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INTRODUCTION  

Nature has been a source of medicinal agents for 

thousands of years and an impressive number of modern 

drugs have been isolated from natural sources.
[1]

 Plants 

used in traditional medicine contain various substances 

which can be used to treat chronic and infectious 

diseases. Scientists show great interest in screening these 

medicinal plants for antimicrobial activities and 

phytochemicals as potential new therapeutics.  

 

Antibiotics are undeniably one of the most important 

therapeutic discoveries of the 20
th

 century that had 

effectiveness against serious bacterial infections. 

However, only one third of the infectious diseases known 

have been treated from these synthetic products.
[2]

 This is 

because of the emergence of resistant pathogens that is 

beyond doubt the consequence of years of widespread 

indiscriminate use, incessant and misuse of 

antibiotics.
[3,4]

 Antibiotic resistance has increased 

substantially in the recent years and is posing an ever 

increasing therapeutic problem. One of the methods to 

reduce the resistance to antibiotics is by using antibiotic 

resistance inhibitors from plants.
[5,6]

 Plants are known to 

produce a variety of compounds to protect themselves 

against a variety of pathogens. It is expected that plant 

extracts showing target sites other than those used by 

antibiotics will be active against drug resistant 

pathogens.
[7]

 Medicinal plants have been used as 

traditional treatments for numerous human diseases for 

thousands of years in many parts of the world. Hence, 

researchers have recently paid attention to safer 

phytomedicines and biologically active compounds 

isolated from plant species used in herbal medicines with 

acceptable therapeutic index for the development of 

novel drugs.
[8,9] 

The antimicrobial activities of plant 

extracts may reside in a variety of different components, 

including aldehyde and phenolic compounds.
[10]

 

Naturally occurring combinations of these compounds 

can be synergistic and often results in crude extracts 

having greater antimicrobial activity than the purified 

individual constituents.
[11] 

 

 Pogostemon quadrifolius (Benth.) is a shrub distributed 

in India, Bangladesh and Myanmar.
[12,13]

 The plant is 

used as folk medicine in India and Bangladesh for the 

treatment against chicken pox worms and also as a blood 

purifier.
[14,15,16,17,18] 

The plant also exhibits mosquito 

larvicidal and antimicrobial property.
[19,20,21] 

The GC MS 

analysis of various extracts of Pogostemon quadrifolius 

(Benth.) has shown the presence of various antimicrobial 

compounds in various extracts.
[22] 

Previous workers did 

only a preliminary study on the antimicrobial property of 

P. quadrifolius. Hence a detailed antimicrobial 

investigation has been conducted with various extracts of 

P. quadrifolius, against one species of fungi, Candida 

albicans, two gram negative bacteria, Klebsiella 
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ABSTRACT  

The study evaluates  the potential antimicrobial activity of  petroleum ether, acetone, methanol and aqueous 

extracts, obtained by continous serial Soxhlet extraction, of leaves and flowers of Pogostemon quadrifolius 

(Benth.) by agar well diffusion method against  one fungi, Candida albicans (ATCC 10231), two gram negative 

bacteria, Klebsiella pneumoniae (ATCC 13883), Pseudomonas aeruginosa (ATCC 27853)  and  two gram positive 

bacteria, Streptococcus mutans (MTCC 890) & Staphylococcus aureus ( ATCC 25923). Pogostemon quadrifolius 

leaf and flower extracts showed more activity against gram positive bacteria and moreover floral extracts were 

more effective than leaf extracts, against bacteria and fungi. Against Candida albicans, leaf extracts of methanol 

and petroleum ether showed a maximum zone of inhibition of 14 mm where among floral extracts, acetone extract 

showed a zone of inhibition of 20mm (100µg/ml). The maximum zone of inhibition shown by the different 

bacteria against the various extracts of leaves and flowers are reported. 

 

KEYWORDS: Pogostemon quadrifolius, antimicrobial activity, leaves, flowers. 
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pneumoniae, Pseudomonas aeruginosa and two gram 

positive bacteria, Streptococcus mutans & 

Staphylococcus aureus.  

 

MATERIALS AND METHODS 

Collection of plant materials and preparation 

 Pogostemon quadrifolius (Benth.) was collected from 

Panakkad, Karimbam, Taliparamba and authenticated by 

Dr. A.K.Pradeep, Department of Botany, University of 

Calicut . The leaves and flowers were washed thoroughly 

and dried in shade. The dried leaves and flowers  were 

then powdered using a mixer grinder and the powder was 

kept in small airtight bottles with proper labeling. The 

powdered leaves and flowers were extracted sequentially 

using petroleum ether, acetone, methanol and water in 

increasing order of polarity using soxhlet apparatus until 

all the constituents were completely eluted. The extracts 

were then filtered and evaporated to dry. The dried 

solvent extracts were used for further studies. 

