Abstract
Azadirachta indica A. Juss. Is a plant of the Meliaceae family and is commonly known as “neem” in both Bengali and English. Several

parts of the plant are commonly used against dental diseases in India and Bangladesh. Many people in these two countries believe

that regular brushing of teeth and gum with neem bark or stem or leaf or seed powder can prevent almost all dental diseases. Glob-

ally, approximately 60-90% of school children are infected by dental carries, 5-20% of adult peoples are living with edentulousness.
The prevalence of orodental trauma is increased by 16-40% among 6 years old children and 4-33% among teenagers. As such, a readily available and affordable herbal substitute can be of great benefit to the particularly poorer sections of the population throughout
the world. This review explores the ethnic uses and phytochemicals present in the tree along with anti-microbial and other relevant
pharmacological activities, which justify more scientific research and use of the tree and its various parts against dental diseases.
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Introduction

Azadirachta indica A. Juss. is a plant belonging to the Meliaceae family, commonly known as neem in both Bengali and English, and

very familiar to tropical and subtropical countries. Neem is important both in various traditional medicines and as home remedies. The

plant has been described in Ayurveda for its benefits against different diseases [1]. For over centuries people of India have been using
neem twigs as miswak or datum (used for brushing teeth and gums), and neem leaves for skin diseases. Neem leaves are placed in bed,
books, cupboard, and closets as insect repellent [2]. It is believed by the people of India and Bangladesh that if there is a neem tree in the
yard of a home, there will be no diseases. They believe that the air that flows through the neem tree promotes good health.
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Neem is called different names in different cultures - in Sanskrit it is known as ‘aresta’ meaning perfect and imperishable [3]; other

names are margosa, Indian lilac, Persian lilac (English), limba or dhanuj hada (Gujarati), vembu (Tamil), vepa (Telegu), neem (Urdu) [4],
intaran, imba, mempheuh, mimba, membha (Indonesian), nim, neem (Arabic), bowtamaka, thinboro, tamarkha, tamaka, tamabin (Burmese), margousier, azadirac de l’Inde, margosier (French), and sadu, mambu, baypay, veppam (Malay) [5].

Maintaining oral health is a big goal in developing and developed countries including the under-privileged. According to the World

Health Organization (WHO), oral diseases are the most common non-transmissible diseases which may cause lifetime discomfort and

even death. An evaluation done by The Global Burden of Disease Study 2016 suggested that 3.58 billion people (half of the world popula-

tion) were suffering from tooth decay; severe periodontal disease was estimated as the eleventh most extensive disease [6].

Dental diseases occur all over the world. The occurence of dental carries, periodontal diseases, orodental trauma, and dental ero-

sion are high. Globally, approximately 60-90% of school children are infected by dental carries, 5-20% of adult peoples are living with

edentulousness; the prevalence of orodental trauma is increased by 16-40% among 6 years old children and 4-33% among teenagers [7].
Besides allopathic treatment other therapies have been practiced around the world to prevent and cure dental disorders. In tradi-

tional medicine various plants and plants parts have been used against tooth diseases. Neem is used to treat or prevent various dental

disorders. Neem twigs, bark, leaf paste are the common parts that are used to treat tooth diseases [8, 9]. The various parts of neem have
been seen in recent studies to contain phytochemicals with anti-microbial activity against tooth disorder(s) causing microorganisms.
The objective of this review is to analyze the traditional uses of neem tree parts as a tooth and gum cleaning agent and for preventing

dental disorders in light of modern knowledge of the phytochemicals and relevant pharmacological activities of the plant and plant parts.

Ethnomedicinal use

Ethnomedicinal uses are those longstanding practices that have been in general orally transmitted by indigenous people or a certain

community of a country. In this context, neem is is known as a wonder or magic tree for dental treatment. Most of the plant parts includ-

ing stems, twigs, leaves, flowers, fruits, seeds, barks and even latex are used for dental care. Among the Indian population, young twigs

are used as tooth brushes [10]. Flowers of the plant are used for reducing swelling or bleeding of gums [11]. Tender twigs are used for
relief of toothaches [12].

