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Abstract 

Marine Pseudomonas is a potential provider of novel bioactive metabolites and currently emerged 

as an important source for natural products with unique chemical diversity. The aim of the present 

study was to evaluate antimicrobial and antioxidant potential of partially purified fraction III 
extracted as a secondary metabolite from Pseudomonas aeruginosa MTCC 5210 isolated from 

marine sediments of coastal Tamil Nadu, India. In the present study, the antioxidant property of 

fraction III was evaluated using spectrophotometric and alectron spin resonance (ESR) 
techniques. The results of these studies revealed, fraction III quenches 1,1-Diphenyl-2-

picrylhydrazyl free radical (DPPH•), nitric oxide radical and superoxide radical at appreciable 

levels. The ESR measurements show the reduction in peak intensities of DPPH• and nitric oxide 
radical after the addition of fraction III. It was also observed that quenching and reduction in peak 

intensities of standard free radicals studied are in proportion to the concentrations of fraction III 

studied. The antimicrobial activity of fraction III was evaluated using antibiotic resistant microbes 
such as methicillin resistant Staphylococcus aureus (MRSA). Since there is a constant demand for 

the natural antioxidants, the results of our present study suggest, that fraction III may act as a 

potential antioxidant and antibacterial compound.  

© 2012 GESDAV 

 
INTRODUCTION 

The current food habits, lifestyle, work pressure, 

environmental pollutants and quality of food intake, 

reduce the health status of humans considerably [1]. 

One of the causes for this situation is the oxidative 

damage in the cells and a corresponding reduction in 

the immunity levels of the humans. However, these 

damages can be prevented by the presence of 

antioxidant materials in the human body as well as 

antioxidants taken as food [2]. Antioxidants of both 

natural and synthetic origin are well-studied for their 

efficacy in preventing the oxidative damage under in 

vitro and in vivo conditions [3]. However, reports on 

the deleterious effects of synthetic antioxidants [4] 

demand greater emphasis on the study of natural 

antioxidants. Many researchers have focused their 

research on natural antioxidants, and in the plant 

kingdom, numerous crude extracts were reported to 

have antioxidant properties [5]. But, the usage of plant-

based antioxidants were limited due to their high cost, 

flavor and color which further increases the demand for 

natural antioxidants from the other sources. Well 

known natural antioxidants such as α-tocopherol, 

ascorbic acid etc function as free radical scavengers, 

ligands of pro-oxidant metals, reducing agents and 

quenchers of singlet oxygen formation [6]. According 

to Yen and Chang [7], potent natural antioxidants from 

microbial sources can replace synthetic antioxidants. 

According to Smith and Alford [8], microbes grown in 

fat based medium, prevent oxidation of fat to peroxides 

by their reducing action. Few authors have reported 

screening procedures to investigate the antioxidant 

activity of microbial metabolites obtained from 

Penicillium roquefortii [9], Mortierella sp [10] and 

Aspergillus candidus [7], and many of them were 

indirect and complicated. 
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Hence, the present research has been taken up with the 

following objectives; (i) isolation and identification of 

microbes capable of producing secondary metabolites 

which can function as antioxidants followed by 

purification and separation of the active antioxidant 

fractions; (ii) evaluating the antioxidant profile of the 

active fractions using spectrophotometric and electron 

spin resonance (ESR) techniques. The isolation and 

identification of the microbes producing secondary 

metabolites (SM) were reported in our earlier studies 

[11]. The present work evaluates in vitro antioxidant 

property and antimicrobial property of the SM obtained 

from Pseudomonas aeruginosa. 

 

MATERIALS AND METHODS 

Isolation of Psedumonas aeruginosa MTCC 5210 and 

preparation of crude extracts 

The potential strain Psedumonas aeruginosa MTCC 

5210 was isolated from marine sediments (20 km from 

the sea shore) of coastal Tamil Nadu (Besant Nagar to 

Ennore) during March 2007. Charyulu et al [11] 

summarizes a detailed description on isolation and 

identification and deposition of the strain.  

