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ABSTRACT 

Objective: The present study was aimed at establishing the antioxidant, free radical scavenging, anti-lipid peroxidative and antimicrobial properties 

of the plant Pyrrosia heterophylla (L.) M. G. PRICE. 

Methods: Standard protocols were used to estimate the antioxidant potential of the hexane, ethyl acetate and methanolic extracts of the plant. 

Radical scavenging ability of the extracts was assayed for 2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulphonicacid) (ABTS), 1,1-diphenyl-2-picryl-

hydrazil (DPPH) and hydroxyl radicals. Total antioxidant activity assay was done following the phospho- molybdenum method. The reductive 

potential was measured by ferric reducing antioxidant power (FRAP) assay. Lipid peroxidation assay was done in vitro. Total phenolic content was 

measured by the Folin-Ciocalteu method. Antimicrobial activity was identified by well diffusion method, and minimum inhibitory concentration 

(MIC) was determined by serial dilution method. 

Results: Results revealed that the ethyl acetate extract (PHE) exhibited the highest antioxidant capacity followed by the methanolic extract (PHM) 

whereas the hexane extract (PHH) had the lowest activity. The percentage radical scavenging by PHE was found to be 86.63±0.85, 89.48±2.08 and 

70.89±1.46 for DPPH, ABTS and hydroxyl radicals respectively, at a concentration of 800μg/ml. The total antioxidant activity of PHE, PHM and PHH 

was found to be 538.33±3.51, 283.33±7.57and 13.76±3.95 ascorbic acid equivalents/g of extract respectively. Phenolic content of PHE was the 

highest (207.22±1.95 gallic acid equivalents (GAE)/g of extract), followed by PHM and PHH (197.92±2.00 and 37.50±2.18 GAE/g respectively). 

Total reducing power was also found to be the highest in PHE followed by PHM and PHH as per the FRAP assay. All the extracts were found to 

possess inhibitory activity against the tested microorganisms. MIC50 value of all the extracts was below 40 µg/ml. 

Conclusion: The results of this study confirmed the antioxidant, antimicrobial and anti-lipid peroxidation potentials of the plant P. heterophylla (L.) 

M. G. PRICE. 
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INTRODUCTION 

Free radicals are generated during oxidative phosphorylation, as a 

byproduct in mitochondria. These radicals have some beneficial role 

in the body especially in cell signalling and immune responses. 

However, at higher concentrations, these radicals cause oxidative 

stress which is a deleterious process that can damage the cell 

structures. The delicate balance between the beneficial and harmful 

effects of free radicals is an important aspect that helps to maintain the 

health of biological systems [1-5]. Free radicals can inactivate enzyme 

systems and damage cellular components by covalent binding and lipid 

peroxidation. Lipid peroxidation has been implicated in the pathogenesis 

of a number of clinical conditions like Parkinson’s disease, Alzheimer’s 

disease, chronic inflammatory conditions, atherosclerosis, fibrosis, 

inflammatory liver injury, type I diabetes, etc. [1, 6].  

The body has several mechanisms to reduce oxidative stress. It is 
achieved either by producing antioxidants naturally within the body 
or by supplying externally through foods. The role of antioxidants is 
to neutralize the excess of free radicals generated and protect the 
cells against their toxic effects [7]. Antioxidants have been defined 
by Halliwell [1] as “any substance that when present at low 
concentrations with those of an oxidizable substrate significantly 
delays or prevents oxidation of that substrate.”  

Antioxidants from our diet or other supplements help the 

endogenous antioxidants for the neutralisation of oxidative stress. 

Natural antioxidants like phenolics and flavonoids present in tea, 

wine, fruits, vegetables and spices are already exploited 

commercially either as antioxidant additives or as nutritional 

supplements [8]. There is still demand to find more information 

concerning the antioxidant potential of plant species as they are safe 

and also bioactive. Therefore, in recent years, considerable research 

has been targeted towards the identification of new plants with 

antioxidant ability. 

Conventional antibiotics used in the treatment of infectious diseases 

are found to have many side effects [9]. Moreover development of 

resistant strains of pathogenic microorganisms is a serious issue in 

clinical practice. Present researches are more focused on drugs with 

minimum side effects. Development of new antimicrobial agents 

from plant secondary metabolites is a new approach since their side 

effects are lesser when compared to their synthetic chemical 

counterparts [10]. 

