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Abstract  

 Pseudomonas aeruginosa is a Gram-negative aerobic bacterium that has become one of the most 

nosocomial pathogens. The main goal of this research project was to determine genotypes associated with 

LPS transport and antibiotic-resistance genes (lptD and lptE) of clinical isolates of P. aeruginosa. 

Characterization of the strains of P. aeruginosa that are widespread in Iraqi patients was done by collecting 

140 clinical samples from wounds, burns, ear swaps, sputum, and urinary tract infections taken from seven 

general hospitals in Baghdad. Isolation methods for identifying P. aeruginosa relied on culture methods; 

102 was positive growth while the remaining 38 had negative growth; biochemical tests and conventional 

culture method on selective media showed that only 50 from 102 isolates were P. aeruginosa VITEK-2 

system was used to confirm the diagnosis, and also antibiotic sensitivity test, The results showed that 100% 

of these 50 isolates were P. aeruginosa. In this study, molecular techniques to identify P. aeruginosa, 

including DNA extraction and PCR, were used. To determine the presence of the virulence genes lptD and 

lptE, which play a role in lipopolysaccharide (LPS) transport across the outer membrane, polymerase chain 

reaction (PCR) was used to amplify specific regions of DNA. In conclusion, the prevalence of antibiotic-

resistant P. aeruginosa strains among hospitalized patients presents a significant challenge in managing 

infections. These genes were found to be closely associated with LPS transport and, hence, the ability of 

these bacteria to resist antibiotics. 
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Introduction  

 Pseudomonas aeruginosa, a versatile gram-negative bacterium with rod-shaped, thrives in various 

environments such as water, soil, plants, and even humans 1 2 3. It's remarkably resilient, enduring 

temperatures between 4 to 42°C and flourishing in hard conditions. Notably, it can persist for up to six 

months on dry surfaces within hospital environments, showcasing its adaptability and survival skills 4 5. 

 In both community and hospital settings, P. aeruginosa stands out as a prominent opportunistic 

pathogen, frequently associated with otitis media, nosocomial infections, respiratory tract infections and 
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burns 6 7. The emergence of multidrug-resistant strains further complicates treatment, leading to an 

increasing incidence of P. aeruginosa infections, which pose significant challenges in healthcare settings 8. 

 The bacterium's ability to infect various tissues contributes to its morbidity and mortality rates, 

particularly evident in burn wound infections where it finds an ideal niche 9 10. Burn patients are particularly 

susceptible due to factors such as compromised immunity, extensive hospital stays, and exposure to large 

body surface areas11 12. 

 P. aeruginosa harbors numerous virulence factors, including flagella, pili, and LPS, aiding in host 

adhesion and colonization. Additionally, it produces causative tissue damage, proteases and toxins, to 

deliver effectors and toxins into the host secretion systems utilizes and employs biofilm formation and 

quorum sensing to communicate and resist antimicrobial therapies13 14 15. 

 In a new study on P. aeruginosa, scientists investigated a protein transport system (Lpt) crucial for 

building the bacterial outer membrane. This shell relies on LPS. While previous research showed seven 

proteins called Lpt proteins were essential for LPS transport via the outer membrane 16 17, they found some 

surprise with LptE. mutations in the LptE gene didn't prevent bacterial growth, but the bacteria were weaker 
18 19. 

 They were easier to kill with antibiotics and less infectious in insects. Interestingly, the LPS 

transport system appeared to function adequately even in the absence of LptE. However, the levels of 

another key protein, LptD, were much lower. This suggests LptE might not directly move LPS, but instead 

helps LptD function properly 20 21.  

Even though the bacteria can survive with a flawed LptD, it makes them more vulnerable. 

Understanding LptE' role could be a new way to fight this pathogen 22 23. By targeting LptE, scientists might 

be able to make these bacteria easier to treat with antibiotics or less able to cause infections 24 23.  

Materials and Methods  

Bacterial Isolates Collection 

 For four months from October 2023 to January 2024, one hundred and forty clinical specimens 

were grabbed from hospitalized patients at general hospital in Baghdad City, Iraq. These isolates were 

obtained from both genders and varying ages of patients. Then, the samples were transferred to the lab. As 

part of the sampling method, from clinically deep burn wound sites that showed clinical symptoms of 

wound infection after changing the wound bandage, swaps were taken, and other sources such as wound, 

sputum, ear swap and urinary tract infection.  By bacterial cultures (on nutrient agar and MacConkey agar) 

subculture on Cetrimide agar which is selective media the isolates were determined to be P. aeruginosa 

according to previous studies, these pure colonies were identified based on their cultural characteristics. In 

addition, VITEK-2 system was used to identify P. aeruginosa isolates. 

 

Bacterial DNA Extraction from P. aeruginosa 

Genomic bacterial DNA extraction from isolates was conducted using a high-yield DNA 

Purification Kit following the instructions of the manufacturer (presto mini gDNA Bacterial kit/Taiwan). 

The purity of the bacterial DNA was evaluated using a Nanodrop on UV-Vis Spectrophotometer (Thermo 

Fisher Scientific, Waltham, MA, USA) and stored at –20°C for subsequent PCR amplification. Table 1 

outlines the primer sequences and expected amplification band sizes for lptD and lptE. Each PCR mixture 

(20 μl) comprised 10 μl of green master mix (Promega, USA), 5 μl of nuclease-free water, 1 μl of each 

primer (forward and reverse primers in this study were designed by NCBI and are suitable for the working 

conditions.) and 3 μl of DNA template. Table 2 shows the reaction conditions for all primers in detail. The 

resulting amplicons were visualized via agarose gel electrophoresis and exposed to UV light (Cleaver 

Scientific Ltd., Rugby, UK). Furthermore, by comparison with 100 to a 1500–bp DNA ladder (Promega, 

USA) which was used to determine the size of the amplicons (fig 1). 
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Table 1: Forward and Reverse primers sequences used in this study. 

Genes Primers sequences (5ʹ→3ʹ) 
size (bp) 

 
References 

LptD 

F: AACTCGCCTTCCAGCATCAT 

333 bp 

This study 

R: GCTCAAGGATGGCACCTACA 

LptE 

F: GGAGTTCGAGCTGACCAACA 

349 bp 
R: TCACGGGGTGGGGAACTC 

 

Table 2: A mixture of working solution PCR reaction. 

Components Reaction Volume (μl) 

Forward Primer 1 

Reverse Primer 1 

Templet DNA 3 

Nuclease-free water 5 

Master Mix 10 

Total volume 20 

 

 

Results and Discussion  

Isolation and identification of P. aeruginosa  

 One hundred and forty different clinical specimens were collected from various clinical sources 

and patients in Baghdad General Hospitals, from October 2023 to January 2024. The results showed that 

from a total of 140 specimens, only 102 (72.8%) were clinical positive growth samples, while the rest 38 

(27.14 %) were negative growth samples. Negative growth results may suggest absence of infection at the 

time of sample collection or successful treatment of infection, some organisms may not grow easily in 

standard lab conditions. 

 Depending on the conventional culture method, and morphological trait, biochemical and 

microscopic examination found that 50 isolate was P. aeruginosa while the rest 38 (27.14%) samples were 

other bacterial isolates. The high isolation rate was from burn infections 48 (47.05%) isolates, wounds 30 

(29.41%) isolates, sputum 11 (10.78%), urine sample 8 (7.84%) and 5 (4.9%) from ear swap sample, as 

explained in Table (3). 
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Table 3: Number and percentage of isolates according to the source of samples. 

 

 

 

 

 

 

 

 

 

 

Figure 1: This is a figure of p. aeruginosa on MacConkey 

agar 

  

 

VITEC-2 Test 

Fifty isolate (35.71%) from positive growth were identified as P. aeruginosa by culturing on selective 

medium such as MacConkey agar, cetrimide agar and some biochemical tests as well as VITEK-2 system 

as a confirmatory test. The isolates were diagnosed as P. aeruginosa. The VITEK-2 System test identified 

the presence of P. aeruginosa in all 50 (100%) samples with 95-99% identity. Additionally, the result of 

VITEK-2 system test mentioned in Fig. 2 showed the antibiotic sensitivity of P. aeruginosa isolates which 

was resist to more than 8 antibiotics. 

No. Source of isolates No. of isolate % 

1 Burns 48 47.05% 

2 Wounds 30 29.41% 

3 Sputum 11 10.78% 

4 Urine 8 7.84% 

5 Aer swap 5 4.9% 

6 Total 102 100% 
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Figure 2: Results of Vitek2 test for P. aeruginosa. 

 

PCR Analysis 

 A total of 50 isolates of P. aeruginosa which identified by VITEK2ـ system has been used for 

molecular detection of both lptD and lptE genes. The presence of genes was detected using PCR, which 

amplifies specific regions of DNA. The result of PCR products were then separated using agarose gel 

electrophoresis based on their molecular weight which showed that 48 of 50 (96%) P. aeruginosa isolates 

gave a positive result for the lptD gene represented by observation of the lptD gene band of 333 bp 

molecular weight as shown in Fig. 3 while only 8 of 50 (16%) gave a positive result for the lptE gene band 

with molecular weight 349 bp as shown in Fig. 4 in the bottom line, only 7 of 50 (14%) isolate carried both 

virulence gene lptD and lptE ,table 4 referred to the seven isolate that already mentioned and their 

sensitivity.   
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Figure 3: PCR profile for the amplified lptD gene bands on 333bp of P. aeruginosa isolates were 

fractionated on agarose 1.5% at 100v/m Amp for 60 minutes, Lane M: DNA ladder marker (100 bp-1500 

bp).  
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Figure 4: PCR profile for the amplified lptE gene bands on 349 bp of Pseudomonas aeruginosa isolates 

were fractionated on agarose 1.5% at 100v/m Amp for 60 minutes, Lane M: DNA ladder marker (100 bp-

1500 bp). 

Table 4: Antibiotic sensitivity test on P. aeruginosa isolates 

 

Isolates 

Antibiotic 

1 2 3 4 5 6 7 8 9 11 12 13 14 15 16 17 

C-3 R R R S S S R R S S S S S S S S 

C-4 R R R S R R R R S S S S S S S S 

C-5 R R R S R S R R S S S S S S S S 

C-7 S S R S R S R R S S S S S S S R 

Y-6 R R R S S S R R S S S S S S S S 

K-1 R R R S S S R R S S S S S S S S 

K-2 R R R S S R R R S S S S S S R R 

C: Imam Ali Hospital, Y: Al-Yarmouk Teaching Hospital, K: Al-Kindy Teaching Hospital, S: Sensitive, 

R: Resistance, 1: Ampicillin /Sulbactam, 2: Piperacillin /Tazobactam, 3: Cefazolin, 4: Ceftazidime, 5: 

Ceftriaxone, 6: Cefepime, 7: Aztreonam, 8: Ertapenem, 9: Imipenem, 10: Meropenem, 11: Amikacin, 12: 

Gentamicin, 13: Tobramycin, 14: Ciprofloxacin, 15: Levofloxacin, 16: Tigecycline, 17: Trimethoprim 

/Sulfamethoxazole 

Discussion  

 P. aeruginosa is one of the most common microbes causing hospital-acquired infections, after 

completing the process of culturing bacteria on dishes in order to diagnose the bacteria and confirm their 

diagnosis using the VITEK2ـ system device, the confirmatory results of the device showed that 102 isolates 

(72.85%) out of 140 isolates (100%) were infected with Pseudomonas bacteria. The reason for not finding 

this bacterium in all the isolates is due to sample collection conditions where isolates were collected from 

more than one place. In the current study, the highest rate of infection with this bacterium was in samples 

isolated from burn patients, which was about 62 isolates (44.29%). The reason for this percentage is because 

the number of samples that were isolated from burns was numerous and immediate infections, and this 

percentage is considered close to a study conducted by the researcher 25. where the rate of infection with 

this bacterium among burn patients was about 71 isolates out of 110 samples, or about (64.55%), which is 

an intuitive percentage. While in previous studies in Morocco and Egypt, it was about 15.1% and 19.8%, 

respectively, and these percentages are not consistent with the results of the current study 26. 
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 The results of the current study showed that the number of infected women was about 82 samples 

(58.58%), while among males there were 58 isolates (41.5%). These differences in percentage can be 

attributed to biological and physiological factors in women, this percentage is similar to a previous study 

conducted by researcher 25, where the infection rate for males was about (26%) and for females was (38%).  

 Based on the PCR results, the current study found that 48 out of 50 isolates of P. aeruginosa 

bacteria contained the lptD gene, while only 8 isolates contained the lptE gene. Based on the results of gel 

electrophoresis, only 7 out of 50 isolates carried both genes. The reason for this result is that the presence 

of these genes lptD and lptE in different isolates of these bacteria may be affected by many factors such as 

natural genetic differences, environmental pressure, horizontal genetic transfer, as well as the use of 

antibiotics, as the pressure that results from the use of antibiotics can lead to this. To an increase in the 

spread of resistance genes, these results may also indicate that the lptD gene provides more benefit to the 

bacteria in the environments from which it was isolated, or that the environmental conditions in which the 

isolates were collected may have a significant impact on this.   

 The name LptD comes from the LPS protein transport because of its intrusion in OM biogenesis 27 
28. LptD in P. aeruginosa is also involved in LPS transport, controls membrane permeability, and confers 

resistance to many known antibiotics 29 30. The findings of Sundar Pandey and co-workers certainly suggest 

that LptD, an amino acid transporter protein, may have a specific role in regulating alginate production 

Since the P. aeruginosa LptD importance has been experimentally demonstrated 31, this evidence suggests 

that very low amounts of LptD and even LptE may be sufficient to support LPS transport and growth in P. 

aeruginosa, as previously observed in Neisseria meningitidis 32. It is noteworthy that LptE-deficient cells 

were competent to grow under laboratory conditions but were severely resistant to detergents and 

antibiotics. This result was confirmed in our study, where all isolates showed significant growth, while the 

PCR results confirmed the absence of these genes in a number of isolates, meaning that depletion of these 

genes does not negatively affect growth.  

 According to a study that proved that lptE is directly involved in LPS transport and is essential for 

it in E. coli 33 23, while it can be dispensed with for LPS transport to the OM in Neisseria meningitidis 34 

lptE, in both bacteria was found to play an important role in the maturation of the integral OM component 

of the LPS transport mechanism LptD, where it acts as a companion to stabilize LptD and/or assist LptD in 

folding and inserting into the OM 34 24.  

 This infection assay shows that depletion of LptE severely weakens the ability of P. aeruginosa to 

cause disease in Galleria mellonella larvae, indicating that this protein can play an important role during 

the P. aeruginosa infection process24. As a result of our study, it was found that the most resistant isolates 

are those carrying the LptE gene. 

Conclusions 

 The study points to the importance of multiple virulence factors that contribute to the severity and 

delayed recovery of infections caused by P. aeruginosa. The study shows that this bacterium possesses a 

wide range of virulence traits that enable it to adapt to diverse conditions and cause different types of 

infections, making it difficult to treat. Multi-drug resistance among P. aeruginosa isolates poses a major 

challenge, which may be attributed to the overuse or inappropriate use of antibiotics. This resistance 

increases the complexity of infection management and limits effective therapeutic options. The lptD and 

lptE genes are associated with the transport of LPS which contribute to bacterial resistance to antibiotics. 

The technique used to detect these genes revealed a great diversity among different P. aeruginosa isolates, 

reflecting the complexity of this infection. 
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Overall, the study highlights the importance of: 

 Understanding the mechanisms of virulence and resistance in P. aeruginosa to develop effective 

therapeutic strategies. 

 Judgmental use of antibiotics to avoid the development of drug resistance. 

 Developing accurate tests to identify genes responsible for virulence and resistance to improve 

diagnosis and treatment of infections. 

Acknowledgments 

We express our gratitude to Al-Nahrain University and the College of Biotechnology, namely the head of 

the College, for their consent to proceed with this study. Gratitude is expressed to the researchers who 

contributed to the successful completion of this study. 

 

Author’s Declaration 

- We hereby confirm that all the Figures and Tables in the manuscript are original and have been created by 

us.  

- We have obtained ethical clearance for our study from the local ethical committee at [Al-Nahrain 

University/College of Biotechnology]. This approval underscores our commitment to ethical research 

practices and the well-being of our participants. 

- Ethical Clearance: The project was approved by the local ethical committee at [Al-Nahrain 

University/College of Biotechnology], ensuring adherence to ethical standards and the protection of 

participants' rights and welfare. 

 

Author’s Contribution Statement 

[First Author]: Contributed to the conception and design of the study, conducted some experiments, data 

rearrangement and drafted the initial manuscript. 

[Second Author]: conducted some experiments, collected a part of literature review  and conducted some 

characteristics of the products. 

References 

1. That, B. R. & Environment, H. Biomedicines-11-01221.Pdf. (2023). 

2. Al-yasiri, S. & Risan, M. H. Identification , characterization and antibiotic susceptibility testing of 

Pseudomonas aeruginosa isolated from clinical sources. (2024). 

3. Ahmad, R., Mohammed, R. & Alagely, H. Study the Phenotypic and Antimicrobial Susceptibility 

of Pseudomonas aeruginosa Isolated Clinically from Baghdad Hospitals. J. Biotechnol. Res. Cent. 

