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Abstract: The methanolic crude extract of the bark and seed of Entada phaseoloides (L.) Merr. and its different organic 
soluble partitionates were screened for antioxidant, cytotoxic, membrane stabilizing and antimicrobial activities. The 
crude extract and carbon tetrachloride and aqueous soluble fractions of both bark and seed showed higher level of total 
phenolic content (TPC, 245.59, 240.22, 240.03 & 117.0 mg of GAE/gm of dried extract). In the DPPH assay, the crude 
extract of bark and its chloroform and aqueous soluble fractions demonstrated strong antioxidant property with the IC50 of 
3.24, 1.55 and 3.6 µg/ml, respectively whereas all the fractions of seed extract revealed mild antioxidant activity. The 
petroleum ether soluble fraction of both seed and bark exhibited significant cytotoxicity (LC50 = 1.54 & 5.4 µg/ml) which 
confers the presence of bioactive metabolites in this plant. On the other hand, the crude extract of seed and petroleum 
ether soluble fraction of bark inhibited the hemolysis of RBC of rat’s blood by 78.89 and 57.43%, respectively as 
compared to 84.44% exerted by acetyl salicylic acid (0.10 mg/ml). In antimicrobial screening, the carbon tetrachloride 
soluble fraction of bark showed significant antimicrobial activity against Staphylococcus aureus (zone of inhibition = 17.0 
mm) with MIC and MBC values of 7.81 µg/ml and 125 µg/ml, respectively. 

Keywords: Antimicrobial, minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC). 

1. INTRODUCTION 

The role of plants in maintaining human health is 
well documented [1]. Plants are used medicinally in 
different countries and are source of many potent and 
powerful drugs [2]. The active principles of many drugs 
found in plants are secondary metabolites [3, 4]. 
Therefore, basic chemical investigation of these plant 
extracts is also vital for their major phytoconstituents. 
Most of the molecules in plants are secondary 
metabolites, of which at least 12,000 have been 
isolated and characterized [5]. Entada phaseoloides 
(L.) Merr., (Bengali name- Gila) is a medicinal plant 
growing in Forests of Chittagong Hill Tracts and Sylhet 
[7]. The plant has been used widely as a folk medicine 
in China for the treatment of jaundice, stomachic, 
constipation and hernia [8]. The seeds possess anti-
inflammatory [9] and antiulcer [10] activities. 
Phenylacetic acid derivatives i.e. 2-hydroxy-5-
butoxyphenylacetic acid and 2,5-dihydroxyphenylacetic 
acid methyl ester isolated from the seed of this plant  
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demonstrated significant cytotoxicity against cultured 
human cancer cells [11]. Previous phytochemical 
investigations led to the isolation of entadamides A-C 
[12], saponins [13], phascoloidin [14], entadamide A-β-
D-glucopyranosyl-(1→3)-β-Dglucopyranoside [8], etc. 

As a part of our continuing investigation of medicinal 
plants of Bangladesh [15, 16], we evaluated the 
antioxidant, cytotoxic, membrane stabilizing and 
antimicrobial activities of Kupchan fractions of 
methanolic extract of the bark and the seed of E. 
phaseoloides to verify the traditional use of the plant as 
potential source of antimicrobial, anticancer and 
antioxidant agents. 

2. MATERIALS AND METHODS 

2.1. Plant Materials 

The bark and seed of the plant were collected from 
Chittagong Hill Tracts in 2010. A voucher specimen for 
this collection has been deposited in Bangladesh 
National Herbarium, Mirpur, Dhaka-1216 (Accession 
no. 35452). The bark was cut into small pieces and 
both bark and seeds were sun dried for 7 days followed 
by oven drying for 24 hours at 40 °C to facilitate proper 
grinding. 
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2.2. Extraction and Isolation 

The powdered materials (550 g) of each of bark and 
seed was separately soaked in 1.0 liter of methanol in 
a large conical flask for 7 days with occasional shaking 
and stirring. The whole mixture was then filtered off 
through a cotton plug followed by Whatman filter paper 
no.1 and the filtrate thus obtained was concentrated 
with the help of a rotary evaporator. An aliquot (5.0 g) 
of the concentrated methanol extract of both samples 
was separately fractionated by the modified Kupchan 
partitioning protocol [17], which afforded pet ether 
(650.0 mg), carbon tetrachloride (950.0 mg), 
chloroform (450.0 mg) and aqueous (2.05 g) soluble 
materials from the crude methanolic extract of bark 
while the seed extract provided pet ether (450.0 mg), 
carbon tetrachloride (650.0 mg), chloroform (450.0 mg) 
and aqueous (1.8 g) soluble materials. 

