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ABSTRACT 

 

In the present study, the crude secondary metabolites, previously extracted from the fermentation 

medium of the locally isolated Pseudomonas aeruginosa OQ158909 strain were subjected to silica 

gel column chromatography using optimized solvent systems. The most biologically active 

fraction was further purified via high-performance liquid chromatography (HPLC) and identified 

as phenazine-1-carboxylic acid (PCA) through a comprehensive analytical approach involved 

ultraviolet (UV) spectroscopy, Fourier transform infrared (FTIR) spectroscopy, mass spectrometry 

(MS), and proton nuclear magnetic resonance (¹H-NMR) spectroscopy. The biological activities of 

the purified PCA were evaluated, revealing a potent antimicrobial effect against a diverse array of 

human pathogens. The inhibition zones recorded against Gram-positive bacteria ranged from 16 to 

28 mm, while those against Gram-negative bacteria ranged from 13 to 36 mm. PCA also exhibited 

antifungal activity, with inhibition zones of 16 mm and 17 mm against Aspergillus niger and 

Candida albicans, respectively. Furthermore, PCA demonstrated significant antioxidant activity, 

scavenging 75.2% of DPPH free radicals at a concentration of 100 μg/mL, with an IC₅₀ value of 

40.4 μg/mL. This efficacy surpassed that of butylated hydroxyanisole (BHA) and vitamin C, 

which served as standard positive controls in the antioxidant assays.In addition, PCA exhibited 

pronounced anti-inflammatory effects. Treatment with 100 μg/mL of PCA resulted in an 82.54% 

reduction in lipopolysaccharide (LPS)-induced nitric oxide (NO) production and nearly complete 

suppression of inducible nitric oxide synthase (iNOS) expression. PCA also displayed significant 

cytotoxic effects against various human cancer cell lines. The highest efficacy was detected 

against the HePG2 cell line, with an IC₅₀ of 45.5 μg/mL and a selectivity index exceeding 2. 

Moreover, 100 μg/mL of PCA inhibited 74% of PACA cells and 50% of PC3 and MCF7 cells. 
Lastly, PCA showed remarkable wound healing potential, achieving nearly complete wound 

closure at a concentration of 100 μg/mL within 24 hours. 

Keywords: Antimicrobial activity; Antioxidant activity; Anti-inflammatory effect; Natural 

compounds; Phenazine-1-caboxylic acid; Pseudomonas aeruginosa; Secondary metabolites. 

 
 

INTRODUCTION 

 

The exploration of microorganisms as sources of 

therapeutically useful compounds, specifically bioa-

ctive secondary metabolites, for use in human 

medicine, is currently imperative (Vicente et al., 2003; 

Liu et al., 2010; Kato et al., 2012). These metabolites 

have proven to be rich and renewable source of new 

human drugs. Despite the identification of thousands of 

microbial secondary metabolites, they remain a 

virtually inexhaustible reservoir for the discovery of 

novel antimicrobials, antivirals, antitumor agents, and 

agricultural compounds. Furthermore, numerous seco-

ndary metabolites such as benzylpenicillin, cephalo-

sporins, and erythromycin, serve as precursor struc-

tures for the development of synthetic and semi-

synthetic derivatives with enhanced pharma-cological 

properties (Vicente et al., 2003). Among these 

secondary metabolites, phenazines represent a 

significant group of pigmented molecules that encomp-

asses over 150 naturally occurring and synthesized 

nitrogen-containing aromatic compounds. These 

compounds are exclusively produced by bacteria and 

play significant roles in the ecological fitness and 

pathogenicity of the bacterial strains that synthesize 

them (Turner and Messenger, 1986; Blankenfeldt and 

Parsons, 2014; Cha et al., 2015). The phenazine parent 

compound (Figure 1) is a dibenzopyrazine with the 

molecular structure of C12H8N2 (Yu et al., 2018). In 

contrast, phenazine-1-carboxylic acid (PCA) is a 

phenazine derivative where the hydrogen at the C-1 

position is replaced by a carboxylic group (Figure 2). 

Phenazine natural prod-ucts are a class of nitrogen-

containing heterocyclic compounds produced by 

microorganisms. PCA is produced by various species 

within the orders Pseudomonadales and Streptomyc-

etales. Recently, it has been extensively utilized in 

agricultural applications due to its potent inhibitory 

effects against several soil-borne fungal phytopatho-

gens (Huang et al., 2024; Deng et al., 2024; Niu et al., 

2017; Xiong et al., 2017). PCA has been registered in 

China as a certified biofungicide under the trade name 

"Shenqinbactin," recognized for its high fungicidal 

efficiency, low toxicity to humans and animals, 

environmental friendliness, and ability to improve crop 

production (Xiong et al., 2017). 
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Figure (1): Phenazine compound (PHZ), (Yu et al.,2018) 

 
Figure (2): Phenazine-1- carboxylic acid (PCA), (Yu et al., 2018) 

 

PCA and its analogues have demonstrated significant 

antifungal activities. For instance, phenazine-1-carbo-

xylic hydrazine, an analogue of PCA, exhibits potent 

fungicidal activities against pathogens such as Botrytis 

cinerea, powdery mildew, Rhizoctonia solani, 

Fusarium oxysporum, Phytophthora capsici, and 

Sclerotinia sclerotiorum (Xiong et al., 2017). Additio-

nally, phenazine-1-carboxylic esters have shown 

excellent fungicidal activities against Magnaporthe 

oryzae (Niu et al., 2017; Xiong et al., 2017). PCA itself 

is active against several soil-borne fungal pathogens, 

including Gaeumannomyces graminis, Phytophthora 

capsici, and Colletotrichum orbiculare (He et al., 

2008; Yu et al., 2018). Furthermore, PCA has been 

identified as an antifungal compound with high activity 

and has been applied as a plant growth promoter and 

germination booster (Trung et al., 2020; Mahdi et al., 

2023). Additionally, PCA exhibits antioxidant and anti-

inflammatory effects, which can be harnessed for 

therapeutic applications in treating various diseases and 

promoting wound healing. The growing interest in 

PCA has led researchers to explore diverse microbial 

sources capable of producing this compound. The 

ability to isolate and characterize strains that synthesize 

PCA can enhance our understanding of its biosynthesis 

and expand its availability for industrial and medical 

applications. Therefore, the aim of this study is to 

purify and characterize phenazine-1-carboxylic acid 

(PCA) from the crude extract of secondary metabolites 

produced by the locally isolated Pseudomonas 

aeruginosa OQ158909 strain. This will be achieved 

using silica gel column chromatography, thin-layer 

chromatography (TLC), high-performance liquid chro-

mategraphy (HPLC), and identification techniques 

including UV spectroscopy, Fourier-transform infrared 

spectroscopy (FTIR), mass spectrometry (MS), and 

proton nuclear magnetic resonance (
1
H-NMR). Additi-

onally, the study will evaluate the biological activities 

of the purified PCA, focusing on its anti-microbial, 

antioxidant, anti-inflammatory, cytotoxic, and wound 

healing effects, thereby assessing its potential 

applications in medicine and other relevant fields. 
 

 

MATERIALS AND METHODS 
 

The tested strains were obtained as courtesy of the 

Biological Assessment of Natural and Microbial Prod-

ucts Unit, Lab. 174, Chemistry of natural and microbial 

products department, National Research Centre, 

Dulbecco's modified Eagle's medium (DMEM, 

Corning, USA). 
 