There is always a need for the plants used in traditional medicine to be 

scientifically evaluated for their bioactivities. Study of the antioxidant 

properties of a plant is an essential aspect of bio prospecting; as this 

will help to understand the possibility of isolating new bioactive 

compounds from these plants. Pyrossia heterophylla (syn. 

Drymoglossum heterophyllum (L.) C. Chr, Acrostichum heterophyllum L.) 

is an epiphytic fern of the family Polypodiaceae. Traditionally the plant 

has been used in treatments of asthma, swellings, pain, sprains, etc. 

[11]. Our earlier investigation had proved the plant to be a rich source 

of phenolic compounds, saponins and flavonoids [12]. The traditional 

use of the plant is not yet scientifically authenticated. Thus the present 

study was targeted at exploring the antioxidant, antimicrobial, free 

radical scavenging and anti-lipid peroxidative activities of three 

successive extracts of this plant. 

MATERIALS AND METHODS  

Chemicals  

1, 1-diphenyl-2-picryl-hydrazil (DPPH) and 2,2'-azino-bis(3-
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ethylbenzothiazoline-6-sulphonic acid) (ABTS) was purchased from 

Sigma Aldrich India. Other chemicals, sodium carbonate, sodium 

phosphate, potassium ferricyanide, ammonium molybdate,, ascorbic 

acid, gallic acid, 2-thiobarbituric acid (TBA), trichloroacetic acid, 

Folin-Ciocalteu reagent, 2-deoxyribose and H2O2(30%, v/v) and 

media for antimicrobial studies were from Merck India Ltd and 

Himedia, Mumbai, India. All other chemicals and solvents used were 

of analytical grade. 

Microbial strains  

Gram-negative strains like Escherichia coli (ATCC 25922), Klebsiella 

pneumonia (ATCC 13883), Pseudomonas aeruginosa (ATCC 27853) 

and gram-positive strains like Streptococcus mutans (MTCC 890) and 

Staphylococcus aureus (ATCC 25923) were used for studying 

antibacterial activity. For the antifungal studies, two strains namely 

Candida albicans (ATCC 10231) and Aspergillus niger (ATCC 16404) 

were used. American type culture collection (ATCC) strains were 

purchased from Himedia, Mumbai while Streptococcus mutans was 

obtained from Institute of Microbial Technology (IMTECH), 

Chandigarh, India. 

Collection and extraction of plant material  

Fresh plant material was collected from local sources and 

authenticated by Dr. G. Valsaladevi, Department of Botany, 

University of Kerala, Thiruvananthapuram, Kerala and a voucher 

specimen (No. KUBH 5926) was deposited in the herbarium of the 

same department. The leaves were washed with distilled water, 

dried in a hot air oven (40 °C) and powdered. The leaf powder was 

sequentially extracted in hexane (PHH), ethyl acetate (PHE) and 

methanol (PHM) in a soxhlet apparatus. Extraction was continued 

until the solvent in the sample holder became colourless. The 

temperature was set not to exceed the boiling point of the solvent. 

Each extract was concentrated in a rotary vacuum evaporator and 

the concentrated extracts were stored below 0 °C till further 

analysis.  

DPPH radical scavenging activity 

DPPH radical scavenging activity was measured according to the 

protocol of Blois [13] with slight modifications. 2.5 ml of DPPH 

solution (0.003 % in 70 % methanol) was incubated with 0.5 ml of 

the extract at different concentrations (50,100, 200, 400 and 800 

µg/ml). The reaction mixture was shaken well and incubated in the 

dark for 30 min at room temperature. Control was prepared as 

above with 0.5 ml methanol instead of the extract. The absorbance of 

the solution was measured at 517 nm against a reagent blank. The 

radical scavenging activity was measured as a decrease in 

absorbance of DPPH. All the tests were run in triplicate. Ascorbic 

acid was used as a standard. The percentage scavenging activity is 

calculated as 

% scavenging activity =
Acontrol� Atest

Acontrol 
 × 100…………………….Eq  1 

ABTS radical scavenging assay 

The antioxidant capacity in terms of the ABTS radical scavenging 

activity was estimated following the procedure described by 

Delgado-Andrade et al. [14]. Briefly, ABTS●+was obtained by reacting 

7 mmol ABTS stock solution with 2.45 mmol potassium persulfate 

and the mixture was left to stand in the dark at room temperature 

for 12–16 h before use. The ABTS●+solution was diluted with 5 mmol 

phosphate-buffered saline (pH 7.4) to an absorbance of 0.70±0.02 at 

730 nm. After the addition of 30 μL of sample to 3 ml of diluted 

ABTS●+solution, the absorbance was measured after 30 min. All 

samples were analyzed in triplicate. Percentage scavenging ability 

was calculated as per the equation 1.  