As an example, among the Bodo-Hajong community of Assam, India, young twigs and stems are popular for treating tooth infection

and blood coming from clean teeth [13]. Tooth brushes made from the bark of the neem tree is helpful for maintaining optimum health

of teeth. Neem powder obtained from crushed dry leaves of neem is used as a tooth powder for cleaning teeth [14]. Cleaning teeth with

neem twigs gives a fresh sweet breath [15]. In the Sembiran village of India people also use this plant for dental care. In some rural areas
of India, people chew neem leaves and seeds after meal as a traditional practice for dental care [16].

Toothpaste made from neem is a common tooth cleaner in India and European countries [17]. Villagers of several districts of Tamil

Nadu, India, use the soft twigs as toothbrush ad leaves are used for pyorrhea [18]. Folk medicine practitioners in the Kurigram district
of Bangladesh use the neem plant for various dental diseases, including bleeding from gums and gum swelling and also for fresh breath.
For treatment, the roots of Areca catechu and the bark of Azadirachta indica are boiled together in water. Gargling with this water 2-3
times daily for 3 consecutive days is suggested [19].

Phytochemicals

Bioactivity of neem is presumed to be due to phytochemicals, often secondary metabolites. The various parts of the tree (leaves,

twigs, seeds, flowers and roots) contain different mixtures of chemical compounds. Numerous studies of these mixtures and of indi-

vidual compounds have been reported. Major constituents were isolated from aqueous and ethanolic extract of leaves of neem tree.
Alkaloids, cardiac glycosides, polysaccharides, phytosterols, flavonoids, phenols, resins, saponins, tannins, terpenes and steroids have
been reported to be present in aqueous, ethanolic and methanolic extracts [20-23].
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HPLC analysis of the ethanolic extract of neem leaves confirmed the presence of β-sitosterol, lupeol, rutin, ellagic acid, quercetin,

and ferulic acid [24]. Neem leaves are also known to be rich in some phytochemicals like nimbidin, nimbanene, 6-desacetylnimbinene,
nimbadiol, nimbolide, ascorbic acid, n-hexacosanol and amino acids, 7-desacetyl-7-benzoylazadiradione, 7-desacetyl-7-benzoylgedunin,

17-hydroxyazadiradione and nimbiol [25]. Perhaps the best known and most studied secondary metabolite of neem is azadirachtin, a
limonoid.

Siddiqui and colleagues have worked extensively on various parts parts of the neem tree and isolated several phytochemicals that

appear to be at least partially responsible for therapeutic effects. From fruits they found a new triterpenoid azadirachtol, which has eight
carbon side chains with an oxygenated ring system [26]. Fresh and uncrushed twigs yielded one new and three unpublished isocouma-

rins along with two unreported coumarins. Eight other compounds (saturated hydrocarbons) were also isolated from the petroleum
ether extract of fresh neem leaves [27]. Neem bark was found to contain tricyclic diterpenes, which were named margosone and margosolone. Their structures were determined as 12, 13-dihydroxy-14-isoporpylpodocarpa-8, 11, 13-trien-7-one and 13-hydroxy-12-methoxypodocarpa-8, 11, 13-trien-7-one, respectively [28]. Naheedin, a new protolimonoid was identified from neem fruit. Seven known
tetranortriterpenoids - azadirone, epoxyazadiradione, nimbin, gedunin, azadiradione, deacetylnimbin, and 17-hydroxyazadiradione

were isolated along with a new limonoid named mahmoodin from neem oil [29]. Another investigation on fresh fruit skin gave three new
triterpenoids named azadironolide [24,25,26,27-tetranorapoeupha-7α-acetoxy-23xi-hydroxy-21,23-epoxy-1,14, 20(22)-trien-3,21-di-

one], isoazadironolide [24,25,26,27-tetranorapoeupha-7α-acetoxy-21xi-hydroxy-21, 23-epoxy-1,14, 20(22)-trien-3, 23-dione], and azadiradionolide [24,25,26,27-tetranorapoeupha-7α-acetoxy-21, 23-epoxy-1,14,20(22)-trien-3, 16,21-trione] [30].