Partial purification of phenazine compound using 

silica gel column chromatography 

The secondary metabolites of the Pseudomonas 

aeruginosa strain OQ158909, grown in a specific 

medium, were extracted using ethyl acetate. The purif-

ication of the compounds present in the ethyl acetate 

extract was performed via silica gel column chroma-

tography. A glass column measuring 4.5 cm in 

diameter and 65 cm in height was packed with 50.0 g 

of silica gel (Silica gel 60, 0.063-0.200 mm, 70-230 

mesh ASTM, Merck, Germany) suspended in n-hexane 

to a height of 45 cm and was subsequently washed with 

100.0 mL of n-hexane. The concentrated ethyl acetate 

extract (3.0 g) was homogeneously mixed with 3.0 g of 

the silica gel suspension to prepare metabolite-silica 

gel slurry, which was air-dried before being loaded into 

the column. The column was eluted with 600.0 mL of 

n-hexane, followed by the same volume of three 

solvent systems in different ratios of n-hexane to ethyl 

acetate as follows: S1: n-hexane/ethyl acetate 3:2 (v/v); 

S2: n-hexane/ethyl acetate 3:3 (v/v); S3:n-hexane/ethyl 

acetate 2:3 (v/v). Finally, the column was eluted with 

600 mL of ethyl acetate. Thirteen fractions of 200.0 

mL each were successively collected. Samples from 

each fraction were then spotted on TLC plates and 

eluted using ethyl acetate/n-hexane 3:2 (v/v) as a 

solvent system. Separated spots, with similar Rf values, 

were pooled and tested for their antimicrobial activities 

against the different, human pathogenic bacteria and 

fungi using disc diffusion method (Kennedy et al., 

2015; Radwan et al., 2021). 

The human pathogens, listed in Table (1), were 

obtained courtesy of the Biological Assessment of 

Natural and Microbial Products Unit, Lab 174, Depart-

ment of Chemistry of Natural and Microbial Products, 

National Research Centre. The pathogens were 

cultured in Dulbecco's Modified Eagle's Medium 

(DMEM, Corning, USA). 
 

Purification and identification of the biologically 

active phenazine compound  
 

High Performance Liquid Chromatography (HPLC) 

The selected BCD sub-fraction was filtered through 

a 0.2 µm syringe filter (Millipore) and further purified 

using preparative HPLC (Yong Lin, Korea) with an 

Agilent-ZORBAX RX-SiL column (250 × 9.4 mm). 

The HPLC profiles were monitored at 254 nm and 280 

nm using a UV/Vis detector (YL9120, Yong Lin). The 

solvent system used for elution was ethyl acetate/n-

hexane (1:1, v/v) at a flow rate of 4.0 mL/min, operated 

via an isocratic pump (YL9112, Yong Lin). Fractions 

were collected based on their retention times. The 

antimicrobial activities of the purified fractions were 

subsequently tested against the selected human 

pathogens (Table 1). 

Characterization of the pure compound 

Physical characterization 

The solubility of the pure isolated crystals was indiv- 
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idually tested using different solvents including water, 

chloroform, methanol, ethyl acetate, n-hexane, dime-

thyl sulfoxide (DMSO) and dichloromethane. The 

solubility of the pure crystals was recorded for each 

solvent. 
 

Table (1): Pathogenic bacterial and fungal strains used 

in antimicrobial evaluation assay. 
 

Pathogenic test strains 
ATCC 

Number 

Bacillus subitilis 6633 

Enterococcus faecalis 19433 

Staphylococcus aureus 25923 

Staphylococcus epidermidis 12228 

Escherichia coli 25922 

Helicobacter pylori 43504 

Klebsiella pneumonia 10031 

Candida albicans 10231 

Aspergillus niger 16888 

 
 

Chemical characterization 

The crystals, dissolved in chloroform, were subj-

ected to different chemical characterization methods, 

including ultraviolet-visible (UV-vis) spectropho-

tometry scanning, Fourier transform infrared (FTIR) 

spectroscopy, mass spectroscopy (MS) and nuclear 

magnetic resonance (NMR) analyses. All the chara-

cterization techniques were performed following the 

methods reported by Kennedy et al., (2015). 
 

Ultraviolet spectrophotometry scanning  

The purified crystals (10.0 mg) were dissolved in 

20.0 mL of ethyl acetate and subjected to UV-Vis 

spectrophotometer (JASCO V-730 spectrophotometer, 

Japan) over the wavelength range of 200 - 500 nm. The 

maximum absorption peaks were recorded and 

compared with reference results. 
 

Fourier transforms infrared (FTIR) spectroscopy 
 

FTIR (Perkin Elmer, USA) was performed in order 

to identify the functional groups and hence the chem-

ical structure of the pure compound. Prior to the analy-

sis, a sample of the bioactive crystalline compound was 

mixed with potassium bromide (KBr) and compressed 

using hand press to acquire a tablet (Amer and Awad, 

2020). The tablet was then dried under vacuum in a 

vacuum oven, overnight at 60 °C, to remove any 

moisture or excess solvent before the measurement. 

The spectrum was obtained using the absorbance mood 

of analysis over the wavelength range of 400 to 4000 

cm
-1

, acco-rding to the method reported by Kennedy et 

al., (2015). 
 

Mass spectroscopy analysis 

Mass spectrometry is an analytical chemistry 

technique used to elucidate the chemical structures of 

bioactive compounds. This method involves the ioni-

zation of the compound to be analyzed, generating 

charged molecules or molecular fragments, and meas-

uring their mass-to-charge ratios. For this experiment, 

the pure sample was dissolved in a 5 mm sample tube 

using dimethyl sulfoxide (DMSO) as the solvent. The 

mass spectrometric analysis was performed on an 

appropriate mass spectrometer, such as a JEOL JMS-

700 or similar model, although the specific model 

should be accurately identified. 
 

Nuclear magnetic resonance (1H-NMR) analysis 

Nuclear magnetic resonance analysis of the pure 

bioactive crystalline compound was performed using 

the typical analysis conditions for a 1H-NMR 

spectrometer (JEOL EX- 400 MHz, Japan) with a 

spectral width of 400 MHz in order to determine the 

presence of the characteristic 1H-Nuclear magnetic 

resonance signals and compared with reference results. 
 

In Vitro evaluation the biological activity of Phena-

zine-1-Carboxylic Acid (PCA)"  

Antimicrobial activity of PCA 

The antimicrobial activity of phenazine-1-carboxylic 

acid (PCA) was evaluated against selected human 

pathogenic pathogens (Table 1) using the well 

diffusion method (El-Anssary et al., 2021). To prepare 

the inocula, fresh overnight broth cultures of the test 

microorganisms were cultivated in nutrient broth 

medium and incubated at 37°C for 24 hours. Each 

pathogenic strain's broth was adjusted to approximately 

0.5 McFarland standard (1.5×10
8
 CFU/mL). An 

inoculum size of 25 µL was used for each tested 

pathogenic strain to inoculate 20 mL of sterile nutrient 

agar medium plates. After solidification, wells with an 

internal diameter of 0.9 cm were created in the nutrient 

agar medium layer. The antimicrobial activities of the 

PCA samples were assessed by adding 100 µL aliquots 

of the PCA solution in DMSO (50 mg/mL) into each 

well. Following a one-hour refrigeration period to 

enhance diffusion, the Petri dishes were incubated at 

37°C for 24 hrs. Finally, the zones of inhibition (ZI) 

were measured in millimeters (Elboraey et al., 2021). 
 

Antioxidant activity of PCA 

The free radical scavenging activity of the 

phenazine-1-carboxylic acid was measured using 1, 1-

diphenyl-2-picryl-hydrazil (DPPH) according to the 

method of Shimada et al. (1992). The phenazine-1-

carboxylic acid was tested in different concentrations 

ranging from 100 µg/mL, as a starting concentration, 

diluted to reach 25 µg/mL, in order to detect the IC50, 

which is the most potent active concentration able to 

scavenge 50 % of the DPPH free radicals. Briefly, 0.1 

mM solution of DPPH in methanol was prepared. 

Then, 1 mL of this solution was transferred to different 

test tubes to which different concentrations of the 

phenazine-1-carboxylic acid (25-100 µg/mL) were 

added. The final volumes of these solutions were 

adjusted at 3 mL using methanol. The mixtures were 

then vigorously shaken and allowed to stand in the dark 

at room temperature for 30 mins. The absorbance was 

then measured at 517 nm using a microplate multi-well 

reader (Bio-Rad Laboratories Inc., model 3350, Herc-

ules, California, USA). Lower absorbance of the 

reaction mixture indicated higher free radical scave-

nging activity. DPPH scavenging activity percentage 

(A %) was calculated by the following equation:  
 

A (%) = [(A0-A1)/A0] X100 
 

Where, A0 is the absorbance of the control (blank) 

sample; A1 is the absorbance of the tested phenazine-
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1-carboxylic acid sample and A (%) represents the 

percentage of antioxidant activity. 
 

