
  
Abstract—Wound causes an increasing burden to healthcare 

systems as the availability of drugs capable of stimulating the process 
of wound repair is still limited in order to treat the patient. In 
addition, the increasing prevalence of antibiotic resistance bacteria is 
widely recognized and poses a continuing burden to healthcare. 
Therefore, the need of novel antibiotics for effective treatment for 
wound infection is necessary in order to eliminate the threat of the 
infections. Objective of this study was to investigate the in vitro 
antibacterial activity of medicinal plant, Azadirachta indica or its 
local name ‘neem’, on wound infection bacteria. Methanolic neem 
extract was used to test on the bacteria at four different 
concentrations. Antimicrobial susceptibility testing (AST) were used 
in this study. Zone of inhibition have been shown to Staphylococcus 
aureus and was considered significant because the p-value was less 
than 0.05 at concentration 150mg/ml and 200mg/ml when compared 
with positive control. This study showed that methanolic neem 
extract possess antimicrobial activity and further studies need to be 
done in order to exploit the bioactive compounds of neem in order to 
reveal its potential as a new source of antibacterial agent. 
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I. INTRODUCTION 
ERBAL remedies are known to treat many infectious 
diseases throughout the history of mankind. Plant material 
continues to play a major role in the primary health care 

as therapeutic remedies in many developing countries. Thus, 
the discovery of medicinal plants as antimicrobial agents is 
useful in expanding the wide varieties of antibiotics available 
[1]. When it comes to wound healing, no one can go past 
Azadirachta indica, or its local name neem, for its wound 
healing properties [2]. Various parts of the neem tree have 
been used as traditional Ayurvedic medicine in India. For 
instance, the leaves, seed and bark possesses a wide spectrum 
of antibacterial action against Gram-negative and Gram-
positive microorganisms. However, the leaves are in concern 
for its medicinal properties for wound healing. Neem leaf is 
effective in the healing of chronic wounds, diabetic foot and 
gangrene developing conditions [3].   

As the global scenario is now changing towards the use of 
nontoxic plant products having traditional medicinal use, thus 
the development of modem drugs from neem should be 
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emphasized for the control of various infections. In fact, time 
has come to make good use of centuries-old knowledge on 
neem through modern approaches of drug development since 
the widespread prescription of antibiotics has promoted the 
species population to evolve to a condition of multiple drug 
resistance.  

This study is aimed at determining the antimicrobial activity 
of neem against possible bacteria that can cause wound 
infections which are Staphylococus aureus, Streptococcus 
pyogenes and Pseudomonas aeruginosa.  

II. METHODOLOGY 

A. Neem extraction 
Air dried powder (100 g) of the leaves was mixed with 500 

mL of methanol and were kept at room temperature for 36 
hours. The mixture was then filtered through Whatman No.1 
filter paper and the filtrate was evaporated to dryness by 
leaving it inside the oven at constant temperature of 600C for 3 
to 4 days. The residues obtained were stored at 40C until 
testing. Four different concentrations, 50,100,150 and 200 
(mg/ml) in 20% dimethyl sulfoxide (DMSO) were prepared. 

B. Bacterial strains 
All the bacterial cultures preparations were performed by 

using the stock culture from ATCC. The bacteria were 
Staphyloccus aureus (ATCC 25923), Streptococcus pyogenes 
(ATCC 19615) and Pseudomonas aeruginosa (ATCC 10145). 
From the stock culture, one colony was taken to be streaked on 
nutrient agar (NA) and incubated for 18 hours at 370C. Culture 
purity of each organism was confirmed through colony 
morphology identification, Gram stain, coagulase, catalase and 
biochemical testing where one colony was taken to perform the 
confirmation. All bacterial cultures were maintained in NA 
slants stored at 4℃ in the Preparation Laboratory of the Health 
Sciences Faculty and periodically sub-cultured.  