Hydroxyl radical scavenging assay 

The hydroxyl radical scavenging activity of the plant extracts was 

measured by the deoxyribose method [15] and compared with that 

of butylated hydroxytoluene (BHT). The reaction mixture containing 

plant extracts (final concentration 50–800 μg/ml), deoxyribose 

(3.75 mmol), H2O2 (1 mmol), potassium phosphate buffer (20 mmol, 

pH 7.4), FeCl3 (0.1 mmol), EDTA (0.1 mmol) and ascorbic acid (0.1 

mmol) were incubated in a water bath at 37±0.5 °C for 1 hour. The 

extent of deoxyribose degradation was measured by the TBA 

method [16]. All the analyses were done in triplicates and average 

values were taken. Inhibition of deoxyribose degradation in 

percentage was calculated according to the equation 1. 

Lipid peroxidation inhibition assay 

The effect of the different concentrations of P. heterophylla extracts 

on Fe2+/Ascorbate-induced lipid peroxidation in sheep liver 

homogenate was assessed by the method of Okhava et al. [16] with 

modifications. The reaction mixture contained 1 ml tissue 

homogenate (10 % in 1 % ice cold KCl), 0.1 ml FeSO4 (15 mmol), 0.1 

ml ascorbic acid (0.2 mmol) and 1 ml KH2PO4. The volume was made 

up to 3 ml with distilled water. The mixture was incubated for 45 

min at 37 °C. Test systems contained different concentrations of the 

extracts (50,100, 200, 400 and 800 µg/ml). The reaction was 

stopped by the addition of 1 ml of 10 % trichloroacetic acid (TCA). 

The tubes were shaken well and centrifuged at 3000 rpm for 10 min. 

2 ml of the supernatant was taken and 1.5 ml of 0.6 % TBA was 

added. The mixture was heated in a water bath at 90 °C for 30 min. 

The intensity of the pink coloured complex was measured at 535 

nm. Percentage of lipid peroxidation inhibition was calculated as per 

equation 1. The experiments were done in triplicates and ascorbic 

acid was used as the standard. 

Ferric ions (Fe3+) reducing antioxidant power assay (FRAP) 

The reducing power of the extracts was determined by the method 
of Oyaizu [17]. 1 ml of plant extract at various concentrations (50–
800 µg/ml) was mixed with 2.5 ml of sodium phosphate buffer 
(0.2M, pH 6.6) and 2.5 ml of potassium ferricyanide (1%). The 
mixture was incubated at 50 ° C for 20 min. To this, 2.5 ml of 
trichloroacetic acid (10%) was added and centrifuged at 3000 rpm 
for 10 min. The upper layer of the solution (2.5 ml) was mixed with 
2.5 ml of distilled water and 0.5 ml of ferric chloride (0.1%). 
Absorbance was measured at 700 nm. Increased absorbance 
indicates higher reducing power. 

Total antioxidant capacity  

Total antioxidant capacity was determined by the phospho- 

molybdenum method as described by Kannan et al. [18]. 0.3 ml of 

plant extract at different concentrations was mixed with 3 ml of 

phospho- molybdenum reagent (28 mmol sodium phosphate and 4 

mmol ammonium molybdate in 0.6 M sulfuric acid). The tubes were 

incubated at 95 °C for 90 min. Cooled and the absorbance was read 

at 695 nm, against reagent blank. Ascorbic acid was used as the 

standard. The total antioxidant activity was expressed as ascorbic 

acid equivalents (AAE) per gram of extract.  

Estimation of total phenolic content 

The total phenolic content of the extracts was determined by the 
Folin-Ciocalteu method [19] with slight modifications. 0.5 ml of 
plant extract is mixed with 2.5 ml of 10 % Folin-Ciocalteu reagent 
and 2.5 ml of 7.5 % sodium carbonate. The mixture is incubated at 
room temperature for 30 min and the absorbance is read at 765 nm. 
Gallic acid was used as a standard. Phenolic content was expressed 
as gallic acid equivalents (GAE) per gram of extract.  