Anti-inflammatory effect of PCA 

The inoculation of Dulbecco's modified Eagle's 

medium (DMEM, Corning, USA) with murine 

macrophage RAW264.7 cells (ATCC®) was incubated 

under anaerobic conditions in 5 % CO2 incubator. The 

cells were washed with phosphate buffer after that, 96-

well microtiter plastic plates were inoculated with 0.5 x 

106 cells/mL of RAW 264.7 cell and incubated 

overnight. Then, the non-induced triplicate wells were 

filled with the medium containing the sample vehicle 

(DMSO, 0.1% v/v). The inflammatory group of 

triplicate wells in full culture media with 0.1% DMSO; 

v/v was administered with 100 ng/mL of Lipopolysac-

charide (LPS). Different concentrations of Phenazine-

1-carboxylic acid sample (6.25, 12.5, 25, 50 & 100 

μg/mL) dissolved in DMSO and diluted in culture 

media containing lipopolysaccharide (LPS) (Final 

concentration of DMSO=0.1%, v/v) was used in groups 

of triplicate amounts. Caffeic acid phenecyl ester 

(CAPE, 5.0 μM) was used as an anti-inflammatory 

positive control. By using Griess assay to determine the 

NO in all tested wells after incubation for 24.0 hours 

(Eloutify et al., 2023). Equal volumes of culture 

supernatants and Griess reagent were mixed well and 

incubated at room temperature for 10 minutes to form 

the colored diazonium salt which absorbance was 

detected at 540 nm using a Tecan Sunrise™ microplate 

reader (Austria). The % of NO inhibited by the 

Phenazine-1-carboxylic acid sample was determined 

using the Alamar Blue™ reduction assay, then 

calculated relative to the LPS-induced inflammation 

group normalized to cell viability. The concentration 

that inhibits 50 % of LPS-induced NO release was 

statistically calculated on GraphPad Prism software 

using curve fit to non-linear regression analysis. The 

Phenazine-1-carboxylic acid sample was then subjected 

to the Western blotting test to detect the inhibition of 

the inflammation marker protein expression (iNOS). 
 

Cytotoxic activity of PCA 

Cell viability was evaluated using the MTT assay, 

based on the mitochondrial-dependent reduction of 

yellow MTT to purple formazan, as described by Wood 

et al. (2015). All procedures were conducted under 

aseptic conditions in a biosafety level II laminar flow 

cabinet (Baker, SG403INT). Cells were grown in 

DMEM-F12 medium supplemented with 1% antibiotic-

antimycotic mixture and 1% L-glutamine. Cultures 

were incubated at 37°C under 5% CO2. 

Cells were seeded at 10
4
 cells/well in 96-well plates 

and incubated for 24 hrs. They were then treated with 

phenazine-1-carboxylic acid (PCA) at different 

concentrations of 100, 50, 25, 12.5, 6.25, 3.125, 1.56, 

or 0.78 µg/mL. After 48 hrs, MTT was added, and 

plates were incubated for an additional 4 hrs. The 

reaction was stopped by adding 10% SDS, and 

absorbance was measured at 595 nm using a microplate 

reader (Bio-Rad Laboratories Inc., model 3350, 

Hercules, California, USA). Doxorubicin served as a 

positive control. Statistical analysis was performed 

using an independent t-test in SPSS 11. DMSO solvent 

was used to dissolve PCA and its final concentration on 

the cells was less than 0.2 %. The percentage of change 

in the cell viability (V %) was calculated according to 

the formula: 

 
 

The IC50 and IC90 values were also calculated using 

Probit analysis in SPSS 11. Selectivity index (SI) was 

calculated as IC50 against normal cells / IC50 against 

cancer cells. 
 

Wound healing activity of PCA 

The wound healing activity of pure phenazine-1-

carboxylic acid (PCA) was evaluated using the in vitro 

scratch assay. Human dermal fibroblast adult cells 

(BJ.1) were obtained from the National Research 

Center (NRC), Cairo, Egypt, and cultured in a 

humidified incubator at 37°C with 5% CO2. Cells were 

maintained in Dulbecco’s Modified Eagle Medium 

(DMEM; GIBCO, USA) supplemented with 1% 

Penicillin/Streptomycin (PS; GIBCO, USA) and 10% 

fetal bovine serum (FBS; GIBCO, USA) in T-75 flasks 

until 90% confluence before subculturing. 

For the assay, BJ.1 cells were seeded at a density of 

1 × 10
5
 cells/mL in 24-well plates and allowed to reach 

confluence over 24 hours. A small linear scratch was 

created along the confluent monolayer using a sterile 

P200 pipette tip (Harishkumar et al., 2013). Cells were 

rinsed with PBS to remove debris before being treated 

with PCA at a concentration of 100 μg/mL. 

Meanwhile, images of the outcome results were 

captured using a digital camera connected to an 

inverted microscope (Olympus, Japan) at ×40 

magnification (scale bar = 500 μm) at 0 hours before 

treatment and after 24 hrs. Image analysis was 

performed using Image J software (NIH, Bethesda, 

MD).  

The distance travelled by cells from the wound edge 

to the wound area was calculated and compared to 

control plates without PCA treatment. An increase in 

the percentage of the closed area indicated enhanced 

cell migration. Alternatively, wound closure rate can be 

expressed as the percentage of area reduction over 

time, calculated as follows: 

 

 
 

Where, At=0h is the area of the wound measured 

immediately after scratching (t=0 h), At=Δh is the area 

of the wound measured hrs after the scratch is 

performed. 
 

Statistical analysis 

Statistical analyses were performed to evaluate the 

significance of the results obtained. For antimicrobial, 

antioxidant and anti-inflammatory activities, ANOVA 

test was performed followed by post hoc t-tests. In the 

MTT assay measuring cell viability, an independent t-

test was utilized in SPSS version 11 to compare treated 

samples with the negative control group. The IC50 and 

IC90 values were calculated using Probit analysis to 

evaluate the cytotoxic effects of phenazine-1-
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carboxylic acid (PCA) on both cancerous and normal 

cell lines. In the wound healing assay, the percentage 

of wound closure was determined and compared 

between treated and control groups using one-way 

ANOVA followed by post hoc t-tests. Statistical 

significance was established at a p-value of ≤ 0.05 for 

all analyses. Data are presented as means ± standard 

error (SE). 
 

RESULTS 

 

Partial purification of the ethyl acetate extract  

Fractionation of the concentrated ethyl acetate 

extract using silica gel open column chromatography 

(Figure 3) yielded thirteen sub-fractions: A, B, C, D, E, 

F, G, H, I, J, K, L, and M. Thin-layer chromatography 

(TLC) analysis for all fractions revealed that sub-

fractions B, C, and D, detected under UV light, had 

similar Rf values (Figure 4A-B). In mean time the 

biological activities of the separated sub-fractions (A-

M) were evaluated against most common human 

pathogens which showed similar results (Figure 5A-B). 

These sub-fractions were combined and coded as BCD 

for further purification using HPLC analysis. 
 

Purification of phenazine sub-fraction BCD using 

preparative HPLC-analysis 
 

Sub-fraction BCD, which was selected as the most 

potent antimicrobial active phenazine compound, was 

mixed and subjected to further isolation and purifyc-

ation using preparative HPLC under the standard 

analysis conditions mentioned in the material and 

method section. The preparative HPLC-analysis Isola-

tion chart (Figure 6) showed different peaks eluted at 

different retention times. All 4 eluted sub-fractions 

were recuperated and tested for purity by TLC 

profiling and visualized under UV light as well as by 

their spraying with the anisaldehyde - sulfuric acid 

coloring reagent. The antimicrobial activities, of each 

of these fractions, were confirmed.  
 

Characterization of the pure compound 

The BCD sub-fraction was retrieved and subjected to

different spectroscopic techniques, including UV, 

FTIR, MS and 
1
H-NMR, for the structure elucidation 

of the pure compound. 
 

