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Abstract

Background: Azadirachta indica (Neem) is a versatile tree of the family Meliaceae and exhibits antimicrobial,
antipyretic, and anti-inflammatory properties.

Aims: To verify the in vitro antimicrobial activity of extracts and product content in a Brazilian neem against oral
pathogen microorganisms.

Material and Methods: Crude extracts and oils obtained from Brazilian neem macerated leaves and fruits were
isolated or associated with bacteria and levures. All microorganisms tested were ATCC-standard, and all the
antimicrobial tests were made according to the CLSI. Inoculum were prepared from overnight cultures of each
microorganism containing 1.0x108 for bacteria and 1,0x10° for yeasts CFU/mL of the standard 0.5 McFarland
scale. Blanc disks were soaked with 20uL of each product and placed on the surface of the agar containing the
microorganisms. For viscous or creamy consistency products, 5,0mm diameter x 5,0mm height cavities were made
in agar, which were filled with 20mg of each product. Cultures were left for 24 hours at 37°C in the environment,
according to the microbial requirement, and the diameters of the inhibition zones were measured and the standard
deviations were taken.

Results: All microorganisms were sensitive to the tested controls, chlorhexidine (bacteria) and nystatin (yeasts).
The MIC varied between 0.6mg /mL and 0.27 mg/mL for yeasts and 0.54mg /mL and 0.13 mg/mL for bacteria. N.
gonorrhoeae and L. casei showed sensitivity to 5% neem extract, and to mouthwash containing 5% neem.
Conclusion: Neem cultivated in Jequitinhonha Valley has biological activities similar to those observed for Neem
cultured in India.
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I.  Introduction

Azadirachta indica, popularly called Neem, is a tropical plant of Indian origin from the family Meliaceae,
known for its pesticidal and medicinal properties [1]. Several characteristics of neem make it an interesting plant,
among them: the fact that the tree is not destroyed for the production of the extracts since the active substances
are found in the seeds, leaves, fruits, and barks; the difficulty of insects becoming resistant because it has a great
diversity of active chemical substances in high concentration and soluble in water; easy extraction and low cost;
the high toxicity of substances to pests; and their harmlessness to man and the environment, as they are
biodegradable and of low permanence [2]. In addition, Neem has been used therapeutically as an anti-
inflammatory and healing agent in the treatment of psoriasis, malaria, skin ulcers, mycoses, and other diseases
and can be inserted in various sectors of the economy [3].

The main active substance in Neem is azadiractin (AZA), which was first isolated from Neem seeds by
J. H. Butterworth and E. D. Morgan [4,5]. In addition to AZA, several other active substances have been isolated
from Neem: AZA-like substances (AZA A), namely, azadiractin B, C, D, E, F, G, and HI, have already been

DOI: 10.9790/ 3008-1901022835 www.iosrjournals.org 28 | Page



Antimicrobial Activity Of Azadirachta Indica (Neem) Of Jequitinhonha Valley(Brazil).......

elucidated, and spectral data from nuclear magnetic resonance (NMR) and masses exist for most of them.
Nimbolinin, nimbin, nimbidin, nimbidol, sodium nimbinate, gedunin, azadiractol, azadirone, villusin,
meliacarpine, and quercetin. Leaves contain ingredients such as nimbin, nimbanene, 6-desacetylnimbinene,
nimbandiol, nimbolide, ascorbic acid, n-hexacosanol, and amino acids. 7-desacetyl-7-benzoylazadiradione, 7-
desacetyl-7-benzoylgedunin, 14-epoxiazadiradione, 17-hydroxyazadiradione, nimbiol, meliantrol, melianone,
and gedunine are described by other authors, and quercetin and B-sitosterol, polyphenolic flavonoids, were
purified from neem fresh leaves and were known to have antibacterial and antifungal properties, and seeds hold
valuable constituents, including gedunin and azadirachtin [6, 7, 8, 9, 10, 11].

In India and Pakistan, neem is traditionally used as a medicine for preventing malaria, curing leprosy,
causing disturbances in the production of bile, as a tonic, relieving cough, asthma, urinary problems, deworming,
contraceptives, healing, soothing, painkillers, and febrifuges. Some of the pharmacological activities have already
been scientifically proven to be antifungal and antibacterial, antiviral and antimalarial [12, 13, 14], antifertility,
antipyretic, anti-inflammatory, analgesic, anticulcerogenic, antihyperglycemic, immunostimulant, antioxidant,
and anticancer [15, 16, 17]. Neem derivatives are also used in pharmaceutical and toilet products such as
toothpaste, soap, and dermatological ointments to control scabies and other parasites [18].