The same group reported that methanolic extract of neem leaves contain two newly found compound named meliacinol [24, 25,

26, 27-tetranorapotirucalla-(apoeupha)-1α-trimethylacryloxy-21, 23-6α, 28-diepoxy-16-oxo-17-oxa-14,20,22-trien-3α,7α-diol] and

6α-O-acetyl-7-deacetylnimocinol [24, 25, 26, 27-tetra-norapotirucalla-(apoeupha)-6α-acetoxy-7α-hydroxy-1, 14, 20, 22-tetraen-21,
23-epoxy-3-one] [31]. Among three compounds isolated from isolated from methanolic extract of leaves were newly found triterpenoids, namely 22, 23-dihydronimocinol and desfurano-6α-hydroxyazadiadione; along with meliacin7α-senecioyl-(7-deacetyl)-23-Omethylnimocinolide [32].

Another new tetracyclic triterpenoid was isolated from the methanolic extract of fresh leaves, meliatetraolenone, which has a struc-

ture of [24,25,26,27-tetranor-apotirucalla-(apoeupha)-6αO-methyl,7α-senecioyl(7-deacetyl)-11α, 12α, 21, 23-tetrahydroxy-21, 23-ep-

oxy-2, 14, 20 (22)-trien-1, 16-dione] along with the known compound odoratone [33]. From the pericarp of fresh fruit skin extract three
aromatics 2,6-bis-(1,1-dimethylethyl)-4-methyl phenol, 2-(phenylmethylene)-octanal, 1,2,4-trimethoxy-5-(1Z-propenyl)-benzene;
three benzopyranoids 3, 4-dihydro-4, 4, 5, 8-tetramethylcoumarin, 3, 4-dihydro-4, 4, 7,8-tetramethylcoumarin-6-ol, 1,3,4,6,7,8-hexa-

hydro-4,6,6,7,8,8-hexamethyl-cyclopenta[g]-2-benzopyran; one sesquiterpene - methyl-3, 7, 11-trimethyl-2E, 6E,10-dodecatrienoate;
one ester of fatty acid methyl 14-methyl-pentadecanoate, and one monoterpene 3,7-dimethyl-1-octen-7-ol were isolated for the first
time. Along with these compounds sixteen n-alkanes (n-Pentadecane, n-Hexadecane, n-Heptadecane, n-Octadecane, n-Nonadecane, n-

Eicosane, n-Heneicosane, n-Docosane, n-Tricosane, n-Tetracosane, n-Pentacosane, n-Hexacosane, n-Heptacosane, n-Octacosane, n-No-

nacosane, n-Hentriacontane), two esters of fatty acids ethyl hexadecanoate, and ethyl 9Z-octadecenoate were identified from the fruit
skin [34].

Siddiqui and his group further isolated three new tetracyclic triterpenoids from the methanolic extract of leaves; their structures

were established as zafaral [24, 25, 26, 27-tetranorapotirucalla-(apoeupha)-6α-methoxy-7α-acetoxy-1,14-dien-3,16-dione-21-al] and
meliacinanhydride [24,25,26,27-tetranorapotirucalla-(apoeupha)-6α-hydroxy, 11α-methoxy-7α,12α-diacetoxy,1,14,20 (22)-trien-3one] and zeeshanol [25,26,27-trinor-apotirucalla-(apoeupha)-6α-,21-dihydroxy,7α -acetoxy, 1,14,22-tri-en-3, 16-dione] [35, 36]. A new

flavononeazharone (5,7,4’-trihydroxy-3’-(3’’-methyl-2’’,3’’-epoxybutyl)flavan-4-one along with two known compound azadirone and

isoazadironolide were isolated from the flowers of neem [37]. From the essential oil of fresh flowers, two newly found sesquiterpenes
were isolated named germacrene B and α-himachalene. In this study Siddiqui and his group found 5 sesquiterpenes, 3 aromatics, 17
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fatty acids, 5 fatty acid esters, 3 steroids and 8 hydrocarbons including two mentioned sesquiterpenes from different part of the plant
[38]. Azadirachtin belongs to the C-secolimonoids group of tetranortriterpenes. The compound has several analogues, which are called
“azadirachtin X”, where X is a letter from the first half of the English alphabet.