Ultraviolet spectrophotometer scanning analysis 

The UV-spectrophotometric scanning analysis of the 

purified compound revealed distinct absorbance peaks 

at 258 nm and 362 nm, indicating characteristic 

electronic transitions within the molecular structure 

(Figure 7). These absorption maxima suggest the 

presence of conjugated π-electron systems, typical of 

phenazine derivatives. Furthermore, mass spectrum-

etric (MS) analysis of phenazine-1-carboxylic acid 

(PCA) exhibited a prominent molecular ion peak at m/z 

224.85, corresponding to its molecular weight. The 

high intensity of this peak suggests the stability and 

predominance of the ion in the spectrum. Additionally, 

the structural representation of PCA confirms its 

molecular framework, including the phenazine core 

and carboxyl functional group. The 3D molecular 

model further illustrates the spatial arrangement of 

atoms, offering insights into the compound's electronic 

distribution and steric properties. These results strongly 

support the structural identification and molecular 

characterization of PCA using UV-spectrophotometry 

and mass spectrometry, reinforcing its chemical 

identity and purity. 
 

Fourier transforms infrared (FTIR) spectroscopy 

The infrared spectrum of the purified compound 

(Table 2 and Figure 8) showed three major absorption 

bands. The first band was detected at the wavelength of 

1421 cm
-1

 and represented the stretching vibration of 

the C=C bond of the aromatic ring. The second band 

was detected at the wavelength of 1436 cm
-1

 and 

representing the stretching vibration of the C=N bond 

of the aromatic ring. The third base peak was detected 

at the wavelength of 1616.06 cm
-1

 and was charac-

teristic for the C=O bond of the carboxylic acid group.  
 

Mass spectrometer analysis 

In order to determine the molecular weight of the 

purified compound, the MS-Spectroscopy analysis was  

 

 
 

Figure (3): Fractionation and Purification of ethyl acetate extract using open column chromatography. 
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Figure (4): TLC-profile of ethyl acetate sub-fractions. A, spot virtualization was done using short range UV lamp; B, spot virtualization was done 

using long range UV lamp. 
 

 

 
 

Figure (5A): Antimicrobial activities of ethyl acetate sub-fractions against most common human pathogenic microorganisms, data are represented in 
means ±SE.  

 

 
 

Figure (5B): Antimicrobial activities of ethyl acetate sub-fractions against most common human pathogens using agar plates disc diffusion 
method. The pathogens include: A, S. aureus; B, B. cereus; C, B. subtilis; D, Micrococcus luteus and E, A. niger. 
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Figure (6): HPLC profile of acetyl acetate fraction: Chromatographic separation and detection of Phenazin-1-Caboxylic Acid (PCA). 
 

 

 
 

Figure (7): Characterization of isolated purified PCA compound using UV-Visible Spectroscopy. 
 

 
 

Figure (8): Fourier Transform Infrared (FTIR) spectral analysis of purified PCA: Molecular fingerprinting of structural and functional groups. 
 

performed. The obtained low-resolution ESI-MS 

spectrum, illustrated in figure (9), showed a molecular 

ion peak (M+H) at m/z 224.85 which represents the 

MW of the studied compound.  
 

Proton Nuclear Magnetic Resonance (
1
H-NMR) 

The Proton nuclear magnetic resonance (CDCl3, 400 

MHz,) results, illustrated in figure (10) and table (3) 

revealed the presence of eight protons as follow: one 

proton singlet at δ 15.58, characteristic for the 

carboxylic acid proton, and seven methine protons at δ 

8.97 (dd, J = 7.2, 1.2 Hz, 1H, H-2), δ 8.53 (dd, J = 

8.8,1.2 Hz, 1H, H-4), δ  8.28 (dd, J = 8.0, 1.6 Hz, 1H, 

H-3), δ 8.34(dd, J = 8.0, 1.6 Hz, 1H, H-8)and δ 8.05–

7.95 (m, 3H, H-6, H-7 and H-9). This detailed analysis  
 

 

aids in understanding the compound's structural 

features and connectivity which prove that the 

compound is Phenazin-1-Caboxylic Acid (PCA). 

 

Biological activities of PCA 

Antimicrobial activity of PCA 

The purified PCA exhibited outstanding broad-spec-

trum activity against a wide range of human 

pathogens either Gram-positive or Gram-negative 

bacteria, in addition to pathogenic fungal strains 

known for their ability to resist common antimicrobial 

drug. The recorded results (Figures 11 and 12) 

showed that the inhibition zones against several 

Gram-positive patho-gens ranged from 16 to 25 mm. 

Abs. 
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An inhibition zone of 16 mm was observed against 

Bacillus subtilis, a bacterium responsible for various 

gastroenteritis-related illnesses, including vomiting, 

nausea, intestinal irritation, and bowel infections. The 

compound also exhibited excellent antibacterial acti-

vity against both Staphylococcus epidermidis and Sta-

phylococcus aureus, with inhibition zones of 23 mm 

and 25 mm, respectively. These strains are highly ant-

ibiotic - resistant pathogens that cause numerous hos-

pital-acquired infections, including wound infections, 

abscesses, pulmonary infections, and bacteraemia.  

Table (2): Fourier Transform Infrared (FTIR)      

Spectroscopic analysis of purified PCA: 

Identification of key functional groups (-C=O, -

C=N, -C=C) using 0.5% potassium bromide tablets. 
 

 

Functional 
groups 

FTIR Spectra of purified 
compound (PCA) 

-C=O 1616.06 

-C=N 1436 

-C=C 1421 

 

 
 

Figure (9): Electrospray mass ionization chromatogram of the purified compound. Mass Spectrometric analysis of purified PCA: Molecular 

ion peak identification and structural confirmation. 

 

 
 

Figure (10): 1H-Nuclear magnetic resonance chromatogram of the purified compound. 

 

Table (3): Proton nuclear magnetic resonance (
1
H-

NMR) signals of purified PCA: Chemical charact-

erization. 
 

Proton δH (ppm) 
Multiplicity  

(J in Hz) 

H-2 8.97 dd (J = 7.2, 1.2) 

H-3 8.28 dd (J = 8.0, 1.6) 

H-4 8.53 dd (J = 8.8, 1.2) 

H-6 8.05–7.95 m 

H-7 8.05–7.95 m 

H-8 8.34 dd (J = 8.0, 1.6) 

H-9 8.05–7.95 m 

COOH 15.58 s 
 

δH (ppm): Chemical shift in parts per million (ppm). 

Multiplicity:s = singlet, d = doublet, dd = doublet of 
Doublets,m = multiplet. J (Hz): Coupling constant in  

Hertz (Hz). 

 

However, great antibacterial effects of this compo-

und were also recorded against Gram-negative bacteria 

with inhibition zones ranging between 13-36 mm. The 

latter inhibition zone was obtained against Helico-

bacter pylori which is the main cause of stomach ulcers 

that mainly develop into stomach cancer. The PCA 

compound was also able to significantly inhibit the 

growth of K. pneumonia which is responsible for sever 

diseases such as pneumonia. Moreover, the recorded 

results showed that the PCA has a potent fungicidal 

effect against both tested human pathogenic fungal 

strains Aspergillus niger and Candida albicans with 

distinctive inhibition zones of 16 and 17 mm 

respectively. (To our knowledge, until now, almost all 

the published reports only recorded the antimicrobial 

effect of PCA on phytopathogenic fungi (Mavrodi et 

al., 2013, Jain and Pandey, 2016 and Devnath et al., 

2017), however, these results exclusively proved the  

https://www.msdmanuals.com/home/lung-and-airway-disorders/pneumonia/overview-of-pneumonia
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Figure (11): Antimicrobial activities of PCA against different human pathogens, Data are represented in means ±SE.  
 

 
 

Figure (12): Antimicrobial activities of PCA using well diffusion method on agar plates against different human pathogens, in comparison to 
standard Gentamicin control discs (central position). 

 

high antimicrobial activity of PCA against many 

human pathogens and therefore consequently confi-

rmed that this compound can be applied for the 

treatment of many human diseases in addition to its 

current effective uses in biological crop control.  
 