18, (2024). 

4. Sathe, N. et al. Pseudomonas aeruginosa: Infections and novel approaches to treatment “Knowing 

the enemy” the threat of Pseudomonas aeruginosa and exploring novel approaches to treatment. 

Infect. Med. 2, 178–194 (2023). 

5. Morley, S. A. et al. Testing the Resilience, Physiological Plasticity and Mechanisms Underlying 

Upper  Temperature Limits of Antarctic Marine Ectotherms. Biology (Basel). 13, (2024). 



 

10 
 

Iraqi journal of Bioscience and Biomedical 

Published Online First:  31/ December /2024. 

p-ISSN: 3007-5491 /  e-ISSN:3007-5505   

 

6. Young, L. S. & Amstrong, D. Pseudomonas Aeruginosa Infections. CRC Crit. Rev. Clin. Lab. Sci. 

3, 291–347 (1972). 

7. Wood, S. J., Kuzel, T. M. & Shafikhani, S. H. Pseudomonas aeruginosa: Infections, Animal 

Modeling, and Therapeutics. Cells 12, 1–37 (2023). 

8. Elfadadny, A. et al. Antimicrobial resistance of Pseudomonas aeruginosa: navigating clinical 

impacts,  current resistance trends, and innovations in breaking therapies. Front. Microbiol. 15, 

1374466 (2024). 

9. Roy, S. et al. Microbial infections in burn patients. Acute Crit. Care 39, 214–225 (2024). 

10. Maslova, E., Eisaiankhongi, L., Sjöberg, F. & McCarthy, R. R. Burns and biofilms: priority 

pathogens and in vivo models. npj Biofilms Microbiomes 7, 1–9 (2021). 

11. Maitz, J., Merlino, J., Rizzo, S., McKew, G. & Maitz, P. Burn wound infections microbiome and 

novel approaches using therapeutic microorganisms in burn wound infection control. Adv. Drug 

Deliv. Rev. 196, 114769 (2023). 

12. Ahmed, A. S. Production of silver nanoparticles from the aerobic and anaerobic cultures 

supernatants of Pseudomonas aeruginosa. 1–10 (2024). 

13. Jurado-Martín, I., Sainz-Mejías, M. & McClean, S. Pseudomonas aeruginosa: An Audacious 

Pathogen with an Adaptable Arsenal of  Virulence Factors. Int. J. Mol. Sci. 22, (2021). 

14. Holban, A. M., Gregoire, C. M. & Gestal, M. C. Conquering the host: Bordetella spp. and 

Pseudomonas aeruginosa molecular regulators in lung infection. Front. Microbiol. 13, 1–18 (2022). 

15. Liao, C., Huang, X., Wang, Q., Yao, D. & Lu, W. Virulence Factors of Pseudomonas Aeruginosa 

and Antivirulence Strategies to  Combat Its Drug Resistance. Front. Cell. Infect. Microbiol. 12, 

926758 (2022). 

16. Bertani, B. & Ruiz, N. Function and Biogenesis of Lipopolysaccharides. EcoSal Plus 8, (2018). 

17. Okuda, S., Sherman, D. J., Silhavy, T. J., Ruiz, N. & Kahne, D. Lipopolysaccharide transport and 

assembly at the outer membrane: the PEZ model. Nat. Rev. Microbiol. 14, 337–345 (2016). 

18. Kaito, C. et al. Non-pathogenic Escherichia coli acquires virulence by mutating a growth-essential  

LPS transporter. PLoS Pathog. 16, e1008469 (2020). 

19. Stocks, N. 済無No Title No Title No Title. 1–23 (2016). 

20. Chng, S.-S., Ruiz, N., Chimalakonda, G., Silhavy, T. J. & Kahne, D. Characterization of the two-

protein complex in Escherichia coli responsible for  lipopolysaccharide assembly at the outer 

membrane. Proc. Natl. Acad. Sci. U. S. A. 107, 5363–5368 (2010). 

21. Romano, K. P. & Hung, D. T. Targeting LPS biosynthesis and transport in gram-negative bacteria 

in the era of  multi-drug resistance. Biochim. Biophys. acta. Mol. cell Res. 1870, 119407 (2023). 

22. Romano, K. P. & Hung, D. T. Targeting LPS biosynthesis and transport in gram-negative bacteria 

in the era of multi-drug resistance. Biochim. Biophys. Acta - Mol. Cell Res. 1870, 119407 (2023). 

23. Lo Sciuto, A. et al. Pseudomonas aeruginosa LptE is crucial for LptD assembly, cell envelope  

integrity, antibiotic resistance and virulence. Virulence 9, 1718–1733 (2018). 

24. Chimalakonda, G. et al. Lipoprotein LptE is required for the assembly of LptD by the β-barrel 

assembly machine in the outer membrane of Escherichia coli. Proc. Natl. Acad. Sci. U. S. A. 108, 

2492–2497 (2011). 



 

11 
 

Iraqi journal of Bioscience and Biomedical 

Published Online First:  31/ December /2024. 

p-ISSN: 3007-5491 /  e-ISSN:3007-5505   

 

25. Reem, A. et al. Pseudomonas aeruginosa and related antibiotic resistance genes as indicators for 

wastewater treatment. Heliyon 10, e29798 (2024). 

26. Mahmoud, A., Zahran, W., Hindawi, G., Labib, A. & Galal, R. Prevalence of Multidrug-Resistant 

Pseudomonas aeruginosa in Patients with Nosocomial Infections at a University Hospital in Egypt, 

with Special Reference to Typing Methods. J. Virol. Microbiol. 2013, 1–13 (2013). 

27. Braun, M. & Silhavy, T. J. Imp/OstA is required for cell envelope biogenesis in Escherichia coli. 

Mol. Microbiol. 45, 1289–1302 (2002). 

28. Sperandeo, P. et al. Characterization of lptA and lptB, two essential genes implicated in 

lipopolysaccharide transport to the outer membrane of Escherichia coli. J. Bacteriol. 189, 244–253 

(2007). 

29. Werneburg, M. et al. Inhibition of Lipopolysaccharide Transport to the Outer Membrane in 

Pseudomonas aeruginosa by Peptidomimetic Antibiotics. ChemBioChem 13, 1767–1775 (2012). 

30. Balibar, C. J. & Grabowicz, M. Mutant alleles of lptD increase the permeability of Pseudomonas 

aeruginosa and define determinants of intrinsic resistance to antibiotics. Antimicrob. Agents 

Chemother. 60, 845–854 (2016). 

31. Hassett, D. J. Anaerobic production of alginate by Pseudomonas aeruginosa: Alginate restricts 

diffusion of oxygen. J. Bacteriol. 178, 7322–7325 (1996). 

32. Bragonzi, A. et al. Nonmucoid Pseudomonas aeruginosa expresses alginate in the lungs of patients 

with cystic fibrosis and in a mouse model. J. Infect. Dis. 192, 410–419 (2005). 

33. Wu, T. et al. Identification of a protein complex that assembles lipopolysaccharide in the outer 

membrane of Escherichia coli. Proc. Natl. Acad. Sci. U. S. A. 103, 11754–11759 (2006). 

34. Malojčić, G. et al. LptE binds to and alters the physical state of LPS to catalyze its assembly at the 

cell surface. Proc. Natl. Acad. Sci. U. S. A. 111, 9467–9472 (2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

12 
 

Iraqi journal of Bioscience and Biomedical 

Published Online First:  31/ December /2024. 

p-ISSN: 3007-5491 /  e-ISSN:3007-5505   

 

 

Serum level of IgM and IgG in Responses to COVID-19 Vaccination 

in Iraq 

2Salih. M Shahlaa; *1SaifS.  yatA 

1,2 Department of Molecular and Medical Biotechnology, College of Biotechnology, Al-Nahrian University, 

Baghdad, Iraq  

*Corresponding Author 

E. mail: ayat.mbm23@ced.nahrainuniv.edu.iq 

https://orcid.org/0000-0002-1679-9262 

 

Received 24/09/2024,  

Accepted 25/10/2024,  

Published 31/12/2024.  
 

   This work © 2024 by College of biotechnology/ Al-Nahrain university  

This is an Open Access article distributed under the terms of the CC BY 4.0. To view a copy of this license, visit 

http://creativecommons.org/licenses/by/4.0/ which permits unrestricted use, distribution, and reproduction in any 

medium, provided the original work is properly cited.  

 

Abstract  

The COVID-19 is pandemic disease, caused by the novel coronavirus SARS-CoV-2. It has enhanced 

extensive research about the immune responses of infection and vaccination. This study aimed to 

measurement of serum antibodies (IgM and IgG) levels in vaccinated individuals in Iraqi patients, and 

compares the responses between unvaccinated, Pfizer-vaccinated, Sinopharm-vaccinated, and COVID-19-

infected groups. A total of 300 participants were categorized into four subgroups: 30 non-vaccinated and 

uninfected, 90 Pfizer-vaccinated, 90 Sinopharm-vaccinated after the second dose, and 90 COVID-19 

infected, which assessed immune responses to Pfizer and Sinopharm COVID-19 vaccines over the first 

three months post-vaccination. IgM levels were significantly elevated in both the Sinopharm and Pfizer 

vaccine groups compared to the control group. Specifically, Sinopharm recipients had IgM levels of 5.33 ± 

2.1 ng/ml, Pfizer recipients had 3.61 ± 1.14 ng/ml, and the control group had 0.6 ± 1.14 ng/ml. Notably, 

there were no significant differences in IgM levels between the Sinopharm and Pfizer groups. IgM levels 

in both Sinopharm and Pfizer groups slightly increased after the third month of vaccination. Sinopharm 

recipients exhibited a slight rise to 2.1 ± 0.7 ng/ml, while Pfizer recipients had a slight increase to 1.0 ± 0.3 

ng/ml. IgG levels were significantly higher in the Pfizer vaccine group compared to the Sinopharm group 

and the control group. Pfizer recipients had a serum IgG level of 78.4 ± 12.3 ng/ml, followed by Sinopharm 

recipients at 68.4 ± 9.10 ng/ml, and the control group at 0.71 ± 0.02 ng/ml. After the third month of 

vaccination, both Sinopharm and Pfizer groups showed a decline in IgG levels. However, the Pfizer group 

maintained a higher level, with 50.2 ± 9.8 ng/ml compared to the Sinopharm group's 32.1 ± 5.4 ng/ml. 

These findings underscore the distinct immune responses elicited by different vaccines, providing valuable 

information for optimizing COVID-19 vaccination programs. 

Keywords: COVID-19, IgM, IgG, Pfizer, Sinopharm. 
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Introduction  

A modified virus called SARS-CoV2 is the source of the Coronavirus Disease (COVID-19). The 

virus was discovered for the first time in December 2019 in Wuhan, China1. Three vaccines have been 

globally administered in Iraq: the Pfizer vaccine (is made from messenger RNA (mRNA) that has been 

engineered to encode the SARS-CoV-2 spike protein (S)), the Oxford AstraZeneca vaccine (employs a 

modified chimpanzee DNA adenovirus), and the Sinopharm vaccine (contains the inactivated SARS-CoV-

2 virus)2. Despite the different modes of action of the COVID-19 vaccines, all of them target the spike 

protein because of its vital function3.SARS-CoV-2's spike (S) protein is essential to infection by attaching 

itself to the ACE-2 receptor on host cells, it functions as a key, allowing the virus to fuse and enter4. 

Immunological markers, particularly immunoglobulin G (IgG) levels, are useful tools for evaluating the 

efficacy of virus vaccinations, because IgG represents the body's long-term humoral immune response5. 

IgG antibodies take longer to develop but provide more persistent protection than IgM antibodies, which 

are first produced by the immune system in response to a novel infection, including viruses. Consequently, 

after vaccination, higher IgG than IgM antibody levels suggest a stronger immunological response and 

possibly higher vaccine efficacy6. A SARS-CoV-2 infection can cause IgM antibodies to appear as early as 

4 days after infection and to peak at roughly 20 days following, but IgG antibodies rise approximately 7 

days after infection and reach their peak at about 25 days7,8. Conversely, serum may already have significant 

levels of IgG against SARS-CoV-2, which may be found alongside or ahead of IgM. Another study found 

that the levels of IgG and IgM specific to the SARS-CoV-2 virus peaked 17–19 days and 20–22 days after 

the onset of symptoms, respectively. Several types of seroconversions have been reported: IgG and IgM 

seroconversion concurrently, IgM seroconversion prior to IgG, and IgM seroconversion subsequent to IgG9.  

Studies on the immune response to SARS-CoV-2 after spontaneous infection have revealed that 

convalescent COVID-19 patients have IgG antibodies for several months after the onset of symptoms, 

though these antibodies capacity to neutralize the virus gradually deteriorates10. For the adaptive immune 

response to be effective against the SARS-CoV-2 immunoglobulins IgG and IgM are indispensable. IgG 

mainly works by neutralizing the virus, blocking its entrance into cells, and stimulating immune cells to 

destroy infected cells. The first immune response, IgM, on the other hand, helps to activate B cells so they 

can produce more IgG11. 

Assessing IgG and IgM levels after vaccination or infection is crucial for evaluating vaccine 

efficacy, determining the duration of protective immunity, and advancing the development of novel 

therapeutic approaches12.  

Materials and Methods  

 Subject: 

There were Three hundred Iraqis that participated in this study. The participants were divided into 

four subgroups: thirty people were ranged from 24 to 35 (male equal to female), who were not vaccinated 

and uninfected, ninety people who received the Pfizer vaccine, ninety people who received the Sinopharm 

vaccine following the second dose of vaccination, and ninety people who were infected with COVID-19 

but had not received the vaccine. The observation period was for the first three months after vaccination or  
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infection. The ages of the vaccinated and infected groups varied from (25 to 40) years. Each of these 

groupings was then divided into three categories based on the length of vaccination or infection:  

one month, two months, and three months. Between October 2021 and January 2022, medical professionals 

oversaw the collection of contaminated samples from Baghdad Teaching Hospital and Ibn Al-Kateeb 

Hospital in Baghdad, Iraq 

Estimation Serum Level of IgM and IgG 

Serum samples were obtained from all participants. Anti-SARS-CoV-2 IgM and IgG levels were quantified 

using Sunglong, China ELISA kits. 

Statistical analysis: 

The data analysis tools used were GraphPad Prism 9 and SPSS version 23. The mean, standard deviation, 

ANOVA, and ROC curves were among the statistical tests used. 

Results and Discussion  

 

Evaluation of Anti-S covid-19 immunoglobulin M (IgM) in the infected and vaccinated group: 

  Compared to the controls (0.6±0.01 ng/ml) and vaccinated groups, the follow-up data analysis 

revealed a significantly higher serum level of IgM in hospitalized patients after one month of infection 

(14.3±2.8 ng/ml).  Following the first month of vaccination, the IgM levels were substantially higher in the 

Sinopharm vaccinate (5.33±2.1 ng/ml) and Pfizer vaccinate (3.61±1.14 ng/ml) groups than in the control 

group. However, no significant differences were observed within the vaccinated groups.  

 

In comparison to the control group, the infected group exhibited a significantly higher IgM level 

(7.3±2.8 ng/ml) and Sinopharm vaccinate (3.9±1.3 ng/ml) in the second month following infection and 

vaccination, respectively. However, no significant differences were observed within the vaccinated groups.  

Pfizer vaccinate did not exhibit any significant differences in comparison to controls (1.4±0.6 ng/ml), 

respectively.  

 

Compared to controls (0.6±0.01 ng/ml) and vaccinated groups, the IgM levels in patient 

(3.2±1.1ng/ml) and Sinopharm (2.1±0.7 ng/ml) and Pfizer (1.0±0.3 ng/ml) were slightly higher after the 

third month of infection and vaccination, as demonstrated in (figure 1). 

 

Anti-S COVID-19 Immunoglobulin G (IgG) in the infected and vaccinated group: The data analysis 

showed that the infected group had a greater level of IgG identified in the first three months after infection  

and vaccination, and that after one month, the amount of serum IgG was higher (114.3±13.6 ng/ml). 

Compared to the controls (0.71±0.02 ng/ml), the Pfizer vaccinates had a higher serum IgG level (78.4±12.3 

ng/ml), followed by the Sinopharm vaccinates (68.4±9.10 ng/ml). 
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  The second month after infection and vaccination showed notable variations as well. The IgG levels 

in the infected groups were substantially higher (94.2±8.9 ng/ml) than in the Sinopharm group (43.2±7.2 

ng/ml), Pfizer vaccinated group (54.2±6.4 ng/ml), and control groups (p<0.05). The immunization group 

did not differ significantly from one another, nevertheless (p>0.05). 

 

In comparison to the Pfizer (50.2±9.8 ng/ml) and Sinopharm (32.1±5.4 ng/ml) groups, as well as 

the control group (0.71±0.02 ng/ml), the infected groups also showed a considerable increase in the third 

month (82.4±12.3 ng/ml). However, as shown in (figure 1), no notable variations were found within the 

previously indicated categories. 
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a) Serum Anti-S COVID-19 IgM level b) Serum Anti-S COVID-19 IgG level 

 

Figure 1. a) IgM and b) IgG serum levels in the infected and vaccinated groups. 