The oral microbiome is characterized by the complexity of ecological niches filled by microorganisms
with peculiar characteristics and defined roles in the microbiome in relation to oral diseases. Important bacteria,
whether aerobic, microaerophilic, or anaerobic, are involved with periodontal diseases: Prevotella intermedia,
Porphyromonas gingivalis, Fusobacterium nucleatum, and Aggregatibacter actinomycetemcomitans. Associated
with Carie Disease: Streptococcus mutans and Lactobacillus casei; root canal infections: Enterococcus faecalis.
Candida species are involved with lesions of the oral mucosa in immunodepressed patients and patients with
prostheses (prosthetic stomatitis), patients on chronic use of medications, and radiotherapy in the head and neck
region [19, 20]. More recently, Candida spp. has been associated with refractory periodontitis due to its location
in the periodontal pockets: Candida albicans, Candida krusei, and Candida tropicalis [21, 22-23]. Lactobacillus
casei is the anaerobic bacterium most involved in the progression of dentin caries [24, 25], while Neisseria
gonorrhoeae is related to sexually transmitted disease and may be associated with asymptomatic pharyngitis, thus
contributing to the transmission of gonorrhea through oral sex [26, 27].

Given the high resistance of bacteria and fungi to antibiotics and antifungals in hospital environments,
it is necessary to investigate natural products, including plants, in order to rescue the importance of phytotherapy
in the public health complex, mainly in countries with a population least favored [28].

Neem is an exotic plant in Brazil. There are few neem plantations in Brazil and few studies on the
antimicrobial activity of the Brazilian neem against oral microorganisms. The aim of this study was to verify the
antimicrobial activity of ethanolic and hydroethanolic extracts and products of oral use with Azadirachta indica
content against oral pathogenic microorganisms.

I1. Material and Methods

Plant material: origin and preparation of ethanolic and hydroethanolic extracts

Neem leaves and seeds were collected at Fazenda Pau d'Oleo, in the municipality of Itinga,
Jequitinhonha Valley, Minas Gerais State, Brazil, a city located 260 meters above sea level with geographic
coordinates: Latitude: 16 °37 '4' 'South; Longitude: 41°45 '54' "West. The extracts were prepared according to
Akeel et al. [20] and Tasanarong et al. [21]. The leaf collection and preparation of the crude and dry extract were
carried out and donated by Bioneem® Ltda, a Brazilian company authorized by the Ministry of Agriculture of
Brazil under number CNAES 21.10-6/00. To prepare the aqueous extracts, the leaves and seeds of neem, after
drying in an oven with air circulation (at 40°C for 48 hours), were crushed in a mill to obtain the vegetable
products (Figure 1). These were added separately to the distilled water in the proportion of 20g/100 mL.The
mixtures were kept in an environment without the presence of light, to avoid biodegradation, for 24 hours for the
extraction of water-soluble compounds. After this period, the material was filtered, obtaining the extract at 20%,
from which the desired concentrations were obtained by diluting with water. In addition to the aqueous extract,
an organic ethanol extract was prepared. This extract was obtained by diluting 5g of vegetable powder in 100 mL
of 96°GL ethanol. The suspension was subjected to ultrasound extraction for 40 minutes. After that time, the
suspension was filtered with the aid of a vacuum through a Buchner funnel lined with filter paper at the bottom
for a kitasato; the solvent was evaporated in a vacuum evaporator route to obtain the pure extract. After weighing
the material, it was again diluted in 96°C ethanol and/or distilled water to obtain the desired concentrations of 5%
and 10%. For all experiments, commercial chlorhexidine® digluconate and nystatin® were used as controls [29].

Extracts and products containing neem used in the study:
1- Ethanolic extract 5% Azadirachta indica (neem) — Bioneem®, Brazil.
2- Hydroethanolic Extract 5% Azadirachta indica (nem) — Bioneem®, Brazil).
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3- Neem 5% toothpaste with mint - Bioneem®, Brazil — A.indica extract, mint, microcrystalline cellulose, sorbitol,
sodium saccharin, sodium carmelose (high viscosity), glycerol, parabens preserving solution, purified water gsp,
colloidal silicon dioxide (200 mesh), calcium carbonate (50 mesh), compound flavor, lauryl sulfate sodium.
4-Neem toothpaste 5% without mint- Bioneem®, Brazil — A. indica extract, microcrystalline cellulose, sorbitol,
sodium saccharin, carmelose sodium (high viscosity), glycerol, preservative solution of parabenzen, purified
water gsp, colloidal silicon dioxide (200 mesh), calcium carbonate (50 mesh), compound flavor, lauryl sulfate
sodium.