Extraction and partial purification of the secondary 

metabolite 

The isolate was grown in the medium containing beef 

extract (2.5%) and sodium chloride (1.5%) for the 

period of 72 h and the cell and protein free extract was 

treated with four volumes of dichloromethane for  

10-15 min. Further, the product obtained upon 

distillation of dichloromethane using Rotavapor®  

R-210 (Buchi Labortechnik, Flawil, Switzerland) was 

dehydrated with Na2SO4. The dichloromethane free 

extract was then subjected to bio-assay-guided separa-

tion through a chromatography column (45 x 3.5 cm) 

over silica gel (40 g). The column was eluted with a 

solvent system composed of dichloromethane-methanol 

at a volume ratio of 9:1 and three major fractions were 

obtained. These fractions were then subjected to 

antioxidant activity assay using 1,1-Diphenyl-2-

picrylhydrazyl free radical (DPPH
•
) and the fraction 

exhibiting the antioxidant activity (fraction III) was 

chosen for the following experiments.   

Spectrophotometric assays 

Evaluation of the radical quenching behavior of 

fraction III was performed using Shimadzu UV-2450 

spectrophotometer (Kyoto, Japan) for all spectrophoto-

metric studies. The absorption band of the free radicals 

(DPPH
•
, nitric oxide and superoxide) is reduced in the 

presence of the antioxidant used. The reduction in the 

absorbance is used to study the antioxidant property. 

All the chemicals and solvents used in the present study 

were of highest purity grade and are commercially 

available.  

DPPH
•
 scavenging assay. The free radical scavenging 

activity of fraction III was calculated according to the 

methods described earlier [12]. Ascorbic acid (1-5 µg) 

(S D Fine-Chem, Mumbai, India) was used as a 

standard. The percentage scavenging effect of fraction 

III against DPPH
•
 was calculated as;  

DPPH• scavenging effect (%) = (Acont - Atest / Acont) x 100 

-Acont; absorbance of initial DPPH• without addition of fraction III.  

-Atest; absorbance of DPPH• after addition of fraction III.  

Inhibitory percentage (IP) of fraction III was calculated 

according to the expression given below: 

IP = [(AT0 – ATS) / AT0] x 100 

-AT0; absorbance at time zero. 

-ATS; absorbance at steady state (30 min).  

The percentage of remaining DPPH
•
 (%DPPH

•
REM) was 

calculated as follows:  

%DPPH•
REM = [DPPH•]T / [DPPH•]T=0 

The percentage of remaining DPPH
•
 was then plotted 

against the concentration of the fraction III to obtain 

the amount of antioxidant necessary to decrease the 

initial DPPH
•
 concentration by 50% (IC50). The time 

needed to reach the steady state to IC50 concentration 

was calculated graphically (TIC50). The antiradical 

power (ARP) was defined as 1/IC50. The larger the 

ARP, the more efficient is the antioxidant activity [6]. 

Nitric oxide radical scavenging activity. Nitric oxide 

radical scavenging activity of fraction III was assessed 

according to the method of Marcocci et al [13]. 

Ascorbic acid (1-5 µg/ml) was used as standard.  

Superoxide radical scavenging activity. Measurement 

of superoxide radical scavenging activity of fraction III 

was performed according to the method described by 

Fontana et al [14]. Quercetin (10-50 µg/ml) (S D Fine-

Chem, Mumbai, India) was used as the standard. 

Electron spin resonance method 

ESR measurements were performed to evaluate the 

radical quenching behavior of fraction III using Bruker 

EMX computer controlled spectrometer operating at  

X-band frequencies (~9.5 GHz) with a rectangular 

cavity. Solid DPPH
•
 was used to calibrate the 

experimental g values.  

Quenching of DPPH
●
 radical by fraction III. The 

radical quenching effect of fraction III against DPPH
•
 

was analyzed according to the method described 

previously [15] using the following instrumental 

parameters: center field 3466G, sweep width 100G, 

microwave frequency 9.775 GHz, microwave power 

3.196 mW, receiver gain 7.1 x 10
3
, modulation 

frequency 100 kHz, modulation amplitude 3G.  

