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For aqueous extract leaves were separately homogenised with 
sterile distilled water at 1:8 w/v ratio in a pestle and mortar and 
filtered through muslin cloth. The filtrate thus obtained was further 
strained through Whattman No. 1 filter paper [14]. The extraction 
was carried out at room temperature. 

Organic Extract 

Organic extract was prepared by Soxhlet extraction method 
following [15]. A thimble was prepared by using a 0.5mm whattman 
filter paper. A weighed amount of powdered material was uniformly 
packed into a thimble and run in soxhlet extractor.  It was 
exhaustible extracted with solvent (methanol) for the period of 
about 48 hours or 22 cycles or till the solvent in the siphon tube of 
the extractor became colourless. After that extract was filtered and 
solvent evaporated from extract in rotary evaporator to get the 
syrupy consistency. The residue was dried over anhydrous sodium 
sulphate to remove trace of solvent  The crude  extract was kept in 
refrigerator at 4 C to evaluate antifungal activity. 

Test Organisms  

The pure culture of test fungal strains used in the study included: 
Aspergillus niger (MTCC 282), Candida albicans (MTCC 227) and 
Microsporum gypseum (MTCC 2819). The test organisms were 
obtained from microbial type culture collection (MTTC), institute of 
microbial technology, Chandigarh. The fungal cultures were 
maintained on sabouraud's dextrose agar slants and stored at 4ÀC 
prior to use.  

Antifungal Assay  

In vitro antifungal activity of selected plant extracts was determined 
by disc diffusion method [16]. Crude extract was dissolved in 
suitable solvent (dimethyl sulfo oxide). Different concentration (200, 
100, 50, 25, 12.5, 6.25 and 3.125 mg/ml) was prepared by serial 
dilution. Empty sterile disc having a diameter of 6 mm were 
impregnated with 25øl plant extract and incubated for 15 minutes 
for proper diffusion of extract. On the other hand, some colonies 
from the pure culture were mixed (emulsified) in nutrient broth 
(7øl/ml broth). This broth was inoculated on entire surface of 
sabouraud's agar plate with the culture moistened cotton swab. 
With the help of sterile forceps, discs loaded with herbal extract 
were placed on inoculated surface of agar plate. These plates were 
incubated for 24 - 72 hours at 25-30 C and the zone of inhibition 
was taken as measure of the antifungal activity. Each experiment 
was carried out in triplicate and mean diameter of the inhibition 
zone was measured in millimeter.  

Minimum Inhibitory Concentration 

For MIC the crude plant extract was made into suspension by 
using a suitable solvent (DMSO). Different concentrations from 
stock (200 mg/ml) were prepared by serial dilution. Few drops of 

over night broth culture of test organism were inoculated into each 
dilution and incubated at 25 to 30ÀC for 24  72 hrs. The minimum 
concentration of the extract which inhibited the growth of test 
organism was recorded as MIC. 

Activity Index (AI) 

The activity index as a measure of antifungal activity in comparison 
to standard drug was calculated by the following formula: 

  
drugby shown  Inhibition of Zone

extractsby shown  Inhibition of Zone
  AI =  

Results and Discussion 

Antifungal activity 

Crude methanolic and aqueous extract of leaves of Cassia fistula 
were assessed for antifungal activity against C. albicans, M. 
gypeseum and A. niger. Both the extracts inhibited the growth of 
test fungi (Figure. 1 & 2) as indicated by the zones of inhibition. 
The maximum zones of inhibition (13.00 μ 2.12, 12.50 μ 2.35 and 
12.00 μ 1.88mm) were found against A. niger, C. albicans and M. 
gypseum , respectively at 200mg/ml concentration (Table 1). The 
results were comparable to standard drug (18.00 μ 2.82, 20 μ 2.82 
and 13.33 μ 0.93 mm against A. niger, C. albicans and M. 
gypseum, respectively). The investigation showed that the extracts 
demonstrated a concentration dependent antifungal activity with 
higher concentrations of 200 and 100 mg/ml showing greater 
zones of inhibition than with lower concentrations of 6.25 and 3.12 
mg/ml. Our results are in agreement with [17, 18] who observed 
gradual decrease in biological activity with the decrease in 
concentration in Celtis australis and Holoptelea integrifolia, 
respectively. The better antifungal activity of methanolic leaf extract 
might be due to the presence of various secondary metabolites.   
 In the present study aqueous extract was found to be 
comparatively less promising as compared to methanolic extract, 
with maximum zone of inhibition (11.66 μ 0.94 mm) against A. 
niger  (Table 2).Similar results were also reported by [19-21] in 
Cassia alata, Cassia fistula and Flacoartia indica. Thus in addition 
to the microorganism tested, the extractive solvent was a 
determinant factor for the extraction of antifungal agents in this 
study. These results also agree favorably with the suggestions of 
[22] that bioactive components of any medicinal plant may differ in 
their solubility depending on the extractive solvent used. The 
aqueous extract showed less antifungal activity as compared to the 
organic extract possibly because of polarity of antimicrobial 
compounds that make them more readily extractable in the organic 
solvent and insufficient quantities of the active compound in the 
crude aqueous extract [23]. 
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            Table 1: Antifungal activity of Cassia fistula methanolic leaf extract. 