5- Himalaya® Ethanolic extract Indian Neem 5% - Organic Neem Supercritical CO2 extract leaf Azadirachta
indica, Himalaya Drug Company, India

6- Neem mouthwash 5% (Bioneem®, Brasil) — neem extract 5%, ethanol, tween 20, glycerin,

aspartame, flavoring, food coloring, deionized water

Figure no 1- Neem leaves and dry extract used in experiments.

Microorganisms

The microorganism samples were provided by the National Institute for Quality Control in Health of the
Oswaldo Cruz Foundation (INCQS / Fiocruz), Rio de Janeiro, Brazil. Standard samples of the American Type
Culture Collection (ATCC) were selected oral pathogenic microorganisms: Prevotella intermedia (ATCC 25611),
Aggregatibacter actinomycetemcomitans (ATCC 33384), Porphyromonas gingivalis (ATCC 33277),
Fusobacterium nucleatum (ATCC 23726), Enterococcus faecalis (ATCC 29212), Streptococcus mutans (ATCC
25175), Neisseria gonorrhoeae (ATCC 9826), Lactobacillus casei (ATCC393). Candida sp samples were isolated
and kindly provided by Prof. Dr Carlos Augusto Rosa, from the Yeast Laboratory of the Biological Sciences
Institute of the Federal University of Minas Gerais (LL / ICB / UFMG): Candida albicans (EIA 3M.5), Candida
krusei (EIA 3M.6) Candida tropicalis (HIC 3M.8).

Inoculum preparation

The bacterial inoculum was prepared in Brain Heart Infusion - BHI broth (Difco, USA) and the inoculum
of Candida spp was prepared in Sabouraud Dextrose broth (Difco, USA). Afterwards, the microorganisms were
incubated at 37°C, for 24 hours. The inoculum were prepared according to the 0.5 turbidity of the McFarland
standard, which corresponded to 1.0x108 CFU (Colony Forming Units) / mL for bacteria and 1,0x10% UFC/mL
for yeasts [30].

Microbiology tests

Microbiological tests were developed according to the standards of the Clinical Laboratory Standard
Institute (CLSI) [30]. The pure extracts and industrialized products of commercial brands were tested for
antimicrobial properties, and for this, the agar diffusion test was used.

Microorganism-lyophilized samples were kept in a freezer at -20°C until the moment use. The bacteria
were grown in BHI broth and agar (Difco, USA) and left in a microaerophilic environment (5% CO3) or in
anaerobiosis at 37°C. Candida albicans, Candida tropicalis, and Candida krusei were grown in Sabouraud
Dextrose broth and agar (Difco, USA) and left in an aerobic environment at 37°C. After 18-24 hours, the growth
was verified, the inoculum was standardized to 0.5 on the McFarland scale (1.0 x 108 CFU/mL), and 200uL of
each microorganism suspension (approximately 1.0 x 106 CFU/mL for yeasts or 1,0 x 108 CFU/mL for bacteria)
was sown in Petri dishes. The neem-content gel was added to cavities measuring 5mm in diameter made on the
agar with the aid of a punch. Each well was filled with 20mg of gel. Neem ethanol and hydroalcoholic extracts,
0.12% chlorhexidine digluconate solution (C9394 20% in H,O - Sigma-Aldrich, USA), Nystatin water-soluble
100 mg/mL (N6803 Sigma-Aldrich, USA), and distilled water were added 20uL to sterile discs (Laborclin, Brazil).
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For N. gonorrhoeae, antibiogram discs (CECON, S&o Paulo, Brazil) with Tetracillin 30 mg and Azithromycin 15
mg on blood agar (Difco, USA) were used. The plates containing microorganisms were incubated at 37°C in
aerobiosis, with 5% CO,, or anaerobiosis, according to the requirements of each microorganism. The inhibition
zones (diameters) formed around the products containing Neem and the controls were measured by halometer
after 24, 36, and 48 hours, and their means and standard deviations were taken. The zones on the discs less than
8,0mm were considered negative results. The experiments were carried out in triplicate at different times for the
diameter measurements around the disks. The results were evaluated through the mean (M) and standard deviation
(SD) (M£SD) of three experiments.