The double integrated value of the ESR spectrum was 

taken as proportional to the concentration of the 

paramagnetic species. The integral intensities of ESR 

spectra were obtained by evaluating their double 
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integrals (DIESR) using Bruker WinEPR program 

version 2.11. The relative concentration (Crel) of DPPH
•
 

for the individual reaction times (t), was calculated as;  

Crel = [DIsamp
ESR / DIstd

ESR] t (Equation 1) 

where DI
samp

ESR and DI
std

ESR represent the double 

integral values for DPPH
•
 in the presence and absence 

of fraction III, respectively. DPPH
•
 (3 mM solution in 

ethanol) was used as standard. 

Quenching of nitric oxide radical by fraction III. Nitric 

oxide (NO
•
) gas was prepared from acidified sodium 

nitrite solutions as described previously [16]. A 

reaction mixture containing 150 µl of NO
•
 in methanol 

and 50 µl of fraction III (1 mg/ml) was transferred to a 

quartz tube (3 mm inner x 4 mm outer diameter) and 

low temperature ESR measurement was performed by 

immersing the sample tube into a cold finger liquid 

nitrogen dewar which was inserted into the microwave 

cavity, using the following instrumental parameters at 

77 K; center field 3396G, sweep width 100G, 

microwave frequency 9.68 GHz, microwave power 

3.2 mW, receiver gain 7.1 x 10
3
, modulation frequency 

100 kHz, modulation amplitude 3G.  

Low temperature measurements were necessary since 

nitric oxide solution does not give rise to an ESR 

spectrum at room temperature. The integral intensities 

of ESR spectra obtained were calculated using the 

Equation 1. Here the integrated intensities refer to those 

of NO
•
. For the low-temperature spectra, the weak 

signal from the cold finger dewar was subtracted from 

the experimental spectra before numerical analyses 

were performed. Tempol (3 mM solution in ethanol) 

was used as standard.  

Antimicrobial activity of fraction III by agar well-

diffusion method 

The antimicrobial activity of fraction III was studied 

against chosen bacterial strains (methicillin resistant 

Staphylococcus aureus, MTSA) obtained as type 

cultures from MTCC (Microbial Type Culture 

Collection, Punjab, India) and as clinical strains from 

hospitals in and around Chennai. A stock concentration 

of 25 mg/ml of fraction III was prepared and diluted 

with methanol for varying concentrations to be tested. 

Agar well diffusion method was employed for 

antimicrobial studies as described earlier [17]. 

Methicillin at 30 mg/disk (HiMedia, Mumbai, India) 

serves as a positive control and methanol acts as a 

vehicle control. The zone of inhibition was measured 

using an antibiotic zone scale (Hi-Media, Mumbai, 

India) and the antibacterial activity was expressed in 

terms of average diameter of the zone of inhibition in 

millimeters. Minimum inhibitory concentration (MIC) 

was determined in triplicates by broth micro-dilution 

method [18]. 

 

Statistical analysis 

All the spectrophotometric and antimicrobial 

experiments were carried out in triplicates. The results 

were transferred into an MS Excel spreadsheet and 

were analyzed using OriginPro (Northampton, MA, 

USA) statistical software version 8.0. 

 

RESULTS 

Microorganism and secondary metabolite 

The nature of the isolate, biochemical properties, 

growth conditions, extraction procedures of fraction III 

were detailed in our earlier publication [11]. Briefly, 

the strain identification was done based on the 

morphological, biochemical characteristics, G+C 

content and 16s rDNA sequence analysis of the isolated 

microorganism. Gene sequence of MMG-28 was 

submitted in GenBank (National Center for 

Biotechnological Information, NCBI), USA (accession 

no: EU583722). Further, pure culture deposited in 

IMTECH (Institute of Microbial Technology, 

Chandigarh; India; accession no: MTCC 5210). The 

sequence of 1375 bases of 16s rDNA of MMG-28 

showed 95-99.8% similarity to 16s rDNA gene 

sequence of 19 strains of Pseudomonas species. 

Phylogenetic tree constructed by the neighbor-joining 

method showed MMG-28 belonged to the species 

Pseudomonas aeruginosa sub-lineage.  