 

  One month after infection, higher serum levels of IgM were found in hospitalized patients 

compared to both the control and vaccinated groups. This finding emphasizes the immediate immunological 

response to SARS-CoV-2 pneumonia. The study's findings which support the findings of13,14, showed that 

IgM levels are rising quickly. They observed that IgM antibodies against SARS-CoV-2 could be found 

within days of infection, peaking approximately three weeks later. Interestingly, the differential IgM  

response among vaccinated individuals, with Sinopharm recipients showing the highest levels followed by 

Pfizer, suggests vaccine-specific immune activation profiles. This phenomenon can be attributed to varying  

vaccine platforms and adjuvants used, affecting the immunogenicity and efficiency of the immune 

response15. 

       Results showed a significant rise in IgG levels following vaccination and infection, indicating the 

beginning of a more robust immune response. In the first month after vaccination and infection, the infected  

group had the greatest IgG levels; thereafter, the Pfizer and Sinopharm vaccines showed significant 

increases in IgG levels. These outcomes are consistent with16, who reported the presence of 

immunoglobulin G in high quantities in the post-infection period. 
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        Results are also in line with the study by17, who demonstrated that IgG antibody levels in fully 

vaccinated individuals with the Pfizer-BioNTech vaccine exhibited higher quantitative efficiency compared 

to those who received the Sinopharm vaccine. Both immunizations produce S protein IgG and NAbs over 

a period of several months. They also show a modest TH2 response and a robust T helper (TH) 1 response.  

        The  weeks following vaccination, the anti-spike IgG concentration for the Pfizer vaccination varied 

greatly; as the weeks pass, the concentration rises, reaching its maximum between the sixth and seventh 

weeks and its lowest between the tenth and subsequent weeks, as demonstrated in18. 

 

ROC test Analysis:  

       The Roc curve analysis of the Pfizer vaccine for IgM and IgG during the first month demonstrated 

(Sensitivity 100%, Specificity 100%, AUC: 1), while the analysis in third month demonstrated that IgM 

(Sensitivity 63.6 %, Specificity 63.6 %, AUC: 0.64 ± 0.10), and the IgG (Sensitivity 100%, Specificity 

100%, AUC: 1.00 ± 0.00). This is shown in fig 2.  

 

         The Sinopharm vaccine, during the first month the ROC curve analysis for IgM and IgG showed 

higher sensitivity and specificity (Sensitivity 100%, Specificity 100%, AUC: 1), while in the third month 

the result for IgM yielded (Sensitivity 100%, Specificity 36.364%, AUC: 1.00 ± 0.10), and the IgG yielded 

(Sensitivity %: 100, Specificity %: 18.182, AUC: 1.00 ± 0.00) as shown in fig 3. 

 

          ROC analysis of the infected individual recorded in the first and the third months that IgM 

(Sensitivity 100%, Specificity 100%, AUC: 1.00±0.00) ROC analysis recorded that IgG (Sensitivity 100%, 

Specificity 100%, AUC 1.00±0.00) as shown in fig 4 

 

Figure 2. Roc test of IgM and IgG after Pfizer vaccination 

 

 

 

 

a) ROC test of IgM and IgG after the first month b) ROC test of IgM and IgG after the third month 



 

17 
 

Iraqi journal of Bioscience and Biomedical 

Published Online First:  31/ December /2024. 

p-ISSN: 3007-5491 /  e-ISSN:3007-5505   

 

 

Figure 3. Roc test of IgM and IgG after Sinopharm vaccination 

 

Figure 4. Roc test of IgM and IgG after infection 

         A ROC analysis revealed that IgM and IgG levels are highly effective diagnostic markers for COVID-

19 infection and the immune response to Pfizer and Sinopharm vaccines. IgM and IgG antibodies were 

identified as the most reliable indicators for assessing both infection status and vaccine efficacy. 

 

 

 

 

 
 

a) ROC test of IgM and IgG after the first month b) ROC test of IgM and IgG after the third month 

  

 

 

 

 

a) ROC test of IgM and IgG after the first month b) ROC test of IgM and IgG after the third month 
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These markers demonstrated exceptional sensitivity and specificity of 100%, as well as high area 

under the curve (AUC) values, particularly within the first month after vaccination. 

IgM levels exhibited a decline in sensitivity over time, especially in the third month following 

vaccination. In contrast, IgG levels maintained consistently high sensitivity and specificity throughout the 

study period. The superior diagnostic accuracy of IgG compared to IgM was further evidenced by the AUC 

(IgG) > AUC (IgM) result19. Additional research has demonstrated that SARS-CoV-2 serological testing 

can serve as a valuable adjunct to the current RT-PCR assay, enabling more accurate and timely 

identification of COVID-19 cases20. 

Overall, this investigation highlights the potential of utilizing various immunological markers to 

diagnose COVID-19 infection and assess vaccine response. The Pfizer vaccine group demonstrated superior 

diagnostic potential for both IgM and IgG compared to the Sinopharm group, which exhibited lower 

sensitivity and specificity values 21. 

Conclusions 

According to the study, the Pfizer vaccine induces high levels of IgM and IgG antibodies. IgG 

levels often reach their peak several weeks following the second dosage and stay there for three months, 

whereas the Sinopharm immunization tends to cause a quick reduction in antibody response.  
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Abstract  

     Streptomyces actinomycinicus is a bacterium species from the genus of Streptomyces which has been 

isolated from soil. Streptomyces actinomycinicus has the ability to degrade pol(3-hydroxyalkanoate). This 

species produces Actinomycin, exfoliamycin and many secondary metabolite. The 52 isolated obtained 

from the isolation processes were sub-cultured on yeast extract-malt extract agar. The results obtained of 

our isolation Streptomyces  actinomycinicus CMU-RKDM30 which detected by PCR based on the study of 

the 16S rRNA gene sequence and phylogenetic relationship. The results of biochemical tests revealed the 

amylase, urease, catalase, gelatinase, protease, cellulose, phosphatase tests were positive, while the indole 

production and soluble pigment tests were negative. The HPLC of extracellular crude extract of our 

isolation Streptomyces  actinomycinicus showed three different antibiotics (Azithromycin, Amoxicillin, and 

actinomycin). 

Keywords: Streptomyces, actinomycin, actinomycinicus,16S rRNA, HPLC. 

Introduction  

     Actinomycetes are part of the phylum Actinobacteria, subclass Actinobacteridae, and order 

Actinomycetes. It is estimated that over 70% of naturally derived antibiotics currently in clinical use are 

sourced from soil actinomycetes. Some well-known examples of antibiotics produced by actinomycetes 

include streptomycin, erythromycin, vancomycin and tetracycline. This order is further divided into 14 

suborders, 49 families, and over 140 genera. Actinomycetes are widely distributed in various environments, 

including soil, water, and even in some extreme conditions. They play a crucial role in decomposing organic 

matter and contributing to the nutrient cycling in ecosystems 1.These antibiotics have been crucial in treating 

bacterial infections and have played a significant role in advancing medical practices2. The ability of 

actinomycetes to produce such a wide array of secondary metabolites is thought to be linked to their 

complex life cycle and their role in competing with other microorganisms in their ecological niche. 

mailto:Bassam.qasim@ibnsina.edu.iq
http://creativecommons.org/licenses/by/4.0/
https://en.wikipedia.org/wiki/Streptomyces
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Research on actinomycetes and their secondary metabolites is focused on discovering therapeutic 

compounds and addressing antibiotic resistance in pathogenic bacteria3. Streptomyces actinomycinicus is a 

bacterium species from the genus of  Streptomyces which has been isolated from soil. Streptomyces 

actinomycinicus has the ability to degrade poly  (3-hydroxyalkanoate). This species produces Actinomycin, 

exfoliamycin and many secondary metabolite 4. Streptomyces are widely distributed bacteria found on land, 

known for their strong metabolic powers and adaptability. These bacteria can use new growth and 

dispersion characteristics as they compete for environmental niches. In addition, they utilize their varied 

metabolic abilities for a range of purposes, such as optimizing food absorption, impeding phage replication, 

and suppressing bacterial and fungal proliferation 5. They are increasingly discovered to exist in symbiosis 

with plants and insects, frequently providing protective advantages to their host by producing antimicrobial 

chemicals that inhibit pathogens 6.  One form of liquid chromatography that has proven useful in the 

separation and quantification of dissolved compounds is high performance liquid chromatography, or 

HPLC. One way to find out how much of a certain chemical is in a solution is to utilize HPCL. The various 

solutes in the sample solution interact with the stationary phase in high-performance liquid chromatography 

(HPLC) and other methods that involve contacting the sample solution with a second solid or liquid phase. 

As a result of their unique interactions with the column, various components of the sample can be effectively 

separated into 6.  Various compounds have various retention durations, Rt, because their motilities cause 

them to escape the column at different times. The objective of this study is to isolate, identify, and analyze 

the active compounds produced by Streptomyces actinomycinicus CMU-RKDM30, a bacterium isolated 

from soil. Through a combination of molecular techniques, including PCR-based identification of the 16S 

rRNA gene, and biochemical testing, the study aims to confirm the strain's identity and its ability to produce 

bioactive metabolites. Using High-Performance Liquid Chromatography (HPLC), the extracellular crude 

extract from this strain was analyzed, with the goal of detecting and quantifying the presence of important 

antibiotics. By comparing the chromatographic data to known standards, the study seeks to reveal the 

specific antibiotic compounds produced by the isolate, thereby contributing to the growing body of research 

on the therapeutic potential of Streptomyces species. This investigation has the broader goal of exploring 

new sources of bioactive compounds, particularly antibiotics, that could address the rising issue of antibiotic 

resistance. 

Materials and Methods  

     One gram of dried and treated soil samples was used to make suspension by adding it in 99 ml of sterile 

distilled water (stock suspension) and they were shacked in a shaker at 160 rpm for 30 minutes at room 

temperature 7. Serial dilutions from 101 to 105 were made from the stock suspension and left for 10 minutes. 

After shaking, 0.1 ml of each dilution were culture  on Yeast Extract and Malt Extract (YEME) with 

Streptomycin 50 ug/ml, then spread by sterile swab for making uniform distribution of the suspension on 

the surface of the media. The inoculated plates were incubated at 28°C for 7 to 10 days. For the purpose of 

making a suspension, utilized one gram of treated and dried soil samples 8. This was mixed with 99 ml of 

sterile distilled water to create a stock suspension. The mixture was then shaken at 160 rpm for 30 minutes 

at room temperature. The stock suspension was diluted in a series of steps from 101 to 105 and then left to 

sit for 10 minutes. Following shaking, 0.1 ml of each dilution was cultured on Yeast Extract and Malt 

Extract (YEME) with 50 ug/ml of streptomycin. The suspension was then evenly distributed over the 

surface of the media using a sterile swab. For 7 to 10 days, the inoculation plates were kept at 37°C for 

incubation. Based on cultural characteristics, suspected colonies of Streptomyces were selected which are 

characterized as small, white, pin-point, rough, chalky and a clear zone of inhibition around them, these 

colonies was confirmed their identification by (types of Gram’s stain, aerial and substrate mycelium color, 

pigment production and pigment color).These colonies were transferred from the mixed culture into 

separate agar plates and incubated at 28±1°C for 7 days. Streptomyces were re-streaked on the International 

https://en.wikipedia.org/wiki/Streptomyces
https://en.wikipedia.org/w/index.php?title=Poly(3-hydroxyalkanoate)&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Exfoliamycin&action=edit&redlink=1
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Streptomyces Project (ISP2) to obtain pure colonies for identification. Cultural characteristics confirmed 

the identification of small, white, pinpoint, rough, chalky Streptomyces colonies. These colonies were 

cultured at 28±1°C for 7 days10. 

Standard Preparation 

     To get a concentration of 200 parts per million (ppm), 10 milligrams of standards were dissolved in 50 

milliliters of high-performance liquid chromatography (HPLC) grade methanol. This concentration was 

then further diluted by dissolving 1 milliliter of the solution in 50 milliliters of methanol 11. 

Sample Preparation 

     Twenty ml of the sample were diluted in 50 ml of HPLC-grade methanol (99%). A 1ml of the solution 

was added to 50ml of 99% HPLC grade methanol to further dilute it.12. Analyzing the extracellular extract 

of Streptomyces using High-Performance Liquid Chromatography (HPLC). 20 ml of the standard and 20ml 

of the sample were injected into the HPLC machine to get a chromatogram. The content of the sample was 

then estimated by comparing it to the standard. The concentrations were determined using the following 

equation: The formula for concentration is given by multiplying the ratio of the area of the sample to the 

area of the standard by the sample concentration and the dilution factor. 

The equation for determining the concentration of the sample based on the described method can be written 

as follows: 

Concentration of sample = (Area of sample / Area of standard) x Concentration of standard x Dilution factor 

Where: 

- Area of sample / Area of standard: This is the ratio of the chromatogram peak areas. 

- Concentration of standard: This is the known concentration of the standard used in the experiment. 

- Dilution factor: The factor accounting for the sample dilution, calculated as: 

  Dilution factor = (50/20) x (50/1) 

Thus, the final concentration of the sample is: 

 

Concentration of sample = (Area of sample / Area of standard) x Concentration of standard x (50/20 x 

50/1). The  table 1 shows format to present the circumstances of the deportation and the device used. 

 

Table 1: The circumstances of the deportation and the device used in this study 

Item Description 

Device Used PrimeQ Real-Time PCR System 

Deportation 

Circumstances 

Sample preparation and analysis of extracellular extracts from Streptomyces 

actinomycinicus CMU-RKDM30 

Purpose of 

Deportation 

Identification and quantification of antibiotic compounds (e.g., Azithromycin, 

Amoxicillin, Actinomycin) in extracellular extract 

Process 1. Sample isolation and preparation using ISP2 medium. 

2. Dilution and injection into HPLC machine. 

Analysis Method High-Performance Liquid Chromatography (HPLC) 

Results Measurement Comparison of chromatogram peak areas between the sample and standard 

Outcome Identification of active antibiotic compounds based on retention times and peak 

areas 

 

Primers Used in this Study 

     The following primers were used for detecting Streptomyces actinomycinicus 16S ribosomal RNA gene 

for strain CMU-RKDM30: 

 Forward primer (5'---3'): AGCGTTGTCCGGAATTATTG 

 Reverse primer (5'---3'): TCCAGACGTTTCCGGTGTAT 

Electrophoresis 
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      Electrophoresis was used to confirm the isolation of genomic DNA and validate PCR results. After PCR 

amplification, the DNA bands were visualized under UV light and photographed following staining with 

ethidium bromide. The amplified DNA bands confirmed the presence of the target gene for the detection 

of Streptomyces actinomycinicus gene for 16S ribosomal RNA. in the isolated samples. 

 

Results and Discussion  

 

     The results of our isolation of Streptomyces actinomycinicus CMU-RKDM30 which detected by PCR 

based on the study of the 16S rRNA gene sequence and phylogenetic relationship were consistent with 

other studies findings 13,14, regarding the similar habitats in which Streptomyces diversity was observed. 

The results observed a few different colony types, and the isolation process typically yielded plates with 

one or a few colony types, ranging from 2-4 colonies as shown in the (figure 1). 

 

Figure 1. Isolation of Streptomyces actinomycinicus, ISP2 (International Streptomyces Project 

Medium 2) or Starch Casein Agar. The culture was incubated at 28°C for 7-14 days. 

 Biochemical and physiological characteristics 

     The Streptomyces spp. biochemical and physiological tests are listed in table (2) Amylase, urease, 

catalase, protease, cellulase, and phosphatase were among the extracellular enzymes produced by the 

Streptomyces. The utilization of citrate was positive, there was no formation of HCN and volatile organic 

compounds toxicity. Several researchers found consistent results when they studied the Streptomyces strains 

for nutritional uptake, physiological and biochemical characteristics 15. Streptomyces actinomycinicus 

identification is a laborious procedure. Spore shape, mycelium service, carbon utilization and culture on 

international Streptomyces project (ISP) were the primary criteria for the Streptomyces taxonomy. When it 

comes to classifying members of the Streptomycetaceae family, morphological and biochemical traits are 

crucial 16.  

Table2: Results of biochemical analysis of Streptomyces spp. 

Reaction Response Result  

1- Urease  Red to deep pink  Positive  

2- Catalase  Bubbles   Positive  

3- Amylase  Clear zone  Positive  

4- Protease  Clear zone  Positive  

5- Gelatinase  Narrow zone  Positive  

6- Cellulase  Clear zone  Positive  

7- Phosphatase  Clear  zone  Positive  

8- Indole production No color zone  Negative   
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9- Citrate Utilization  Deep blue color  Positive  

10- Soluble pigment  No brown Negative 

 

       The results in the table above show that the amylase, urease, catalase, gelatinase, protease, cellulose, 

phosphatase tests were positive, while the indole production and soluble pigment tests were negative these 

results are consistent when they studied the Streptomyces strains for nutritional uptake, physiological and 

biochemical characteristics. Isolation and purification of the 

extracellular crude extract from the isolated strain the extracellular crude extract was partially purified using 

High Performance Liquid Chromatography (HPLC) to isolate and identify the bioactive components. This 

was done by performing bioautographic in the presence of a standard antibiotic19.  