Minimal Inhibitory Concentration (MIC) Determination

Minimum inhibitory concentration (MIC) is defined as the lowest concentration of an antimicrobial that
will inhibit the visible growth of a microorganism after overnight incubation, and minimum bactericidal
concentrations (MBCs) as the lowest concentration of antimicrobial that will prevent the growth of an organism
after subculture on to antibiotic-free media and the microdilution plate test was chosen to determine the MIC [30].

I11. Result

All microorganisms tested in this study were sensitive to samples of neem collected from Vale do
Jequitinhonha (Bioneem®), isolated in extract, or associated with toothpaste or mouthwash. Table 1 shows that
both Gram-positive and Gram-negative bacteria showed high sensitivity to Bioneem and Himalaya extracts and
toothpastes when compared to chlorhexidine inhibition zones. With the exception of F. nucleatum, which was
more sensitive to the hydroethanolic extract, P. gingivalis, P. intermedia, and A. actinomycetemcomitans were
more sensitive, while S. mutans was the least sensitive to the ethanolic extracts. No differences were observed
between the zones of inhibition against bacteria when comparing neem toothpastes with and without mint in the
formulation. However, the zones of inhibition of toothpastes showed intermediate sensitivity when compared to
those observed for chlorhexidine digluconate and ethanolic and hydroethanolic extracts. The toothpastes showed
an ideal inhibition performance for the control of the pathogenic microbiota available in the oral microbiome. For
the daily control of dental biofilm, it is not expected to treat an infection but to control the growth of
microorganisms. In Table 2, the inhibition zones show that E. faecalis exhibited the same pattern of neem
sensitivity as seen for the bacteria in Table 1. Candida sp. species tested in the study were sensitive to neem. On
the other hand, the sensitivity profile presented by zones of inhibition showed similarities between C. albicans,
C. krusei, C.tropicalis, and Nystatin. Table 3 displays the observed results for mouthwash containing 5% neem
(Bioneem® Ltd.) and the ethanolic extracts Bioneem® and Himalaya® against N. gonorrhoeae and L. casei. Both
bacteria were sensitive to all the products. L. casei showed similar sensitivity to the other bacteria tested in the
study, including chlorhexidine, while N. gonorrhoeae was sensitive to tetracycline and azithromycin controls, two
antibiotics used in the clinical treatment of gonorrhea. Figure 2 show the inhibition zones of tested products
against N. gonorrhoeae. The MIC varied between 0.6mg /mL and 0.27 mg/mL for yeasts and 0.54mg /mL and
0.13 mg/mL for bacteria. N. gonorrhoeae showed sensitivity to 5% neem extract, and L. casei was sensitive to
mouthwash containing 5% neem.

Table no 1: Antimicrobial susceptibility test of oral pathogenic bactéria: crude neem extracts and product
containing neem in their formulations. Means and Standard Deviations (M = SD) = mm of three repetitions for
each microorganism.

Products Microorganisms
Inhibition Zones (M) % Standard Deviation (SD) (M+SD =mm)

P. intermedia P. gingivalis Aa S. mutans F. nucleatum

1 35.00+0.00 35.00+0.00 33.33+0.89 22.30+0.62 32.30+0.52

2 23.00+0.73 23.30+0.89 22.30+0.53 21.70+0.77 30.00+0.00

3 12.00+0.00 17.30+0.58 14.0040.73 15.70+0.15 12.70+0.58

4 13.30+0.53 17.70+0.04 14.53+0.58 14.70+0.58 12.00+0.00

5 21.33%£1.73 20.00+0.00 21.30+2.31 16.30+1.23 21.70+0.58
CLO 23.00+0.30 21.30+0.04 22.00+0.46 24.70+0.62 24.00+0.00
ETN 00.00+0.00 00.00+0.00 00.00+0.00 00.00+0.00 00.00+0.00

Legend: 1- Neem 5% ethanol extract(Bioneem®)/ 2- Neem 5% Hydroalcoholic extract (Bioneem)/ 3- Neem
5% Toothpaste with mint (Bioneem)/ 4- Neem 5% Toothpaste without mint (Bioneem)/ 5- Himalaya® Indian
Neem extract/ CLO-Chlorhexidin digluconate 0.12% (Sigma, USA)/ ETN- Ethanol 70%.
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Table no 2: Susceptibility test of E. faecalis and Candida spp to neem extracts and toothpastes containing
neem. Means and Standard Deviations (M + SD) = mm of three repetitions.

