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INTRODUCTION 
Resistance of microbes to available antimicrobial 
agents is a major global public health problem. 
Plants have a great potential for producing new 
drugs of great benefit to mankind. There are many 
approaches to search for biologically active 
principles in plants1. Medicinal plants represent a 
rich source of antimicrobial agents. Wide range of 
different parts of medicinal plants was used for 
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extract as raw drugs and they possess varied 
medicinal properties. Some of these raw drugs are 
collected in smaller quantities by local use while 
many other raw drugs are collected in larger 
quantities and traded in market as raw material for 
many herbal industries2. The increasing failure of 
chemotherapeutics and antibiotic resistance 
exhibited by pathogenic microbial infectious agents 
has led to the screening of several medicinal plants 
for their potential antimicrobial activity3. In 
addition, in developing countries, synthetic drugs are 
not only expensive and inadequate for the treatment 
of diseases but also have adulteration and side 
effects. This kind of situation stresses the need to 
search a new drug for treating such infection4. 
Usually the discovery of new drug to cure 
pathogenic disorders is done by using pathogens 
obtained from commercial laboratories. The 
screening of drugs by using such microbial strains 
comparatively for many years may not be effective 
due to the evolution of resistant strains at high rate. 
So the antibacterial screening for any drug by using 
freshly collected clinical samples will be more 
potent. The revival of interest in plant derived drugs 
is mainly due to the current wide spread belief that 
″green medicine″ was safe and more dependable 
than the costly synthetic drugs which may have 
adverse effect1. Hence, researchers are increasingly 
turning their attention to natural products looking for 
new leads to develop better drugs against microbial 
infection5.  
Ocimum gratissimum Linn (O. gratissimum), a 
tropical, much branched, annual herb is commonly 
used in folk medicine. O. gratissimum is an 
important medicinal herb which is commonly known 
as “Ram Tulshi”. It belongs to the family of 
‘Labiaceae’. O. gratissimum is associated with 
chemo-preventive, anti-carcinogenic, free radical 
scavenging, radio protective and numerous others 
pharmacological use6. O. gratissimum is used to 
treat different diseases, e.g., upper respiratory tract 
infections, diarrhea, headache, ophthalmic, skin 
diseases, pneumonia, and also as a treatment for 
cough, fever and conjunctivitis7, 8. Earlier reports 
have shown the smooth muscle contracting lipid 

soluble principles, and antimutagenic activity in 
organic solvent extracts of O. gratissimum leaves8, 9. 
This medicinal plant has also potential role as 
antibacterial, antifungal, antimicrobial, anthelmintic, 
and in vitro antidermatophytic agent10-17. The 
aqueous leaf extract and seed oil showed anti-
proliferative and chemo-preventive activity on HeLa 
cells18. Nangia-Makker et al. reported that, aqueous 
extract of O. gratissimum leaves inhibits tumor 
growth and angiogenesis by affecting tumor cell 
proliferation, migration, morphogenesis, stromal 
apoptosis and induction of inducible cyclooxygenase 
-2 (COX-2)19. 
Andrographis paniculata Nees (A. paniculata) is 
herbaceous plant in the family Acanthaceae, native 
to India and Sri Lanka. It is widely cultivated in 
Southern and Southeastern Asia, where it is used to 
treat infections and some diseases, often being used 
before antibiotics were created. Mostly the leaves 
and roots were used for medicinal purposes20. Water 
extract of A. paniculata Nees have potential 
antibacterial activities against Staphylococcus 
aureus and methicillin resistant Staphyloococcus 
aureus21. Sukesh et al., reported that the hexane 
extract of A. paniculata was effective against 
penicillin resistant Staphylococcus aureus MTCC 
8722. 
The present study has been designed to determine 
the role of aqueous, ethanol and methanol extract of 
Ocimum gratissimum Linn and Andrographis 
Paniculata Nees for potential antimicrobial activity 
against multi-drug resistant pathogenic 
Staphylococcus aureus (S. aureus), Escherichia coli 
(E. coli), Pseudomonas aeruginosa (P. aeruginosa) 
and Proteus vulgaris (P. vulgaris). 
 