Spectrophotometric assays 

DPPH
•
 scavenging assay. The isolated fraction III 

exhibited significant dose dependent inhibition of 

DPPH
•
 activity which was measured as absorbance at 

517 nm. A reduction of 50% of the absorbance (IC50) 

was achieved at 3 µg/ml concentration of fraction III 

(Fig.1), whereas the standard ascorbic acid showed 

4.3 µg/ml. In order to authenticate the quenching of 

free radicals by fraction III, ESR spectral analysis was 

performed to find the actual number of spins of DPPH
•
 

quenched. The reduction in the ESR spectral peak 

intensity of DPPH
•
 (3.24 times) after the addition of 

fraction III (1 mg/ml) is shown in Fig.2. Table 1 

summarizes the IC50 and antiradical power values 

(1/IC50), for fraction III and ascorbic acid. The 

spectrophotometric results were well supported by the 

ESR spectral data. Table 2 contains the relative 

concentration (Crel) of paramagnetic species (DPPH
•
 or 

nitric oxide radical) at individual reaction times (t) as 

defined by Equation 1.  

 
Table 1. EC50 and Antiradical power efficiency of fraction III 

in comparison with standards 

Sample IC50*
 TIC50 (min) ARP (x 10-3) 

Fraction III 3.15 ±  0.1 2.24 0.3174 

Ascorbic acid 7.6 ± 0.1 1.15 0.1315 

*Results are expressed as mg antioxidant/100 g DPPH in mean ± SD 
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Table 2. Integral intensities of ESR spectra calculated for 

DPPH
•
 and nitric oxide radicals in the presence and absence 

of fraction III 

Sample  DI* Crel (mM)† 

DPPH• 6.155 x 107 --- 

Fraction III + DPPH• 1.657 x 107 0.26921 

Nitric oxide 1.68 x 108 --- 

Fraction III + Nitric oxide 0.287 x 108 0.17095 

*Double integral; †relative concentration 

Nitric oxide radical scavenging activity. Fig.3 

illustrates the nitric oxide radical scavenging capacity 

of fraction III in comparison with ascorbic acid. The 

absorbance at 540 nm is taken as an indicator for the 

interaction of nitric oxide radical with the antioxidant 

[13]. Both fraction III and ascorbic acid lead to a 

gradual increase in the absorbance which was measured 

at 540 nm, in the presence of nitric oxide radical. 

Further, the nitric oxide radical scavenging activity of 

fraction III was confirmed by ESR spectral 

measurements (Fig.4). The reduction in the ESR 

spectral peak intensity of nitric oxide radical (a factor 

of 2.2), obtained upon the addition of fraction III, 

demonstrates its scavenging activity. The results reveal 

that fraction III is more potent nitric oxide radical 

scavenger than standard ascorbic acid (Fig.3). The 

spectrophotometric assay was well supported by the 

ESR spectral studies (Fig.4).  

Superoxide radical scavenging activity. The superoxide 

radicals generated from dissolved oxygen by PMS-

NADH coupling can be measured by their ability to 

reduce NBT [19]. The decrease in the absorbance at 

56 nm suggests the ability of fraction III to quench 

superoxide radicals in the reaction mixture. Fig.5 

demonstrates the superoxide radical scavenging 

capacity of fraction III in comparison with standard 

quercetin. The IC50 values of fraction III and standard 

were observed as 37 and 4 µg, respectively. (The IC50 

values were obtained by extrapolation of the graph) 
 

 
Figure 1. Scavenging activity of SM and ascorbic acid on DPPH• 

radical. The data is expressed as % inhibition of DPPH• radicals. The 
results are mean ± SD of six parallel measurements. 

 
Figure 2. ESR spectral results of the antioxidant nature of SM using 

DPPH• as standard at room temperature. 

 

 
Figure 3. Scavenging activity of SM and ascorbic acid on nitric 
oxide radical. The absorbance (A540) was plotted against 

concentration of sample. The results are mean ± SD of six parallel 

measurements. 

