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Abstract Microbial pigments are a promising alternative source for natural
pigments. They possess a great potential for application due to their natural color,
safety, and low production cost. The present investigation is carried out on the
antioxidant assays, namely, 2,2-di phenyl-1 picryl-hydrazyl (DPPH), 2,2′-azinobis-
3-ehtylbenzthiazoline-6-sulfonate (ABTS), metal chelating activity, reducing power,
and ferric reducing antioxidant power (FRAP) of pyocyanin produced from Pseu-
domonas aeruginosa. Principal antioxidant compounds present in pyocyanin were
identified by HPLC. In vitro cytotoxicity study was carried out to evaluate the effect
of pyocyanin on MG-63 osteosarcoma cell line.
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1 Introduction

Microbes have been exploited for pigment production due to factors like relatively
large and easily manipulated strands of genes, independent of weather conditions,
etc. (Shaikh 2016). The increasing awareness of health and pollution hazards of
chemical dye has led to the resurgence of interest in microbial color (Kant 2012).
The most characteristic feature of Pseudomonas aeruginosa is the production of a
water-soluble blue-green phenazine compound known as pyocyanin (Sudhakar et al.
2013).
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The current study aims at the exploitation of different antioxidant activities
of pyocyanin, namely, 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scav-
enging activity, ferric-reducing antioxidant power (FRAP) activity, 2,2′-azino-bis-3-
ethylbenzthiazoline-6-sulphonic acid (ABTS) activity, reducing power assay (RPA),
metal chelating activity, and total phenolic content (TPC) and total flavonoid content
(TFC). In vitro cytotoxic effects of pyocyaninon osteosarcoma cell line MG-63 was
also studied. An in-depth study on the various antioxidant activities of pyocyanin has
been done. We reported for the first time, cytotoxic effect of pyocyanin on MG-63
osteosarcoma cell line.

2 Materials and Methods

2.1 Chemicals

Analytical grade chemicals and solvents were obtained from Sigma Aldrich, Sisco
Research Laboratories Pvt. Ltd. (SRL) and Merck, India. Standards like ascorbic
acid, ethylene diamine tetra acetic acid (EDTA), beta hydroxy toluene (BHT), gallic
acid, and catechin were procured from Sigma Aldrich. MG-63 osteosarcoma cell
lines were procured from National Centre for Cell Science (NCCS), Pune, India.

2.2 Screening of Pigment-Producing Microorganism

Screening of the pigment-producing microorganism from soil was previously
performed by serial dilution and spread plate method on nutrient agar plates and
incubated at 37 °C for 18–24 h. This study had earlier been reported in our previous
publication, Chatterjee and Bhowal (2016).

2.3 Identification of the Pigment-Producing Microorganism

Standard biochemical tests and molecular characterization of the microorganism
were done for the identification purpose (El-Fouly et al. 2015).
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2.4 Production and Extraction of Extracellular Microbial
Pigment

Extraction of the pigment was done by solvent (chloroform) extraction method and
was stored in a dark-colored glass container at−20 °C for future experimental work.
This work had already been reported in our previous publication (Chatterjee and
Bhowal 2016).

2.5 Antioxidant Activity of the Pigment

Evaluation of antioxidant potentiality of the pigment was done by various antioxidant
assays.

2.5.1 2,2-Di Phenyl-1 Picryl-Hydrazyl (DPPH) Assay

DPPH radical scavenging activity was carried out according to the method reported
by Lamien-Meda et al. (2008). DPPH solution in methanol (1:1) served as control.
Radical scavenging activity of the pigment was expressed in terms of percentage
inhibition of DPPH radical.

DPPH radical scavenging activity (%) = Acontrol − Asample

Acontrol
× 100%

where Acontrol is the absorbance of the DPPH+methanol and Asample is the absorbance
of free radical solution with the pigment. Ascorbic acid was used as the positive
control.