Products Microorganisms
Inhibition Zones (M) + Standard Deviation (SD) (M+SD =mm)

E. faecalis C. albicans C. krusei C. tropicalis
1 30.30+0.62 18.70+0.06 18.30+0.31 11.30+0.04
2 20.00+0.00 14.70+0.89 15.70+0.16 17.00+0.65
3 14.30+0.58 20.00£0.50 16.30+0.53 17.00+0.73
4 14.00+0.00 16.30+0.58 16.30+0.15 15.70+0.58
5 20.70+1.15 15.30+1.59 14.00+0.50 16.70+1.31

CLO 24.00+0.73 - - -
NYS - 19.70+0.08 20.00+0.00 22.00+0.58
ETN 00.00+0.00 00.00+0.00 00.00+0.00 00.00+0.00

Legend:1- Neem 5% ethanol extract(Bioneem®)/ 2- Neem 5% Hydroalcoholic extract (Bioneem)/ 3- Neem 5%
Toothpaste with mint (Bioneem)/ 4- Neem 5% Toothpaste without mint (Bioneem)/ 5- Himalaya® Indian Neem
extract/ CLO-Chlorhexidin digluconate 0.12% (Sigma, USA)/ NY S— Nystatin water soluble(Sigma-Aldrich)/
ETN- Ethanol 70%.

Table no 3: Antimicrobial activity of mouthwash and ethanolic extract containing 5% neem against Neisseria
gonorrhoeae and Lactobacillus casei. Means and standard deviations (M£SD) of three experiments.

Products Microorganisms
Inhibition zones (M+SD) = mm
N. gonorrhoeae L. casei

Neem 5% mouthwash Bioneem® 16.36+0.22 15.33+0.73
Neem 5% ethanol extract 17.66+0.56 16.39+0.67
Neem Himalaya extract® 17.93+1.33 17.00+0.32
Chlorhexidine 0,12% - 18.60+0.58

Tetraciclyn 23.00+0.00 -

Azithromycin 18.66+0.53 -
Ethanol 96°GL70% 00.00+0.00 00.00+0.00

Figure no 2: Antimicrobial susceptibility test of extracts and mouthwash of Neem against N. gonorrhoeae.

&

Figure legend: Following the arrow’s direction: A: Tetraciclyn, B: Azythromycim, C: Neem 5% ethanol extract,
D: Neem 5% mouthwash, E: Neem Himalaya extract, F/G: Neem 5% gel, H( in the centre):Ethanol 960GL70%.
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IV. Discussion

The antimicrobial activities of Brazilian and Indian neem were studied. The Neem plant material used
in this work originates from the Jequitinhonha Valley, which extends from the center of Minas Gerais State, where
the Jequitinhonha River originates, in the municipality of Serro, with its mouth in the municipality of Belmonte,
in the southern region of the State of Bahia. The region comprises 55 municipalities, being one of the 12
mesoregions of Minas Gerais State [31]. The northeast region of the state of Minas Gerais, where the municipality
of Itinga is located, is a dry and semi-arid region, hot and dry for most of the year. This region has a bioclimate
in which neem seems well adapted, as observed mainly by the good development of neem [32, 33]. Plant species
can have their chemical composition altered depending on the type of terrain, sunlight, and seasons [1, 2].
Considering these characteristics, it can be estimated that A. indica imported from India adapted very well in the
Itinga region of Brazil, favoring and maintaining its arboreal and chemical characteristics similar to those of
native Indians.