 

 
Figure 4. ESR spectral results of antioxidant nature of SM on nitric 

oxide radical at 77 K. 
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Table 3. Antimicrobial activity of fraction III against type strains and clinical strains 

Test organisms 
Inhibition zone (mm)  

(mean ± SD)** 

MIC values of 

fraction III  

(µg ml-1) 

MIC values of 

standard methicilllin  

(µg ml-1) 

Zone of inhibition 

for vehicle  

(methanol; 100 µl) 

Bacillus subtilis  

(MTCC 7303) 
18  0.2 (23  0.2) ND ND ND 

Staphylococcus aureus  

(MTCC 7443) 
20  0.2 (25  0.2) ND ND ND 

Klebsiella pneumonia  

(MTCC 4031) 
16  0.2 (23  0.2) ND ND ND 

Shigella flexneri  

(MTCC 1457) 
18  0.4 (23  0.2) ND ND ND 

MRSA1 23  0.2 (0) 3 1600 ND 

MRSA2 22  0.2 (0) 3 1600 ND 

MRSA3 25  0.2 (0) 3 800 ND 

MRSA4 20  0.2 (0) 4 3200 ND 

MRSA5 23  0.2 (0) 3 1600 ND 

All the tests performed in triplicates. MRSA (methicillin resistant Staphylococcus aureus); clinical strains obtained from hospitals in Chennai. 

**Values in the brackets are inhibition zone of test organism against respective antibiotics. ND, not detectable.  

 

 
Figure 5. Scavenging activity of SM and quercetin on superoxide 

radical. The data is expressed as % inhibition of superoxide radicals. 

The results are mean ± SD of six parallel measurements. 

 

 

Antimicrobial activity of fraction III 

Table 3 summarizes the antimicrobial activity of 

fraction III against the studied test organisms (Gram(+) 

and Gram(–)) in comparison with standard antibiotics. 

The zone of lysis was in the range of 18-20 mm for 

Gram(+) and Gram(–) organisms. MIC of fraction III 

for MRSA strains was identified as 2.3-3.7 µg/ml, 

which was comparatively less than the standard 

methicillin tested against the chosen clinical isolates.  

 

DISCUSSION 

The present study demonstrates the antioxidant activity 

of an active fraction (fraction III) of a secondary 

metabolite assessed using conventional radical 

scavenging methods and further confirmed using 

instrumental analysis. In general, free radicals are 

reactive molecules having an unpaired electron which 

can be produced by radiation or as byproducts of 

metabolic processes [20]. They initiate chain reactions 

which lead to disintegration of cell membranes and cell 

compounds including lipids, proteins and nucleic acids. 

Besides damaging live cells, radicals play a major part 

in deterioration of foods which finally affect the 

edibility of foods [21]. Antioxidant compounds 

scavenge free radicals so as to reduce the level of 

oxidative stress and related diseases [22]. Although 

numerous methods are available for the evaluation of 

the antioxidant activity [3, 6, 23-26], according to Meir 

et al [27], free radical scavenging, metal ion chelating, 

and superoxide anion radical scavenging are the most 

important methods explored. The total antioxidant 

activity of an antioxidant cannot be evaluated 

accurately and quantitatively using one single method 

due to the lack of correlation between the results 

obtained for the material from the same and or different 

laboratories using same or different assay procedures 

[28]. This is due to the presence of multiple active 

species, reaction characteristics and mechanisms 

involved in the oxidative stress in human body [29].  

As mentioned earlier, the free radical scavenging 

activity study is one of the most important methods to 
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assess the antioxidant property of the metabolites and 

the stable free radical DPPH
●
 was generally used, since 

it consumes relatively shorter time in comparison to 

other methods [30]. The model of scavenging the stable 

DPPH
● 

is a widely used method to evaluate antioxidant 

activities in a relatively short time in comparison with 

other existing methods [31]. The reduction of DPPH
●
 

absorption indicates the free radical scavenging 

capacity of the extracts, independently of any 

enzymatic activity. The data obtained from DPPH
●
-

ESR method, gives confirmable information on direct 

interaction between antioxidants and free radicals. This 

is an important advantage of using DPPH
●
-ESR 

method compared to the spectrometric method [32].  

In the present study an attempt was made to study the 

free radical scavenging activity of the active fraction 

(fraction III) extracted as a secondary metabolite from 

Pseudomonas aeruginosa. It was observed, that the 

DPPH radical scavenging activity increases with an 

increase in the concentration of the fraction III (Fig.1a) 

and suggests the hydrogen donating ability of fraction 

III [31, 33, 34]. The spectrophotometric results were 

well substantiated with ESR spectrum (Fig.2). 

