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The aim of the present study was to investigate the antibacterial effect of ethanolic extract of neem (Azadirachta indica) leaf against Gram-negative, 
gastric pathogen, Helicobacter pylori (H. pylori).

Extracts of neem leaf were prepared in different 
solventslike hexane, dichloromethane, chloroform, ethyl acetate, 
acetone and ethanol. Antibacterial activity was estimated in terms 
of zone of inhibition by performing Agar cup diffusion assay. 
Depending on the diameter of zone of inhibition, ethyl acetate, 
acetone and ethanol extract of neem leaves were selected for Thin 
Layer Chromatography. The presence of photochemicals were 
detected using iodine fumigation. Elution Assay was done to detect 
the bioactive components of the ethanol extract.

Out of sixsolvents used, ethanol extract of neem 
leavesshowed the maximum zone of inhibition against H. pylori. 
TLC separation of ethyl acetate, acetone and ethanol extract of 
plant products showed dark brown bands of phytochemicals on 
silica-gel G 60 plates. The contact bioautography assay showed a 
zone of 15 mm. Elution assay and agar cup bioassay was 
performed against H. pylori and the loading spot showed a zone of 
11 mm.

The findings of the present study revealed the anti-
bacterial potency of ethanolic extracts of neem (Azadirachta indica) 
leaf against Gram-negative gastric pathogen H. pylori. The ethanolic 
extract of neem leaf can be used as an effective natural remedy in combating H. pylori infection.
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Neem (Azadirachta indica) leaf extracts prepared in different solvents

Determination of Zone of inhibition (mm) of neem leaf (Azadirachta indica) 
extract against Helicobacter pylori using Agar-cup diffusion assay

Thin layer chromatography of ethyl acetate, acetone and 
ethanol extracts (50 µl) of Neem (Azadirachta indica) leaf 

Thin layer chromatography of ethanol extracts (50 µl) of neem (Azadirachta 
indica) leaf using contact bioautography, followed by Elution assay 

Study revealed anti-bacterial activity of ethanolic extracts of neem (Azadirachta
indica) leaf against Gram-negative gastric pathogen Helicobacter pylori.
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jejuni, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Escherichia coli, Salmonella enterica, and Staphylococcus 
aureus. Neem extract has several favorable pharmacological 
properties, including the ability to kill non-growing bacteria, 
increased activity at low pH, and no hemolytic activity. The 
upcoming treatment for H. pylori infection could be the compound 
(s) present in the Nee mextract (Blum et al., 2018). With this 
background for developing novel therapeutics, the present study 
was carried out to investigate the antibacterial effect of ethanolic 
extract of neem (Azadirachta indica) leaf against Gram- negative, 
gastric pathogen, Helicobacter pylori (H. pylori).

Materials and Methods

Plant collection: Fresh leaves of A. indica leaves were collected 
from the University of Agriculture and Technology, Ayodhya. The 
leaves of A. indica were washedwith water, driedat ambient 
temperature, and regularly examined to check for any fungal 
growth. The voucher specimen was deposited in the New Drugs 
and Innovation Laboratory, Amity Institute of Biotechnology, Amity 
University Uttar Pradesh, India for future reference.

Culture and maintenance of bacterial strains: H. 
pyloribacterial strain 26695 (ATCC 700392) was procured from 
the Bacteriology Division, National Institute of Cholera and 
Enteric Diseases (NICED) Kolkata, India. H. pylori were grown in 
Brain Heart Infusion (BHI) media in microaerophilic environment 
(5 % O , 10 % CO  and 85 % N ) at 37°C temperature and 60-70 % 2 2

humidity.

Preparation of : Dried and finely crushed A. indica 
leaves were soaked in hexane in a sterile conical flask. The flask 
was kept at 37⁰C in the incubator-shaker for 24 hr. The content from 
the flask was filtered through Whatman No. 1filter paper, and the 
residue was re-soaked in dichloromethane fornext 24 hrs, followed 
by chloroform, ethyl acetate, acetone, and ethanol. Filtrates were 
concentrated to dryness. Weighed and dissolved in same 
solvents, and filtrate was finally stored in a sterile glass vial at 4⁰C.