Molecular identification of Streptomyces 

     The study confirmed the isolation of genomic DNAs from Streptomyces isolates through electrophoresis 

and PCR. 12 isolates were positive, and a single 480 bp band was observed in all tested isolates. The 16S 

rRNA gene sequence of the T2 strain was identified. The DNA extraction was effective and confirmed 

through electrophoresis analysis. 

 

 
Figure 2: Agarose gel electrophoresis of PCR products detection and isolation Streptomyces 

actinomycinicus gene for 16S ribosomal RNA 

 

Purification by High Performance Liquid Chromatography (HPLC) 

     The HPLC analysis was done to detect the concentration of important active compounds present in 

Streptomyces. HPLC analysis of extracellular extract of Streptomyces indicated the presence of three active 

compounds. The figure (2) revealed different peaks of antibiotic present in extracellular extracts of 

Streptomyces in same retention time in compare with a stander but with different area. 
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Figure 2: High Performance Liquid Chromatography of standard antibiotic 

     The HPLC of extracellular crude extract showed three different antibiotics (Azithromycin, Amoxicillin, 

actinomycin). As presented in figure (3) revealed that the same retention time of the sample in compare 

with a stander but with different area. The results in table (2) presents the retention times (Rf values), areas, 

and concentrations of various standard antibiotics identified in Streptomyces spp18. The table lists three 

antibiotics: Azithromycin, Amoxicillin, and Actinomycin. Azithromycin, detected at 7.80 minutes, 

accounts for 30% of the area and height. Amoxicillin, with a longer retention time of 10.75 minutes, 

contributes to 45% of the total area and height, indicating its significant presence in the sample. 

Additionally, Actinomycin, detected at 17.21 minutes, shows the highest individual contribution with  

65.12% of the total area and 51% of the height, highlighting its dominant concentration within the 

Streptomyces spp. The cumulative area and height percentages across these compounds amount to 100%, 

reflecting the total analytical output of the chromatographic analysis 17. 

Table (2) show the Rf   values for each standard antibiotic and area also the concentration of each 

antibiotic found in Streptomyces spp. 

N 
Reten. 

Time [min] 

Area 

[mAU.s] 

Height 

[mAU] 

Area 

[%] 

Height 

[%] 

W 05 

[min] 

Compound 

Name 

1 7.80 526.07 600.98 30.00 30.00 0.15 Azithromycin 

2 10.75 380.90 800.11 45.00 45.00 0.20 Amoxicillin 

3 17.21 509.81 854.12 65.12 51.00 0.26 Actinomycin 

 

The chromatogram in figure (3) shows four distinct peaks at retention times of 7.80, 10.75, and 17.21 

minutes. Each peak corresponds to a different compound separated by the chromatographic method. The 

first peak at 7.80 minutes is slightly larger, corresponding to Azithromycin. The second peak at 10.75 

minutes is prominent and sharp, indicating a significant presence of Amoxicillin. Finally, the largest peak 

occurs at 17.21 minutes, which likely corresponds to Actinomycin, the most abundant compound in this 

mixture. 
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 Figure (3) High Performance Liquid Chromatography for extracellular extract of Streptomyces. 

     A study described that thin high performance liquid chromatography are regularly used for analysis and 

characterization of antimicrobial compounds from producing microorganisms 17.  

Conclusions 

     Actinomycetes were observed in  culturing the diluted soil sample (10-5) for 7-10 days on ISP2 agar. 
The results of our isolation of Streptomyces actinomycinicus HPLC analysis of extracellular extract of 

Streptomyces indicated the presence of three active compounds 
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Abstract  

Pseudomonas aeruginosa, similar to several bacteria, use chemical signals for intercellular communication 

through the quorum sensing (QS) mechanism. QS enables bacterial groups to detect population density and, 

in reaction to variations in cell density, to synchronize their behaviors. The current work intended to identify 

quorum sensing virulence factor genes in P. aeruginosa isolated from clinical tissues. A total of 155 clinical 

samples were obtained from burns, wounds, urine, and ears for isolation of P. aeruginosa. Bacterial isolates 

were identified according to their biochemical reactions, then antibiotic susceptibility and Biofilm 

formation by isolates of P. aeruginosa was investigated, and the genomic DNA was extracted from each 

bacterial isolate for detection of quorum sensing genes (lasR, lasI, rhlR, and rhlI).  From different clinical 

specimens, twenty-five P. aeruginosa isolates were identified. these isolates were resistant to most 

antibiotics, and it was found that only 10(40%) of these isolates were biofilm producers. Biofilm virulence 

genes lasR, lasI, rhlR, and rhlI were detected in all P. aeruginosa isolates examined.  lasR, lasI, rhlR, and 

rhlI genes were common in P. aeruginosa isolates that have high rate of resistance to all antibiotics, and 

strong ability in biofilm formation. 

Keywords: Quorum sensing, Pseudomonas aeruginosa, Biofilm virulence genes 

Introduction  

            Pseudomonas aeruginosa is among the most opportunistic microorganisms, bacterial infections 

obtained in hospitals continue to result in antibiotic resistance, which is a major healthcare issue 1. Due to 

the regulation of bacterial activity and the formation of biofilms by quorum sensing (QS), Pseudomonas 

infections are frequently challenging to treat2. When a bacterial population reaches a certain concentration, 

or quorum, a bacterium known as QS is able to sense information from other cells in the population and 

using autoinducers, which are tiny signalling molecules, for communication purposes with them in order to 

regulate the synthesis of several virulence factors3. Rhl and Las have been recognized as P. aeruginosa's 

two main quorum sense systems. The autoinducer synthases lasI and rhlI, together with the related 

transcriptional regulators lasR and rhlR, comprise each system. Moreover, P. aeruginosa has the integrated 

mailto:noormu071@gmail.com
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/
mailto:firstauthor@email.com
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QS (IQS) system, a newly discovered fourth system, and pseudomonas quinolone signal (PQS), a third QS 

system4. In order to orchestrate the production of various virulence factors in response to a variety of environmental 

stimuli at different infection sites, P. aeruginosa, which is an important nosocomial pathogen, utilises a complex 

network of hierarchical quorum-sensing (QS) systems. These QS systems include the las, rhl, and 2-alkyl-4-

quinolone-related QS systems. Biofilm production is crucial to pathogenicity and antibiotic resistance5. This study 

was designed to gather information on the existence, distribution, and occurrence rate of quorum sensing in P. 

aeruginosa clinical isolates regarding their capacity to form biofilms.  

Materials and Methods  

Clinical Specimens  

A total of 155 clinical samples were collected from patients ranging in age from one to sixty years old who 

were receiving medical care at Al-Imamain Teaching Hospital, Baghdad Teaching Hospital, Al-Karkh General 

Hospital, and Al-Yarmouk Teaching Hospital throughout the months of September and November in the year 2023. 

Otitis from the ears, burns, and wounds were among the samples that were collected. Urine from urinary tract infections 

was also included. After being rapidly cultured on MacConkey agar, the swap samples were next incubated at 37 

degrees Celsius for a period of twenty-four hours 6. 

Identification of Pseudomonas aeruginosa 

Identification of P. aeruginosa was initially performed according to their morphological and 

cultural characteristics, and biochemical reactions. Identification of isolates was confirmed by using 

automated VITEK2 system (BioMérieux, France).  

Antibiotic Susceptibility Testing 

 Using growth-based technologies, the VITEK 2 system is computerized microbiology software. 

The arrangement of the bacterial suspension followed the guidelines provided by the manufacturers. A 

suitable number of colonies were taken out of the overnight pure culture and placed in a 12 x 75 mm 

transparent polystyrene test tube with 3.0 ml of sterile saline. DensiChek turbidity meter was used to set 

the turbidity to 0.5 McFarland. Subsequently, the VITEK 2 compact system with GN-ID employed the 

same suspension. Lastly, the specimen suspension tubes and the GN-ID cassette were placed into the 

VITEK 2 chamber7. 

Biofilm formation and quantification 

 Utilizing Luria Bertani (LB) broth medium, 96-well microtiter plates (MTP) were used to evaluate 

the in vitro biofilm growth utilizing the following protocols8: Once the identified strains of bacteria were 

diluted in LB broth at a ratio of 1:100, they were then seeded onto a microtiter plate with an initial turbidity 

of 0.05 at 600 nm. Finally, after being cultivated in the broth for the night, the microtiter plate was seeded 

with 200 μl of each well. The mean was calculated after each strain was examined three times in three 

different studies. Control wells numbered eight. The exhausted wells held sterile LB broth. The plates were 

then kept in an aerobic environment at 37 °C for a whole day. After the wells were incubated, their contents 

were decanted. Each was thoroughly rinsed three times with 200 μl of 0.9 percent sterile saline. Once the 

biofilm layer had adhered to each MTP well, 150 μl of 0.1% crystal violet was stained and allowed to stand 

at room temperature for a duration of 15 minutes. Following staining, excess dye was removed from the 

MTP by immersing it in a large container of water using a pipette9. The strains may be categorised as non-

biofilm producers (0), weak biofilm producers (+ or 1), moderate biofilm producers (++ or 2), and strong 

biofilm producers (+++ or 3). This classification is based on the OD values that were calculated before. For 
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the purpose of this computation, it is essential to keep in mind that the ODc value should not be removed 

from the average OD value of the strain. The following will make the interpretation of the results easier to 

understand: OD ≤ODc=no biofilm producer; ODc<OD≤2*ODc=weak biofilm producer; 

2*ODc<OD≤4*ODc=moderate biofilm producer; 4*ODc<OD=strong biofilm producer. 

DNA extraction 

 The Wizard Genomic DNA Purification Kit, manufactured by Promega in the United States, was 

used to extract genomic DNA from every single bacterial isolate. The efficiency of the chromosomal DNA 

extraction was validated by the process of electrophoresis of the DNA extracts on a 1% agarose gel that 

had been stained with ethidium bromide. Within the scope of this study, the NanoDrop 2000 

spectrophotometer was used to assess the levels of purity and concentration. 

Amplification of biofilm genes 

 The genes lasI, lasR, rhlI, and rhlR were shown to be involved in the creation of biofilms in P. 

aeruginosa. These genes were found to contribute to the formation of biofilms. Amplification by 

polymerase chain reaction (PCR) was performed using the primers that are specified in table (1).  

 

 

 

 

Table (1): Oligonucleotide primers used for amplification of biofilm genes 

Gene                 Sequences (5'  →  3') Tm 

 (C̊) 

Product  

size (bp) 

  Reference 

lasI F:GTGTTCAAGGAGCGCAAAG 

R:GAAACGGCTGAGTTCCCAGA 

62   240  

 

 

10 

lasR F: AGATCCTGTTCGGCCTGTTG 

R:CTGCTTTCGCGTCTGGTAGA 

62.5 194 

rhlI F:GCTACCGGCATCAGGTCTTC 

R:GTTTGCGGATGGTCGAACTG 

63.5 100 

rhlR F:ACCAGCAGAACATCTCCAGC 

R:CATTGCAGGATCTCGCGTTC 

64 157 
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Primer’s preparation: In order to achieve a stock solution with a final concentration of 100 pmol/µl, the 

lyophilised primers that were indicated in Table 2 were reconstituted in water that was free of nuclease. For 

the purpose of achieving a working primer concentration of 10 pmol/µl, a working primer solution was 

created by combining 10 µl of primer stock solution with 90 µl of nuclease-free water. 

  

Optimization of PCR conditions: Amplification of biofilm genes was carried out using thermal cycler 

(Fisher Scientific, USA). Optimum conditions for amplification of these genes described in Table (2). 

Table (2): PCR amplification program for P. aeruginosa biofilm genes 

Step Temperature (°C) Time No. of cycles 

Initial denaturation 95 2 minutes 1 

Denaturation 95  

30 seconds 

 

35 
Annealing 

 

57 

Extension  72 

Final extension 72 5 minutes 1 

 

Results and Discussion  

Isolation and identification of P. aeruginosa 

For isolation of P. aeruginosa, clinical samples were cultured on enrichment and differential media. 

From these samples, a total of 102 bacterial isolates were obtained. Different bacterial colonies were 

examined according their cultural and microscopic characteristics. Colonies suspected to be P. aeruginosa 

appeared as slightly curved, short to medium size, grouped as single or pairs, non-spore forming, non-motile, 

non-lactose fermenter, negative for Gram staining. They produce blue-green pyocyanin pigments that gave 

them the appearance of pale-yellow colonies. These bacterial isolates were further subjected to biochemical 

identification. Results showed that among the total isolates, only 25 isolates were identified as P. aeruginosa 

,  as they were positive for Catalase, Oxidase, Gelatinase, and Hemolysine production tests. While they were 

negative for Indole and Lactose fermentation tests as indicated in table (3). There was a confirmation of the 

positive identification of P. aeruginosa isolates by the use of the Vitek 2 compact system. 

Table (3): Biochemical test results for identification of P. aeruginosa isolates 

Biochemical test Result 

Catalase  + 

Oxidase + 

Indole  - 

Hemolysine production + 

Lactose fermintation - 
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Motility test + 

Gelatinase production + 

Grow at 42 ̊C + 

Grow at 4 ̊C - 

Gram staining - 

                                     (+): Positive result; (-): Negative result 

  The high isolation rate was from burn infections (50%), wound infections (24.5%), urinary tract 

infections (14.7%), and otitis media (10.8%). Whereas the rest 77 isolates were related to other pathogenic 

bacteria from different genera (Klebsiella pneumonia, Proteus mirabilis, Staphylococcus aureus and 

Escherichia coli).  

 The study focused on isolating Pseudomonas aeruginosa from clinical samples using enrichment 

and differential media, resulting in 102 bacterial isolates. Twenty-five of them were identified as P. 

aeruginosa by means of the Vitek 2 compact system, biochemical testing, microscopy, and culture.  

Antibiotic Susceptibility of P. aeruginosa isolates  

The Kirby-Bauer disc diffusion technique was used in order to ascertain the antibiotic susceptibility 

of the P. aeruginosa isolates. Results depicted in figure (1) demonstrated that multidrug resistance was 

prevailing in these clinical isolates, with 100% of the bacterial isolates exhibiting resistance to Amoxcillin-

clavululanate, 96% were resistant to Amoxcillin and Cefazolin, 88% to Tetracycline, 64% to Colistin, 48% 

to Levofloxacin ,44% to Aztreonam , 40% to Ceftazidim and Cefepime, 36 % to Piperacillin-sulbactum, 

28% to Ceftazidime-avibactam,, 24% to Tobramycin and Ciprofloxacin, 20 % to Ceftolozane-tazobactam 

and Meropenem-vaborbactam 16% to was resistance Doripenem, and 4% to Meropenem. Results also 

showed that (100%) of the P. aeruginosa isolates from burn, wound, UTI, and otitis infections had multi 

drug resistance to more than three antibiotic groups as shown in figure (1). 
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Figure (1): Antibiogram of P. aeruginosa isolates and the susceptibility percentage against 

different antibiotics. Amx: Amoxcillin; Amc: Amoxcillin-clavululanate; Pip/sulb:Piperacillin 

sulbactum; CFZ: Cefazolin; CAZ:Ceftazidim; CZA:Ceftazidime-avibactam; C/T:Ceftolozane-

tazobactam; FEP:Cefepime; ATM: Aztreonam; DOR: Doripenem; MEM: Meropenem; 

MVB:Meropenem-vaborbactam; TOB: Tobramycin; CIP: Ciprofloxacin; LVX: Levofloxacin; TET: 

Tetracycline; CST: Colistin. 

The antibiotic susceptibility results and resistance pattern of the current study that showed in Figure 

(1), were in agreement with Chika et al. 11, who found that 100% of P. aeruginosa isolates were multi-drug-

resistant P. aeruginosa. The high rate of multidrug resistance may be caused by haphazard antibiotic use. 

Additionally, There are many ways that MDR P. aeruginosa might develop resistance, including the 

formation of β-lactamases, enzymes that change aminoglycosides, efflux pumps that are resistant to several 

drugs, and a decrease in the permeability of the outer membrane. P. aeruginosa strains isolated from burn 

patients admitted to hospitals in Tehran demonstrated a rise in the rate of multiple drug resistance due to 

the improper use of antibiotics12. Additionally, changes in bacterial enzymes and the overuse or improper 

administration of antibiotics by doctors and their patients may be linked to resistance. 

Ability of P. aeruginosa isolates in biofilm formation 

The microtiter plate method was used in order to evaluate the capacity of P. aeruginosa isolates to 

generate biofilm. Results showed as in figure (2) that all bacterial isolates (100%) were biofilm formants 

with variable degrees, as there is 21(84%) of the isolates were weak biofilm formats, 3(12%) were moderate 

biofilm formats, and only 1 isolate (4%) was strong biofilm format.  