The most abundant of these in neem are azadirachtin A and azadirachtin E. Two are considered as novel compounds, namely

azadirachtin M (29-oxymethylene-11-demetoxycarbonyl-11α-hydroxyazadirachtin), and azadirachtin N (22,23-dihydro-23α-hydroxy3-tigloyl-11-deoxyazadirachtinin). Neem oil made from different parts of the tree comprises phytochemicals like meliacin, gedunin, nim-

bidin, nimbolides, nimbin, salanin, valassin etc. Neem seed contains tignic acid [39, 40]. Neem bark contains tannin substances - gallic

acid, gallocatechin, epicatechin, catechin, epigallocatechin and catechin of which three tricyclic diterpenoids, margolone, margolonone

and isomargolonone have been isolated from stem bark. Steroid compounds such as campesterol, sigmasterol have been also isolated
from neem oil [41]. Neem bark contains polysaccharides GIa, polysaccharides GIIa, polysaccharides GIIIa, and NB-II peptidoglycan [42].
The structures of some important phytochemicals are shown in Figure 1.

Figure 1: Some selected phytochemicals isolates from various parts of Azadirachta indica.
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Figure 1: (Continued). Some selected phytochemicals isolated from various parts of Azadirachta indica.
Therapeutic uses against dental diseases
Neem extracts have been shown to be effective in the treatment of dental caries. A study conducted with neem gel extract showed

that it significantly reduced the plaque formation over the control group where the control group used common mouthwash containing

the germicide chlorhexidinegluconate. The study also showed that the growth of the bacterium responsible for tooth decay Streptococcus
mutans was inhibited by the extract [15].

Microbes such as Candida albicans and Enterococcus faecalis are the common agents of infected root canals. They cause failure of

treatment and thus eradication of these microbes is a major step in endodontic treatment. In a comparative study it has been shown that

ethanolic extract of neem leaves significantly increased the zone of inhibition of E. faecalis compared to 2% NaOCl. On the other hand the
result for C. albicans was not significant [43]. A study with neem leaf extract, grape seed and 3% sodium hypochloride was performed on

a culture of E. faecalis in brain heart infusion media and broth. The result showed that the zone of inhibition obtained with neem extract
was higher than the other two treatments [44]. Hedge and others assessed the antimicrobial activity of neem along with propolis, tur-

meric, liquorice and NaOCl against E. faecalis and C. albicans. Zone of inhibition of neem extract was 21.33 mm for E. faecalis and 15.33
mm for C. albicans. Other treatments were not as effective as neem [45].
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Figure 1: (Continued). Some selected phytochemicals isolated from various parts of Azadirachta indica.
Ethanolic extract of fresh neem leaves application to infected root canal showed significant level of inhibition of the microbe C.

albicans compared to application of 2% Chlorhexidine gluconate (CHX) [46]. An evaluation for the treatment of endodontics against E.
faecalis was done by Chandrappa ad others. They reported that neem along with tulsi (Ocimum sanctum) extract and chlorhexidine had

significant potency of inhibiting the growth of the microbe [47]. An investigation with neem, Aloe vera extract, 3% NaOCl, and 2% CHX

(chlorhexidine) against E. faecalis and C. albicans was done by Prasad and others. The study was performed by dividing the experiment
into two groups comprising two different controls 3% NaOCl, and 2% CHX and both in the first and second group neem extract showed
better inhibitory results than the control [48]. Damre and others in 2015 found significant antimicrobial efficacy of neem leaf extract

against E. faecalis and C. albicans responsible for root canal infection [49]. It is not clear from these studies which compounds from neem
contribute to the growth inhibition of the microbes.

Chewing twigs of neem plant is effective in removing dental plaque because of the fibrous nature of the twigs. Bacteria growing in

the early stage of plaque formation can be reduced by twigs as they contain gallotannins [50]. Chewing twigs also increases salivary
secretion which works as an antibacterial. Colony forming of periodontopathogens such as Porphyromons gingivalis can be reduced by
using neem sticks, and neem gels and mouthwashes also have been found to improve clinical parameters associated with gingivitis [51].