Stevanato et al [35] found a decrease in peak intensity 

of DPPH
●
 when compared to control 30 min after the 

addition of an antioxidant compound obtained from 

fermenting musts. Yu et al [36] evaluated free radicals 

scavenging capacities of conjugated linoleic acids 

(CLA) against DPPH
●
 by ESR method for the first time 

and reported a decrease in the peak intensity of DPPH
●
.  

It is well known that nitric oxide plays an important 

role in various inflammatory processes and the toxicity 

multiplies only when the radicals react with superoxide 

radicals to form peroxynitrite, which damages the 

biomolecules [37]. Devi et al [25] studied the nitric 

oxide radical scavenging activity of the methanolic 

extract of G.acerosa and Haligra sp and found that the 

extract exhibits 40% nitric oxide radical scavenging 

activity in comparison to control, butylated hydroxy-

toluene (BHT). They concluded that the extract might 

be potent and novel therapeutic agent for scavenging 

nitric oxide and the regulation of pathological 

conditions caused by the progressive generation of 

nitric oxide. Hazra et al [26] reported that the 

methanolic extract of S.pinnata caused dose dependent 

inhibition of nitric oxide radical with an IC50 value of 

24.48 µg/ml. Lekameera et al [38] reported that the 

dimethyl sulfoxide (DMSO) and methanol extract of 

C.sinuosa showed nitric oxide radical scavenging 

activity of 81.2 µg/ml. These authors also concluded 

that the suppression of nitric oxide radical release may 

be partially attributed to direct scavenging by the plant 

extracts which decrease the amount of nitrite generated 

from the decomposition of sodium nitroprusside in 

vitro. Our results in the present study indicate that the 

fraction III possess nitric oxide radical scavenging 

activity. It is also noticed that the active fraction of the 

secondary metabolite is more potent nitric oxide 

scavenger than the standard ascorbic acid (Fig.3). The 

spectrophotometric assay was well substantiated using 

ESR studies which show a reduction of nitric oxide 

radical concentration in the presence of fraction III 

(Fig.4).  

In general, the production of highly reactive oxygen 

species such as superoxide anion radicals, hydrogen 

peroxide, and hydroxyl radicals is also catalyzed by 

free iron through Haber-Weiss reaction [39]. 

Superoxide anion, which is a reduced form of 

molecular oxygen, has been implicated in initiating 

oxidation reactions associated with aging [40]. Also, it 

has been implicated in several patho-physiological 

processes, due to its transformation into more reactive 

species such as hydroxyl radical that initiate lipid 

peroxidation as a result of H2O2 formation, creating 

precursors of hydroxyl radicals [41]. Superoxide has 

also been observed to directly initiate lipid peroxidation 

[42]. In the N-phenylmethazonium methosulphate 

(PMS)/NADH-NBT system, superoxide anion derived 

from dissolved oxygen by PMS/NADH coupling 

reaction reduces NBT. Antioxidants are able to inhibit 

the blue nitrobluetetrazolium (NBT) formation [23]. In 

the present study the decrease of absorbance at 560 nm 

when superoxide radical is reacted with fraction III 

indicates the consumption of superoxide anion in the 

reaction mixture (Fig.5). Singh and Rajini [43] 

demonstrated that potato peel extract (PPE) effectively 

scavenged superoxide in concentration dependent 

manner and found that significant scavenging (60-84%) 

of superoxide radicals was evident at all the tested 

concentrations of PPE (0.5-5 mg). Kumaran and 

Karunakaran [44] observed that an aqueous extract of 

Coleus aromaticus had a notable effect on the 

scavenging of superoxide radical anion with an EC50 

value of 73.9 μg/ml. It has been observed by Ak and 

Gulcin [45] that diferuoyl methane, a phenolic 

compound and a major component of Curcuma longa L 

shows superoxide anion radical scavenging activity 

than α-tocopherol and trolox but lower than butylated 

hydroxyanisole (BHA) and BHT. 

Antioxidant and antibacterial activity guided 

fractionation of a dichloromethane extract of secondary 

metabolite yielded an active compound (fraction III). It 

showed bactericidal activity against antibiotic resistant 

microorganisms as well as against wide-range of 

bacteria (Table 3). It also showed potent antioxidant 

activity. The bioactive properties of fraction III showed 

the fraction has great potential worth exploring for 

pharmaceutical purposes. Fractional purification and 

structure elucidation work is under process.  
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