     

Test organisms  

One fungal species, Candida albicans (ATCC 10231), 

two gram negative bacteria, Klebsiella pneumoniae 

(ATCC 13883) & Pseudomonas aeruginosa  (ATCC 

27853) and two gram positive bacteria, Streptococcus 

mutans ( MTCC 890) &  Staphylococcus aureus ( ATCC 

25923) were used in the investigation. 

 

Antifungal activity - Agar  well diffusion method 

In order to acess the biological significance and ability of 

the sample to limit the growth of fungi, the antifungal 

activity, was determined by Agar well diffusion method. 

Potato Dextrose agar plates were prepared and overnight 

grown Candida albicans was swabbed. Wells of 

approximately 10 mm was bored using a well cutter and 

samples of different concentration was added, the zone 

of inhibition was measured after overnight incubation 

and compared with that of standard antimycotic 

(Clotrimazole). 

Antibacterial activity   - Agar well diffusion method 

The medium was prepared by dissolving 33.8 g of the 

commercially available Muller Hinton Agar Medium 

(HiMedia) in 1000ml of distilled water. The dissolved 

medium was autoclaved at 15 lbs pressure at 121°C for 

15 minutes. The autoclaved medium was mixed well and 

poured onto 100 mm petriplates (25-30ml/plate) while 

still molten. One litre of nutrient broth was prepared by 

dissolving 13 g of commercially available nutrient 

medium (HiMedia) in 1000ml distilled water and boiled 

to dissolve the medium completely. The medium was 

dispensed as desired and sterilized by autoclaving at 15 

lbs pressure (121ºC) for 15 minutes. Streptomycin was 

used as standard antibacterial agent with a concentration 

of 20µg / ml. 

 

Petriplates containing 20ml Muller Hinton Agar Medium 

were seeded with bacterial culture of  Pseudomonas 

aeroginosa, Klebsiella pneumonia, Streptococcus mutans 

and Staphylococcus aureus (growth of culture adjusted 

according to McFards Standard, 0.5%). Wells of 

approximately 10mm was bored using a well cutter and 

sample of 25, 50 and100 µg/ml concentration were 

added. The plates were then incubated at 37°C for 24 

hours. The antibacterial activity was assayed by 

measuring the diameter of the inhibition zone formed 

around the well.
[23]

 Streptomycin was used as a positive 

control. 

 

RESULTS AND DISCUSSION 

Various extracts of leaves and flowers of P. quadrifolius 

show considerably high antimicrobial activity against 

organisms tested. Zone of inhibition obtained against 

various tested microbes are given in tables (Table 1-8) 

with figures (Fig. 1-4) showing highest zones of 

inhibition against respective microbes. Separate 

graphical representation (Figure 9 &10) is also provided 

comparing the efficacy of various extracts against 

microbes.  

 

Table 1.Antimicrobial activity of the Methanol extract of leaves of Pogostemon quadrifolius 

 

Organism 

Diameter of zone of inhibition (mm) 

    Plant extract (µg/ml)                         Control drug(µg/ml) 

     25                    50                             100                          20 

Candida albicans 10 12 14 40 

Klebsiella pneumoniae -  10 14 32 

Pseudomonas aeruginosa 10 13 16 38 

Streptococcus mutans - 10 13 32 

Staphylococcus aureus - 10 14 38 

 

Table 2. Antimicrobial activity of the Petroleum ether extract of leaves of Pogostemon quadrifolius 

 

Organism 

Diameter of zone of inhibition (mm) 

          Plant extract (µg/ml)                     Control drug(µg/ml) 

            25                         50                    100                        20 

Candida albicans 11 12 14 38 

Klebsiella pneumoniae 11 12 14 39 

Pseudomonas aeruginosa - 10 10 38 

Streptococcus mutans 12 16 21 40 

Staphylococcus aureus 14 18 22 40 
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Table 3. Antimicrobial activity of the Acetone extract of leaves of Pogostemon quadrifolius 

Organism 

Diameter of zone of inhibition (mm) 

Plant extract ( µg/ml)                     Control drug( µg/ml) 