Solvent Test Organism 
Concentration

(mg/ml) 

Zone of Inhibition 

(mm) 

Activity Index 

(AI) 

Methanol 

Aspergillus niger 

200 13.00 μ 2.12 0.72 

100 12.16 μ 1.65 0.67 

50 12.00 μ 1.41 0.66 

25 10.16 μ 1.17 0.56 

12.5 9.16 μ 1.17 0.50 

6.25 9.00 μ 0.70 0.50 

3.125 9.00 μ 0.70 0.50 

Drug 18.00 μ 2.82  

Candida albicans 

200 12.50 μ 2.35 0.61 

100 11.50 μ 2.12 0.57 

50 10.83 μ 1.64 0.54 

25 9.16 μ 1.17 0.45 

12.5 9.50 μ 0.70 0.42 

6.25 7.33 μ 0.94 0.36 

3.125 7.33 μ 1.17 0.36 

Drug 20 μ 2.82  

Microsporum gypseum 

200 12.00 μ 1.88 0.90 

100 11.16 μ 1.17 0.83 

50 10.50 μ 0.93 0.78 

25 9.83 μ 0.94 0.73 

12.5 8.50 μ 0.70 0.63 

6.25 7.83 μ 0.47 0.58 

3.125 7.50 μ 0.70 0.52 

Drug 13.33 μ 0.93  

 
        Data represents an average value of three replicates; value represents mean μ standard deviation 

        Itraconazole was used as drug against M. gypseum and Fluconazole against A. niger and C. ablicans. 
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                  Table 2: Antifungal activity of Cassia fistula aqueous leaf extract. 
 

Solvent Test Organism 
Concentration

(mg/ml) 
Zone of Inhibition 

(mm) 
Activity Index

(AI) 

Aqueous 

Aspergillus niger 

200 11.66 μ 0.94 0.57

100 10.00 μ 0.93 0.52

50 9.33 μ 0.93 0.49

25 8.50 μ 0.70 0.42

12.5 7.83 μ 0.47 0.38

6.25 6.16 μ 0.46 0.32

3.125

Drug 19.00μ 2.8 

Candida albicans 

200 10.66 μ 1.88 0.62

100 9.16 μ 1.65 0.53

50 9.00 μ 1.41 0.52

25 9.66 μ 0.94 0.56

12.5 8.70 μ 0.70 0.51

6.25 8.60 μ 0.70 0.50

3.125 8.30 μ 0.46 0.48

Drug 17.00 μ 2.36 

Microsporum gypseum 

200 10.00 μ 1.41 0.65

100 9.00 μ 1.17 0.59

50 9.00 μ 1.41 0.59

25 9.66 μ 1.17 0.63

12.5 8.83 μ 0.94 0.58

6.25 7.50 μ 0.70 0.49

3.125 7.00 μ 0.47 0.46

Drug 15.16 μ 1.65 

                                                                                                                                                                                                                                       

Data represents an average value of three replicates; value represents mean μ standard deviation; 

   Itraconazole was used as drug against M. gypseum and Fluconazole against A. niger and C. ablicans. 

 
 

Table 3: Minimum inhibitory concentration of leaf extract of Cassia fistula. 
 

Extract Test Organisms MIC  

Methanolic leaf 

spergillus niger 1.56 

andida albicans 1.56 

Microsporum gypseum 0.78 

Aqueous leaf 

spergillus niger 3.12 

andida albicans 1.56 

Microsporum gypseum 1.56 
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for the treatment of common fungal infections. However, further 
work on clinical trials, pharmaceutical dosage formulation and 

development should be carried out for its safety and efficacy.

References 

[1]. Kaul S and Dwivedi S. Indigeneous 
ayurvedic knowledge of some species 
in the treatment of human disease and 
disorders. Int J Pharm Life Sci 2010; 1 
(1): 44  49. 