2.3. Total Phenolics Analysis 

The total phenolic content of E. phaseoloides was 
measured by employing the method [18] involving 
Folin-Ciocalteu reagent as an oxidizing agent and gallic 
acid as standard. To 0.5 ml of extract solution (2.0 
mg/ml) in water, 2.5 ml of Folin-Ciocalteu reagent 
(diluted 10 times with water) and 2.0 ml of sodium 
carbonate (7.5 % w/v) solution were added. After 20 
minutes of incubation at room temperature, the 
absorbance was measured at 760 nm using a UV-
visible spectrophotometer. Total phenolics were 
quantified with the help of calibration curve obtained 
from gallic acid (0-100 µg/ml). The phenolics content of 
the sample was expressed as mg of GAE (gallic acid 
equivalent)/gm of the dried extract. 

2.4. DPPH Assay 

The free radical scavenging activity (antioxidant 
capacity) of the extracts on the stable radical 1, 1-
diphenyl-2-picrylhydrazyl (DPPH) was determined by 
the method of Brand- Williams et al. [19]. 2.0 ml of a 
methanol solution of the extract at different 
concentration was mixed with 3.0 ml of DPPH-
methanol solution (20 µg/ml). The antioxidant potential 
was assayed from the bleaching of purple colored 
methanol solution of DPPH radical by the plant extract 
as compared to that of tert-butyl-1-hydroxytoluene 
(BHT) and ascorbic acid (ASA) by UV 
spectrophotometer [20]. Inhibition of free radical DPPH 
in percent (I %) was calculated as follows: 

I% = (1 – Asample/Ablank) X 100 

where, Ablank is the absorbance of the control reaction 
(containing all reagents except the test material) and 
Asample is the absorbance of the sample. Extract 
concentration providing 50% inhibition (IC50) was 
calculated from the graph plotted with percentage of 
inhibition against extractive/standard concentration. 

2.5. Cytotoxicity Screening 

DMSO solutions of the extractives were applied 
against Artemia salina in a one-day in vitro assay [21]. 
For the experiment, 4 mg of each of the Kupchan 
fractions was dissolved in DMSO and solutions of 
varying concentrations such as 400, 200, 100, 50, 25, 
12.50, 6.25, 3.125, 1.563, 0.78125 µg/ml were 
obtained by serial dilution technique. Vincristine 
sulphate and DMSO were used as the positive and 
negative control, respectively.  

2.6. Membrane Stabilizing Activity 

The membrane stabilizing activity was assessed by 
using hypotonic solution induced hemolysis of mice 
erythrocyte [22]. To prepare the erythrocyte suspension 
whole blood was drawn with a syringe (containing 
anticoagulant EDTA) from mice through cardiac 
puncture. The blood was centrifuged and blood cells 
were washed three times with 154 mM NaCl solution in 
10 mM sodium phosphate buffer (pH 7.4) through 
centrifugation for 10 min at 3000 g. The test sample 
consisting of stock erythrocyte (RBC) suspension (0.50 
ml) was mixed with 5.0 ml of hypotonic solution (50 mM 
NaCl) in 10 mM sodium phosphate buffered saline (pH 
7.4) containing the extract (2.0 mg/ml). The control 
sample consisted of 0.5 ml of RBCs mixed with 
hypotonic-buffered saline alone. The mixture was 
incubated for 10 min at room temperature, centrifuged 
for 10 min at 3000 g and the absorbance of the 
supernatant was measured at 540 nm. The percentage 
inhibition of either hemolysis or membrane stabilization 
was calculated using the following equation- 

% inhibition of hemolysis = 100 x (OD1-OD2/OD1) 

where, OD1 = optical density of hypotonic-buffered 
saline solution alone (control) and OD2 = optical density 
of test sample in hypotonic solution. 

2.7. Antimicrobial Activity  

 The preliminary antimicrobial activity of the 
extractives was determined at 400µg/disc by the disc 
diffusion method [23] against a number of Gram 
positive and Gram negative bacteria and fungi. The 
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bacterial and fungal strains used in this experiment 
were collected as pure cultures from the International 
Centre for Diarrheal Disease Research, Bangladesh 
(ICDDR, B). Here, standard Kanamycin (30µg) disc 
was used as reference.  