2.5.2 2,2′-Azinobis-3-Ehtylbenzthiazoline-6-Sulfonate (ABTS) Assay

The ABTS radical scavenging activity was determined by the method described by
Miller and Rice-Evans (1997). α-tocopherol was used as the positive control. The
scavenging activity on the ABTS radical was measured by the following equation:

% scavenging activity = Acontrol − Asample

Acontrol
× 100%
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2.5.3 Ferric-Reducing Antioxidant Power (FRAP) Assay

The reducing power of the sample was done with the modified method of Benzie
and Strain’s (1996). Catechin was used as positive control. The FRAP value was
determined from the standard curve of Fe2+ (FeSO4.7H2O).

2.5.4 Reducing Power Assay (RPA)

This assay was carried out according to the method reported by Jayanthi and Lalitha
(2011) with slight modifications. Ascorbic acid (AsA) and butylated hydroxy toluene
(BHT) were used as a positive and negative controls, respectively.

2.5.5 Metal Chelating Activity

The ability of pyocyanin to chelate ferrous ion was performed according to the
method reported by Dinis et al. (1994). EDTA was used as the positive control. The
percentage inhibition was calculated as follows:

Chelating ability (%) = Acontrol − Asample

Acontrol
× 100

2.5.6 Total Phenolic Content (TPC)

The concentration of phenolic compounds wasmeasured by themethod described by
Waterman and Mole (1994). Total phenolic content of the metabolite was calculated
from standard curve of gallic acid (1 µg/µl). Total phenolic content of the sample
was expressed as mg of gallic acid equivalents (GAEs) per gram of sample.

2.5.7 Total Flavonoid Content (TFC)

This assay was carried out according to the method reported by Quettier et al. (2000).
The content of flavonoid was calculated on the basis of the calibration curve of
catechin and the results were expressed as mg of catechin equivalents per gram of
extract.
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2.6 Identification of Principal Antioxidant Compounds
by High-Performance Liquid Chromatography (HPLC)

The pigment extract was subjected to HPLC analysis. Ascorbic acid, phenolic acids
(gallic acid and ferulic acid), and flavonoids (catechin, myricetin, quercetin and
kaempferol) were used as standards. The gradient elution was conducted according
to the Evaristo and Leitao (2001) method with minor modifications. Identification of
the compounds was done by comparison of their retention’s time and UV absorption
spectrum with those of the standards.

2.7 In Vitro Cytotoxic Effect of Pyocyanin on MG-63
Osteosarcoma Cell Lines

The cell viability onMG-63 bone cancer cell lines was determined by standard [3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide] (MTT) assay (Hassani
et al. 2012). Optical density was read at 540 nm with DMSO as blank. The results
were expressed in terms of cell viability percentage.

Cell viability (%) = Acontrol − Asample

Acontrol
× 100

3 Results and Discussion

3.1 Screening of Pigment-Producing Microorganism

Among all the microorganisms that had been screened, a blue-green pigment-
producing bacterium was selected for further studies.

3.2 Identification of the Pigment-Producing Microorganism

Standard biochemical tests were done and positive results were recorded with growth
on MacConkeys agar medium, methyl red test, citrate test, nitrate reduction test,
catalase test, oxidase test, esculine hydrolysis test, and Tween 40 test. The report
of the molecular characterization revealed that the sequence obtained was 100%
identical to the partial gene sequence of 16S rRNA of P. aeruginosast Hema 10.
This strain was accessed in NCBI gene bank for MF419261.1. El-Fouly et al. (2015)
found the 16S rRNA gene sequence analysis of two isolates, namely, P. aeruginosa
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R1 and P. aeruginosaU3 which possessed 97% nucleotide sequence identity to those
of P. aeruginosa FPVC 14 and 94% similarity with those of P. aeruginosa 13.A,
respectively.

3.3 Production and Extraction of Extracellular Microbial
Pigment

Blue-colored microbial pigment was obtained after solvent (chloroform) extraction.

3.4 Antioxidant Assays

3.4.1 DPPH (1,1-Diphenyl-2-Picrylhydrazyl) Free Radical Scavenging
Activity

DPPH radical scavenging activity (%) was found to be 47.79 ± 0.05% and the
IC50 value was evaluated at 4.75 µg/ml. Ascorbic acid was used as standard. These
results are significantly higher than in the study carried out by Dahah et al. (2016)
who observed the IC50 value of pyocyaninat 3.15 µg/ml.