Antioxidant activity of PCA 

PCA exhibited strong antioxidant activity, as 100 

μg/mL of the purified compound effectively scavenged 

75.2% of DPPH free radicals in solution. The recorded 

IC₅₀ value of 40.4 μg/mL indicates potent antioxidant 

potential, particularly when compared to the signific-

antly higher IC₅₀ values of 53.9 ± 3.1 μg/mL and 42.80 

± 1.5 μg/mL observed for butylated hydroxyl-anisole 

(BHA) and vitamin C, respectively, which were used as 

standard positive controls (Figure 13). Conspicuously, 

this finding is of considerable significance, as, to the 

best of our knowledge, no prior studies have reported 

on the antioxidant properties of PCA.  

Cytotoxic activity of PCA 

PCA exhibited significant cytotoxic effects on tested 

cancer cell lines (Table 4). Interestingly, PCA demo-

nstrated the lowest IC50 value of 45.5 µg/mL against 

the HePG2 cancer cell line, with a selectivity index (SI) 

of approximately 2.2. However, at a concentration of 

100 µg/mL, PCA inhibited approximately 74% of PA- 
 

CA cells and around 50% of both PC3 and MCF7 

cancer cell lines. These findings suggest that PCA has 

potential as a cytotoxic agent, rather than a hormonal 

one since its mode of action does not involve hormonal 

pathways but rather direct cytotoxic effects on cancer 

cells. This is evidenced by its ability to inhibit cell as 

indicated by its ability to inhibit cell viability in various 

cancer cell lines (e.g., HePG2, MCF7, PACA2, and  
 

 

 
 

Figure (13): Evaluation of the antioxidant activity of phenazine-

1-carboxylic acid (PCA) based on IC50 values for DPPH 
scavenging, in comparison to Vitamin C and Butylated 

hydroxyanisole (BHA). 
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PC3). Therefore, PCA is more accurately described as 

a cytotoxic agent rather than a hormonal one. 
 

Anti-inflammatory activity of PCA 

The results of the anti-inflammatory effect of PCA 

on murine macrophages (Figure 14) demonstrated a 

strong, concentration-dependent inhibition of lipopo-

lysaccharide (LPS)-induced nitric oxide (NO) release 

in RAW264.7 macrophages. Remarkably, treatment 

with 100 µg/mL of PCA effectively reduced NO prod-

uction by 82.54%, compared to the standard positive 
control, caffeic acid phenethyl ester (CAPE, 5 µM), 

which exhibited an inhibition percentage of 82.09%.  

Furthermore, the half-maximal inhibitory concen-

tration (IC50) of PCA, statistically determined using 

GraphPad Prism software, was found to be 15.92 

μg/mL. Additionally, Western blot analysis (Figure 15) 

corroborated these findings, demonstrating a dose-

dependent reduction in the expression of inducible 

nitric oxide synthase (iNOS) despite the presence of 

100 ng/mL of LPS. At a concentration of 100 µg/mL, 

PCA nearly abolished iNOS expression, suggesting 

that it effectively inhibits the gene responsible for 

iNOS synthesis. In general, results suggest that PCA 

effectively suppresses iNOS expression in LPS-stimu-

lated macrophages, indicating its strong anti-inflamm-

atory potential. The dose-dependent inhibition of iNOS 

aligns with previous findings from the NO inhibition 

assay, further supporting PCA's role in modulating infl-

ammatory pathways. To date, no previous studies have 

reported on the anti-inflammatory effects of PCA, 

which highlighting the novelty of these findings.

 

Wound healing activity of PCA in vitro 

As shown in Figures (16-17), the purified PCA 

demonstrated significant (p≤0.01) and efficient wound 

healing potential. Within 24 hrs, the wound closure rate 

increased substantially from 18.5% in the absence of 

PCA to approximately 93% when treated with 100 

µg/mL of PCA. This increase indicates a transition 

from minimal spontaneous healing to a nearly complete 

cellular regeneration in vitro, with a progressive and 

significant enhancement in wound closure observed at 

increasing PCA concentrations. Notably, a substantial 

improvement was recorded at 50 µg/mL, suggesting a 

threshold concentration for significant wound-healing 

efficacy. These findings imply that the PCA compound 

exerts a promotive effect on wound healing in a dose-

responsive manner, although further mechanistic stu-

dies are required to elucidate the underlying biolog-

yical pathways involved in this enhanced wound 

closure. In Figure (17), the observed results demons-

trate a concentration-dependent enhancement of fibro-

blast migration and wound closure upon PCA 

treatment. PCA at 100 ppm exhibited the highest 

wound-healing efficacy, showing near-complete wound 

closure within 24 hrs at 100 ppm exhibited the highest 

wound-healing efficacy, showing near-complete wound 

closure within 24 hrs. These findings suggest that PCA 

possesses strong pro-healing properties and may 

facilitate fibroblast-mediated tissue repair. Further 

quantitative analysis and mechanistic studies are 

necessary to elucidate the underlying molecular path-

ways involved in PCA-induced wound healing. 
 

Table (4): Cytotoxic activity of phenazine-1-carboxylic acid (PCA) against various cancer cell lines in comparison to 

negative control and doxorubicin as a positive control 
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Figure (14 ): Anti-inflammatory activity of phenazine-1-carboxylic acid (PCA), showing its effect at different concentrations on nitric oxide (NO) 

inhibition in LPS-stimulated RAW264.7 macrophages. Data are presented as mean ± SE. Columns with different superscript letters indicate 

statistically significant differences at p ≤ 0.05 based on Duncan's Multiple Range Test. 

Sample Code 
IC50 

(µg/mL) 

IC90 

(µg/mL) 

Activity (%) 

at 100 µg/mL 

IC50 of 

Doxorubicin, 

(µg/mL) 

PACA (Pancreatic cancer) 72.9 116.5 73.6 28.3 

PC₃ (Prostate cancer) 97.6 150.4 47.5 23.8 

MCF7 (Breast adenocarcinoma) 77.9 133.2 50.3 26.1 

HePG₂ (Hepatocellular carcinoma) 45.5 72.9 3.2 21.6 

Controls 
    

DMSO (Solvent Control) - - 1 - 

Negative Control - - 0 - 
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Figure (15): Effect of different concentrations of PCA on 

inflammation marker protein expression (iNOS) using Western 
blotting technique. 
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Figure (16): Wound closure rate (%) in response to different 

concentrations of phenazine-1-carboxylic acid (PCA). Column with 
different superscript letter are significantly different at p≤0.05. 

 

DISCUSSION 
 

The study was performed on the ethyl acetate extract 

of the fermentation medium of Pseudomonas 

aeruginosa OQ158909 which was locally isolated by 

the research team in a previous work. The crude extract 

was fractionated using silica gel column chromateog-

raphy and the most bioactive secondary metabolite was 

purified and characterised, using different techniques, 

as PCA. The purification step was performed using 

HPLC technique. The fraction, which was represented 

by the most distinctive peak obtained at the retention 

time of 15 minutes, included the bioactive compound 

responsible for the majority of the antimicrobial 

activities of the tested sample and was therefore 

selected for further study. Compound characterization 

was achieved through a series of experiments including 

UV, FTIR, MS and 1H-NMR. The results of the UV 

spectrophotometer scanning analysis suggested that the 

isolated compound was PCA since, according to 

previously reported studies by Jain and Pandey (2016), 

the PCA, dissolved in ethyl acetate, showed 

characteristic absorption peaks at 260 nm and 362 nm 

which are highly similar to the wavelengths at which 

the peaks of the purified compound were detected.  

The UV-spectrophotometric and mass spectrometric 

analyses provide critical insights into the structural 

characteristics and purity of phenazine-1-carboxylic 

acid (PCA). The observed UV absorption peaks at 258 

nm and 362 nm are consistent with the presence of an 

extended conjugated π-electron system, which is a 

hallmark of the phenazine core structure. These results 

align with previous reports on phenazine derivatives, 

indicating strong electronic transitions that contribute 

to their unique photophysical properties (Yu et al., 

2022). 

The mass spectrometric analysis further validates the 

molecular identity of PCA, as evidenced by the 

prominent molecular ion peak at m/z 224.85, which 

corresponds to its theoretical molecular weight. The 

high intensity of this peak suggests the stability of the 

molecular ion, reinforcing the compound’s structural 

integrity. Additionally, the inclusion of a 3D molecular 

model provides a more comprehensive understanding 

of PCA’s spatial conformation, which may have 

implications for its biological activity, solubility, and 

interaction with biomolecules. Taken together, these 

findings confirm the successful isolation and structural 

characterization of PCA. The data strongly supports its 

chemical purity and reinforce its potential applicability 

in various biomedical and pharmaceutical contexts. 