The study evaluated that all isolates were confirmed to produce biofilm, demonstrating varying 

strengths as showed in figure 2. Biofilms have remarkable capabilities in terms of both their physical and 

physiological adaptability to antimicrobial drugs. As a result of their method for improving antimicrobial 

tolerance, biofilms are able to withstand longer exposure to typical antimicrobial treatments, which allows 

them to keep their cell viability13. 

 

Figure (2): Ability of P. aeruginosa isolates in biofilm formation DNA Extraction and Purification 

DNA Extraction and Purification 

84%

12% 4%

Weak biofilm formation

Moderate biofilm formation

Strong biofilm formation
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Twenty-five P. aeruginosa samples were used to extract genomic DNA using the Wizard genomic 

DNA purification kit (Promega, USA). When the extracted DNA was stained with EB dye, it was verified 

by gel electrophoresis on a 1% agarose gel and seen under UV light20, as shown in Figure 3. 

.  

Figure (3): Electrophoresis of genomic DNA on 1% agarose gel after extraction from P. aeruginosa 

isolates 

Molecular Detection of Biofilm Genes 

Biofilm genes were detected in P. aeruginosa isolates. These genes are quorum sensing genes 

belong to two types, the first is auto inducers genes (lasI and rhlI), the second is transcription regulatory 

genes (lasR and rhlR) 14 .The virulence genes were amplified with particular primers, and the resultant 

products were visualised on agarose gel. 

Molecular Detection of biofilm auto inducer gene lasI 

LasI was amplified using certain primers to determine its frequency among the 25 P. aeruginosa 

isolates. The amplified product was then subjected to 1.5% agarose gel analysis. Results illustrated in 
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figure(4) showed an amplified product of 240 bp was visualized on agarose gel represents 

lasI gene prevalent in 24(96%) isolates of P. aeruginosa.  

 

 

Figure (4): lasI gene detection after amplification of genomic DNA of P. aeruginosa isolates and 

electrophoresis on agarose gel (1.5%) for one hour. Lane (M): DNA Ladder marker; Lanes (1-25): 

P. aeruginosa isolates. 

The results of the current study regarding biofilm auto inducer gene lasI referred that lasI gene may 

be differently distributed in clinical isolates and was compatible with those obtained by Limaa who found 

that percentage lasI occurrence was found to be 97.5% in P. aeruginosa isolates. As though Sabharwal et 

al. revealed that lasI was detected in 75% of P. aeruginosa isolated from urinary tract infections 15. 

Molecular Detection of biofilm auto inducer gene lasR 

As shown in figure (5), PCR was employed to amplify the lasR gene in 25 P. aeruginosa isolates 

using specific primers. Results of amplification and electrophoresis on 1.5% agarose gel showed an 

amplified product of 194 bp was visualized on agarose gel represents lasR prevalent in all 25 (100%) 

isolates of P. aeruginosa. 
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Figure (5): lasR gene detection after amplification of genomic DNA of P. aeruginosa isolates and 

electrophoresis on agarose gel (1.5%) for one hour. Lane (M): DNA Ladder marker; Lanes (1-25): 

P. aeruginosa isolates. 

The lasR gene encodes the transcription factor that activates many target genes, primarily 

associated with quorum sensing in P. aeruginosa and findings are similar to those obtained by Lima10 who 

found, P. aeruginosa isolates with the lasR were all 100% present. In contrast, Hemmati's 16 findings shown 

that the identification of QS genes was lower than that of the present research (78.3% for the lasR gene). 

Molecular Detection of biofilm auto inducer gene RhlI 

The present investigation employed polymerase chain reaction to identify the rhlR gene, which 

encodes rhamnolipid, by amplification with particular primers to ascertain gene frequency among P. 

aeruginosa isolates. Results illustrated in figure (6) showed that RhlI gene was also present in all 25 (100%) 

bacterial isolates. 
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Figure (6): RhlI gene detection after amplification of genomic DNA of P. aeruginosa isolates and 

electrophoresis on agarose gel (1.5%) for one hour. Lane (M): DNA Ladder marker; Lanes (1-25): 

P. aeruginosa isolates. 

According to the findings of the present investigation on the biofilm auto inducer gene RhlI, in 

local research carried out by Al-Kilabi 17, 31 isolates of P. aeruginosa were tested for the presence of the 

RhlI gene; the results showed that 25 isolates (or 80.6%) had a positive gene frequency. Nevertheless, when 

the RhlI gene was detected molecularly in P. aeruginosa isolates, 56 of the isolates (93.33%) tested positive 

for this virulence gene 18. 

Molecular Detection of biofilm auto inducer gene (RhlR) 

RhlR gene was amplified using specific primers to determine its frequency in MDR and high 

pathogenicity P. aeruginosa isolates. Figure (7) illustrates the amplification and electrophoresis results on 

a 1% agarose gel, which showed that the RhlR gene was present in only 24(96%) isolates of P. aeruginosa. 

the genomic DNA of isolate. 
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Figure (7): RhlR gene detection after amplification of genomic DNA of P. aeruginosa isolates and 

electrophoresis on agarose gel (1.5%) for one hour. Lane (M): DNA Ladder marker; Lanes (1-25): 

P. aeruginosa isolates. 

           The findings of biofilm auto inducer gene RhlR are similar to those obtained by Lima17 that 100% 

of P. aeruginosa carrying RhlI gene. In another study conducted in Egypt, it was found RhlI gene was 

prevalent in 45(90%) of P. aeruginosa isolates19. 

Conclusions 

 lasR, lasI, rhlR, and rhlI genes were common in P. aeruginosa isolates that have high rate of resistance to 

all antibiotics, and strong ability in biofilm formation. 
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Abstract  

A total of 150 samples were collected from clinical sources in Baghdad. All samples were subjected to 

analyses and confirmed by VITEK2 system. As a result, 80 isolates were recognized as S. aureus. Disc 

diffusion method was used to test antibiotic susceptibility profile for the isolates towards 8 antibiotics. The 

results indicated that 12 isolates were multi-drug resistant (MDR), 11 isolates were extensively drug-

resistant (XDR) and 8 were pandrug-resistant (PDR). Twenty-eight (35%) of the isolates were clindamycin 

resistant and 21 (26%) of these were constitutive clindamycin resistant as they show resistance towards 

erythromycin too; while 52 (65%) of the isolates were sensitive to both clindamycin and erythromycin and 

7 isolates were reported to be erythromycin-sensitive but clindamycin-resistant. It is essential that all 

healthcare facilities should continuously monitor S. aureus to avoid treatment failures associated with 

induced lincosamide antibiotics resistance. 

 

Keywords: Antibiotics, Staphylococcus aureus, VITEK 2 system, wounds, burns. 

Introduction  

Staphylococcus aureus is a ubiquitous Gram-positive bacterium, which may resident in various 

parts of body, especially skin and mucous membrane, as a human normal flora. In some cases, this 

bacterium can cause both community and nosocomial infections, including fatal pneumonia, bacteremia, 

osteomyelitis, infective endocarditis, mild skin and soft tissue infections 1–3.  

Staphylococcus aureus has  several virulence factors, including enzymes, proteins, toxins and 

others. In order to survive in various environmental conditions 4. This bacterium is rapidly acquires 

resistance to antimicrobial drugs, making it a major contributor to the spread of diseases in healthcare 

settings 5.  
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When compared to illnesses caused by susceptible strains of bacteria, those caused by antibiotic-resistant 

bacteria carry a higher risk of death and higher treatment costs 6. Genomic mutations that change the target 

DNA-gyrase or decrease the number of proteins in the outer membranes can reduce drug absorption and so 

impart drug resistance 7,8. 

Most antibiotics cannot kill Methicillin-resistant S. aureus bacteria, and some strains have even 

evolved resistance to drugs used as a last resort 9 .Resistance strains have regularly emerged shortly after 

new antibiotic were introduced to combat this infection. The most notable development is the rise in 

frequency of S. aureus isolates resistant to β-lactams. Therefore, efforts were focused on the use of 

clindamycin which is a lincosamide  antibiotics that belongs to the macrolide-lincosamide-streptogramin B 

(MLSB) antibiotic group 10. The clindamycin was characterized by its pharmacokinetic properties as it 

inhibits toxin production through its ability to penetrate to the soft tissue, in addition to its availability in 

oral as well as parenteral formulation.However, the frequent and extensive use of this antibiotic has led to 

the development of resistance to it 11.  

The resistance mechanism of clindamycin depends upon the ribosomal target site modification by 

the 23SrRNA methylases that is mediated by one or more erm genes (ermA, ermB, ermC, and ermF) among 

which ermA and ermC are predominant genes 12. This resistance mechanism could be either constitutive or 

induced in such a way that when the rRNA methylase is usually produced, the resistance phenotype is 

constitutive (cMLSB) but when an inducing agent such as erythromycin induced the production of 

methylase it said to be induced clindamycin resistance (iMLSB) 13. The aims of this study was to determine 

the prevalence of constitutive and induced clindamycin resistance among multidrug resistant S. aureus 

isolates from different clinical samples. 

Materials and Methods  

     Collection of clinical specimens 

From November 2023 to January 2024, a total of 150 clinical samples were collected from 

individuals suffering from a range of infections. These samples included ear, nose, wound, burn swabs, 

urine, and blood samples. The samples were collected from Mahmoudiya Hospital and Al-Imamain AL-

Kadhimain Medical City. 

    Bacterial isolation and identification 

Blood agar and mannitol salt agar (MSA) were used as differential and selective media for 

cultivation of Staph. aureus. the samples were incubated at 37oC for 24 hours. For further identification of 

Staphylococcus to the species level, morphological, biochemical (coagulase, catalase, oxidase) and 

confirmed using VITEK2.  

    Antimicrobial susceptibility test  

The Kirby-Bauer method, as specified in Clinical and Laboratory Standards Institute (CLSI) 

guideline 14 was utilized to test susceptibility profile for the isolates against the applied antibiotic using  
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Muller Hinton agar as a culture media. The antimicrobial discs listed in (table1) were supplied by 

Himedia/India. 

 

Table (1): The antimicrobial agents of this study. 

Antimicrobial Symbol 
Disk 

content 

Antimicrobial 

Class 

Erythromycin ERY 15 μg Macrolides 

Azithromycin 

 
AZM 15 μg Macrolides 

Clindamycin CL 2 μg Lincosamide 

Cefoxitin CXN 30 μg 
Cephamycin 

(2nd-generation) 

Vancomycin 

 
VA 30 μg Glycopeptide 

Gentamicin 

 

GEN 

 
10 μg 

Aminoglycoside 

 

Tetracycline TE 30 μg Tetracyclines 

Ceftazidime CAZ 30 μg 
Cephalosporins 

(3rd-generation) 

 

Results and Discussion  

 

  Based on used examination procedures; 80 samples (53%) were positively identified as Staph. 

aureus  as they appear grape-like clusters under microscope forming golden yellow colonies on MSA and 

their mode of ß-hemolysis on blood agar in addition to their ability to produce catalase and coagulase 

enzyme while they were unable to produce oxidase enzyme and this was confirmed by the results of the 

VITEK 2 system.  According to the isolation source; 47 (58.75%) the isolates were from skin samples that 

include epidermal (30%; n=24/80), wounds (20%; n=16/80) and burns (9%; n=7/80) followed urine (n=12; 

15%), blood (n=10; 12%), nasal (n= 4; 5%), sputum (n= 3; 4%), ear (n=2; 2%), knee joint (n=2; 3%)  as 

represented in figure (1). 
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Figure (1): The distribution of S. aureus isolates among samples. 

 

From these 80 isolates, resistance to both  CL and CXN was (35%, n=28/80), for AZM (26%, 

n=21/80), for GEN (28%, n=22), for ERY (26%, n=21/80), for TE (50%; n=40/80), for CAZ (24%; 

n=19/80) and the lowest resistant ratio was recorded for VA (14% n=11/80), as represented in figure (2). 
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Figure (2): Antibiotic resistance patterns of S. aureus isolates. 

ERY=Erythromycin 

CL=Clindamycin 

CXN=Cefoxitin 

AZM=Azithromycin 

GEN=Gentamicin 

CAZ=Ceftazidime 

TE=Tetracycline 

VA=Vancomycin 

The antibiotic resistance categories were determined as MDR, XDR and PDR. Among 80 isolates, 

n=12/80 (15%) were MDR, n=11/80 (13.75%) were XDR and n=8/80 (10%) were PDR, while the rest of 

isolates (62.5%); n=50 being out these categories. 

 

Table (2): The percentages of distribution for isolates among the categories of antibiotic resistance. 

Category 
Isolates 

Number Percentage (%) 

MDR 12 15 

XDR 11 13.75 

PDR 8 10 

Non-MDR, -XDR and -PDR 50 62.5 

Total 80 100 

* MDR: non-susceptible to ≥1 agent in ≥3 antimicrobial categories, XDR: non-susceptible to ≥1 agent in 

all but ≤2 categories and PDR: non-susceptible to all antimicrobial agents listed 15. 

For phenotypic detection of clindamycin and erythromycin-resistant S. aureus, the results of this 

study are represented in table (3). Among these, 28 (35%) of the isolates were clindamycin resistant and 21 

(26%) of these were recorded as constitutive clindamycin resistance as they show resistance towards 

erythromycin too; while 52 (65%) of the isolates were sensitive to both clindamycin and erythromycin and 
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7 isolates were reported to be erythromycin sensitive but clindamycin resistant. None of the  examined 

isolates were resistant to ERY and sensitive to CL together, whereas they not considered asinduced 

macrolide-lincosamide- streptogramin B ( iMLSB). 

 

Table (3): The distribution for clindamycin-resistant isolates among the categories of antibiotic 

resistance. 

Susceptibility pattern (phenotype) 
Total 

No. % 

ERY=R; CL=R 

(cMLSB) 
21 26 

ERY=S; CL=S 52 65 

ERY= R; CL=S 

(iMLSB: D test positive) 
0 0 

ERY=S; CL=R 7 8.75 

Total 80 100 

 

R=resistant 

S=sensitive 

ERY=Erythromycin 

CL=Clindamycin 

iMLSB= induced macrolide-lincosamide- streptogramin B 

cMLSB= Constitutive macrolide-lincosamide- streptogramin B 

 

In this study, 53% of S. aureus isolates were obtained form 150 clinical samples with a ratio 

compared with that reported by Shakir et al. 16 as they used different sources of the isolate S. aureus with a 

ratio of   25.5% and that obtained by Onanuga et al. 17 who isolated only 20.8% of S. aureus from various 

sources, while the results of this study were closely related with both studies reported by Uwaezuoke et al. 
18 and Yassein et al. 19, whereas they obtained 36% and 48% of S. aureus isolates from different samples, 

respectively. 

This study reported that 12, 15 and 20% of isolates of S. aureus from blood, urine and wound 

samples, which were different from findings of the study reported by Nsofor et al. 20, who obtained 6.7, 

25.4 and 29.4% of isolates from blood, urine and wound samples, respectively. 

One possible explanation for this patrtern of prevalence. Because of its adaptability to various bacterial 

environments, Staphylococcus aureus is the most common pathogele explanation for this pattern of n found 

in clinical specimens, and this fact is supported by the high prevalence of the organism. 

Among the different clinical specimens studied, the one with the highest prevalence of 

Staphylococcus aureus was found in epidermal swab  samples (30%), followed by wound swab samples 

(20%). This finding is in line with previous reports from Obiazi et al. 21 and Nwoire et al. 22 which also 

found that wound swabs contained 48% and 42.53% of S. aureus isolates, respectively. While Chigbu et 

al. 23 found the greatest occurrence rate in urine specimens (76.4%), current data show the opposite. 

           Inadequate personal hygiene and the wounds' exposure may have increased their susceptibility to 

contamination and infection, leading to the high prevalence of S. aureus in wound swabs found in this 

investigation. Another possible explanation for the high prevalence of S. aureus colonisation in this research 

is that some residents of the region self-medicate their wounds or seek out the services of unlicensed or 

poorly educated quacks before seeking professional medical help.  
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The high resistance of Staph. aureus to a wide range of   routinely used antibiotics results in a 

subsequent treatment failure and progress of uncomplicated infection to a major problem in the healthcare 

and community systems. Eight types of antibiotics belong to seven different classes were applied in this 

study, including CL, CXN, AZM, GEN, VA, TE, CAZ and ERY. According to the results, the tested isolates 

showed different degrees  of resistance to the applied antibiotics  such that 12 isolates were recorded as 

multi-drug resistant (MDR); 11 isolates were extensively drug-resistant (XDR) and 8 were pandrug-

resistant (PDR). Among these, 28 (35%) of the isolates were recorded as resistant to CLI and among them 

21 (26%) were also  resistant to ERY . so, they are  considered to have constitutive resistance as they show 

resistance to both clindamycin and erythromycin. while 52 (65%) of the isolates were sensitive to both 

clindamycin and erythromycin. furthermore, 7 isolates were reported to be erythromycin sensitive but 

clindamycin resistant, an indication for expected genetic exchange at the sequence of the gene coding for 

the erythromycin ribosomal methylase and this result was closely related to that obtained by Moroi and his 

colleagues in 2019 in Korea 24.  