Antibacterial screening: Modified agar well diffusion method 
was used for initial screening of plant extracts against the 
pathogenic strain (Perez et al., 1990). Standardized inoculum 

8 -1(100 μl) of 0.5 McFarland turbidity equivalent to 5X10  cfuml  of 
test strain (Helicobacter pylori) was spread using a sterile glass 
spreader onto sterile BHIagar plates to achieve auniform growth. 
With the help of a sterile cork borer (8.0 mm diameter), wells were 

-1prepared in the BHI plates. The extracts 50 μl (65 µgµl ) were 
loaded into the wells and 70% of respective solvents (50 μl/well) 
were taken as a negative control. The plates were then incubated 
at 37°C for 48 hr in a gas jar with microaerophilic conditions (5% 
O , 10% CO  and 85% N ). The diameter of the zone of inhibition 2 2

was measured in millimeters to access the anti-helicobacter 
pyloric activity. The experiment was done thrice and the mean 
values were calculated.

Chemical characterization: The ethanol extracts of A. indica 

2

2

plant extract

Introduction

Helicobacter pylori (H. pylori) is a Gram-negativebacteria 
that causes infection in the stomach. They have a distinctive 
characteristic to prosper and survive in highly acidic 
environments of the stomach (Warren and Marshall, 1983). The 
precise cause of H. pylori spread among the population is not 
known. Nevertheless, it is believed that the fecal-oral or oral-oral 
route due to consumption of contaminated water or food is a 
common cause (Brown, 2000; Stefano et al., 2018). The spread of 
H. pylori is almost 50% throughout the world and the infection is 
linked with the development of ulcers, gastric cancer, and 
mucosa-associated lymphoid tissue (MALT) lymphoma (Burkitt et 
al., 2017; Hooi et al., 2017). The alarmingly high spread of 
antibiotic-resistant H. pylori is increasing extensively throughout 
the world (Thung et al., 2016). The 

 antibiotic resistant pathogen 
for which research and development of new antibiotics is crucial. 
In addition to this, the recurrence of H. pylori infection cannot be 
neglected. H. pylori infection has an ability to persist for the entire 
life, if not eradicated from the system. The conventional triple 
therapy with 2 antibiotics and a proton pump inhibitor has been 
used for almost 20 years to combat H. pylori infection, but there is 
low treatment success, which is unacceptable when it comes to 
grading the H. pylori treatment (Graham and Fishbach, 2010).

The mechanism of H. pylori infection among the 
population is not known, however, the bacterium has the ability to 
chronically colonize the human gastric mucosa. International 
Agency for Research on Cancer, 2012 has classified the 
bacterium H. pylori as a carcinogen. In this scenario, herbal 
therapy appears to be a promising alternative to address H. 
pyloriinfection (Saxena et al., 2020a). One of the endogenous 
plants of Maliaceae family in Indian subcontinent is neem 
(Azadirachta Indica) that grows well even in adverse 
environmental conditions. The neem has been used in folk 
medicine for thousands of years. The active ingredient of neem is 
azadirachtin, a limonoid. This medicinal plantparts has been used 
in India for multiple biological activities (Nadkarni, 1954; National 
Research Council, 1992). Extracts and purified compounds from 
neem trees possess largely antibacterial activity (Al Akeel et al., 
2017; Al Saiqali et al., 2018; Thakurta et al., 2007). Additionally, 
the neem plant extracts have also been reported to possess 
antifungal (Fabry et al., 1996b), antiparasitic (Dahiya et al., 2016), 
and antiviral (Parida et al., 2002) activities. Neem has been stated 
to have more than 300 bioactive isolates (Gupta et al., 2017).

Many commercial biological pesticides also contain 
azadirachtin from the liminoid of neem tree. Use of natural 
products from medicinal plants for new therapeutics has grown 
many folds over the last four decades resulting in the approval of 
many small-molecule antibacterial agents world-over (Newman 
and Cragg, 2016). Looking at the sensitivity of neem tree 
components against bacteria, the 

oncern for the need of 
developing new antibiotics for pathogens like Campylobacter 

World Health Organization in 
2017 has listed H. pylori as priority-2

World Health Organization 
(WHO) (2017) has shown great c
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activity as per the antibacterial screening described above.