Antibacterial activity by well diffusion assay 

Preliminary screening of antibacterial activity was performed by the 
well diffusion method. Antibacterial activity was determined on the 
basis of a clear zone formed around the well. Petri plates containing 
20 ml Muller Hinton Agar Medium were seeded with the bacterial 
culture of Klebsiella pneumoniae, Pseudomonas aeruginosa, 

Streptococcus mutans, Escherichia coli and Staphylococcus aureus 
(growth of culture adjusted according to McFards Standard, 0.5%). 
Wells of approximately 10 mm diameter were bored using a well 
cutter and 25, 50, and100 µg/ml of plant extracts (in 0.1 % DMSO) 
were added. The plates were then incubated at 37 °C for 24 h. The 
antibacterial activity was assayed by measuring the diameter of the 
inhibition zone formed around the well [20]. Streptomycin was used 
as a reference drug and 0.1 % DMSO was used as a negative control. 
All tests were done in triplicates and antibacterial activity was 
expressed as the mean value of inhibition zone (mm). 
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Antifungal activity 

Antifungal activity was determined by agar well diffusion method. 

Potato dextrose agar plates were prepared. Two different species 

of fungi such as Candida albicans and Aspergillus niger were 

swabbed. Wells of approximately 10 mm diameter were bored 

using a well cutter and 25, 50, and100 µg/ml of plant extract (in 

0.1 % DMSO) were added.  

The plates were then incubated at 37 °C for 24 h. The antifungal 
activity was assessed by measuring the diameter of the inhibition 
zone formed around the well [20]. Clotrimazole was used as a 
reference drug and 0.1 % DMSO was used as a negative control. All 
tests were done in triplicates and antifungal activity was 
expressed as the mean of inhibition zone (mm). 

Minimum inhibitory concentration (MIC) of plant extracts 

Minimum inhibitory concentration of the extracts was determined 
by the NCCLS broth microdilution method [20]. It was performed in 
96-well microtiter plates. Standardized suspensions of the test 
organisms (Klebsiella pneumonia, Pseudomonas aeruginosa, 

Streptococcus mutans, Escherichia coli, Staphylococcus aureus, 
Candida albicans, and Aspergillusniger) were inoculated into 96-well 
microtitre plate. A growth control and a sterile control were also 
kept. Samples were dissolved in 0.1 % DMSO and increasing 
concentrations were applied in wells (5, 10, 15, 20, 25 and 30 
µg/ml) and incubated at 37 °C for 24 h. Growth was examined by 
visual inspection and measured the optical density (OD) at 630 nm 
using a spectrophotometer. The growth inhibition for the test wells 
at each sample dilution was determined by the formula:  

Percent inhibition = 
�ODofcontrol�ODoftest�×100

ODofcontrol
 

MICs were calculated as the lowest drug concentrations that 

resulted in a 50 % reduction in growth compared with that of the 

drug-free growth control. 

Statistical analysis 

The data were expressed as mean±SEM of three replicates. The data 

were subjected to one-way analysis of variance (ANOVA) and 

differences between means were determined by the Least 

Significant Difference (LSD) test using the SPSS Statistics 19.0 Inc. 

Chicago, USA. EC50 values of the extracts for scavenging of different 

radicals and the MIC50 values were calculated by regression analysis 

in SPSS. 

RESULTS AND DISCUSSION 

DPPH radical scavenging activity 

PHE and PHM were found to exhibit significant scavenging of 

DPPH radicals as shown in fig. 1. Decrease in the absorbance of 

DPPH radical, resulting in a color change from purple to yellow 

shows the anti-radical power of the plant extract. The results 

showed a concentration-dependent reaction and were found to be 

statistically significant (p<0.001). PHE exhibited the highest 

antioxidant capacity in the DPPH radical scavenging assay with 

86.63±0.85 % inhibition at the maximum tested concentration. 

The EC50 value of PHE was 197. 24±2.32µg/ml (table 1). The mean 

percentage inhibition of the three extracts was significantly 

different from each other (p<0.001). PHM showed a maximum 

inhibition of 66.36±1.05 %. PHH was found to have very low 

inhibitory activity with a maximum inhibition of 7.56±0.40 %. 

Earlier works have suggested that DPPH scavenging is achieved by 

an antioxidant by a hydrogen atom transfer process (HAT) [21]. 