The same proportion of the examined isolates (26%) was found to be lower than findings of Gurung et al.25, 

who found that (65%) of these isolates were resistant to AZM.  

This study found that 26% of isolates were resistant to ERY, which was lower than the findings of 

Mokta et al. 26 who showed that 39% of isolates in their specimens were resistant to ERY. In studies by 

Jarajreh et al., 27, Thapa et al. 28 and Gurung et al. 25, 78, 47 and 46.2% of isolates were resistant to ERY, 

respectively. Another study reported that resistance rates to ERY were (58%) 29, which was higher than the 

findings of this study. Also, Kishk et al. 13,  indicated that (54%) of their isolates showed  resistance to 

ERY. 

In study conducted by Gurung et al. 25, 75% of isolates were resistant to FOX, which is higher than 

that we recorded. According to this study, 35% of isolates were resistant to CLI, which was higher than 

finding of study reported by Gurung et al. 25, who found that 25% of isolates were resistant to this antibiotic. 

This variability against antibiotics among different years may due to the variability in the number of isolates 

and mechanisms of antimicrobial resistance in bacteria are due to several mechanisms included 

degradations of antibacterial drugs by enzyme, alterations of bacterial proteins that are antimicrobials 

targets, and alteration in permeability of membranes to antibiotics. Antibiotic resistance can be by plasmids 

mediated and transposons 30. So, the resistance to antibiotic is considered an international problem that is 

associated with serious infections that are difficult or cannot be treated. Bacteria that important in people 

infection have increasing resistance that’s include S. aureus and Escherichia coli that considered very 

common in this field 1. Suffering, increased complications and higher death rates  are seen with people that 

infected in resistant bacteria. Wherever antibiotics are used, antibiotic resistance is developed in both 

medicine and community. 

 

 

 Poor hygiene, poor water sanitation and poor infection control supply good environments for 

spreading the resistant bacteria. Most the antibiotic utilization in the world involves in food animals. This 

utilization result in the growing of resistant bacteria that transmit to people by water and food chain 31. 

One of the most popular drugs treating Staphylococcal infections, especially those of the skin and soft 

tissues, is clindamycin 32. Isolates with an inducible MLSB (iMLSB) phenotype must be distinguished from 

those with an MS phenotype  to avoid treatment failures caused by clindamycin. According to the results 

of this study, majority of isolates were cMLSB, which disagreed with Tiwari et al. 33, who indicated that 

64% of isolates were cMLSB and 38 of isolates were iMLSB. Erythromycin resistance was detected in 61.4% 

of the isolates in investigation of Gupta et al. 34, which is higher than that found in the results of this study 
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(26%). They reported that a total of 47.20 percent of the erythromycin-resistant Staphylococcus aureus 

isolates had the MS phenotype, 31.67% had cMLSB resistance, and 21.1% had iMLSB resistance.  

 

The highest frequency of the iMLSB phenotype was recorded by Steward et al. 35 at 16.4%, with 

cMLSB at 12.5% and MS at 7.8%.  The results of this study disagree with both Regha et al. 36 and Deotale 

et al. 37 who found that iMLSB was the most common phenotype, with cMLSB coming in second and MS 

phenotypic third. In contrast, Dubey et al. 38 found that iMLSB was the highest, followed by MS phenotypic 

and cMLSB, demonstrating that researchers found varying rates in their investigations. In addition, Prabhu 

et al. 39 9.47 and 10.52% of isolates were cMSLB and iMSLB, respectively, which was lower than that found 

in this study. 

Generally, reasons for the discrepancy in results of different studies, in addition to results of this study, 

include differences in antibiotic exposure between populations or regions, which in turn cause different 

patterns of resistance. However, resistance rates may be influenced by the kinds and frequency of antibiotics 

administered in a certain community or healthcare system. The development of resistance to antibiotics 

might be accelerated by their misuse or excessive usage 40,41. The reliability of resistance rate estimations 

is affected by the sample population's size and representativeness. Adaptation by microbes, changes in 

antibiotic prescription practices, and new infection control methods may all cause resistance patterns to 

develop over time 42,43. 

 

Conclusions 

    Vancomycin  ( VA.)  not recommended as effective antibiotic against S. aureus. There is a correlation 

between regional differences in infection patterns and medication use and the prevalence of MLSB 

resistance. Thus, in order to prevent treatment failures, it is imperative that all healthcare facilities 

continuously monitor S. aureus for MLSB resistance by testing erythromycin and clindamycin-resistant 

isolates with the D-test Inducible clindamycin resistance in vitro is another important concept for physicians 

to be aware of. According to the results obtained, possible medication to explore for treatment in such 

circumstances include vancomycin and Cefoxitin. 
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Abstract  

Oxidative stress is a pathological condition characterized by an imbalance between the production of 

reactive oxygen species and the body's antioxidant defenses. This imbalance can lead to cellular damage 

and has been implicated in various disease states. Ginkgo biloba, a widely studied medicinal plant, is known 

to possess potent antioxidant properties due to its phytochemical composition. This study aimed to 

comprehensively evaluate the antioxidant activity and protective effects of G. biloba ethanolic extract (GB-

EE). The total flavonoid content of the extract was determined, and its free radical scavenging ability and 

reducing power were assessed. GB-EE exhibited a concentration-dependent DPPH radical scavenging 

activity, with an IC50 of 19.45 µg/mL, comparable to the positive control, ascorbic acid (26.35 µg/mL). 

Additionally, the extract demonstrated moderate reduction ability, as evidenced by its ferric-reducing 

antioxidant power. Furthermore, in vivo studies on mice revealed that GB-EE treatment protected against 

hydrogen peroxide-induced oxidative stress, significantly reducing malondialdehyde levels and restoring 

glutathione concentrations in the kidney and liver tissues. These findings suggest that GB-EE possesses 

potent antioxidant properties and can exert a protective effect against oxidative damage, highlighting its 

potential therapeutic applications. 

Keywords: Ginkgo biloba, Antioxidants, DPPH assay, FRAP assay, Oxidative Stress. 

Introduction  

For centuries, medicinal plants have been an essential resource and remain a mainstay in traditional 

medicine for treating local ailments of the indigenous people 1.  The World Health Organization (WHO) 

estimates that 88% of member countries use herbal plants, acupuncture, yoga, and local remedies in 

traditional medicine to treat some local diseases 2. Medicinal plants represent major resources of natural 

products that have the ability to fight many serious diseases 3. Ginkgo biloba is the oldest living tree with a 

long history of use as a therapeutic plant in traditional Chinese medicine 4. Several studies showed that leaf 

mailto:zeinatariqalfalahi@gmail.com
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extracts of G. biloba have significant contents of phytochemicals products like flavonoids (24%), terpenoids 

(6%), and natural antioxidants ginkgolic acids (less than 5 ppm) 5.  

Flavonoids are secondary metabolites in plants and can be divided into flavones, flavonols, 

dihydroflavonols, dihydroflavones, flavanones and isoflavones 6. More than 5000 flavonoids have been 

found in edible plants. Dietary flavonoids possess multiple bioactivities, including antioxidative, anti-

obesity and antiadipogenic effects. However, flavonoids as natural antioxidants have the ability for reducing 

(ROS) in human bodies 7. 

Reactive oxygen species (ROS) are highly reactive due to the presence of unpaired electrons 8. In case of 

oxidative stress, ROS that occurred during aerobic metabolic activities such as superoxide, hydroxyl, nitric 

acid, hypochloric acid, proxynitrite and peroxyl radicals play an essential role in the pathogenesis of various 

serious diseases 9. Oxidative damage by free radicals has been considered as a mechanism involved in the 

pathogenesis of many chronic diseases such as atherogenesis and other heart diseases 10, in cancer 11, neural 

disorders 12, and it also play an adverse effect on the female reproductive functions 13. ROS significantly 

impacts reproductive function by inducing oxidative stress, damaging cellular components like DNA, 

proteins, and lipids 14. Therefore, reducing the rates of ROS in the bodies to the lowest levels became 

extremely required. 

Since dietary plants contain most antioxidant compounds that are consumed by human bodies, it is essential 

to find methods that can measure the total flavonoids of plant extracts directly 15. In the current study, total 

flavonoids and antioxidant activities were evaluated in G. biloba ethanolic extract through DPPH Radical 

- Scavenging Activity (1,1-diphenyl-2-picrylhydrazyl) and Ferric-reducing antioxidant power (FRAP) 

assays and examine its alleviating effect in vivo. 

Materials and Methods  

Plant Collection and Identification  

Dried G. biloba leaves used in this study were obtained from local markets of Baghdad-Iraq which 

previously identified by National Herbarium of Iraq. The plant's leaves were thoroughly washed in tap 

water to remove impurities, dried and grinded into fine powder using electrical grinder. 

 

Preparation of G. biloba Ethanolic Extract (GB-EE) 

This method was carried out according to 16. The plant ethanolic extract was prepared by adding 50 

g of leaves powder in 250 mL of ethanol (99%). Then the mixture was incubated in shaker-incubator at 

37°C for 24 hours. At first, the mixture was filtered by multiple layers of gauze followed by Whatmans 

filter paper No.1. In addition, the filtrate was concentrated well by rotary evaporator. Stock solution was 

perpared, then different concentrations of the extract were prepared 25, 50,100, and 200 µg/mL. 

 

Determination of Total Flavonoid Content 

The aluminum chloride colorimetric method which was described by 17 was used to evaluate the 

total flavonoid content Spectro-photosynthetically. Briefly, 3.5 mg of G. biloba ethanolic extract was 

dissolved in 5 mL of half ethanol, followed by addition of 1 ml of 5% (w/v) NaNO2 solution. After 6 min, 

1 mL of a 10% (w/v) AlCl3.6H2O solution was added and the mixture was left for a further 5 min before 

adding 10 mL of a 10% (w/v) NaOH and the mixture was made up with 50 mL of distilled water and mixed 

well. Furthermore, the absorbance was evaluated using a spectrophotometer and it was 460 nm. A linear 

standard curve of catechin was prepared. Total flavonoid was calculated based on standard curve equation 
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y =3.25x + 0.019, where y = absorbance at 460 nm and x = flavonoid concentration. The obtained result 

was expressed as means (SD) mg of (+)-catechin equivalents per gramme gram for the G. biloba ethanolic 

extract. 

 

DPPH Radical - Scavenging Activity 

The measurement of the antioxidant activity of G. biloba ethanolic extract and the standard were 

done according to the radical–scavenging effect of the stable 1,1 diphenyl-2-pecrylhdrazyl (DPPH) free 

radical method 18. An aliquot of 0.1 mL of G. biloba ethanolic extract or standard (Ascorbic Acid) (25, 50, 

100 and 200 µg/mL) was added to 3.9 mL of DPPH solution in a test tube. And the mixture was incubated 

in dark at 37°C for 30 min. In addition, spectrophotometer apparatus was used to determine the absorbance 

of each mixture at 517 nm. All measurements were performed in triplicates. The ability to scavenge DPPH 

free radical was calculated by the equation given below: 

 

(DPPH) Radical Scavenging Activity (%) =   (𝟏 −
𝑨𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝑺𝒂𝒎𝒑𝒍𝒆

𝑨𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝑺𝒕𝒂𝒏𝒅𝒂𝒓𝒅
)×100 

Reductive Ability 

To determine the reductive ability of G. biloba ethanolic extract, the method that described by 19 

was adopted. One mL of each concentration of G. biloba ethanolic extracts (25, 50, 100 and 200 µg/mL) 

or standard (Trolox) was added to 1 mL of 0.2 M phosphate buffer (pH 6.6) and 1.5 mL of potassium 

ferricyanide (1%), and the mixture was incubated at 50°C in dark for 20 min. One mL trichloroacetic acid 

(10%) was added to the obtained solution to stop the interaction. After that, the mixture was centrifuged at 

3000 rpm for 10 min. Then 2 mL of distilled water and 0.5 mL of freshly prepared ferric chloride (0.1%) 

was mixed with 2.5 mL of the obtained supernatant. Furthermore, the absorbance was measured at 700 nm 

with a spectrophotometer after 15 min and all tests were carried out in triplicate. 

Experimental Animals  

BALB/c male mice, approximately 30 g (12 to 14 weeks old) with total number of 40, were used 

in this study and kindly provided from Biotechnology Research Center – Al-Nahrain University. Mice were 

housed in stainless steel cages, under a 12-hour dark/12-hour light cycle at a temperature of 22±3.0°C. The 

investigation was conducted at a relative humidity of 55±5.0%. Mice fed water and conventional pellet 

meal throughout the study period. 

Mice were separated into 4 groups, each group contained 10 mice as follows: 

Group 1 (Untreated mice): mice were administrated with 0.1 mL PBS intraperitoneally for 14 days. 

Group 2 (GB-EE Treatment): mice were intraperitoneally injected with 0.1 mL of 100 mg/kg GB-EE for 

14 days. 

Group 3 (H2O2 Treatment): mice were intraperitoneally injected with 0.1 mL of 100 mg/kg H2O2 for 14 

days. 

Group 4 (GB-EE + H2O2 Treatment): mice were injected with 0.1 mL (100 mg/kg) GB-EE for 5 days prior 

to dual H2O2 and GB-EE treatment (100 mg/kg for each) for 9 days.      

At the end of the experiment, all mice were sacrificed, kidney and liver tissues were collected and 

homogenized in cold KCl 0.15 M using homogenizer (15,000 rpm). The homogenates underwent 

centrifugation, and the supernatants were preserved at -40°C until analysis. Tissue malondialdehyde (MDA) 

and glutathione (GSH) concentrations were quantified using a UV-spectrophotometer employing the 

colorimetric techniques as previously reported 20.   
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Data Analysis  

All values in this study are given as mean ± standard deviation (SD), and differences between 

means were determined by analysis of variance (ANOVA) followed by either LSD (Least Significant 

Difference) of Duncan's test. The analyses were achieved by using the statistical package SPSS version 20. 

 

Results and Discussion  

 

Total Flavonoids Content 

Ethanolic extract of G. biloba was found to have total flavonoids of 832.1±15.8 µg/mL. 

Accordingly, the ethanolic extract of G. biloba can be considered as a rich source of flavonoids. Phenolic 

compounds with variable structures are the main components of flavonoids and can be found in fruits, 

vegetables, grains, bark, roots, stems and flowers which in turn belong to a wide-group of plant secondary 

metabolites. Moreover, Flavonoids have a wide range of therapeutic activities including their potential 

function as anti-cancer agents which give them a remarkable therapeutic feature 21, 22. 

 

DPPH Radical Scavenging Activity 

The radical scavenging activity of GB-EE was estimated by comparing the percentage inhibition of 

formation of DPPH radical by the extract with those of ascorbic acid. GB-EE exhibited a dose-dependent 

antioxidant capabilities with maximum scavenging of DPPH was 76.23±2.022% at 200 µg/mL. Compared 

to ascorbic acid (as a positive control), the pattern of GB-EE scavenging activity showed no significant 

differences with ascorbic acid treatment, indicating the substantial antioxidant activity of GB-EE. The 

calculated IC50 was 19.45 and 26.35 µg/mL for GB-EE and ascorbic acid, respectively (Table 1).  

 

(Table 1): DPPH radical scavenging activity of GB-EE. 

       Treatment   

          (µg/mL) 

Antioxidant Activity (Mean ± SD) % 

      Ascorbic acid         GB-EE          p Value  

               25      49.04±0.8839        38.46±0.4064          0.9998 NS 

               50      53.86±1.381        57.56±11.27          0.7840 NS 

              100      69.48±4.291        60.88±1.252          0.1123 NS 

              200      76.23±2.022        73.15±1.140          0.8733 NS 

NS: Non-significant. 

 

GB-EE demonstrates notable antioxidant properties, attributed to its abundant bioactive 

compounds, especially flavonoids, terpene lactones, and polyphenolic compounds. The antioxidant activity 

of the extract is mainly due to its capacity to neutralize free radicals, inhibit lipid peroxidation, and 

safeguard cells from damage caused by oxidative stress 23. The principal flavonoid constituents play a 

crucial role in enhancing antioxidant capacity via mechanisms including hydrogen atom donation and 

electron transfer 24. 

 

Reductive Ability Assay 

In this experiment, the assessment of the reductive ability showed that the GB-EE was moderate in 

such activity, in which the obtained results were concentration-related. GB-EE exhibited efficient reduction 

ability for all concentrations used with significant differences (p < 0.01) compared to trolox (positive 
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control). At the concentration 0.64 mg/mL of GB-EE the highest absorbance was observed in comparison 

with that of trolox and the absorbance values were 0.4±0.01 and 0.278±0.01 respectively (Table 2). 

The moderate reduction activity of the extract is evidenced by its ability to reduce ferric (Fe³⁺) to ferrous 

(Fe²⁺) ions, as measured by the FRAP (Ferric Reducing Antioxidant Power) assay. This reducing power, 

while not as potent as its antioxidant capacity, plays a crucial role in maintaining cellular redox homeostasis. 

The synergistic interaction between the extract's reducing and antioxidant properties enhances its overall 

therapeutic potential, particularly in conditions characterized by oxidative stress and redox imbalance 25. 

 

(Table 2): Reductive ability of GB-EE. 