Further studies, such as nuclear magnetic resonance 

(NMR) spectroscopy and infrared (IR) analysis, could 

provide additional molecular insights, particularly 

regarding functional group interactions and electronic 

distribution. 

The results of FTIR spectroscopy were consistent 

with those of UV spectrophotometric analysis, as the 

observed peaks corresponded to the characteristic 

infrared absorption bands of phenazine-1-carboxylic 

acid (PCA), as reported by Cheng et al. (2016). The 

mass spectrometry (MS) analysis revealed a molecular 

ion peak (M+H) at m/z 224.85, closely matching the 

molecular weight of PCA (224 Da) reported by Wu et 

al. (2020), and Blankenfeldt & Parsons (2014). 

Furthermore, the ¹H-NMR spectral data aligned with 

the characteristic chemical shifts previously docum-

ented for PCA by Yu et al. (2022).  

The structural characterization results align with 

existing literature, confirming that with existing 

literature (Blankenfeldt and Parsons, 2014; Che & Wu 

et al., 2020; Yue et al., 2022) confirms that the purified 

compound is phenazine-1-carboxylic acid (PCA), a 

well-known secondary metabolite of Pseudomonas 

aeruginosa (Jain and Pandey, 2016).To assess its 

potential biological activities, the purified compound 

was tested for antimicrobial efficacy. It exhibited 

broad-spectrum antimicrobial activity against multiple 

Gram-positive and Gram-negative bacterial strains, as 

well as various fungal species, including highly 

pathogenic human pathogens. Notably, the observed 

inhibition zones were substantial, despite the well-

documented resistance of these strains to conventional 

antibiotics. These findings highlight the potential of 

PCA as a promising candidate for the development of 

next-generation antimicrobial agents. 

Effects of pure PCA on different human cancer cell 

lines were also promising, especially hepatic, prostatic, 

pancreatic and breast carcinoma cell lines. The sug-

gested mechanism for the effect of PCA on these 

cancer cell lines could be referred to the fact that PCA, 

as all phenazines compounds, has the ability to trigger 

the formation of toxic reactive oxygen species by 
directly reducing molecular oxygen, since Karuppiah et 
al., (2016), reported  that  the antitumor activity against 

prostate cancer cells takes place through reactive 
oxygen species production (ROS) and mitochonderial-  
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Figure (17): In vitro scratch assay assessing the wound-healing potential of phenazine-1-carboxylic acid (PCA) in BJ-1 dermal fibroblast cells over 

24 hours. Representative images show the scratch area at 0 hours (A1, A2, A3, A4) and after 24 hrs (B1, B2, B3, B4) under different treatment 

conditions. (A1-B1) Untreated control; (A2-B2) PCA treatment at 25 PPM; (A3–B3) PCA treatment at 50 PPM; (A4-B4) PCA treatment at 100 PPM. 
Scale bar = 500 µm; magnification = 40×. 
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related apoptotic pathways. Hepatic, prostatic, 

pancreatic and breast carcinoma are considered some 

of the most worldwide spread and life-threatening 

cancer diseases as reported by Karuppiah et al., (2016) 

and Sana et al., (2019). The pure PCA also displayed a 

superb antioxidant effect with a calculated IC50 that 

exceeded in its affinity that recorded for the standard 

positive controls recommended for samples evaluation 

when performing the common antioxidant tests. 
 

The findings regarding the anti-inflammatory and 

wound healing effects of purified phenazine-1-

carboxylic acid (PCA) are supported by various studies 

using higher plants (Chaniad et al., 2020). The 

compound demonstrated significant anti-inflammatory 

effects in vitro, with results indicating that even at 

minimal concentrations, PCA effectively suppressed 

inflammatory marker proteins, despite the presence of 

inflammation-inducing agents. Furthermore, PCA 

exhibited remarkable wound healing activity, as a 

concentration of just 100 µg/mL was sufficient to 

accelerate cell regeneration and enhance wound closure 

by more than five times, leading to noticeable healing 

within approximately 24 hrs. These observations 

highlight the potential of PCA as a therapeutic agent 

for managing inflammation and promoting wound 

healing, making it a valuable candidate for further 

research and application in clinical settings. 
 

For would healing potential of PCA, a significant 

enhancement in wound closure upon treatment with 

phenazine-1-carboxylic acid (PCA), indicating its 

potential as a pro-healing agent. The results revealed a 

concentration-dependent response, where the wound 

closure rate increased progressively with higher PCA 

concentrations. Notably, at 100 µg/mL, PCA facilitated 

an accelerated healing response, achieving 

approximately 93% wound closure within 24 hours. 

This suggests a substantial enhancement in cellular 

migration and proliferation compared to the untreated 

control, which exhibited only 18.5% closure under the 

same experimental conditions. The observed 

improvement in wound closure at 50 µg/mL suggests a 

threshold concentration beyond which PCA exerts a 

pronounced effect on cellular regeneration. The 

significant difference between treated and control 

groups (p ≤ 0.05) implies that PCA may modulate key 

signaling pathways involved in tissue repair, 

potentially through antioxidant activity, antimicrobial 

properties, or regulation of cellular proliferation 

mechanisms. These findings align with previous 

studies on phenazine derivatives, which have been 

reported to influence redox balance and promote 

cellular responses beneficial for wound healing (Liu et 

al., 2023; El-Masry et al., 2023).  

While these results highlight PCA’s promising role 

in enhancing wound healing, further mechanistic 

investigations are necessary to elucidate the molecular 

pathways underlying this effect. Future studies should 

focus on evaluating its impact on key factors such as 

reactive oxygen species (ROS) modulation, 

inflammatory cytokine expression, and extracellular 

matrix remodeling. Additionally, in vivo validation is 

required to assess PCA’s therapeutic potential in 

wound healing applications. 
 

CONCLUSION 
 

Phenazine-1-carboxylic acid (PCA) has been 

produced by microorganisms like Pseudomonas aeru-

ginosa which isolated from local Egyptian samples. 

PCA shown to possess multifaceted bio-activity, with 

significant antimicrobial effects against common 

human pathogens, promising cytotoxicity against 

various cancer cell lines, potent anti-inflammatory 

properties, and a remarkable capacity to enhance 

wound healing in vitro. Notably, PCA exhibited 

superior antioxidant activity compared to standard 

controls like BHA and vitamin C. The novelty of these 

findings lies in the scarcity of previous studies on 

PCA's effects against human pathogens and its 

antioxidant, anticancer, anti-inflammatory, and wound 

healing properties. These results collectively indicate 

that PCA is a promising candidate for drug develop-

ment, particularly in wound healing and oxidative 

stress-related conditions. Future studies should focus 

on elucidating the molecular mechanisms underlying 

these activities and evaluating PCA's potential in 

clinical and biotechnological applications. 
 

ACKNOWLEDGEMENTS 
 

The authors gratefully acknowledge the National 

Research Centre (NRC) for providing full funding and 

the necessary facilities to conduct this study. Special 

thanks are extended to the staff of the Bioassay-Cell 

Culture Laboratory (B-CCL), Pharmacology Depar-

tment, Pharmaceutical and Drug Industries Institute, 

NRC, for their technical and scientific support, with 

particular appreciation to the cytotoxicity section. The 

authors also thank all other Departments and personnel 

who contributed to the successful completion of this 

work.  

REFERENCES 

 

AMER, M., & AWWAD, A. 2020. Green synthesis of 

copper nanoparticles by Citrus limon fruits extract, 

characterization and antibacterial activity, Chem-

istry International journal 7(1), 1-8. 

BLANKENFELDT, W., & PARSONS, J. F. 2014. The 

structural biology of phenazine biosynthesis. Cur-

rent opinion in structural biology, 29, 26-33.   