The antioxidant phytochemicals in the extracts work possibly 

through the donation of hydrogen to form a stable DPPH molecule 

[22]. Phenolic compounds like gallic acid and flavonoids like 

epicatechin are shown to exert their antioxidant activity through 

hydrogen donating mechanism [23]. In the present study, the 

DPPH radical scavenging achieved by the extracts gives evidence 

for their ability to donate hydrogen to the radicals. 

 

 

Fig. 1: Scavenging effect of the different extracts of Pyrrosia heterophylla on DPPH radicals. PHH–hexane extract, PHM–methanol extract, 

PHE-ethyl acetate extract. Values are represented as mean±SEM, n = 3 

 

ABTS radical scavenging assay 

ABTS radicals are generated in the presence of potassium persulfate 

in the aqueous phase. This assay measures the relative ability of an 

antioxidant to scavenge the ABTS radicals thus formed. Fig. 2 shows 

that the highest scavenging was exhibited by PHE (89.48±2.08 %), 

followed by PHM (53.25±0.86 %). PHH showed very low activity 

with a maximum inhibition of 9.04±0.48.  

The mean percentage inhibition of the different extracts was 

significantly different from each other (p<0.001). The EC50 value 

of PHE was found to be 388.80±1.62 (table 1). The decrease in 

absorbance at 730 nm corresponds to the scavenging ability of 

the plant extract [24]. Unlike the DPPH radical, ABTS+ radical 

needs an electron to neutralize its positive charge. The 

scavenging of ABTS+ is therefore considered as an electron 

transfer reaction [25].  

PHE was found to be capable of transferring electrons to ABTS+ 

radicals thus scavenging them effectively. Earlier studies have 
shown that flavonoids like kaempferol are found to mediate electron 
transfer to scavenge free radicals [23]. The effective scavenging of 
ABTS radicals by the PHE can be attributed to its rich phenolic and 
flavonoid content.  
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Fig. 2: Scavenging effect of the different extracts of Pyrrosia heterophylla on ABTS radicals. PHH–hexane extract, PHM–methanol extract, 

PHE-ethyl acetate extract. Values are represented as mean±SEM, n = 3 

 

Hydroxyl radical scavenging 

Ethyl acetate extract was the most effective in scavenging the 

hydroxyl radicals (fig. 3). It exhibited a maximum inhibition of 

70.89±1.46 at a concentration of 800 µg/ml. All the extracts studied 

showed a significant difference in mean percentage inhibition from 

each other (p<0.001). The maximum level of inhibition by PHM and 

PHH were 58.33±0.49 % and 8.82±0.85 % respectively. Hydroxyl is 

considered as a highly damaging radical in free radical pathology. It 

is capable of damaging almost every molecule in living organisms 

[26]. The results of the hydroxyl scavenging assay is an indicator of 

the ability of the extracts to quench the reactive oxygen species 

(ROS) and the ROS-related chain reactions that may eventually lead 

to lipid peroxidation, DNA and membrane damages, etc. In the 

present study, PHE was found to be a promising agent in hydroxyl 

radical scavenging. Hydroxyl radical scavenging ability of various 

plant extracts have been reported earlier [27, 28]. Most of the 

studies correlate this property with the phenolic content of the 

plants. The present study also suggests a similar effect of plant 

extracts on hydroxyl radicals. Generation of hydroxyl radicals within 

the body can lead to lipid peroxidation in biological membranes. The 

ability of Pyrrosia heterophylla extracts to scavenge hydroxyl 

radicals can be thus considered as an indicator of its antioxidant 

activity.

 

 

Fig. 3: Scavenging effect of the different extracts of Pyrrosia heterophylla on hydroxyl radicals. PHH-hexane extract, PHM–methanol 

extract, PHE-ethyl acetate extract, BHT-butylated hydroxyl toluene. Values are represented as mean±SEM, n = 3 

 

Inhibition of lipid peroxidation by the extracts 

This assay measured the ability of the extracts to inhibit lipid 

peroxidation in sheep liver homogenate induced by a ferrous–

ascorbate system. Lipid peroxidation is a chain reaction initiated by 

the hydrogen removal or addition of an oxygen radical, resulting in 

the oxidative damage of polyunsaturated fatty acids (PUFA). This 

eventually leads to the formation of a peroxyl radical. The peroxyl 

radical is capable of abstracting a hydrogen atom from another 

polyunsaturated fatty acid proceeding with a chain reaction [29]. 