MATERIALS AND METHODS 
Culture Media and Chemicals 
Mueller-Hinton broth, nutrient agar, luria broth, 
tryptic soy broth, agar powder, RPMI-1640, Fetal 
bovine serum, crystal violet, cell culture grade 
DMSO were purchased from Himedia, India. Tris-
Hcl, Tris buffer, sodium chloride, potassium 
dihydrogen phosphate (KH2PO4), di potassium 
hydrogen phosphate (K2HPO4), NaOH, ethanol, 
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methanol, cell culture grade DMSO, isopropanol 
were procured from Merck Ltd., SRL Pvt. Ltd., 
Mumbai, India. 3-(4, 5-dimethylthiazol-2-yl)-2,5 
diphenyltetrazolium bromide (MTT) was purchased 
from Sigma Chemical Co., USA. All other the 
chemicals, reagents, were purchased from Himedia, 
India; SRL Pvt. Ltd. Mumbai, India and were of the 
highest grade available. 
Bacterial Strains and Culture of Microorganisms 
Six multi-drug resistant pathogenic S. aureus, E. 
coli, P. aeruginosa and P. vulgaris strains were 
selected for this study. Multi-drug resistant S. aureus 
strains were isolated from human post operative pus 
samples and E. coli strains were isolated from urine 
samples of urinary tract infection patient23, 24. Multi-
drug resistant P. aeruginosa and P. vulgaris strains 
were obtained from Microbiology laboratory of 
Midnapore Medical College and Hospital. Bacterial 
culture was done at 37ºC throughout the experiment. 
Plant Material Collection 
O. gratissimum Linn. and A. paniculata Nees were 
collected from the campus of Abasgarh, Paschim 
Medinipur, West Bengal, India in June-July, 2010 
and air-dried. A voucher specimen has been 
deposited to the herbarium of the Dept. of Botany, 
Vidyasagar University under the accession number 
PHYSIOL/Og-76 and PHYSIOL/Ap-77. 
Preparation of Aqueous, Ethanol and Methanol 
Extract of Medicinal Plants 
Aqueous, ethanol and methanol extract of O. 
gratissimum and A. paniculata was prepared 
according to our previous laboratory report25-27. In 
brief, the fresh aerial part of O. gratissimum and A. 
paniculata was dried, blended and extracted with 
distilled water (for aqueous extract), ethanol (for 
ethanol extract) and methanol (for methanol extract) 
[10:1]. The mixture was filtered with Whatman filter 
paper (No.1) and concentrated at 38 °C by a rotary 
evaporator, then allowed to stand at room 
temperature over night. This concentrated solution 
was then centrifuged at 2,000×g for 10 min and 
supernatant was freeze dried to obtain the crude 
extract. 
 
 