CHA, J. W., LEE, S. I., KIM, M. C., THIDA, M., LEE, 

J. W., PARK, J. S., & KWON, H. C. 2015. Pont-

emazines A and B, phenazine derivatives conta-

ining a methylamine linkage from Strepto-myces 

sp. UT1123 and their protective effect to HT-22 

neuronal cells. Bioorganic & Medicinal Chemistry 

Letters, 25(22), 5083-5086. 

 CHANIAD, P., TEWTRAKUL, S., SUDSAI, T., LAN-

GYANAI, S., and KAEWDANA, K. 2020. Anti-

inflammatory, wound healing and antioxidant 

potential of compounds from Dioscorea bulbifera 

L. bulbils. PLOS ONE, 15(12), e0243632. 

https://doi.org/10.1371/journal.pone.0243632. 

https://doi.org/10.1371/journal.pone.0243632


Characterization and Bioactivity of PCA from Pseudomonas aeruginosa OQ158909 

 

110 

 

DENG RX, LI HL, SHENG CL, WANG W, HU HB, 

ZHANG XH. 2024. Characterization of Lomofu-

ngin Gene cluster enables the biosynthesis of Rel-

ated Phenazine derivatives. ACS Synth Biol. 20;1-

3(9):2982-2991.doi:10.1021/acssynbio.4c00394.  

CHENG, C., OTHMAN, E. M., FEKETE, A., 

KRISCHKE, M., STOPPER, H., EDRADA-EBEL 
R., MUELLER, M. J., HENTSCHEL, U., and AB- 

DELMOHSEN, U. R. 2016. Strepoxazine A, a new 

cytotoxic phenoxazin from the marine sponge-

derived bacterium Streptomyces sp. SBT345. 

Tetrahedron Letters, 57(37), 4196–4199. https://d-

oi.org/10.1016/j.tetlet.2016.08.005. 

DEVNATH, P., UDDIN, M., and AHAMED, K. Md. 

Hossain F, Manchur TMA. 2017. Extraction, Purif-

ication and Characterization of pyocyanin produced 

by Pseudomonas aeruginosa and evalu-ation for its 

antimicrobial activity. Int. Res. J. Biological Sci, 6, 

1-9.  

EL-ANSSARY, A. A., RAOOF, G. F. A., SALEH, D. 

O., & EL-MASRY, H. M. 2021. Bioactivities, 

physicochemical parameters and GC/MS profiling 

of the fixed oil of Cucumis melo L seeds: A focus 

on anti-inflammatory, immunomodulatory, and ant-

imicrobial activities. Journal of Herbmed Pharma-

cology, 10(4), 476-485.  

ELBORAEY, A. N., ABO-ALMAGED, H. H., EL-

ASHMAWY, A. A. E. R., ABDOU, A. R., MOU-

SSA, A. R., EMARA, L. H.,EL-MASRY, M., H., 

EL BASSYOUNI, E., G.  & RAMZY, M. I. 2021. 

Biological and mechanical properties of denture 

base material as a vehicle for novel hydroxyapatite 

nanoparticles loaded with drug. Advanced Pharm-

aceutical Bulletin, 11(1), 86.  

EL-MASRY, H.M., ATWA, N., M., EL-BEIH, A., 

AGWA, M., KHAFAGI, I., K., MAN-SOUR, S. & 

ELDIWANY, A., I. 2023: Phenazine-Producing 

Pseudomonas aeruginosa OQ158-909: A Prom-

ising candidate for biological activity and therap-

eutic applications. Egyptian Journal of Chemistry, 

doi: 10.21608/EJCHE-M.2023.214109-.8045. 

ELOUTIFY, Y. T., EL-SHIEKH, R. A., IBRAHIM, K. 

M., HAMED, A. R., AL-KARMALAWY, A. A., 

SHOKRY, A. A., & MESELHY, M. R. 2023. Bioa-

ctive fraction from Plumeria obtusa L. attenuates 

LPS-induced acute lung injury in mice and 

inflammation in RAW 264.7 macrophages: LC/QT-

oF-MS and molecular docking. Inflamm-opharma-

cology,31(2), 859-875.  

HE, L., XU, Y. Q. & ZHANG, X. H. 2008. Medium 

factor optimization and fermentation kinetics for 

phenazine‐1‐carboxylic acid production by Pseud-

omonas sp. M18G. Biotechnology and bioeng-

ineering, 100, 250-259. 

HUANG W, WAN Y, SU H, ZHANG Z, LIU Y, 

SADEEQ M, XIAN M, FENG X, XIONG P, HOU 

F. 2024. Recent Advances in Phenazine Natural 

Products: Biosynthesis and Metabolic Engineering. 

J Agric Food Chem. 2;72(39):21364-21379. doi: 

10.1021/acs.jafc.4c05294.  

JAIN, R., & PANDEY, A. 2016: A phenazine-1- carb- 

oxylic acid producing polyextremophilic Pse-

udomonas chlororaphis (MCC2693) strain, isolated 

from mountain ecosystem, possesses biocontrol and 

plant growth promotion abilities. Microbiological 

research,190, 63-71.  

KARUPPIAH, V., ALAGAPPAN, K., SIVAKUMAR, 

K., & KANNAN, L. 2016. Phenazine-1-carboxylic 

acid-induced programmed cell death in human 

prostate cancer cells is mediated by reactive oxygen 

species generation and mitochondrial-related 

apoptotic pathway. Journal of applied biome-

dicine,14(3), 199-209.   

KATO, N., TAKAHASHI, S., NOGAWA, T., SAITO, 

T., & OSADA, H. 2012. Construction of a micro-

bial natural product library for chemical biol-ogy 

studies. Current opinion in chemical biology, 16(1-

2), 101-108. 

KENNEDY, S., KIDD, M. P., MCDONALD, J. T., & 

BIDDLE, N. 2015. The healthy immigrant effect: 

patterns and evidence from four countries. J. of 

intern. migration and integration, 16, 317-332. 

LIU K, LI Z, LIANG X, XU Y, CAO Y, WANG R, LI 

P AND LI L. 2023. Biosynthesis and genetic 

engineering of phenazine-1-carboxylic acid in 

Pseudomonas chlororaphis Lzh-T5. Front. Micro-

biol. 14:1186052.  

LIU, X., ASHFORTH, E., REN, B., SONG, F., DAI, 

H., LIU, M., & ZHANG, L. 2010. Bioprospecting 

microbial natural product libraries from the marine 

environment for drug discovery. The Journal of 

Antibiotics, 63(8), 415-422.  

MAHDI, S., ABDELAAL, M., EL-SHERBENY, G., 

MASHALY, I., YAHIA, A., & RAMADAN, S. 

2023. Phytochemical content, antioxidant activity, 

essential oils, and antibacterial potential of Egyp-

tian Phlomis floccosa D. Don and Glebionis 

coronaria (L.) Cass. ex Spach. Catrina: The Internat 

J. of Environ. Sciences, 27(1), 45-58. doi: 10.216-

08/cat.2023.304760. 

MAVRODI, D. V., PAREJKO, J. A., MAVRODI, O. 

V., KWAK, Y. S., WELLER, D. M., BLANK-EN-

FELDT, W., & THOMASHOW, L. S. 2013. Recent 

insights into the diversity, frequency and ecological 

roles of phenazines in fluorescent Pseudomonas 

spp. Environmental microbiology, 15(3), 675-686.  

MCFARLAND, J. 1907. The nephelometer: an instru-

ment for estimating the number of bacteria in susp-

ensions used for calculating the opsonic index and 

for vaccines. Journal of the American Med. Assoc., 

49(14), 1176-1178.  

NIU, J., NIE, D., YU, D., WU, Q., YU, L., YAO, Z., 

DU, X., & LI, J. 2017. Synthesis, fungicidal acti-

vity and phloem mobility of phenazine-1-carbo-

xylic acid-alanine conjugates. Pesticide biochem-

istry and physiology, 143, 8-13.  