Among the three extracts, the ethyl acetate extract was found to 

exert the maximum inhibition on lipid peroxidation (fig. 4). It 

exhibits a maximum inhibition of 56.12±1.12 %. Methanol and 

hexane extracts showed an inhibition of 46.74±0.65 % and 

9.12±0.21 % respectively.  

The results of lipid peroxidation inhibition assays indicate the 
efficiency of the extracts, PHE and PHM, in terminating the chain 
reaction of lipid peroxidation. This may be due to its ability to 
scavenge the hydroxyl radicals which have a major role in inducing 
lipid peroxidation in biological systems [28]. The hydroxyl 
scavenging activity of the extracts is indicative of the possible 
protective action against lipid peroxidation.  
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Fig. 4: Inhibition of lipid peroxidation by the different extracts of Pyrrosia heterophylla in vitro. PHH-hexane extract, PHM–methanol 

extract, PHE-ethyl acetate extract. Values are represented as mean±SEM, n = 3 

 

Ferric ions reducing antioxidant power assay (FRAP) 

In the reducing power assay, the antioxidant compounds which 

are capable of donating an electron reduce the Fe3+to Fe2+. Amount 

of Fe2+complex formed can be monitored by measuring the 

absorbance of Prussian blue coloured ferric Ferro cyanide, 

(Fe4[Fe(CN)6]3), at 700 nm. Higher absorbance means the greater 

activity of the extracts. The highest reducing power was exhibited by 

PHE, with an absorbance of 1.75±0.05 at 700 nm for 800 μg/ml 

concentration (fig. 5). Maximum absorbance values of PHM and PHH 

were 0.74and 0.07 respectively. PHH had very low reducing power. 

Previous studies have proved that plant extracts containing different 

phytochemicals display antioxidant activity through their reductive 

capacity in a Fe3+-Fe2+system [30, 31]. Electron donation capacity is 

considered as an important mechanism of antioxidant activity of 

phenolic compounds [32]. The phenolic compounds in the extracts 

PHE and PHM could be responsible for the reductive potential of 

these extracts. 

 

 

Fig. 5: Ferric reducing antioxidant power of the different extracts of Pyrrosia heterophylla. PHH-hexane extract, PHM–methanol extract, 

PHE-ethyl acetate extract. Values are represented as mean±SEM, n = 3 

 

Table 1: The effective concentration of Pyrrosia heterophylla extracts to get 50 % inhibition (EC50) in different antioxidant protocols 

Plant extract EC50 (µg/ml) 

DPPH ABTS Hydroxyl Lipid peroxidation inhibition 

PHH 1782.65±3.63 1816.90±2.10 2191.28±3.34 1872.00±3.21 

PHE 197.24±2.32 388.80±1.62 353.88±1.10 652.54±2.34 

PHM 475.47±2.75 749.82±2.34 565.96±3.50 790.63±3.16 

Standard  112.63±4.38 163.46±0.40 176.32±2.25 332.15±2.51 

PHH-hexane extract, PHM–methanol extract, PHE-ethyl acetate extract. Values are represented as mean±SEM of three replicates. 

 

Total antioxidant capacity and phenolic content 

The total antioxidant activity and phenolic content of different 

extracts are given in Table.2. Ethyl acetate extract had the highest 

phenolic content followed by PHM. Hexane extract had very low 

phenolic content compared to the other two extracts. The total 

antioxidant activity was also the highest for ethyl acetate extract. 

PHM had lesser activity compared to PHE. PHH exhibited very low 
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antioxidant activity. The phosphomolybdenum assay measured the 

ability of the extracts to reduce Phosphate-molybdenum (VI) to 

Phosphate-molybdenum (V). This assay helped to understand the 

total antioxidant potential of the extracts quantitatively. Results 

were similar to many previous studies where the extracts with 

higher phenolic content exhibited more antioxidant activity [33]. 

The highest antioxidant activity of the PHE could be correlated with 

its high phenolic content in the present study. 

  

Table 2: Total phenolic content and antioxidant activity of Pyrrosia heterophylla extracts 

Extract Total antioxidant activity (mg of AAE/g of extract)  Total phenolic content (mg of GAE/g of extract) 

PHH 13.76±3.95 37.50±2.18 

PHE 538.33±3.51 207.22±1.95 

PHM 283.33±7.57 197.92±2.00 

AAE = ascorbic acid equivalents; GAE = gallic acid equivalents. Values are represented as mean±SEM of three replicates. 