[2]. Alam MT, Karim MM, Shakila Khan N. 
Antibacterial activity of different organic 
extracts of Achyranthes aspera and 
Cassia alata. J Sci Res 2009; 1: 393  
398. 

[3]. Biswas K, Chatopadhyay I, Banerjee 
RK, Bandopadhyay U. Biological 
activities and medicinal properties of 
Neem (Azadirachta indica). Curr Sci 
2002; 82: 1336  1339. 

[4]. Ahameethunisa AR and Hooper W. 
Antibacterial activity of Artemisia 
nilagirica leaf extracts against clinical 
and phytopathogenic bacteria. BMC 
Compl Altern Medi 2010; 10: 1-6. 

[5]. Kumar RA, Sridevi K, Kumar NV, 
Nanduri S, Gopal R. Anticancer and 
Immunostimulatory compounds from 
Andrographis paniculata. J 
Ethnopharmacol 2004; 92: 291  295. 

[6]. Sheeja K and Kuttan G. Activation of 
cytotoxic T lymphocyte responses and 
attenuation of tumour growth in vivo by 
Andrographis paniculata extract and 
andrographolide. Immunopharmacol 
immunotoxicol 2007; 29: 81  93. 

[7]. Mukherjee PK, Saha BP, Pal M, Das J. 
Antifungal activities of the leaf extract 
of Cassia tora (Fabaceae). J Phyto res 
1996; 10 (6):521  522. 

[8]. Shariff ZU. Modern Herbal Therapy for 
common Ailments. Nat Pharm Ser 
2001; 1: 9  84. 

[9]. Jain P, Nimbrana S, Kalia G. 
Antibacterial activity and phytochemical 
analysis of Eucalyptus tereticonis bark 
and leaf methanolic extracts. Int J 
Pharm Sci Rev Res 2010; 4(1): 126  
128. 

[10]. Khare CP. Indian Medicinal Plants, 
Springer 2007; 128. 

[11]. Asolkar LV, Kakkar KK, Chakre OJ. 
Second supplement to glossary of 
Indian medicinal plant with active 
principles. Publication and information 
Directorate, CSIR, New Delhi 1992; 1  
77. 

[12]. Nadkarni KM. Indian Materia Medica, 
Popular Prakashan Private Limited 
Mumbai 2009; 1: 285  286. 

[13]. Kirtikar KR and Basu BD. Indian 
Medicinal Plants, International book 
distributors and Publishers, Dehradun 
2006; 2: 856  860. 

[14]. Davis H. Bentley's test book of 
pharmaceutics, 6th edition 1956; 272  
300. 

[15]. Okeke IN, Laximaninarayan R, Bhutia 
ZA, Duse AG, Jenkins P. Antimicrobial 
resistance in developing countries part 
1: Recent trends and current status. 
Lanc infec dis 2005; 5: 481  493. 

[16]. Mukherjee PK, Gini SN, Pal M, Saha 
BP. Antibacterial efficiency of Nelumbo 
nucifera (Nymphallceae) rhizome 
extract. Ind drugs 1996; 32: 274-276. 

[17].  Ahmad S, Sharma R, Mahajan S, 
Agnihotri R, Gupta A.  Antibacterial 
evaluation and preliminary 
phytochemical analysis of the leaf 
extract of Holoptelea integrifolia. J 
Pharm Res 2012; 5 (7): 3823-3825.  

[18]. Ahmad S, Sharma R, Mahajan S,  
Gupta A. Antibacterial activity of Celtis 
australis by in vitro study. Int J Pharm 
Pharm Sci 2012; 4 (2): 629-631. 

[19]. Timothy SY, Wazis CH, Adati RG, 
Maspalma ID. Antifungal activity of 
aqueous and ethanolic leaf extract of 
Cassia alata. J Appl Pharm Sci 2012; 
02 (07): 182  183. 

[20]. Palanichomy S and Nagarjan S. 
Antifungal activity of Cassia alata leaf 
extract. J Ethnopharmacol 1999; 29: 
337  340. 

[21]. Subhadip H, Archana M, Pinkee P. 
Assessment of antimicrobial activity of 
Cassia fistula and Flacoartia indica 
leaves. J Pharm Res 2011; 4(7): 2432 
 2435. 

[22]. Haung X, Xie WJ, Gong ZZ. 
Characterization and antifungal activity 
of chitin binding protein from Ginkgo 
biloba. FEBS Lett 2000; 478: 123  
126. 

[23]. Oloke JO and Kolawole DO. The 
antibacterial and antifungal activity of 
certain component of Aframomum 
meleguetea fruits. Fitoterapia 1998; 59 
(5): 384  388. 

 