Antibacterial Assay by Agar-Well Diffusion 
Method 
The assay was conducted by agar well diffusion 
method28. The bacterial strains grown on nutrient 
agar at 37 ºC for 18 h were suspended in a saline 
solution (0.85% NaCl) and adjusted to a turbidity of 
0.5 McFarland standards (108 CFU/ mL). The 
suspension was used to inoculate into petri plates 
(90 mm in diameter) with a sterile non-toxic cotton 
swab on a wooden applicator. Wells (6 mm in 
diameter) were punched in the agar and filled with 
50 µL of 2000 µg/mL extracts. The dissolution of 
the ethanol and methanol extracts was aided by 1% 
(v/v) dimethylsulphoxide (DMSO) and that of the 
aqueous extract was aided with water, which did not 
affect the growth of microorganisms, in accordance 
with our control experiments. The surfaces of media 
were inoculated with bacteria from a broth culture. 
High-potency bio-discs were placed on the agar. 
After 18 h of incubation at 37 ºC, the plates were 
examined and the diameters of the inhibition zones 
were measured to the nearest millimeter. 
Determination of Minimum inhibitory 
concentration (MIC) by Dilution Method  
These tests were performed in sterile 96-well 
microplates and macroplates. The microdilution was 
performed in 96-well microtiter plates with U-
shaped wells, while the macrodilution technique was 
as described by the National Committee for Clinical 
Laboratory Standards29,30. In brief, the cultures were 
diluted in Mueller-Hinton broth at density adjusted 
to 0.5 McFarland turbidity. The final inoculum was 
5 × 105 CFU/mL of bacterial colony. Controls with 
0.5 mL of culture medium only or others with plant 
extracts were used in the tests. The wells were filled 
with 100 µL of sterile H2O, and 100 µL of the plant 
extracts were added to the wells by serial two-fold 
dilution from the suspension of plant extract stock 
solution. Each well was inoculated with 100 µL of 
0.5 McFarland standard bacterial suspensions so that 
each well got 5 × 105 CFU/mL. The plates were 
covered, placed in plastic bags and incubated at 
37ºC for 24 h. In this study, the MIC was the lowest 
concentration of plant extracts that exhibited the 
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growth of the organisms in the wells by visual 
reading. 
Ethical Approval  
The experimental protocol of this study was 
followed as per National Committee for Clinical 
Laboratory Standards (NCCLS) and Centre for 
Disease Control and prevention (CDC) guidelines 
and duly approved by the Institutional Ethical 
Committee. 
Statistical Analysis 
The experiments were performed three times and the 
data are presented as mean±S.E.M., n=6. Since the 
readings of control (distilled water and DMSO) 
experiments in the in vitro antibacterial studies of 
those plants were zero, the data were analyzed by 
simple arithmetic means of the different extracts, 
and the standard errors were compared with the 
control. 
 
RESULTS AND DISCUSSION 
The antimicrobial activities of aqueous, ethanol and 
methanol extracts of Ocimum gratissimum Linn and 
Andrographis Paniculata Nees against multi-drug 
resistant pathogenic Staphylococcus aureus, 
Escherichia coli, Pseudomonas aeruginosa and 
Proteus vulgaris were shown in Table No.1. In 
Table No.1, all the bacterial strains were found to be 
sensitive to aqueous, ethanol and methanol extracts. 
But, it is evident that the ethanol and methanol 
extracts were comparatively more effective than 
aqueous extracts. Aqueous, ethanol and methanol 
extracts of Andrographis Paniculata were 
comparatively more effective than Ocimum 
gratissimum. MIC value of the tested plant extracts 
against the tested microorganisms was shown in 
Table No.2. The antimicrobial compounds extracted 
from Ocimum gratissimum Linn and Andrographis 
Paniculata Nees might inhibit bacteria by a different 
mechanism to that of currently used antibiotics and 
have therapeutic values as antibacterial agents. 
All types of extracts of these two plants showed 
varied antimicrobial efficacies against all the 
reference bacteria. The methanol extracts showed 
the best result followed by ethanol and aqueous 
extracts. Aqueous extracts showed less activity than 