C. Antimicrobial susceptibility testing by NCCLS method. 
Muller Hinton agar plates were subcultured with 

standardized inoculums of bacterial strains. The plates were 
allowed to dry for 3 to 5 minutes. Then, the prepared disk were 
placed onto MHA plates and were incubated for 18 hours at 37 
0C. This experiment was carried out in triplicate. For positive 
control, standard antibiotic were used. On the other hand, 20% 
DMSO impregnated disks were used as the negative control. 
After the incubation period, each plate was examined. If there 
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is the resulting zone of inhibition, uniformly circular zone of 
inhibition will be formed. The diameters of complete zone 
inhibition were measured to the nearest whole millimeter by 
using a ruler. The results of the measurement were recorded 
and the pictures of the plates were taken by using Molecular 
Imager Gel Doc™System. 

III. RESULT 

A. Product of Neem Extract  

Methanolic extracts as seen in Fig.1 of the 100g dried  neem 
leaves obtained was 4.18g (4.18%). For quality control, the 
neem extract was cultured on nutrient agar (NA) to determine 
its purity. After overnight incubation, no growth of any 
colonies of bacteria has been shown. 

 
Fig. 1 Methanolic extract of neem 

B. Antimicrobial susceptibility testing 
TABLE I 

ZONE INHIBITION OF BACTERIA 

Bacteria 
Neem 

(mg/ml) 
50 

 
100 

 
150 

 
200 

Posit
ive 

cont
rol 

Ne
gat
ive 
con
trol 

S. 
aureus 

Average 
inhibition 
zone 
(mm) 

 

8.7 
 
9.3 

 
10 

 
10 

 
20.7 

 
- 
 

Standard 
deviation 
(SD) 

0.577 0.577 0 0 0.57
7 

 
- 

S. 
pyogenes 

Average 
inhibition 
zone 
(mm) 

 
9.3 

 
10.7 

 
11 

 
11.3 

 
21.7 

 
- 

 Standard 
deviation 
(SD) 

 
0.577 

 
0.577 

 
0 

 
0.57
7 

 
0.57
7 

 
- 

P. 
aerugin
osa   

Average 
inhibition 
zone 
(mm) 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

 Standard 
deviation 
(SD) 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

 

 
Fig. 2 Bar chart for the average of inhibition zone against the neem 

extract concentration(mg/ml) for S. aureus. ‘*’ indicates p-
value<0.05 

 
Fig. 3 Bar chart for the average of inhibition zone against the neem 

extract    concentration(mg/ml) for S.pyogenes. ‘*’ indicates p-
value<0.05 

 
 

 
Fig. 4 Zone of inhibition of neem extract on Staphylococcus aureus 

IV. DISCUSSION 

A. Extraction Method 
The method of choice that had been used in this study was 

the solvent extraction. This method was chosen due to the 
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limitation of equipments available in the laboratory and the 
simplicity of the method to be done. Dried neem leaves were 
used by following the method used by the previous study [4]. 
According to [5], the differences in water content may affect 
solubility of subsequent separation by liquid-liquid extraction 
and the secondary metabolic plant components should be 
relatively stable, especially if it is to be used as an 
antimicrobial agent. Therefore, the dried neem leaves had been 
chosen.  

A slightly small amount methanolic neem extract which was 
4.18g (4.18%) was obtained in this study instead of what was 
obtained in the previous study [4] which was 4.36%. 
Variations in extraction methods which are usually found in 
the length of the extraction period may contribute to this 
outcome. Reference [5] shows, the longer the contact between 
solvent and material, thus the more desirable extract will be 
produced until all possible materials have been extracted. 
Moreover, the particle size also may give the impact for the 
extraction period. Grinding the plant material as finer as 
possible will increase the surface area for the extraction 
thereby increasing the rate of extraction and shaking the plant 
material in the solvent mixture will also increase the rate of 
extraction [5] . In addition, the equipment used in the previous 
study [4] was Soxhlet apparatus for the extraction method. In 
soxhlet extraction, the sample is continuously exposed to a 
fresh solvent thus allowing the ground neem leaves to react 
with the solvent which is methanol more effectively thus 
improve the efficiency.  Quality control that have been done to 
determine the purity of the extract showing that there was no 
growth of any colonies of bacteria thus suggesting that the test 
done was validated. 