Statistical Analysis: Data were means of inhibition zones of 
antibacterial activity of leaf extract. The experiments were been 
repeated three times and the results were analyzed using 
Student’s t- test.

Results and Discussion

Medicinal plants having therapeutic properties have been 
recognized as folk medicinein many countries. Previously several 
authors have exhibited inhibitory activity of some plant extracts 
against H. pylori (Moghaddam, 2011; Malekzadeh et al., 2001; 
Cellini et al., 1996). The medicinal plant, neem has been known 
for many therapeutics implications. Alzohairy (2016) reported 
several biological and pharmacological activities that include 
antibacterial, antifungal and anti-inflammatory, as well as 
antipyretic, anti-gastric ulcer, anti-arthritic, hypoglycemic, and 
antitumor activities. Additionally, the study summarized the role of 
neem and its active ingredients in disease prevention and 
treatment by modulation of various biological pathways. In the 
present study agar cup bioassay had shown zone of inhibition 
(12-18 mm) against H. pylori in extracts of neem leaf prepared in 
ethanol, acetone, chloroform and ethyl acetate but failed to show 
zone of inhibition in hexane and DCM extracts (Fig. 1).

In the qualitative assessment, smaller zone of inhibition 
revealed resistant bacteria whereas larger zone of inhibition 
indicated susceptible bacteria. These findingsare indicative of the 

leaves that showed growth inhibition were loaded on a TLC 
plate pre-coated with silica gel 60 F  sheets (Merck, 254

Darmstadt, Germany).

Chemical characterization of bioactive TLC spots: The 
loaded TLC sheets were run in solvent mixture Toulene: 
Chloroform: Acetone (40:25:35). Oncethe run was complete, TLC 
sheets were air dried and then subjected to iodine fumigation. The 
bioactive spots could be seen clearly after iodine fumigation. 

Separation of compounds by TLC and identification of 
bioactive spots by contact bioautography: Fifty microliter of 
plant extract was spotted on pre-coated silica gel. One 
dimensional TLC was performed using solvent mixture T:C:A 
(40:25:35). After drying, for contact bioautography, the 
chromatogram was placed face down onto H. pylori inoculated 
BHI agar plate to enable diffusion and the plate was incubated at 
37°C for 48 hrs under microaerophilic conditions in the presence 
of high humidity (60-70 %). The bioactive spots were identified by 
zone of H. pylori growth inhibition.

Elution Assay: The bioactive spots from TLC (run with ethanol 
extract of A. indica) were scraped and resuspended in ethanol. 
The vials were kept on a rocker-shaker for 2 hr. Thereafter, the 
vials were centrifuged at 5,000 rpm for 10 min at room 
temperature and the supernatant was separated followed by air 
drying. Once the volume of bioactive spots reached 50 µl, the 
vials were sealed to prevent further evaporation. Fifty microliter of 
each eluted bioactive spot was tested for anti-helicobacter pyloric 

Fig. 1: Zone of Helicobacter pylori growth inhibition of Neem (Azadirachta indica) leaf extracts using Agar cup assay.
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bactericidal activity of neem leaves, projecting it as a suitable and 
effective plant for fighting Gram-negative gastric pathogen, H. 
pylori infection. Saxena et al. (2020b) reported the antibacterial 
activity of E. officinalis (fruit), S. aromaticum (bud), R. indica 
(petals) and A.indica (leaf) against some Gram-positive and 
Gram-negative pathogenic bacteria. Contrary to this, Fabry et al. 
(1996a, b; 1998) hadreported that neem leaf extracts did not 
show antibacterial activity against Klebsiella spp., S. aureus, P. 
aeruginosa, Enterococcis pp., E. coli, Salmonella spp., and some 
Candida spp, but stem bark extract of neem had significant 
antibacterial activity. Saradhajyothi  and  Subbarao (2011) also 
reported the antibacterial effect of Azadirachta indica leaf extract 
against Escherichia coli, Klebsiella pneumonia, Proteus vulgaris 
Micrococcusluteus, Bacillus subtilis, Enterococcus faecalis and 
Streptococcus faecalis. Kumar et al. (2013) had reviewed the 
basic principles and the significance of TLC technique in research 