 

Antimicrobial activity 

From the results of the antimicrobial assay (table 3), all the extracts 

were found to inhibit the growth of the tested microorganisms. 

Hexane extract exhibited the maximum inhibition against E. coli 

(18.67±1.15 mm), S. aureus (11.67±0.58 mm) and A. niger 

(19.33±1.15 mm). Ethyl acetate extract possessed higher inhibition 

against S. mutans (17±1.73 mm) and C. albicans (23.67±0.58 mm) 

compared to other extracts. The methanol extract was the most 

effective against K. pneumonia (24.67±0.58 mm) and P. aeruginosa 

(21.00±0 mm). MIC50 value of PHH against E. coli (26.7±0.01 µg/ml) 

was found to be the lowest (table 4); thus it exhibited the highest 

antimicrobial activity. Among the other species, except for S. aureus, 

the lowest MIC50 value was exhibited by the hexane extract. MIC 

values of all the extracts against the tested microbes were found to 

be below 40 µg/ml. Hence all these extracts of P. heterophylla is 

proved to exhibit good antimicrobial activity. The microorganisms 

tested in the present study are human pathogenic species known to 

cause different diseases in man. Microorganisms developing 

resistance to traditional antibiotics is the major challenge in the 

treatment of diseases. Plant extracts possess a number of 

phytochemicals, and the presence of many active compounds in the 

plant extracts may reduce the risk of developing resistance [34]. If 

the MIC value of a plant extract is less than 100 μg/ml, it is 

considered to have good antimicrobial activity [35]. For all the 

extracts tested in the present study, the MIC50 values were found to 

be below 100 μg/ml. From the results, we could conclude that all the 

extracts of Pyrrosia heterophylla possess good antimicrobial effect. 

  

Table 3: Antimicrobial activity of Pyrrosia heterophylla extracts tested by well diffusion assay (at concentration 100 µg/ml) 

Plant extract Zone of inhibition (mm) 

K. pneumoniae P. aeruginosa S. mutans E. coli S. aureus C. albicans A. niger 

PHH 22.67±0.58 20.67±0.58 14.00±0  18.67±1.15 11.67±0.58 21.33±1.53 19.33±1.15 

PHE 15.00±1.00 15.67±0.58 17±1.73 8.33±1.53 8.67±1.15 23.67±0.58 18.33±1.53 

PHM 24.67±0.58  21.00±0 15.33±0.58 10.67±0.58 7.67±1.15 20.00±0 17.67±0.58 

Standard  35.67±1.15 26.33±1.53 28.67±1.53 23.33±1.15 31.67±1.53 38.67±1.53 28.33±1.53 

Values are represented as mean±SEM of three replicates. 

 

Table 4: Minimum inhibitory concentration (MIC50) values (µg/ml) of Pyrrosia heterophylla extracts against the tested microorganisms 

Extract E. coli S. aureus K. pneumoniae P. aeruginosa S. mutans C. albicans A. niger 

PHH 26.7±0.01 35.64±0.03 31.05±0.02 33.20±0.04 28.66±0.01 28.56±0.04 29.15±0.01 

PHE 32.37±0.11 31.87±0.07 39.84±0.15 37.16±0.08 29.06±0.03 33.73±0.13 38.76±0.12 

PHM 31.51±0.02 34.63±0.09 33.39±0.03 34.00±0.01 31.96±0.02 31.48±0.01 33.17±0.01 

Values are represented as mean±SEM of three replicates. 

 

CONCLUSION 

The results of the present study indicate the antioxidant potential of 
the ethyl acetate and methanol extracts of Pyrrosia heterophylla. 
These two extracts exhibited significant antioxidant, free radical 
scavenging and reducing abilities. This can be correlated to their 
high phenolic contents. Moreover, they exhibited a potent inhibitory 
effect on lipid peroxidation. The highest level of protection was 
exhibited by PHE. The study also establishes antimicrobial 
properties of this plant species as evidenced by antimicrobial 
screening with tested human pathogenic microorganisms. Plant 
extracts with potential antioxidant activities are important in terms 
of their possible disease prevention and curing effects in vivo. 
Further studies on the biological activities of these extracts will help 
to understand their efficacy in vivo. Pyrrosia heterophylla extracts 
can be considered as potential agents that can be used in the 
management and treatment of oxidative stress-induced diseases.  
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