A 100% methanol was used as a solvent of choice. The 
reason is because the organic solvent was found to provide 
more consistent antimicrobial activity compared with water 
extraction method [6]. This was proved by the previous study 
[7] that showing remarkable zone of inhibition by using 
methanol compared to aqueous (water) results. These 
observations also can be due to the polarity of the compounds 
being extracted by the solvent [6] in order to ensure that a 
wide polarity range of compounds could be extracted. In 
addition, this organic solvent was also used because most of 
the antimicrobial active components are not water soluble. 
Moreover, many of the previous study of neem also used 
methanol as a solvent for extraction [4]–[7]-[8]-[9].  

In addition, dimethyl sulfoxide (DMSO) was used to 
prepare neem extract concentration. It was used because it has 
a unique capability of penetrating living tissues without 
causing significant damage to the resulting neem extract. This 
unique capability of DMSO most probably related to its 
relatively polar nature, its capacity to accept hydrogen bonds, 
and its relatively small and compact structure [10]. The 
important thing here is the solvent should be non-toxic and 
must not interfere with assay to be done since the end product 
will contain traces of residual solvent.  

Therefore, the solvent used for extraction and the extraction 

technology being performed are the important parameters as 
these are the basic parameters influencing the quality of an 
extract[5]. 

B. Antibiotic Susceptibility Testing (AST) 
 Methanolic neem extract in this study had shown to possess 
antibacterial activities against Staphylococcus aureus and 
Streptococcus pyogenes but not for Pseudomonas aeruginosa. 
Pseudomonas aeruginosa was not inhibited by the 
concentration ranging from 50mg/ml to 200mg/ml. However, 
very poor growth of Streptococcus pyogenes on Muller Hinton 
agar showed that the growth criteria did not met thus the 
antimicrobial effect of neem extract against Streptococcus 
pyogenes could not be concluded. The reason was, 
Streptococcus pyogenes is a fastidious bacteria that required 
enriched medium containing blood to grow. Therefore, for the 
next testing, the agar used should be blood agar or chocolate 
agar.  

Staphylococcus aureus was susceptible to the methanolic 
neem extract starting at concentration 50mg/ml through 
200mg/ml. The result in Table 1 showed that the higher 
concentration of neem extract, the larger the diameter of 
inhibition zones, thus, this exhibit the concentration dependant 
activity of the bacterium. At concentration 150mg/ml and 
200mg/ml, diameter of inhibition zone as seen in Fig. 4 were 
considered significant if compared with positive control with 
p-value less than 0.05 as seen in Fig. 2. These results suggest 
that neem extract at concentration 150mg/ml and 200mg/ml 
has significance antimicrobial effect over positive control 
against Staphylococcus aureus.  

In this study, neem extracts had shown to have antibacterial 
effect on Gram positive bacteria but not on Gram negative 
bacteria. This was supported by the previous study performed 
[11] that had found that plant extracts inhibited the Gram-
positive microorganisms more than the Gram-negative ones. 
Pseudomonas aeruginosa showed antibiotic resistant because 
it may be chromosomally or plasmid mediated and may also be 
affected by changes in the cellular membrane or intracellular 
environment [12]. This could possibly be explained by the fact 
that the antibacterial activity of neem had been found to be 
mainly due to the inhibition of cell membrane synthesis within 
the bacteria where the “L” forms of Pseudomonas aeruginosa 
was develop thus becoming resistant strains [8]. However, the 
other study [9] found that methanolic extract of neem leaves at 
100mg/ml exhibit 10 to 23 mm diameter of inhibition. This 
variation may be due to the different method where agar well 
diffusion method was used instead of the susceptibility testing.   

V. CONCLUSION 
 In this study, the antibacterial activity of neem extracts 
towards significant microbes that causing wound infection has 
been investigated. The methanolic extract of neem, is 
remarkably inhibited the growth of the tested bacteria, they 
was Staphylococcus aureus but not for Streptococcus 
pyogenes and Pseudomonas aeruginosa. In this study, 
Staphylococcus aureus exhibit an antimicrobial effect with 
significant zone of inhibition at concentration of 150mg/ml 
and at 200mg/ml as compared with positive control since the 
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p-value of less than 0.05. As this study was a basic approach to 
investigate the antibacterial activity of neem extracts, the 
addition of the species of microorganism to be tested and the 
drug combination activity study were recommended for future 
study in order to determine the effectiveness of this plant. 
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