Growth of Streptococcus mutans, a causative factor for dental carious lesion can be inhibited by using neem mouthwash and it

reverses the developing of carious lesion. Neem bark extract can prevent bacterial growth [52, 53]. An investigation of in vitro plaque
formation was done to evaluate the inhibiting effect of aqueous extract of neem sticks. Adhesion of Streptococcus sanguis to saliva-con-

ditioned hydroxyapatite (a major component and an essential ingredient of normal bone and teeth, which is made of calcium phosphate,

calcium carbonate, calcium fluoride, calcium hydroxide and citrate) was significantly inhibited when pre-treated with an aqueous extract

of neem stick [54]. A study done by Pai and others demonstrated the anti-plaque activity of neem extract gel. Males (20-30 years old)
were examined for over a period of six weeks using a commercially available dental gel chlorhexidine gluconate (0.2% w/v) as positive
control. The study showed that dental gel made of neem extract significantly lessened the plaque formation [55].
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Salam and others evaluated the antibacterial efficacy of neem leaf extract by collecting saliva sample from 50 patients who were

suffering from dental caries and gingivitis. Saliva collected from the patients contained Streptococcus mutans, Enterococcus faecalis,

Pseudomonas aeruginosa and Lactobacillus sp. Methanolic neem leaf extract showed larger area of zone of inhibition against Lactobacil-

lus sp. (25.6 mm) followed by Streptococcus mutans (25 mm) and Pseudomonas aeruginosa (24.3 mm) at 1000 μg with Enterococcus

faecalis (14.4 mm) being the lowest [56]. Three bacteria responsible for causing dental carries Streptococcus mutans, Streptococcus
salivarious and Fusobacterium nucleatum were found to be sensitive to neem leaf extract. Neem leaf was extracted with petroleum

ether, chloroform, ether and distilled water. Among these the petroleum ether extract and the chloroform extract exhibited highest zone

of inhibition against S. mutans. The highest zone of inhibition for S. salivarious and F. nucleatum was found with chloroform extract and
ethanol-aqueous extract, respectively [57].

Aspergillus flavus is one of the aspergillosis (an illness resulting from Aspergillus usually affecting respiratory system) causing spe-

cies of fungus. In people treated for root canal when undergoing over extension of their root canal, the fungus finds a way to invade [58].
A study by Shrivastava and Swarnkar showed that methanolic extract of neem leaves had the highest area zone of inhibition against As-

pergillus flavus. The study worked with other species of fungus and also an ethanolic extract of neem leaves was used. But the significant
result came out from methanolic extract [59]. Maina and others performed an experiment to evaluate antibacterial effect of ethanol and

aqueous extract of neem twigs against some bacteria that cause tooth root canal such as Enterococcus faecalis, Streptococcus mutans,
Staphylococcus aureus, Fusobacterium nucleatum, Lactobacillus acidophilus, and Candida albicans. The highest inhibitory effect was

found against S. aureus (100%) with 50% w/v aqueous extract, then C. albicans (84.6%) and L. acidophilus (80.9%) at 24 hour incuba-

tion. Incubation with an ethanol extract inhibited E. faecalis, S. mutans and F. nucleatum by 96.2%, 81.5% and 63.9%, respectively and
aqueous extract inhibited by 85.5%, 91.7% and 62.2% for E. faecalis, S. aureus and C. albicans, respectively at 48 hour incubation [60].

Tannins are one of the major phytochemicals of neem; they work as an astringent and give a coating over the enamel which protects

teeth from the adhesion and aggregation of bacteria [61]. Neem bark extract containing the active ingredient nimbidin is now frequently
added to tooth paste, gel or other oral hygiene preparations. Gargling with nimbidin containing preparation can prevent from gum bleed-

ing and pyorrhea, and it can heal the inflammation of gum as well [62]. Nimbolide was found effective in inhibiting S. aureus and S. coagulase [63]. A study conducted by Pandya and others showed that aqueous extract of neem sticks had higher antibacterial activity than
babool (Acacia nilotica) against S. mutans. The highest zone of inhibition 15.6 mm was found by using neem extract at 5% concentration,
which was considerably better than babool at 5.4 mm [64].

Evaluation of anti-plaque and anti-gingivitis of neem mouth rinse was done on patients with plaque induced gingivitis. The study

was performed by dividing forty five patients into three groups where Group I, II and III were treated with 15 ml of neem mouth rinse,
15ml of chlorhexidine and 15ml of saline (as placebo), respectively, twice daily for 21 days. Neem mouth rinse gave result equal to that
of chlorhexidine compared to placebo and also reduced gingival, bleeding and plaque formation [65].