       Treatment 

          (mg/mL) 

                              Absorbance (Mean ± SD) 

     Positive Control (Trolox)                  G. biloba p Value 

              0.02                 0.109±0.002 0.179±0.003 <0.0001 ** 

              0.04                 0.117±0.002 0.234±0.005 <0.0001 ** 

              0.08                 0.138±0.008 0.337±0.007 <0.0001 ** 

              0.16                 0.164±0.015 0.361±0.007 <0.0001 ** 

              0.32                 0.230±0.022 0.390±0.008 <0.0001 ** 

              0.64                 0.278±0.010 0.400±0.010 <0.0001 ** 

**: p < 0.01. 

GB-EE Exhibited Protective Effect Against H2O2 Toxicity  

Results in Fig. (1) and Table (3), show that the level of MDA and GSH in mice treated with GB-

EE was close to control group, however, H2O2 treatment resulted in extreme changes at these levels. In 

H2O2 treated mice, the level of MDA was significantly (p < 0.05) increased compared to control, while the 

level of GSH was reduced dramatically (p < 0.05). Both observations were detected in kidney and liver 

tissues. Interestingly, GB-EE treatment along with H2O2 exposure significantly (p < 0.05) improved the 

abnormal changes in the level of MDA and GSH compared with mice group treated with H2O2 only. GB-

EE treatment resulted in reduction of MDA level by 53.8 and 52.2% in kidney and liver tissue, respectively 

after 9 days exposure to H2O2. On the other hand, the extract resulted in 2.28- and 3.1-fold increase in the 

level of GSH in kidney and liver tissue, respectively.           

 

(Table 3): Mean ± SD MDA and GSH level in mice liver and kidney tissues upon different 

treatments. 

     Groups MDA (Mean ± SD) nmol/g 

                 Kidney                   Liver 

I                 0.31±0.02a 0.33±0.04a 

II                 0.36±0.04a 0.35±0.04a 

III                 1.19±0.12b 1.34±0.14b 

IV                 0.64±0.07c 0.7±0.08c 

    Groups GSH (Mean ± SD) mg/g 

                 Kidney                    Liver 

I                 0.86±0.06a                 0.90±0.08a 

II                 0.79±0.08a                 0.84±0.10a 

III                 0.25±0.03b                 0.22±0.02b 

IV                 0.57±0.04c                 0.68±0.05c 

Different letters (a, b, c) considered significantly different at p < 0.05. 
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Fig. 1: Effects of GB-EE treatment on MDA and GSH levels of mice liver and kidney tissues treated 

with H2O2. Different letters (a, b, c) are significantly different at p < 0.05. 

 

This study demonstrates that GB-EE treatment exhibits a protective effect against biochemical 

toxicity induced by H2O2. The protective function of GB-EE is linked to various mechanisms, notably the 

activation of antioxidant enzymes 26. Ginkgolide, a component of G. biloba extract, has been shown to 

protect cells from necrosis and apoptosis by modulating glutathione peroxidase activity and reducing 

malondialdehyde (MDA) levels associated with lipid peroxidation 27. Consequently, GB-EE safeguards 

liver and kidney tissues from damage caused by H2O2, decreases MDA levels, and restores the 

compromised antioxidant balance. A significant increase in MDA levels and a decrease in GSH levels were 

observed in the H2O2 -treated group. Elevated concentrations of H2O2 may induce oxidative stress, leading 

to cellular damage 28. The antioxidant systems within cells protect against oxidative damage. The elevation 

of oxidant levels and inadequate antioxidant capacity result in irreversible cellular damage. GSH serves as 

a crucial antioxidant within cells, and a reduction in GSH levels signifies oxidative damage 29. MDA results 

from lipid peroxidation, and elevated levels of MDA indicate oxidative damage within the cell 30. 

Administration of GB-EE resulted in partial enhancement of GSH and MDA levels, demonstrating a distinct 

protective effect against oxidative damage. 

Conclusions 

The G. biloba ethanolic extract (GB-EE) exhibited significant antioxidant activities, including 

potent free radical scavenging and moderate reducing power. The extract's rich flavonoid content 

contributed to these antioxidant properties. Furthermore, GB-EE demonstrated a protective effect against 

oxidative stress-induced toxicity in vivo, highlighting its therapeutic potential for conditions characterized 

by redox imbalance 
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Abstract  

This research aimed to analyze the phytochemical constituents and antioxidant capabilities of crude 

methanolic extract of Vitex negundo L. leaves, which considered as one of medical plant. Leaves were 

gathered for examination followed by methanolic and essential oil extraction for biological application. 

Through screening processes, important compounds of therapeutic effects were investigated such 

flavonoids, polyphenols, and alkaloids in lower content. The quantitative assay revealed that the major 

content was flavonoids (513,34±23,15μg/mL), while the amount of total phenols was 

(350,67±27,68mg/mL). Antioxidant tests were carried out using DPPH and FRAP methods, for evaluation 

purposes in the current study. For DPPH, result indicated that the scavenging ability of V. negundo L. 

methanolic extract was achieved in relative to vitamin C the potential antioxidant agent at concentration 

(83.34±3.51μg/mL). In the FRAP experiment conducted on V. negundo L. plant samples showed a ferric 

reduction capacity of (1.92±30mg/mL) at the concentration (0.545±15mg/mL) in relative to Trolox 

standard. These significant findings highlight V. negundo L. potential as a natural source of antioxidants. 

These results indicate that V. negundo L. may be an option, for medical purposes in addressing conditions 

linked to oxidative stress. This supports its standing use and positions it as a remedy, in contemporary 

medicine. 

Keywords: Vitex negundo L, Methanol Extraction, antioxidant activity, Phytochemical Screening.  

 

Introduction  

The Chinese chaste tree or five leaved chaste tree, with the scientific name Vitex negundo Linn  

(V. negundo L) is a medicinal plant belongs to the Lamiaceae family that thrives in tropical and subtropical 

areas like Iraq, fig 1, Southeast Asia and some parts of Africa. The plant is a fragrant shrub growing, up to 

5 meters tall with compound leaves made up of five lance shaped leaflets, blue flowers and dark drupe like 

fruits. It flourishes in both habitats and manmade gardens is highly valued in ancient healing practices like 

mailto:muhnor99@gmail.com
http://creativecommons.org/licenses/by/4.0/
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Ayurvedic medicine and traditional Chinese medicine for its strong anti-inflammatory properties as well as 

antimicrobial and pain-relieving benefits 1. 

  

Figure 1 Filed of Vitex negundo L. leaves 

In Southeast Asias medicine practices V. negundo known as "Nirguna" in Ayurvedic medicine has 

played a crucial role by relieving pain and inflammation along; as recent studies indicate that 

V. negundo commonly known as the five leaved chaste tree or nirgundi in Ayurveda medicine 2, in India 

may have benefits in fighting cancer and has garnered interest within the field of oncology as a result of 

this discovery, with treating respiratory problems and female reproductive ailments. It has been utilized to 

address arthritis, asthma, bronchitis, menstrual disorders and enhance the healing of wounds. The diverse 

biological capabilities of V. negundo credited to a range of substances found in its leaves and bark such as 

flavonoids and alkaloids, among others have demonstrated effectiveness, in regulating inflammation and 

combating oxidative stress 3.  

Studies have highlighted that extracts derived from V. negundo possess antioxidant properties that 

can regular cell growth and trigger programmed cell death in cells. Crucial components such as flavonoids 

and phenolic acids found in V. negundo are thought to be responsible for these effects which could 

potentially position this herb as a complementary approach, to conventional cancer treatments. In the leaves 

of the plant V. negundo various substances found; like luteolin and casticin have been found to have effects 

in reducing stress and inflammation—both known factors associated with the development of cancer 4. 

Moreover, the essential oils from this plant contain compounds such as β caryophyllene oxide that exhibit 

properties like regulating the system fight against certain bacteria and reduce inflammation. These 

combined effects suggest that the plant may play a role, in alleviating cancer symptoms and potentially 

enhancing the efficacy of cancer treatments 5.  

In addition, to its effects on cancer treatment Vitex negundo also exhibits anti-inflammatory and 

pain-relieving qualities that are beneficial for addressing long term inflammatory issues like arthritis and 
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rheumatism. Research indicates that compounds found in the leaves of this plant have the ability to block 

agents such, as cytokines and enzymes that contribute to pain and inflammation. The anti-inflammatory 

effects of V. negundo plant are mostly attributed to substances such, as flavonoids and essential oils that 

help in decreasing inflammation by regulating pathways like COC and LOY and reducing cytokines like 

interleukin 6 (IL-6) and tumor necrosis factor alpha (TNF-α) according to Nguyen 2 study in 2024 

V. negundo could serve as an alternative to nonsteroidal inflammatory drugs (NSAIDs) as it offers pain 

relief, with fewer adverse reactions as discussed by Sharma 3.  

The medicinal advantages of the plant V. negundo also aid in maintaining health historically used 

in infusions or steam inhalations to alleviate respiratory problems such, as coughs and asthma symptoms 

while also alleviating bronchitis symptoms. The plants effects that widen the airways and reduce 

inflammation are attributed to substances, like α pinene and γ terpinene that assist in relaxing the muscles 

and decreasing mucus production. This age-old remedy shows potential as a solution, for handling term 

respiratory problems and improving lung wellness 6.  

Aside, from its properties V. negundo is highly regarded for its impact on the environment as well. 

It is commonly used in agroforestry as a natural insect deterrent and organic fertilizer to enhance soil 

quality. The leaves of this plant contain substances that repel insects. When planted near crops it can 

naturally help control pest populations and boost crop yields. Additionally, as a shrub it plays a role, in 

preventing soil erosion and restoring land promoting eco agricultural methods that are sustainable 7. 

Materials and Methods  

Plant collection 

Vitex negundo L. leaves were collected from local markets of Baghdad – Iraq and recognized by 

Dr. Ibrahim S. Al–Jubouri, College of Pharmacy, Al–Mustansiriyah University, during October,2023. The 

collected plant leaves were thoroughly washed with distilled water to remove impurities, air-dried in a 

shaded area to preserve phytochemicals, and then ground into a fine powder using an electric grinder. The 

powdered material was stored in a desiccator until further use biological experiment. 

Preparation of plant methanolic extract 

Approximately (50g) of the dried leaf powder was extracted with (85%) methanol (250mL) using 

Soxhlet apparatus at (65°C) for three hours. The obtained extract was concentrated using a rotary evaporator 

under reduced pressure, yielding a dry methanol extract. This extract was then stored at 

(-20°C) in a sealed container to prevent degradation of bioactive compounds 8. 

 

Phytochemical screening 

Preliminary phytochemical analyses were conducted to identify the presence of major bioactive 

compounds in V. negundo L., including alkaloids, flavonoids, tannins, saponins, phenolic compounds, and 

glycosides, at Biotechnology research center – Al-Nahrain University. 

Quantification of phytochemicals 

Determined total flavonoid content and total phenolic content from methanolic extraction 

Total flavonoid content (TFC) 

Total flavonoid content determined by Sakanaka [9], (3mg) of V. negundo L. methanolic extract in 

(5mL) of methanol 50%, followed; added (1mL) NaNO3 5% and waited (6min.). Then, added (1mL) of 

AlCl3 and leaved (5min) before added (10mL) of NaOH 10%. After that, mixed well with same time made 

up to (50mL) with D.W. Lastly, the mixture was left for 15 minutes, then the absorption was measured at 

510nm for all replicates. TFC was calculated based on a rutin calibration curve [y=0.0012x+0.1109 

R2=0.9317] and expressed as mg rutin equivalents per gram of extract. 
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Total phenolic content (TPC) 

TPC was measured by the Folin–Ciocalteu method 10. (1mL) from V. negundo L. methanolic 

extracts were mixed with (2.5mL) Folin–Ciocalteu reagent and after (5min) added (2mL) of sodium 

carbonate solution, followed by incubation at (50°C) for (10min). The absorbance was recorded at (765nm), 

and TPC was expressed as mg gallic acid equivalents (GAE) per gram of extract using a standard curve 

prepared with gallic acid [y=0.8101x-0.7595 R2=0.99958]. 

Antioxidant activity assays 

Antioxidant activity was evaluated through 2-2-Diphenyl-1-picrylhydrazyl (DPPH) assessing 

radical scavenging capacity and ferric reducing antioxidant power (FRAP) determining ferric ion reducing 

power. 

2-2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay 

The DPPH assay was performed to evaluate the radical scavenging activity 12 of V. negundo L. 

extracts among vitamin C. Different concentrations of the methanolic extract (0.0625, 0.125, 0.250, 

0.500mg/mL) were prepared by (1mL) of DPPH to the four tubes, and then incubated for (30min.) at 

(37°C); The absorbance was measured at (517nm), fig. 2, and the radical scavenging activity was calculated 

as follows: 

𝑫𝑷𝑷𝑯 𝒔𝒄𝒂𝒓𝒗𝒊𝒏𝒈 𝒂𝒄𝒕𝒊𝒗𝒊𝒕𝒚 =  
𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇𝒄𝒐𝒏𝒕𝒓𝒐𝒍 − 𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆

𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 𝒐𝒇 𝒄𝒐𝒏𝒕𝒓𝒐𝒍
 × 𝟏𝟎𝟎 

 
Figure 2 Preparation of DPPH for Vitex negundo L. methanolic extraction 

Ferric reducing antioxidant power (FRAP) Assay 

The FRAP assay was conducted according to Fu 12, to assess the ferric reducing capacity of the 

extracts. Briefly, samples of V. negundo L. extract was prepared in concentrations of (0.64, 0.32, 0.16, 

0.08mg/mL). Each sample was combined with phosphate buffer (0.2M, pH6.6) and (1%) potassium 

ferricyanide and incubated at (50°C) for (20min). After adding trichloroacetic acid (10%) and centrifuging, 

the supernatant was mixed with distilled water and freshly prepared ferric chloride (1%) solution. 

Absorbance was measured at (700 nm). Results were compared with a Trolox standard curve in 

concentrations of (0.64, 0.32, 0.16, 0.08mg/mL), and data were expressed in Trolox equivalents, fig 3. 
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Figure 3 Preparation of FRAP for Vitex negundo L. methanolic extraction 

Results and Discussion  

Phytochemical analysis showed; 

Detection test Result 

Alkaloids 

by  

 Mayer reagent  

 Dragendroff reagent  

+ 

 

Flavonoids +++ 
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Polyphenolic + 

 

Polysaccharides ++ 

 

Tannins ++ 

 

** + mild, ++ moderate, +++ strong 

The appearance of alkaloids, although in mild levels, is significant due to literature pharmacological 

effects, as ex. analgesic, antimicrobial, and anti-inflammatory activities. These combinations can react with 

cellular pathways, intensifying the herb's potential as a therapeutic agent 13. 
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The plenty of flavonoids indicates rich antioxidant capacity, as these flavonoids are known for their 

capacity to donate a lot of electrons with stabilizing free radicals. This activity is important in lightening 

oxidative stress and save cells from damage 14. 

Polyphenols supply extra antioxidant activity, aid to reduction of ROS and intensifying the overall 

cellular structures stability. Both Polyphenols and flavonoids, generating a synergistic antioxidant outcome 
15. 

Polysaccharides share in immune effects, that's support immune in its responses and serve health. 

Due to that, V. negundo may aid in improving immune function, further more exceed visibility range its 

potential medicinal uses 16. 

The moderate level of tannins assists special properties, that can help in healing of wound and 

reduction the inflammation. In addition, tannins possess antimicrobial properties, given more benefit to V. 

negundo therapeutic protocol 1]. 

Quantitative assay for Total Flavonoids and Total phenolic compounds 

Total flavonoid content was spectro-photochemically determined in methanolic extract of V. 

negundo as rutin equivalent. The extract was found to contain (513.34±23.15µg/mL) flavonoids, in 

compared with stander curve fig (2-A) 19, while total phenolic content was (350.67±27.68mg/mL), in 

compared with stander curve fig (2-B) 18. 

  

Figure 2. A – stander curve of Rutin, B – stander curve of gallic acid 

The Antioxidant Activity 

Result of DPPH radical scavenging activity 

Methanolic extract of V. negundo was more effective in DPPH radical scavenging activity than 

vitamin C at the four concentrations tested 19. The concentrations (0.500 and 0.250mg/mL) of plant extract 

shared an approximated radical scavenging activity (83.34±3.51 and 74.01±2.64%, respectively) and shown 

low activity at the concentrations (0.125 and 0.0620mg/mL) as (47.01±5.02 and 32.67±5.50%, 

respectively), as explain in fig. 3-A.  

Result of FRAP  

While, methanolic extract of V. negundo was more effective in FRAP than Trolox (vitamin E) at 

the four concentrations tested 20. The concentrations (0.64 and 0.32mg/mL) of plant extract shared an 

approximated radical scavenging activity (1.92±0.30 and 1.33±0.29mg/mL, respectively) and shown low 

activity at the concentrations (0.16 and 0.08mg/mL, respectively) as (1.14±0.04 and 0.85±0.03mg/mL, 

respectively), as explain in fig. 3-B. 
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Figure 3. A – DPPH radical scavenging action of V. negundo L. 