3.4.2 Free Radical Scavenging Activity (%) Against ABTS+

The ABTS+ radical scavenging activity was significantly (p ≤ 0.05) high, i.e., 43.63
± 0.3% at 3.50 µg/ml concentration of pyocyanin which was comparable to that of
standard, ascorbic acid. Pawar et al. (2015) reported that the bacterial pigment (PIGB
77) exhibited 38.9 ± 1.98% radical scavenging activity.

3.4.3 Ferric-Reducing Antioxidant Power (FRAP) Assay

FRAP value was recorded as 8.99 ± 0.23 for 1 mg/ml sample concentration. Ferric
chloride was used as the standard. This was significantly higher than the results of
Pawar et al. (2015) where it was reported that the FRAP value was 7.97 ± 0.12 for
1 mg/ml concentration of pigment produced by Pseudomonas argentinensis (PIGB
46) and 5.90 ± 0.13 for 1 mg/ml in case of the pigment produced by Pseudomonas
koreensis (PIGB 77).
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3.4.4 Reducing Power Assay (RPA)

RPA (mEq BHT/gm) of the pigment was found to be 34.8 ± 0.00. BHT was used as
the standard. Pawar et al. (2015) tested the reducing power activity with the pigment
produced by P. koreensis. The highest activity was recorded at 15 mg/ml.

3.4.5 Metal Chelating Activity (MCA)

MCA(%) of the pigmentwas found to be 20.78± 0.02 at 1.36mg/ml and it represents
the greatest inhibition activity when compared to the standard, EDTA. Mani et al.
(2015) observed in their study that FC1-3 showed the highest metal chelating activity
at 1.53 mg/ml.

3.4.6 Total Phenolic Content (TPC)

TPC was found to be 26.47 ± 0.9 mg GAE/ml. Gallic acid was served as standard.
In the study conducted by Mullick et al. (2015), it was reported that the TPC of the
pigment extracted from P. aeruginosa MTCC 741 was 23.53 ± 2.5 mg GAE/ml.

3.4.7 Total Flavonoid Content (TFC)

TFC was found to be 32 ± 0.82 mg CAE/ml which is higher than in the study
conducted byMullicket al. (2015)who reported that the TFCof the pigment extracted
from P. aeruginosa MTCC 741 was 30 ± 0.99 mg QE/ml.

3.5 Identification of Antioxidant Compounds Present
in the Pigment Extract by High-Power Liquid
Chromatography (HPLC) Analysis

The phenolic and flavonoid profiling of the pigment extract was identified by HPLC
coupled to photodiode array detector (Fig. 1). Aspartic acid, gallic acid, dihydroxy
benzoic acid (DHBA), trans cinnamic acid, and ferulic acidwere identified as the prin-
cipal antioxidant compounds present in the pigment extract. This has been reported
for the first time.
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Fig. 1 Peaks of principal antioxidant compounds in pyocyanin by HPLC
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3.6 In Vitro Cytotoxic Effect of Pyocyanin on MG-63
Osteosarcoma Cell Lines

The gradual decline in cell viability percentage established the non-cytotoxic
behavior of pyocyanin towardMG-63 osteosarcoma cell lines with respect to control
(Fig. 2). On day 1, the cell viability percentage was recorded to be 85.57% and
gradually decreased to 11.01% at the end of day 5. Moayedi et al. (2018) reported
that pyocyanin was able to reduce human pancreatic cancer (Panc-1) cells, inhibition
rate being by 89.88 ± 1.86%. He further added that pyocyanin could also induce
dose-dependent apoptosis in Panc-1 cells after 24 h.

4 Conclusion

In vitro investigations showed that pyocyanin exhibits promising antioxidant capacity
to scavenge free radicals in biological system. The pigment thus can be used as an
alternative natural antioxidant after toxicological examination. This high percentage
of free radical scavenging activity of the pigment at very minute concentrations gives
us a positive indication for the safe use of the pigment. In addition to this, the pigment
showed no cytotoxic effects on cultured MG-63 osteosarcoma cell lines.
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