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Summary 

The present study aimed at evaluating the in vitro antimicrobial activity of methanolic extracts of 

some medicinal plants against Pseudomonas aeruginosa, Klebsiella pneumonia, Staphylococcus 

aureus and Salmonella Typhi. The selection of methanolic extracts was based on the 

phytochemical screening for presence of secondary metabolites. The methanolic extract of 

Alstonia scholaris presented the highest anti-S. aureus activity and was effective against all 

bacterial strains tested. 
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Introduction 

Many higher plants accumulate extractable organic approaches, substances in quantities 

sufficient to be economically management of disease. Plants have been a rich source of 

medicines because they produce wide array of bioactive molecules, most of which probably 

evolved as chemical defense against predation or infection. In recent times, the rapid 

development of multiresistant bacterial and fungal strains of clinically important pathogens 

fetches the interest of scientist to develop newer broad spectrum antimicrobial agents [1]. 

Antibiotic resistance has become a global concern [2]. The clinical efficiency of many 

antibiotics, in existence is being treated by the emergence of multi drug-resistant pathogen [3]. 

Throughout the history of mankind, many infectious diseases have been known to be treated with 

herbal remedies. The researchers are increasingly turning their attention to folk medicine. 

Continuous search leads into developing better drugs against microbial infections [4]. 

The current investigation aimed to explore scientifically the antibacterial potential of six 

medicinal plants used in folk medicine for the treatment of several ailments and hence, 

substantiate the folklore claims. 
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Methods 

Plant material and preparation of the extract 

Fresh leaves of six different plants viz., Leucas aspera, Tabernaemontana coronariae, 

Adhatoda vasica, Mimosa pudica, Alstonia scholaris and Asparagus racemosus free from 

disease were collected from local areas in Davanagere district, Karnataka. The plant material was 

shade dried and then powdered using a mechanical grinder. 100 grams of pulverized plant part 

was extracted successively in 500 ml of petroleum ether, ethyl acetate and methanol (LR grade, 

Merck, India) using Soxhlet apparatus. At the end of extraction, extracts were filtered under 

vacuum through a Whatman No. 1 filter paper and the process repeated until all soluble 

compounds had been extracted. The filtrate obtained was concentrated in vacuo using a 

Rotavapor (Buchi Flawil, Switzerland). The extracts were stored at 4 °C in air tight bottle until 

further use. 

Phytochemical screening 

The preliminary phytochemical analysis of petroleum ether, ethyl acetate, methanol extracts was 

carried out using the methods as described in Harborne (1984) [5]; Trease and Evans (1989) [6]; 

Kokate et al. (1998) [7]; Khandelwal (2005) [8]. 

The dry weight of the methanol extracts was obtained by allowing the solvent to 

evaporate and was used to determine concentration in mg/mL. (Methodology based on Betoni et 

al. [9]; Table 1). The extracts of the plants were screened for the antibacterial activity by the agar 

well diffusion method [10].    

 

Table 1. Characteristics of the plant extracts 

Scientific name Common name Part of the plant used Extract dry weight 

(mg/ml) 

Leucas aspera Dronapushpi Leaf 135.0 

Tabernaemontana 

coronariae 

Crape jasmine Leaf 90.0 

Adhatoda vasica Malabar nut Leaf 75.0 

Mimosa pudica Touch-me-not Leaf 17.0 

Alstonia scholaris Dita bark Leaf 70.0 

Asparagus racemosus Asparagus Leaf 122.0 
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Microorganisms used: 

The bacterial strains used in this study clinical isolates from different infection status of 

patients presenting symptoms of Pseudomonas aeruginosa, Klebsiella pneumoniae, 

Staphylococcus aureus and Salmonella typhi - associated diseases. The isolates were identified 

by a standard method [11]. The standard strains used were P. aeruginosa ATCC-20852, K. 

pneumoniae MTCC-618, S. aureus ATCC- 29737, S. typhi MTCC- 3214, S. paratyphi MTCC- 

735, P. vulgaris ATCC- 13315 and C. albicans ATCC-2091. The bacteria were maintained on 

agar slope at 4 °C and sub-cultured into nutrient broth by a picking-off technique [12] for 24 hrs 

before use. 

Preparation of culture medium and inoculation 

Nutrient agar (Hi Media, India) was used as the bacteriological medium. The media were 

sterilized by autoclaving at 120 °C for 20 minutes. Under aseptic conditions, in the laminar air 

flow, 15 ml of culture medium was dispensed into pre-sterilized petridishes to yield a uniform 

depth of 4 mm. After solidification of the medium, the microbial cultures were inoculated by 

spread plating technique.       

Agar well diffusion 

The extracts were dissolved in 10 % DMSO to a final concentration of 100 mg/ml. Pure 

DMSO was taken as the negative control and 50 mg/ml Ciprofloxacin as the positive control. 

Wells were prepared in the agar plates using a sterile cork borer of 6.0 mm diameter. 10 mg 

/100µL of each extract were loaded in the corresponding wells. The plates were allowed to stand 

at room temperature for 1 h for extract to diffuse into the agar and then they were incubated at   

37 °C for 18 h. Subsequently, the plates were examined for microbial growth inhibition and the 

inhibition zone diameter (IZD) measured to the nearest millimeter. 

Statistical analysis 

The results of the antibacterial study are expressed as mean ± SEM of three replicates in 

each test. The data were evaluated by one-way Analysis of Variance (ANOVA) followed by 

Tukey’s multiple pairwise comparison tests to assess the statistical significance. The data were 

considered significant at P< 0.001.  