     25                    50                        100                  20 

Candida albicans 10 10 11 38 

Klebsiella pneumoniae - 12 16 40 

Pseudomonas aeruginosa 10 13 19 40 

Streptococcus mutans -  14 16 40 

Staphylococcus aureus 10 11 14 40 

 

Table 4. Antimicrobial activity of the Aqueous extract of  leaves Pogostemon quadrifolius 

 

Organism 

Diameter of zone of inhibition (mm) 

Plant extract (µg/ml)        Control drug(µg/ml) 

       25            50              100                 20 

Candida albicans - 10 11 38 

Klebsiella pneumoniae 10 11 17 38 

Pseudomonas aeruginosa 10 11 15 39 

Streptococcus mutans - 10 10 40 

Staphylococcus aureus - 10 11 40 

 

Table 5. Antimicrobial activity of the Methanol extract of flowers Pogostemon quadrifolius 

Organism 

Diameter of zone of inhibition (mm) 

Plant extract (µg/ml)                     Control drug(µg/ml) 

        25                     50                    100                      20 

Candida albicans 10 12 16 40 

Klebsiella pneumoniae 10 13 17 32 

Pseudomonas aeruginosa 12 15 18 38 

Streptococcus mutans 10 12 15 32 

Staphylococcus aureus - 10 14 38 
 

Table 6. Antimicrobial activity of the Petroleum ether extract of  flowers  of Pogostemon quadrifolius 

Organism 

Diameter of zone of inhibition (mm) 

Plant extract (µg/ml)                     Control drug(µg/ml) 

       25                  50                100                      20 

Candida albicans 12 13 18 39 

Klebsiella pneumoniae - 10 13 39 

Pseudomonas aeruginosa - 12 17 40 

Streptococcus mutans 14 18 24 39 

Staphylococcus aureus 10 14 18 40 
 

Table 7. Antimicrobial activity of the Acetone extract of flowers of Pogostemon quadrifolius 

Organism 

Diameter of zone of inhibition (mm) 

Plant extract (µg/ml)                      Control drug(µg/ml) 

       25                 50                   100                       20 

Candida albicans 10 12 20 39 

Klebsiella pneumoniae - 12 14 40 

Pseudomonas aeruginosa 10 12 14 40 

Streptococcus mutans - - 16 39 

Staphylococcus aureus 11 15 20 40 
 

Table 8. Antimicrobial activity of the Aqueous extract of flowers of Pogostemon quadrifolius 

Organism 

Diameter of zone of inhibition (mm) 

            Plant extract (µg/ml)                                            Control drug(µg/ml) 

             25                               50                                 100                          20 

Candida albicans - 10 12 38 

Klebsiella pneumoniae - - 10 38 

Pseudomonas aeruginosa - 10 14 40 

Streptococcus mutans - - 17 39 

Staphylococcus aureus - 10 11 40 
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Figure1. Antibacterial activities of leaf extracts of 

Pogostemon quadrifolius (Benth.) 

 

 
Figure 1.1 Petroleum ether extract – Staphylococcus 

aureus 

 

 
Figure 1.2 Methanol extract - Pseudomonas 

aeruginosa 
 

 
Figure 1.3  Acetone extract - Pseudomonas aeruginosa 

  
Figure 1.4 Aqueous extract – Klebsiella pneumoniae 

 

 

Figure 2. Antifungal activities of leaf extracts of 

Pogostemon quadrifolius (Benth.) 

 

         
Figure 2.1 Methanol extract – Candida albicans 

 

 
Figure 2.2 Petroleum ether extract - Candida albicans 

 

Figure 3. Antifungal activities of flower extracts of 

Pogostemon quadrifolius (Benth.) 

 
Figure 3.1 Acetone extract - Candida albicans 

   

 
Figure 3.2 Petroleum ether extract - Candida albicans 
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Figure 4. Antibacterial activities of flower extracts of 

Pogostemon quadrifolius (Benth.) 

 
Figure 4.1 Methanol extract -Pseudomonas 

aeruginosa 

 

 
Figure 4.2 Pet. Ether extract -Streptococcus mutans 

       

 
Figure 4.3 Acetone extract - Staphylococcus aureus 

 

 
Figure 4.4 Aqueous extract - Streptococcus mutans 

  

 
Name of microorganism 

Figure 9. Antimicrobial activity of diiferent extracts 

of leaves of Pogostemon quadrifolius (Benth.) 

(100µgm/ml) 

 

 
Figure 10. Antimicrobial activity of different extracts 

of flowers of Pogostemon quadrifolius (Benth.) 