Aqueous and acetone extract of neem leaves gave antibacterial effect against two oral bacteria Streptococcus mitis and S. virid-

ians. Both the acetone and aqueous extracts showed inhibitory activity against Klebsiella pneumoniae [66]. An acetone extract of neem

showed antibacterial activity against two pathogens Neisseria catarrhalis and S. salivarius [67]. Toothpaste produced from a neem extract was found to exhibit an anti-plaque property and it also worked against gingivitis. The study was conducted by Subraya and others

[68]. Lakshmi and group also demonstrated an anti-plaque effect of neem leaf extract on fixed orthodontic appliance patients against

some acedogenic bacteria. At concentrations of 250 μg/ml, 500 μg/ml, 1 mg/ml and 5 mg/ml Azadirachta indica leaf extract had bactericidal activity against S. mutans, S. mitis, S. sanguis and S. salivarius, respectively [69].

Latha and colleagues examined the effect of neem toothpaste (from bark extract) on deciduous teeth to see if it could lessen cari-

ous lesion. Twenty four deciduous teeth were taken and grouped into two; both were treated with acid resistant varnish leaving some

exposed. A tooth paste base was applied to group I (control) and group II was treated with neem paste. Both groups were stored in moist
environment for 24 hours followed by exposure to a pH cycling model for 14 days. The neem tooth paste caused 48.73% reduction of
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lesion depth. They also noted that due to less use of Azadirachta indica for teeth cleaning in recent days in India, the level of carious lesion has increased [70].

Anti-inflammatory activities of neem oil, seed, leaf and bark have also been evaluated. Macrophage and neutrophil, which have func-

tions in inflammation can be suppressed by nimbidin. Other components possessing anti-inflammatory activity are sodium nimbidate,
gallic acid, epicatehin, catechin, polysaccharide GIIa, and Nb-II peptidoglycan. They cause immunomodulation which has a crucial role

in inflammatory condition [71]. Inflammation in gum can be worsened by accumulation of bacteria. The bacteria that adhere to the
inflamed gum have been found to be tetracycline and penicillin resistant in one study. But the study further showed that they are sensi-

tive to neem extract [72]. Neem extract could inhibit bacterial growth without producing allergy in the gingiva [72]. Nimbidine proved

to be a vital phytochemical, which gave anti-inflammatory effect by suppressing the function of macrophages and neutrophils that are
responsible for inflammation [73].

Antioxidants help in reducing inflammation by diminishing free radical or reactive oxygen species. Nowadays, antioxidants have

become attractive remedies in dental medicines against gingivitis and other periodontal diseases. They are available in gel, toothpaste,
and mouth rinse [74]. Polyphenols present in neem leaf extract showed strong antioxidant activity when they are used to treat bacteria,
red blood cell and lysozyme and the ethanolic extract of neem leaf showed antibacterial activity against P. gingivalis as well [75]. Leaf

and bark of Azadirachta indica was fractionated with methanol, hexane, ethyl acetate, water and n-butanol. Various activities were done

in order to measure antioxidant potency of neem. For 1, 1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity, water fraction of bark extract showed the highest inhibition (radical scavenging in percentage) with 93.11 %. It was suggested that this highest

inhibiting activity of bark was due to its higher phenolic content. Also in scavenging ability on hydroxyl radical activity, the water fraction

of bark extract gave the highest result (92.12%). In addition, the bark extract gave satisfactory results in a DNA damage protection assay

[76]. In this context, it is to be noted that Pandey and others found free radical scavenging activity in neem leaf extract with an IC50 of

110.36 μg/ml, compared to an IC50 for ascorbic acid at 42 μg/ml [24].

Conclusion

Dental caries and other tooth and gum diseases are universal health problems and they pose a threat to a wide section of people,

largely underprivileged, who have problems in maintaining oral hygiene. In this context, instead of costly toothpaste and mouth washes,
which the poorer people of many countries can ill afford, it is best to provide them with a cheap and readily available substitute. The vari-

ous parts of Azadirachta indica (the neem tree) but mainly the stem and bark can provide such a substitute. The stem of the tree can be

used directly for brushing teeth, and bark and leaf powders can also form a substitute for toothpastes. Additionally, the tree may contain
a number of phytochemicals having anti-microbial activity against various teeth and gum disease causing microorganisms. Thus various

parts of the neem tree deserve continued and even expanded research in our efforts to eliminate or at least reduce the frequency and
severity of diseases of teeth and gums.
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