ethanol and methanol extracts possibly because of 
the presence of similar active substances in aqueous 
extracts, in low concentrations or active substances 
were soluble in organic solvents and, therefore, not 
present in water extracts as also suggested by 
Sharma et al. 201131. In general, the plant antibiotic 
substances appear to be more inhibitory to gram-
positive organisms than gram-negative type. Unlike 
gram-positive bacteria, the lipopolysaccharide layer 
along with proteins and phosholipids are the major 
components in the outer surface of gram-negative 
bacteria32-35. The outer lipopolysaccharide layer 
hinders access of most compounds to the 
peptidoglycan layer of the cell wall. This explains 
the resistance of gram negative strains to the lytic 
action of most extracts. 
The MIC of crude extracts of individual plants 
varies against different test strains. The relationship 
between zone of inhibition and MIC value may or 
may not be related. The crude extracts have mixture 
of phytoconstituents, which may influence the 
diffusion power of the active constituents. Several 
workers have made similar observations by using 
essential oils or complex mixture from higher 
plants36-38. For example some water-soluble 
compounds may have a higher diffusion power and 
lower antimicrobial activity39. 
Therefore, direct relationship of zone inhibition size 
with MIC value is expected with pure compounds 
not with crude extracts. On the other hand, these test 
strains may have different levels of intrinsic 
tolerance to antimicrobials and thus the MIC values 
differ from isolate to isolate. However, in such 
cases, the potency of crude extract on the basis of 
mean MIC values may be helpful in defining the 
relative potency of the extracts. The activity against 
both the types of bacteria may be indicative of the 
presence of broad spectrum antibiotic compounds or 
simply general metabolic toxins. Although this study 
investigated the in vitro antimicrobial activity, the 
results substantiate the ethnobotanical use of O. 
gratissimum and A. Paniculata for the treatment of 
bacteria related diseases.  
 



    

Subhankari Prasad Chakraborty. et al. / Asian Journal of Phytomedicine and Clinical Research. 2(3), 2014, 181 - 188. 

Available online: www.uptodateresearchpublication.com    July – September                                       185 

 

Table No.1: Antibacterial activities of specific concentrations (30 mg/disc) of aqueous, ethanol and 
methanol extracts (arranged chronologically) of Ocimum gratissimum Linn and Andrographis Paniculata 

Nees plants compared with control (distilled water and DMSO) (mean±SE) 

 
 

Table No.2: Minimum Inhibitory Concentration of dif ferent extracts by dilution method 

 
 
 
 

S.No Solvents 
Concentrations 

(mg/ml) 
Ocimum gratissimum Andrographis Paniculata 

1 2 3 4 1 2 3 4 

1 Aqueous 

0a + + + + + + + + 
5 + + + + + + + + 
10 + + + + + + + + 
15 + - - + - + - + 
20 - - - - - - - - 
25 - - - - - - - - 

2 Ethanol 

0a + + + + + + + + 
5 + + + + + + + + 
10 + - - + + + - - 
15 - - - - + - - - 
20 - - - - - - - - 
25 - - - - - - - - 

3 Methanol 

0a + + + + + + + + 
5 + + + + + + + + 
10 - + - - + + - - 
15 - - - - + - - - 
20 - - - - - - - - 
25 - - - - - - - - 

S.No Plants Extraction 
solvent 

Antimicrobial activity 

S. aureus E. coli P. aeruginosa P. vulgaris 

1 Ocimum gratissimum 
Aqueous 12.36±0.78 10.13±0.58 11.85±0.58 8.35±0.64 

Ethanol 17.41±0.66 16.67±0.71 15.37±0.67 14.39±0.57 
Methanol 21.17±0.66 18.44±0.59 19.54±0.53 17.14±0.61 

2 Andrographis Paniculata 
Aqueous 10.95±0.58 7.06±0.71 8.03±0.78 10.5±0.88 

Ethanol 15.37±0.67 7.06±0.61 3.12±0.58 15.21±0.72 
Methanol 13.21±0.56 11.26±0.7 7.89±0.55 14.85±0.66 

3 Distilled water 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

4 DMSO 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
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CONCLUSION 
All the bacterial strains were found to be sensitive 
against aqueous, ethanol and methanol extracts of 
these two medicinal plants but the ethanol and 
methanol extracts were comparatively more 
effective than aqueous extracts. It can be concluded 
that the extracts of these two medicinal plants 
possess antimicrobial activity against human 
pathogens. In conclusion, it is suggested that these 
medicinal plants may be used to discover natural 
bioactive products that might lead to the 
development of new drugs. On the basis of present 
work, a new drug therapy may be developed to fight 
against microbial infection mediated disorder. 
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