Ethanolic and hydroethanolic extracts from Bioneem® and Himalaya® showed similar effectiveness in
inhibiting the growth of both bacteria and pathogenic yeasts in the oral microbiome. Ethanol extracts provide
better extraction of azaradiractin (AZA), the main active component of neem, with better stability than aqueous
extracts [34]. Microbiological methods for determining the antimicrobial activity of neem have also been
described by several authors [35,36, 37]. Neem seed and leaf extracts inhibited in vitro the growth of and
Escherichia coli and, on the other hand, did not inhibit Bacillus subtilis, Salmonella paratyphi, Salmonella
desynteriae, or C. albicans [38]. Neem leaf extracts were effective against fungal pathogens, inhibiting the
protease and growth of Trichophyton sp.[39], in addition to antifungal activity against Penicillium expansum
[40]. Neem seed oil has also shown broad-spectrum antibacterial activity against Gram-positive and Gram-
negative bacteria, including strains resistant to streptomycin, and also against Mycobacterium tuberculosis [41].
There are reports that neem oil and leaves also inhibited Vibrio cholerae, Klebisiella pneumoniae, M. tuberculosis,
and Micrococcus pyogenes in vitro [42]. The bacteria tested by different authors are important pathogens; however,
some are not related to caries, periodontitis, or purulent infections of the mouth, which is a distinguishing feature
of this work. On the other hand, the results obtained by Alves [43] were similar, with the neem extracts prepared
with 70% and 80% (V/V) ethanol showing activity against Staphylococcus aureus.

All microorganisms tested in this work showed sensitivity to Brazilian neem from the Jequitinhonha
Valley, Brazil, and It is the first work that presents a microbiological test using the Bioneem® sample against oral
microorganisms. Maintaining biological properties is important when active ingredients are associated with
formulations such as toothpastes, rinses, or gels because the chemical composition may alter the activity of the
plant, either increasing or decreasing biological properties. In this sense, the antimicrobial activities remained
unchanged when comparing the isolated extracts with those associated with pharmaceutical forms. Candida sp.
samples were isolated and kindly provided by Prof. Dr. Carlos Augusto Rosa from the Yeast Laboratory of the
Biological Sciences Institute of the Federal University of Minas Gerais (LL/ICB / UFMG): C. albicans (EIA
3M.5) and C. krusei (EIA 3M.6), which represent non-Albicans, are less prevalent in oral mucosa and, according
to Rossoni et al. [44], are able to inhibit the growth of C. albicans in an interaction relationship; C. tropicalis
(HIC 3M.8), considered the most prevalent among the pathogenic yeasts of the non-Albicans group, shows a
drastic increase in the number of infections due to its presence and great resistance to drugs like fluconazole [45].
The differences in the sensitivities of microorganisms observed between the ethanolic and hydroethanolic extracts
were already expected, since most of the chemical components of medicinal plants are more soluble in ethanol,
which facilitates their availability and diffusion in the agar. It is known that the electrostatic charges present in
the culture medium and in extracts and/or pharmaceutical formulations are important for the greater or lesser
inhibition of microbial growth [46].

Toothpastes showed smaller zones of inhibition for both Gram-positive and Gram-negative bacteria and
yeasts. This finding may be related to the viscosity of the product, which makes its diffusion difficult. Neem has
been studied in Brazil regarding its biological properties against insects and insect larvae, as a pesticide, and
regarding cultivation and economic response [47], which makes this work different by studying the properties of
antimicrobials against pathogenic microorganisms of the oral microbiome related to caries, periodontal,
endodontic diseases, and mucosal changes [48]. N.gonorrhoeae was sensitive to extracts and mouthwash
containing neem. Gonorrhea is a common and asymptomatic sexually transmitted disease (STD) in the pharynx,
which causes the infection to spread through oral sex [49, 50]. This gram-negative bacterium has been shown to
be highly resistant to antibiotics [51, 52]. Mouthwash containing neem can be used before and after oral sex in
the population at risk to prevent oral infection. The microorganism is unlikely to become resistant due to the
complex chemical composition of the plant. However, clinical studies must be conducted to confirm the veracity
of the in vitro study.

The crude Neem extract 5% demonstrated similar inhibitory activity against the bacterial strains and
Candida spp and the toothpastes inhibited all microorganisms tested. The mint presence in formulation does not
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seem to have influenced the antimicrobial properties. According to the manufacturer's information, mint was
added to improve the product's flavor.

Chlorhexidine digluconate 0.12% is considered the gold standard for controlling microorganisms in
dentistry, with the vast majority of species of microorganisms in the mouth being sensitive to it. In this study,
CLX showed the same pattern of inhibition observed by other authors [53].

In vivo studies must be carried out to confirm these results.

V. Conclusions
Azadirachta indica (neem) cultivated in the Jequitinhonha Valley, Brazil, showed similar or higher
antibacterial and antifungal activities than positive control. The interaction of Jequitinhonha Valley Neem with
other pharmaceutical components did not alter its antimicrobial activities. All microorganisms tested were
sensitive to Neem. Clinical trials studies must be carried out to prove the pharmacological effectiveness of the
products tested in these experiments.
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