2.8. Minimum Inhibitory Concentration (MIC) and 
Minimum Bactericidal Concentration (MBC) 
Determination 

Minimum inhibitory concentrations (MIC) are 
important to monitor the activity of new antimicrobial 
agents [24] and are generally regarded as the most 
basic laboratory measurement of the activity of an 
antimicrobial agent against an organism [25]. The MIC 
was determined for crude methanolic extract (ME) and 
its carbon tetrachloride (CTSF), chloroform (CSF) and 
aqueous (AQSF) soluble fractions of the bark extract 
by serial dilution technique [23]. Thirteen test tubes 
were taken, ten of which were marked as 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10 and the rest three were assigned as TM 
(only medium), TMC (Medium + extractive solution) 
and TMI (medium + inoculum). In all the test tubes 
containing the calculated amount of broth medium, the 
sample from the mother solution was added with serial 
dilution which gave solutions of varying concentration 
(1000 µg/ml to 0µg/ml). Lastly, the inoculum was added 
to the test tubes, shaken using rotamixer and incubated 
at 37 °C for 24 hours. The control test tube (TM) was 
used to ascertain the sterility of the medium. After 24 
hours the test tubes were checked for the microbial 
growth and the clear test tubes compared to McFarland 
turbidity standards were marked for the MIC 
determination. The lowest concentration (highest 
dilution) of antibiotic that prevented the turbidity was 
considered as the minimal inhibitory concentration 

(MIC). At this dilution, the antibiotic is bacteriostatic. 
The minimum bactericidal concentration (MBC) was 
determined by sub-culturing the broth media into fresh 
agar medium from each tube in which no growth was 
visible. The growth of one colony indicated a 99.8% fall 
in viable count [25].  

3. RESULTS AND DISCUSSION 

The present study was undertaken to evaluate the 
antioxidant, cytotoxic, membrane stabilizing and 
antimicrobial activities of different extractives of bark 
and seed of E. phaseoloides and the results have been 
summarized in Figures 1 to 4 and Table 1. 

In total phenolic content analysis, among all the 
extractives of bark of E. phaseoloides, the crude 
extract and its carbon tetrachloride and aqueous 
soluble fractions showed highest phenolic content 
(TPC, 245.59, 240.22 and 240.03 mg of GAE/gm of 
extractives, respectively). On the other hand, the 
aqueous soluble fraction (AQSF) of seed was found to 
contain highest amount of phenolic content (TPC, 
117.0 mg of GAE/gm of extractives) (Figure 1). 

In free radical scavenging (DPPH) assay, all 
fractions of bark revealed strong antioxidant activity. 
The chloroform soluble fraction (CSF), crude 
methanolic extract (ME) and carbon tetrachloride 
soluble partitionate (CTSF) of bark showed significant 
antioxidant property with IC50 of 1.55, 3.24 and 3.6 
µg/ml, respectively, while the aqueous soluble fraction 
(AQSF) of seeds demonstrated moderate antioxidant 
property with the IC50 of 54.78 µg/ml in comparison to 
the standard tert-butyl-1- hydroxytoluene (BHT) with 
IC50 of 15.5 (µg/ml) (Figure 2). 

Table 1:  Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of the Test 
Samples of Bark of E. phaseoloides 

 
 ME CTSF CSF AQSF Ciprofloxacin 

Test microorganisms MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 

Bacillus megaterium - - 15.62 250 15.62 125 31.25 500 0.31 2.5 

B. cereus 31.25 250 - - - - - - 0.31 1.25 

Escherichia coli - - - - - - 250 1000 0.62 1.5 

Sarcina lutea 62.50 500 - -   15.62 125 1.25 5.0 

Shigella dysenteriae 15.62 250 - - - - 125 500 0.31 0.62 

Staphylococcus aureus - - 7.812 125 - - - - 0.62 2.5 

Vibrio parahemolyticus - - 31.25 500   15.62 125 1.25 2.5 

Candida albicans - - 62.50 500 - - - - 0.31 0.62 

Where, ME = Methanolic extract, CTSF= Carbon tetrachloride soluble fraction, CSF = Chloroform soluble fraction and AQSF = Aqueous soluble fraction of crude 
methanolic extract. 
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Figure 1: Total phenolic content (mg of GAE/gm of dried 
extract) of different extractives of bark and seed of E. 
phaseoloides. 
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Figure 2: Free radical scavenging activity (IC50) of different 
extractives of bark and seed of E. phaseoloides 

In the brine shrimp lethality bioassay, the pet ether 
soluble fraction (PESF) of methanol extract of both the 
seed and bark revealed strong cytotoxicity with LC50 
value of 1.54 and 5.4 µg/ml, respectively (Figure 3). 
According to the LC50 values, all the extractives were 
toxic to shrimp nauplii. 