 

Results  

The phytochemical profiles of various solvent extracts from plants used in this study are 

presented in Table 2. The analysis revealed the presence of alkaloids, flavonoids, triterpenoids, 

sterols, tannins and glycosides. In particular, methanol extracts showed positive for most of the 

secondary metabolites tested. Petroleum ether extracts showed mostly the presence of 

triterpenoids and sterols. The leaf methanol extracts were hence chosen for further evaluation of 

antibacterial activity. 
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Table 2. Phytochemical screening of different plant extracts 

Plant constituent  

Plant 

 

Extract Alkaloids Flavanoids Triterpenoids Sterols Tannins Saponins Glycosides 

PE   + +    

EA  +  + +   

 

 

L. aspara ME + +  +  + + 

PE   + +    

EA  +   +  + 

 

 

T. coronariae ME + +   + + + 

PE   + +    

EA  +   +  + 

 

 

A. vasica ME + +  +  + + 

PE   + +    

EA     +  + 

 

 

M. pudica ME + +   +  + 

PE   + +    

EA  +  + +  + 

 

 

A. scholaris ME + +  + + + + 

PE   + +    

EA    +  + + 

 

 

A. racimosus ME + +  +  + + 

Abbreviations: PE, Petroleum ether extract; EA, ethyl acetate extract; ME, Methanol extract 

Phytochemical test: - negative and + positive  

 

In our study the results of the investigation showed that all the tested plant extracts were 

effective enough to execute potent antibacterial activity compared to the standard antibiotic 

ciprofloxacin and the values were significant at P< 0.001. The results are depicted in Table. 3. 
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Table 3. Antibacterial activity of selected medicinal plants against clinically isolated strains 

(Inhibition zone in mm) 

Bacterial spp.  

Plant extract Pseudomonas 

aeruginosa 

Klebsiella 

pneumoniae 

Staphyllococcus 

aureus 

Salmonella typhi 

LAME 13.50±0.76* 13.17±0.44* 16.00±0.58* 13.50±0.58* 

TCME 15.83±0.17* 15.00±0.29* 17.83±0.60 16.17±0.60* 

AVME 17.17±0.44 17.00±0.29* 18.17±0.44* 17.50±0.76* 

MPME 13.83±0.73* 14.33±1.20* 15.17±0.60* 14.27±0.74* 

ASME 18.00±0.58* 17.33±0.73* 20.17±0.44* 17.87±0.13 

ARME 14.67±0.88* 14.17±1.17* 16.00±0.87* 13.90±0.95* 

Ciprofloxacin 23.83±0.73 23.17±0.60 24.83±0.44 21.90±0.59 

The values are the mean of three experiments ± S.E.  

*p< 0.001 vs. Standard antibiotic (Tukey’s pairwise comparison test) 

Abbreviations: LAME, L. aspara methanol extract; TCME, T. coronariae methanol extract; AVME, A. vasica 

methanol extract; MPME, M. pudica methanol extract; ASME, A. scholaris methanol extract; ARME, A. racimosus.  

 

 Among all the bacterial strains used, S. aureus (Gram positive bacteria), was observed to 

be more susceptible to the plant extracts with the inhibition zone ranging from 16.00±0.58 to 

20.17±0.44. K. pneumoniae was least susceptible to the extracts except for M. pudica which was 

less effective against P. aeruginosa (13.83±0.73).   

 Among the plants screened, A. scholaris extract showed very good zone of inhibition 

with respect to the test strains. The values were significant except for S. typhi (17.87±0.13). L. 

aspara and M. pudica leaf extracts were less effective against both Gram positive and Gram 

negative bacteria (13.17±0.44 to 16.00±0.58 and 13.83±0.73 to 15.17±0.60). The values were 

moderate in case of T. coronariae, A. vasica and A. racimosus.   

 

Discussion 
 

Owing to their popular use as remedies for many infectious diseases, searches for 

substances with antimicrobial activity in plants are frequent [9, 13]. It has already been 

established that crude extracts of some medicinal plants and some pure compounds from such 

plants can potentiate the activity of antibiotics in vitro [14, 15]. This search for antibiotic 

resistance modulators in plants represents a new dimension to addressing the problem of 

antibiotic resistance. Plants are rich in a wide variety of secondary metabolites, such as tannins, 

terpenoids, alkaloids, and flavonoids, which have been found in vitro to have antimicrobial 
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properties [16]. In the present work, all the plant extracts used were extracted from polar sovent 

and hence had exhibited appreciable activity against clinical strains. Our findings are in 

agreement with reports showing that polar extracts inhibited the growth of both Gram-positive 

and Gram-negative bacteria [17, 18]. The stronger extraction capacity of methanol could have 

produced a greater number of active constituents responsible for antimicrobial activity.  

The results were more promising against the gram positive bacteria S. aureus. This could 

be attributed to the fact that the cell wall in Gram-positive bacteria has a single layer, whereas 

the Gram-negative cell wall is a multi-layered structure [13, 14], acting as a barrier to many 

environmental substances, including antibiotics [15].  

 

Conclusion 

Plant extracts have shown inhibitory effect on the growth of the bacteria studied, 

although of distinct forms. However, the activity level of the extracts may be more accurately 

evaluated in terms of MIC values as the zone of inhibition might be influenced by solubility and 

diffusion rate of the phytocompounds. In addition, in vivo studies are necessary to determine the 

toxicity of the active constituents, their side effects, circulating levels, pharmacokinetic 

properties and diffusion in different body sites. The antibacterial activities could be enhanced if 

the active components are purified and adequate dosage determined for proper administration. It 

is therefore recommended that the nature and the number of the active antibacterial principles 

involved in each plant extract be studied in detail. 
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