in general and phyto-chemistry in specific. TLC technique is 
regularly applied to separate chemical and biochemical 
compounds. In the present study, the pre-coated TLC (Fig. 2) 
showed movement of the bands indicating the presence of 
bioactivity against H. pylori, which was further confirmed by 
contact bioautography. Methanolic leaves extracts of plant 
Eucalyptus camaldulensis and Terminalia catappahad shown 
inhibitory effects on the microorganisms. Authors have identified 
the presence of the phytochemical components in the extract 
(Babayi et al., 2004). Similar to the present study, Mehrotra et al. 
(2010) has reported the antimicrobial activity of ethanol extract of 
neem leaves against S. aureus and V. cholera. Authors have 
identified bioactive components in extract effective against 
multiple pathogens. The antibacterial activity observed with agar 
cup diffusion study was confirmed by contact bioautography.

A zone of inhibition of 16 mm was observed with contact 
bioautography of ethanol extract of neem leaves kept face down 
onantibiotic resistant pathogen; H. pylori spread solid agar plate 
(Fig. 3). It is also reported that the efficacy of crude leaf 
preparation having both non-active and active components is 
greater than semi crude drugs or pure plant substances (Kafaru, 
1994). In a study conducted by Krishnan and Wong (2015), 
acetone and chloroform extract of neem leaf showed effective 
antimicrobial activity against various Gram-positive and Gram-
negative bacteria. The results of an exploratory study showed that 
the potency of extracts was dependent on the concentration 
used. Therefore, an increase in the zone of inhibition is due to the 
increase in the concentration of the extract (Parashar et al., 2018). 
The leaves of A. indica possess significant antibacterial activity, 
which confirms the great potential of bioactive compounds. 

This in turn is useful for rationalizing the use of A. indica in 
primary health care (Koona and Budida, 2011). While studying the 
anti-ulcer actity in HP-LPS (Helicobacter Pylori 26695 
Lipopolysaccharide) induced rats, Kiranmai et al. (2014) had 
reported that the presence of flavonoids, tannins and other 
antioxidant principles in A. indica extracts may be responsible for 
mitigation of cellular damage and pathological changes caused 
by HP-LPS. It is shown that the leaf extract of A. indica (neem) had 
exhibited a powerful antibacterial activity against various strains 
of pathogenic bacteria (Hala, 2017). Raja Ratna Reddy (2013)  
reported higher antimicrobial activity in neem leaf extract 
compared to bark and seed. Authors have suggested variable 
distribution of phytochemical compounds in different parts for this 
difference. The elution of the TLC-scraped spots was done in 
order to find out the bioactive spots against H. pylori.

The results of elution and agar cup bioassay in the 
present study showed zone of inhibition of 11 mm against H. pylori 
(Fig. 4) supporting the antimicrobial activity. The Rf values were 
calculated for all the spots. The Rf values in the present study 
ranged from 0.15 to 0.88. These values are indicative of larger 
less soluble pigments to highly soluble pigments suggesting the 
presence of phytochemicals of varied chemical nature. It is 
reported that presence of azadirachtin, quercetin and B-sitosterol 

Ethyl                 Acetone               Ethanol
acetate

Fig. 2: Thin Layer Chromatography, loaded with 50 µl of ethyl acetate, 
acetone and ethanol extract of neem (Azadirachta indica) leaf showing 
movement of the bands of bioactive compounds.



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, November 2021¨

A. Saxena et al.: Anti-Helicobacter pyloric effect of neem leaf 1595

Fig. 4: (A) Manual Thin Layer Chromatography tiles prepared and loaded with ethanolic extract of Neem (Azadirachta indica) leaf showing bioactive 
spots and (B) Agar cup assay of scrapped bioactive spots showing zone of Helicobacter pylori growth inhibition.

Fig. 3: (A) Thin layer chromatography strip of ethanolic extract of Neem (Azadirachta indica) leaf showing spots of bioactive compounds and (B) Contact 
Bioautography assay of strips 1, 2 and 3 showing zone of Helicobacter pylori growth inhibition.
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