(100µgm/ml) 

 

Fungi are an important group of skin pathogens, among 

which dermatophytes and Candida spp. are 

prominent.
[24,25] 

Under certain circumstances, usually 

associated with a compromised host immune system, 

Candida albicans and related species can become 

pathogenic, causing oral, vaginal and/or systemic 

candidiasis.
[26]

 C. albicans is notorious for causing 

candidiasis, it can affect the oesophagus with the 

potential of becoming systemic, causing a much more 

serious condition, afungemia called candidemia.
[27,28]

 It 

also causes a variety of infections that range from non-

life threatening mucosal candidiasis like vaginal yeast 

infections, thrush, skin and diaper rash to lethal 

disseminated candidiasis in those with compromised 

immune systems who have an implantable medical 

device such as a pacemaker or artificial joint, or who use 

broad spectrum antibiotics.
[29,30,31]

 C. albicans infections 

faces a number of problems including limited number of 

effective antifungal agents, toxicity of the available 

antifungal agents, resistance of Candida to commonly 

used antifungals, relapse of Candida infections and non-

cost effective antifungal agents.
[32]

 In order to alleviate 

the problem of reduced availability of drugs needed to 

treat candidiasis, traditional medicine derived from 

plants are still being used.
[33]

 This has prompted 

researchers the search for novel and active anti-C. 

albicans agents from plant sources. 
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Various extracts of leaves and flowers of Pogostemon 

quadrifolius show comparatively good activity against 

Candida albicans, where flower extracts are more 

effective than leaf extracts (Fig 9 & 10). Among the leaf 

extracts, methanol and petroleum ether leaf extracts 

showed a maximum zone of inhibition of 14 mm where 

among floral extracts, acetone extract showed a zone of 

inhibition of 20mm (100µg/ml).  

 

Among the gram negative bacteria, Klebsiella 

pneumoniae cause pneumonia, typically in the form of 

bronchopneumonia and bronchitis. In addition it also 

cause infections in the urinary tract, lower biliary tract 

and surgical wound sites. Pseudomonas aeruginosa is an 

opportunistic pathogen of immunocompromised 

individuals infecting the airway, urinary tracts, burns, 

wounds and also cause other blood infections. Aqueous 

leaf extract of P. quadrifolius show maximum inhibition 

against Klebsiella with a zone of inhibition of 17mm, 

where among the floral extracts, methanol extract  

showed  maximum inhibition with a zone of inhibition of 

17mm. Acetone  extract of leaves exhibited maximum 

inhibition against  Pseudomonas with a zone of 

inhibition of 19 mm and among flower extracts it was 

methanol extract  with a zone of inhibition of 18mm.  

 

Gram positive bacteria, Streptococcus mutans is 

commonly found in the human oral cavity and is a major 

contributor to tooth dacay. Staphylococcus aureus, 

though not always pathogenic,  it cause skin infections 

like abscesses, respiratory infections like sinusitis, post 

surgical wound infections and food poisoning. It may 

also cause life threatening diseases like pneumonia, 

meningitis, endocarditis, osteomyelitis etc. Petroleum 

ether extract of leaves showed maximum inhibition 

against Streptococcus and Staphylococcus with a zone of 

inhibition of 21 mm and 22mm respectively. Among the 

floral extracts, acetone extract showed maximum 

inhibition against Staphylococcus with a zone of 

inhibition of 20 mm and petroleum ether extract against 

Streptococcus with 24 mm zone of inhibition. In the 

present investigation  Pogostemon quadrifolius leaf and 

flower extracts showed more activity against gram 

positive bacteria and moreover floral extracts were more 

effective than leaf extracts, against bacteria and fungi 

(Fig. 9 &10). 

 

The present investigation is the first study showing the 

antimicrobial action of P. quadrifolius leaf and flower 

extracts against Candida albicans, Klebsiella 

pneumoniae and Streptococcus mutans.  In the previous 

study, workers studied the effects of Pogostemon 

quadrifolius (= Eusteralis quadrifolia) essential oil 

against five bacteria species including Pseudomonas 

aeruginosa, Staphylococcus aureus and three fungi by 

disc diffusion method.
[19]

 Phytochemical screening of 

various extracts of flowers and leaves of  P. quadrifolius 

revealed the presence of alkaloids, phenolics, flavonoids, 

terpenes etc.
[34] 

This suggests that these phytochemicals 

may be responsible for their antimicrobial activity. 

Further studies are being carried out to isolate and 

characterize the bioactive principles to develop new 

natural drugs. 
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