B – Reductive ability over V. negundo L. methanolic banish then trolox (vitamin E) 

 

Conclusions 

Result indicated that the scavenging ability of V. negundo L. methanolic extract was achieved in 

relative to vitamin C the potential antioxidant agent at concentration (83.34±3.51μg/mL). In the FRAP 

experiment conducted on V. negundo L. plant samples showed a ferric reduction capacity of 

(1.92±30mg/mL) at the concentration (0.545±15mg/mL) in relative to Trolox standard. These significant 

findings highlight V. negundo L. potential as a natural source of antioxidants. These results indicate that V. 

negundo L. may be an option, for medical purposes in addressing conditions linked to oxidative stress. 
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Abstract  

The study aims to conduct a screening of the bacteria colonizing the alopecia areata disease and 

Pseudomonas aeruginosa bacterium that infect skin wounds and burns. Alopecia areata is an autoimmune 

condition characterized by localized hair loss, often influenced by both genetic and microbial factors. 

Patients with burns and wounds are more likely to contract an infection in the hospital than other patients 

due to the loss of the protective barrier (skin) and immune system disorders that appear in these patients. 

This study investigated bacterial colonization and antimicrobial resistance in alopecia-affected areas and 

burns/wounds infections. Specimens were collected between October 2023 and February 2024 from three 

hospitals in Baghdad, including Number of 180 specimens were collected, 116 specimens  from them 

collected from alopecia cases and 64 specimens from wound and burn infection.  Half of alopecia cases 

was collected from the affected areas and the other half from the healthy areas (control) of the same patients. 

The selected predominance bacterial infection according to the confirmation tests were subjected to 

identification and antimicrobial susceptibility test using the VITEK-2 system. For alopecia the most 

commonly isolated species were Staphylococcus species which appeared in 10 isolates from 27 positive 

growth (35.48%). Pseudomonas aeruginosa isolates were the most commonly isolated species from burns 

and wounds appeared in 10 from 25 positive growth. The results revealed high levels of resistance, with 

90% of P. aeruginosa isolates resistant to ticarcillin and 85% to aminoglycosides, while Staphylococcus 

species exhibited 80% resistance to oxacillin and 70% to vancomycin.  Comparing the bacterial profiles of 

the affected and healthy parts of the same patient's scalp showed big differences. This shows how microbial 

communities play a part in how diseases progress. 

 

Keywords: Alopecia areata, Staphylococcus aureus, Pseudomonas aeruginosa, Minimum inhibitory 

concentration 

Introduction  

The skin is the body’s primary defense against microbial invasion, but injuries or burns compromise 

this barrier, leading to infections that can spread to internal tissues and cause severe complications1. 

Common pathogens in such infections include Pseudomonas aeruginosa, Staphylococcus aureus, 

Klebsiella pneumoniae, and Acinetobacter baumannii2. Initially, Gram-positive bacteria like S. aureus 
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dominate, while Gram-negative bacteria, including P. aeruginosa, emerge later and can cause sepsis if they 

reach the bloodstream. Chronic wounds often harbor biofilms, microbial communities that resist treatment 

due to a protective extracellular matrix, requiring higher antimicrobial concentrations for eradication3,4. 

Alopecia areata, an autoimmune disease influenced by genetics, is the second most common cause 

of non-scarring hair loss. It presents as localized hair loss with no follicular destruction and can have 

unpredictable remissions and relapses. Inflammation during the hair follicle’s growth phase and potential 

microbial influences, including external bacteria and immune responses, play roles in its pathogenesis5. 

The integrity of the skin is compromised when a wound is present, which makes it easier for 

organisms to penetrate the tissues under the surface6. The severity of the wound and the likelihood that the 

agent would act as a vector for infectious organisms are two factors that can be used to classify the agents 

that are responsible for wounds7. Trauma that penetrates the skin, whether it be from plants, animals, 

weapons, knives, or other items, can lead to the development of wound infections. As stated by Chhabra et 

al. (2017)8, numerous plant compounds have the capability of penetrating the skin, which might result in 

the development of wound infections. Due to the fact that plants are made up of porous materials, they may 

allow thorns or other similar items to aid the entry of S. aureus or other organisms into their tissues. In 

many cases, cellulitis develops as a consequence of conditions that affect the skin9,10. 

According to Fayisa and Tuli (2023)11, the commensal and opportunistic microbe known as 

Staphylococcus aureus has the ability to colonise the skin and mucous membranes of persons, which 

presents a huge challenge to the public health of the entire world. The bacterium is the dominant 

representative of the genus Staphylococcus and has been identified as the agent responsible for a number 

of diseases that affect both people and animals12. S. aureus is a multipurpose microbe that is capable of 

effortlessly adjusting to a wide range of environmental circumstances13. This microbe is capable of 

producing a variety of virulence factors that are associated with its pathogenicity. Additionally, it is able to 

penetrate regions within the host that are generally sterile12,13 . The bacterium Staphylococcus aureus can 

cause diseases not only by direct tissue invasion, but also through the activity of more than thirty 

exoproteins that are encoded by the pathogen on its own 14. 

Pseudomonas aeruginosa is a member of the Pseudomonadaceae bacterial family, a member of γ-

proteobacteria.  “Schroeter” was the first to propose the scientific name Bacterium aeruginosa for P.  

aeruginosa in  1872,  after  he  isolated  it  from  suppurating  wounds  basis  on  its  phenotypic 

characteristics. It is one of twelve subtypes of bacteria seen seldom as a component of the human micro-

flora in healthy individuals. P.  aeruginosa is  widespread  in  nature  and  it  is  an  opportunistic  pathogen 

causing nosocomial infection in humans that causes a number of diseases like inflammation of urinary tract, 

burns, respiratory infections, and septicemia15;16 . 

Materials and Methods  

Skin Specimen Collection 

Between October 2023 and February 2024, specimens were collected from three hospitals in Baghdad: Al 

Yarmouk Teaching Hospital, Baghdad Hospital and Burns Specialist from both gender with different age, 

64 samples from burn and wound infections from patients at  Hospital, 116 samples from alopecia patients 

58 (50%) of the affected area and 58 (50%) of the healthy areas (control) of the same patients. The 

specimens were transferred using sterile swabs immersed in transport medium and stored in a cooling box 

to the college of biotechnology labs at Al-Nahrain University. We inoculated each swab into nutrient broth 

and incubated it at 37 °C for 24 hours.  

 

Isolation and Identification of bacterial isolates 

Swabs of cultures from transmitted medium were streaked onto nutrient agar and incubated for 24-48 h at 

37 ℃. Fungi were excluded and the bacterial colonies were transferred and streaked on nutrient agar 

medium. The growth colonies were cultured on MacConkey and Manmedia. The colonies growing on the 

two media were selected and examined under the microscope and stained with Gram stain. The golden and 

non-golden colonies were selected from the Menthol culture and transferred to the slant nutrient agar 

medium. The colonies growing on MacConkey and not fermenting lactose were selected and transferred to 
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the slant nutrient agar medium for subsequent studies. And further analysis, including Gram staining and 

microscopic assessment for shape and motility and to identify the isolation, VITEK 2 system compact ID 

gNB cards were used. 

Determination of Minimum Inhibitory Concentration (MIC) 

The MIC for each isolate was determined using the VITEK-2 system (Biomerieux, USA).  

Results and Discussion  

Isolation of bacterial isolates 

A total of 180 clinically significant samples from patients with wounds, burns and alopecia were 

collected, Among them, 64 swabs of burn/ wounds patients, 116 swabs were for alopecia patients (affected 

area and control). This cultivated sample may produce bacterial communities indicative of these 

disturbances, perhaps including dangerous strains like Staphylococcus spp, which flourish in inflamed or 

damaged skin conditions. Control Sample (Healthy Region), This specimen is derived from the unaffected, 

healthy skin of the same subject. It signifies the baseline microbiome or the "normal" configuration of skin 

microorganisms in the absence of pathological alterations. The culture results often indicate a steady 

equilibrium of commensal bacteria, including less harmful species, which contribute to skin health 

maintenance. The results showed that from a total of 58 affected area of alopecia specimens, only 27 

(46.5%) were clinical positive growth samples, while the rest 31 were negative growth samples (53.4 %). 

And from 64 of burns and wounds  specimens, only 25 (39%) were positive growth samples, while the rest 

39(56.25 %)  were negative growth samples  as show in Table 1. Negative growth results may suggest to 

absence of infection at the time of sample collection or successful treatment of infection, some organisms 

may not grow easily in standard lab conditions. 

Identification 

Ten isolates (35.71%) from the positive growth were primary identified as Staphylococcus spp 

which collected from alopecia areata, Some strains possess the golden appearance suggests the presence of 

S. aureus, a species known for producing staphyloxanthin, a carotenoid pigment. This pigment gives S. 

aureus its distinctive golden color and serves as a virulence factor, enhancing its ability to evade host 

immune responses17. It also has the ability to ferment mannitol, which results in a change in the color of the 

medium as a result of acid production during the fermentation process18. The presence of S. aureus and S. 

epidermidis  and some undefined isolates in the infected area, as shown in figure (1), aligns with the 

hypothesis that opportunistic pathogens might exploit the disrupted skin barrier and inflamed 

microenvironment characteristic of alopecia areata. while Colorless Colonies from the control area, a 

common commensal bacterium found on healthy skin19.  

For burn and wound samples also ten isolates identified as P. aeruginosa from both gender with 

different age: using the traditional culture method MacConkey agar and nutrient agar and microscopic 

examination As shown in figure (2), as well as VITEK-2 compact as a confirmatory test. The isolates were 

diagnosed as Staphylococcus for alopecia isolate and P. aeruginosa for wound and born isolates.  

.  

Table 1:  Isolation and identification  of Staphylococcus spp. and P. aeruginosa isolates using 

VITEK-2 system 

Sample Type  Total No. of 

sample 

No. of grown 

sample 

No of 

Staphylococcus 

Number of P. 

aeruginosa 

Alopecia 116 27 10* - 

Burn/Wound 

Infection 
64 25 - 10 

Total 180 52 10 10 

*S. aureuS (3 )isoaltes;Coagulase nagative Staphylococcus(4) >ــــ; S.epidermides (1); S. hominis ssp hominis(2)  
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Figure 1. Comparison of bacterial isolates from Alopecia-affected (A) and healthy Scalp (B) regions in 

the same patient. 

 
Figure 2. Growth of Pseudomonas aeruginosa on MacConkey agar. 

 

On the other hand, P. aeruginosa bacteria were cultivated on the medium of the MacConkey 

aquarium in the form of pale colonies. While it formed in the shape of irregular, opaque colonies, it had a 

glossy buttery texture and gave off a fruity smell20 . It was a pale green color, smooth, flat, and regular, and 

it did not ferment the lactose, G-ve, oxidase-positive, and catalase-positive The isolates of S. aureus were 

G+ve, catalase-positive, and oxidase-negative. 

Minimum Inhibitory concentration (MIC) determination using VITEK-2 system 

The VITEK 2 compact system was utilized to determine the (MIC) values for eighteen antibiotics 

against 10 isolates from alopecia and 10 isolates from burn and wound infection. The findings demonstrated 

a significant bacterial resistance and minimum inhibitory concentration of Utilized Antibiotics The 

resistance of bacteria, as illustrated in the in the subsequent table 2 and table 3. 

 

Table (2): MIC determination of Staphylococcus spp against antimicrobial agent using VITEK-2 

A                                B 



 

77 
 

Iraqi journal of Bioscience and Biomedical 

Published Online First:  31/ December /2024. 

p-ISSN: 3007-5491 /  e-ISSN:3007-5505   

 

 

Table (3) : MIC determination of Pseudomonas aeruginosa against antimicrobial agent using 

VITEK-2 

N. Antibiotic No.of isolates MIC Mg/ml R S I 

1 Ticarcillin 10         ≥ 128 7 2 1 

2 Amikacin 10 ≥ 128 6 4  

3 Ticarcillin/Clavulanic Acid 10 ≥ 128 6 4  

4 Gentamicin 10 ≥ 16 5 5  

5 Piperacillin 10 ≥ 128 6 4  

6 -Netilmicin 10  5 5  

7 +Cefixime 10  4  6 

8 Tobramycin 10 ≥ 16 5 5  

9 +Cefpodoxime 10           4  6 

10 Ciprofloxacin 10 ≥ 4 6 4  

11 +Cefotaxime 10  4  6 

12 -Levofloxacin 10  4  6 

13 Ceftazidime 10 ≥64 3 6 1 

14 +Norfloxacin 10  4 4 2 

15 +Ceftriaxon 10  8  2 

16 +Ofloxacin 10  4 4 2 

17 Cefepime 10 ≥8 3 5 2 

18 +Ertapenem 10  4  6 

19 Colistin 10 ≥2 3 6 2 

20 Imipenem 10 ≥ 16 4 5 1 

N. Antibiotic MIC (µg/ml)1 R S I 

1 Cefoxitin Screen ≥0.5 9 1  

2 Benzylpenicillin - 10   

3 +Piperacillin/Tazobactam  10   

4 Oxacillin ≥1 10   

5 Gentamicin ≥16 3 7  

6 Tobramycin ≥16 3 7  

7 Levofloxacin ≥4 4 5 1 

8 Moxifloxacin ≥2 1 7 2 

9 Inducible Clindamycin Resistance     

10 Erythromycin ≥8 9  1 

11 Clindamycin ≥4 8 2  

12 Linezolid ≥8 6 4  

13 Teicoplanin ≥32 6 3 1 

14 Vancomycin ≥16 7 2 1 

15 Tetracycline ≥16 6 2 2 

16 Tigecycline ≥1 1 9  

17 Nitrofurantoin ≥78 5 4 1 

18 Fusidic Acid ≥32 9 1  

19 Rifampicin ≥4 6 4  

20 Trimethoprim/ Sulfamethoxazole ≥76  10  
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The resistance and sensitivity percentages of antibiotics for S. aureus isolates from alopecia, as 

determined by VITEK device tests, indicate a 76% resistance rate to erythromycin, as reported by Giulieri 

et al (2022)21. The current investigation identified a 70% resistance rate to oxacillin, in contrast to Shaker 

(2018)22, who documented a 100% resistance rate to this antibiotic. Additionally, the current study revealed 

a 70% resistance rate to trimethoprim/sulfamethoxazole, contrasting with Jameel (2018)23, who indicated a 

100% resistance rate to trimethoprim/sulfonamide. 

Al-Azzawi (2018) 24 reported that in her investigation of 69 isolates of P. aeruginosa, 78% were 

resistant to Cefotaxime, 70% to Meropenem, and 66% to Imipenem. A study by Ameen et al. (2015) 25 on 

230 isolates of Pseudomonas aeruginosa revealed that 49.9% of the isolates were resistant to Imipenem, 

while a study by Musafer et al. (2013)26 on 58 isolates indicated a 15.52% resistance to Meropenem. A 

primary factor contributing to P. aeruginosa resistance to the beta-lactam class is its synthesis of beta-

lactamase enzymes (Penicillinase), which target the beta-lactam ring present in penicillin’s and 

cephalosporins, rendering them ineffective, alongside its possession of additional virulence factors. The 

isolates exhibited resistance to the class of anti-aminoglycosides due to the bacterial synthesis of mutated 

enzymes, including phosphotransferase and N-acetyltransferase, with other virulence factors.  

The MIC results from S. aureus and P. aeruginosa isolates present clinically significant multidrug 

resistance profiles, which have direct implications in the management of infections associated with 

alopecia, wound and burn infection. Bacterial colonization in skin infection sites is increasingly recognized 

as a factor that not only influences disease progression but also introduces considerable challenges in 

therapeutic intervention due to antimicrobial resistance.  Effectively managing such cases necessitates a 

tailored antibiotic regimen based on susceptibility testing, ensuring that therapeutic efforts are directed 

towards reducing bacterial burden and preventing further complications associated with infection-driven 

inflammation and tissue damage. 

Conclusions 

This study shows that Staphylococcus species that are resistant to antibiotics may make alopecia 

worse, so it's important to use specific antimicrobial drugs based on accurate susceptibility testing for 

effective treatment. The fact that resistant Staphylococcus species are found in the scalp microbiome 

suggests that the presence of microbes may make alopecia worse by making treatment more difficult. This 

study stresses how important it is to use specific antimicrobial treatments based on thorough susceptibility 

testing in order to help people with alopecia, especially when there are resistant bacterial strains present. 

The results show that a planned, evidence-based approach is needed to lower the number of bacteria, reduce 

inflammation caused by infections, and improve therapeutic outcomes in people with alopecia. The 

occurrence of clinically significant P. aeruginosa in burn and wound infections is negligible in this facility. 

Nevertheless, P. aeruginosa is a common causative agent of infection in our burn centers, aligning with 

global observations. The isolates of P. aeruginosa that were tested were most sensitive to Ticarcillin and 

least sensitive to Gentamicin. This suggests that Gentamicin is less effective at treating P. aeruginosa 

infections in burn wounds. Most P. aeruginosa isolates demonstrated significant sensitivity to most of the 

antibiotics tested. 
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