RADWAN, U., HEZAYEN, F., & NABIL, S. 2021. A 
Gram negative bacterium, Sinorhizobium saheli S- 

1T promotes Vicia faba growth under irradiance 

stress. Catrina: The International. Journal of 

Environ. Sciences, 24(1), 57-63. doi: 10.2160-

8/cat.2022.8-9880.1095. 

https://d-oi.org/10.1016/j.tetlet.2016.08.005
https://d-oi.org/10.1016/j.tetlet.2016.08.005


El-Masry et al., 

111 

 

SANA, T., SIDDIQUI, B. S., SHAHZAD, S., FAR-

OOQ, A. D., SIDDIQUI, F., SATTAR, S., & BEG-

UM, S. 2019. Antiproliferative activity and charact-

erization of metabolites of Aspergillus nidulans: An 

endophytic fungus from Nyctanthes arbortristis 

Linn. against three human cancer cell lines. Medic- 

inal Chemistry, 15(4), 352-359.   

SHIMADA, K., FUJIKAWA, K., YAHARA, K., & 

NAKAMURA, T. 1992: Antioxidative properties of 

xanthan on the autoxidation of soybean oil in 

cyclodextrin emulsion. Journal of agricultural and 

food chemistry,40(6), 945-948.  

SULTAN, M., NAGIEB, Z. A., EL-MASRY, H. M., & 

TAHA, G. M. 2022: Physically-crosslinked hydro-

xyethyl cellulose-g-poly (acrylic acid-coacrylam-

ide)-Fe3+/silver nanoparticles for water disinfection 

and enhanced adsorption of basic methylene blue 

dye. International journal of biological macrom-

olecules, 196, 180-193.  

TRUNG, N. T., CUONG, N. T., THAO, N. T., & 

ANH, D. T. M. 2020. Elucidation and identification 

of an antifungal compound from Pseudomonas aer-

uginosa DA3. 1 isolated from soil in Vietnam. 

Jundishapur Journal of Microbiology, 13(10).  

 

TURNER, J. M., & MESSENGER, A. J. (1986). Occu-

rrence, biochemistry and physiology of phenazine 

pigment production. Advances in microbial physi-

ology, 27, 211-275.   

VICENTE, M. F., BASILIO, A., CABELLO, A., & 

PELÁEZ, F. 2003. Microbial natural products as a 

source of antifungals. Clinical microbiology and 

infection, 9(1), 15-32.  

WOOD, S., GOLDUFSKY, J., & SHAFIKHANI, S. H. 

2015: Pseudomonas aeruginosa ExoT induces 

atypical anoikis apoptosis in target host cells by 

transforming Crk adaptor protein into a cytotoxin. 

PLoS pathogens, 11(5), e1004934.  

XIONG, Z., NIU, J., LIU, H., XU, Z., LI, J., & WU, Q. 

2017. Synthesis and bioactivities of phenazine-1-

carboxylic acid derivatives based on the modifi-

cation of PCA carboxyl group. Bioorganic & 

Medicinal Chemistry Letters, 27(9), 2010-2013.   

YU YY, ZHANG Y, PENG L. 2022. Investigating the 

interaction between Shewanella oneidensis and 

phenazine 1-carboxylic acid in the microbial elect-

rochemical processes. Sci Total Environ. 2022 Sep 

10;838(Pt 3):156501. doi: 10.1016/j.scitot-env.20-

22.156501. Epub 2022 Jun 3. PMID: 3566-7430. 

YU, J. M., WANG, D., PIERSON III, L. S., & 

PIERSON, E. A. 2018. Effect of producing diff-

erent phenazines on bacterial fitness and biological 

control in Pseudomonas chlororaphis 30-84. The 

plant pathology journal,34(1), 44. 

 
 

كربوكسيليك المنتج بواسطة العزلة المصرية المحلية -1-توصيف وتقييم النشاط البيولوجي لحمض الفينازين

Pseudomonas aeruginosa OQ158909 
 

 

 ¹، أحمد. البيه¹، أحمد الديواني²، سميرة منصور²، إشراق خفاجي¹، منى عجوة¹*، نجوى عطوة¹حسام المصري

 ، مصر12622الميكروبية، معهد الصناعات الدوائية والدوائية، المركز القومي للبحوث، القاهرة قسم كيمياء المنتجات الطبيعية و ¹

 ، مصر41522قسم النبات والميكروبيولوجي، كلية العلوم، جامعة قناة السويس، الإسماعيلية  ²
 

 

 ص العربيـالملخ

 
ا في تطوير العلاجات الثانوي التي تنتجها الكائنات الحية الدقيقة مصدر   يضالامركبات تمثل  ا مهم  ا غني ا للمركبات النشطة بيولوجي ا، والتي تلعب دور 

من   Pseudomonas aeruginosaعدويالدوائية، خاصة المضادات الحيوية والمضادات الفطرية والمركبات المضادة للأكسدة والمضادة للالتهابات. 

الحيوية ذات الفعالية الدوائية، ومن أبرزها مركبات الفينازين، التي أظهرت خصائص  ركبات الايضالمعروفة بإنتاج مجموعة واسعة من الم الكائنات الدقيقة

تهدف  .والقدرة على مكافحة الإجهاد التأكسدي، فضلا  عن إمكاناتها المضادة للسرطان والتئام الجروح دوائية متعددة، بما في ذلك النشاط المضاد للميكروبات

 Pseudomonas aeruginosaذات النشاط الحيوي العالي المستخلصة من وسط تخمير سلالة  يالثانو مركبات الايضتحديد أحد هذه الدراسة إلى تنقية و

OQ158909   المعزولة محلي ا. تم فصل المستقلبات باستخدامSilica gel column chromatography  بأنظمة مذيبات محسّنة، ثم خضعت الفئة الأكثر

-1-تم تحديد المركب النقي على أنه حمض الفينازين .High-performance liquid chromatography (HPLC)مزيد من التنقية عبرنشاط ا بيولوجي ا ل

، (FTIR)الحمراء الأشعة تحت  اختبار فورييه لطيف، (UV) من خلال التحليل الطيفي المتكامل، الذي شمل الأشعة فوق البنفسجية (PCA) كربوكسيليك

يمتلك نشاط ا مضاد ا قوي ا  PCA أظهرت التقييمات البيولوجية أن مركب (¹H-NMR). ، والرنين المغناطيسي النووي للبروتون(MS) مطياف الكتلة

مم، بينما سجلت البكتيريا سالبة  28و 16لمجموعة واسعة من مسببات الأمراض البشرية، حيث تراوحت مناطق تثبيط النمو للبكتيريا موجبة الجرام بين 

 Aspergillus niger مم ضد  16مم. كما أثبت المركب فعالية مضادة للفطريات، حيث بلغت مناطق التثبيط  36و 13ام مناطق تثبيط تراوحت بين الجر

 DPPH % من الجذور الحرة75.2نشاط ا مضاد ا للأكسدة، حيث تمكن من تثبيط  PCA مركب إضافة  إلى ذلك، أظهر. Candida albicansمم ضد  17و

كما أبدى  C. وفيتامين BHA ، متفوق ا على مضادات الأكسدة القياسية مثلليرام/ملجميكرو 40.4بلغت  IC₅₀ ، مع قيمةليرام/ملجميكرو 100تركيز  عند

ا قوي ا مضاد ا للالتهابات، حيث أ  (LPS) وليساكاريدالمحفّز بالليبوب (NO) إلى تقليل إنتاج أكسيد النيتريك ليرام/ملجميكرو 100تركيز  دىالمركب تأثير 

ا انتقائي ا ضد عدة  PCA مركب علاوة على ذلك، أظهر .(iNOS) %، إلى جانب تثبيط شبه كامل لإنزيم أكسيد النيتريك المحفَّز82.54بنسبة  ا سام  تأثير 

. 2ومعامل انتقائية تجاوز  ليرام/ملجميكرو 45.5بلغت  IC₅₀ ، مع قيمةHePG2 خطوط خلوية سرطانية، حيث كان الأكثر فعالية ضد خلايا سرطان الكبد

ا،  MCF7. و PC3 % من خلايا50، وPACA سرطان البنكرياس % من خلايا74من المركب إلى تثبيط  ليرام/ملجميكرو 100كما أدى تركيز  وأخير 

ساعة، مما يشير  24ل للجروح خلال إلى إغلاق شبه كام ليرام/ملجميكرو 100أظهر المركب قدرة ملحوظة على تعزيز التئام الجروح، حيث أدى تركيز 

 .إلى إمكاناته الواعدة في مجال الطب التجديدي والعلاج الحيوي