The extractives of both bark and seed, at 
concentration 2.0 mg/ml, significantly protected the 
lysis of mice erythrocyte membrane induced by 
hypotonic solution, as compared to the standard acetyl 
salicylic acid (0.10 mg/ml). The crude methanol extract 
(ME) and its aqueous soluble fraction (AQSF) of seed 
exhibited 78.89% and 65.52% inhibition of hemolysis of 

RBC, respectively as compared to 84.44% produced by 
acetyl salicylic acid (0.10 mg/ml) (Figure 4). The pet 
ether soluble extractives (PESF) of bark also revealed 
significant inhibition of hemolysis of RBC.  
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Figure 3: Cytotoxic activity (LC50) of different extractives of 
bark and seed of E. phaseoloides. 
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Figure 4: Membrane stablizing activity of different extractives 
of bark and seed of E. phaseoloides. 

In antimicrobial investigation all the fractions of bark 
exhibited mild to moderate antimicrobial activity (zone 
of inhibition = 9.0-17.0 mm) against all the test 
organisms, while the fractions of seed were almost 
inactive. The crude methanol extract of bark exhibited 
mild activity against S. dysenteriae (zone of inhibition = 
15.0 mm), B. cereus (13.0 mm), S. lutea (13.0 mm), E. 
coli (12.0 mm), V. parahemolyticus (12.0 mm). The 
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carbon tetrachloride soluble fraction of crude 
methanolic extract of bark also showed moderate 
antimicrobial activity against Staph. aureus (having 
zone of inhibition of 17.0 mm), B. megaterium (14.0 
mm), V. parahemolyticus (14.0 mm), C. albicans (14.0 
mm). Both the chloroform and aqueous soluble fraction 
exhibited mild activity against the test organisms. 

 Thus all fractions of bark were subjected to 
determination of minimum inhibitory concentration 
(MIC) and minimum bactericidal concentration (MBC). 
The carbon tetrachloride soluble fraction exerted 
highest inhibitory activity against Staph. aureus (zone 
of inhibition = 17.0 mm). Relatively less polar 
compounds revealed better antimicrobial activity as the 
carbon tetrachloride soluble partitionates showed 
significant antimicrobial activity than the aqueous and 
chloroform soluble partitionates of the bark extract. 

The MIC value of carbon tetrachloride soluble 
fractions (where no bacterial growth was observed in 
broth media) was found to be 7.81µg/ml and the MBC 
value (where no bacterial growth was observed in agar 
media) was found to be 125µg/ml against Staph. 
aureus (Table 1). No microbial growth was observed in 
the test tubes marked with TM (containing medium 
only) and TMC (medium + test sample, no inoculum) 
indicating that the medium and the test sample were 
not contaminated by microorganism and the total 
investigation was performed properly in the sterile 
condition. Microbial growth was observed in the test 
tube designated by TMI (medium + inoculums) 
revealing the fact that there was no problem with the 
subcultured microorganisms. 

CONCLUSION 

It can be concluded that the methanolic crude 
extract and its Kupchan fractions of bark and seed 
showed significant cytotoxic activities which suggest 
the presence of secondary metabolites with biological 
properties such as anticancer agent. In antimicrobial 
screening, all fractions of bark exhibited mild to 
moderate antimicrobial activity (zone of inhibition = 9.0-
17.0 mm) against the test organisms. The carbon 
tetrachloride soluble fraction of bark showed significant 
antimicrobial activity against Staph. aureus (zone of 
inhibition = 17.0 mm) with MIC and MBC values of 7.81 
µg/ml and 125 µg/ml, respectively. Thus, this plant 
could be subjected to extensive chromatographic 
separation and purification processes to isolate 
bioactive compounds for the discovery of novel 
therapeutic agents. 
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