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I 

 

Summary 
        Due to the increase in the resistance of antibiotics and the emergence 

of many types of microorganisms, the strong efficacy of a large group of 

these antibiotics, it was necessary to have an alternative method of 

treatment and be safe and be through the use of nano as an antibiotic. 

    The study was conducted between november 2021 and march 2022 in    

the research laboratory of the college of education / university of 

ALqadisiyah / Al diwaniyah teaching hospital / university of Al- kufa  / 

burns specialist hospital . 

     Pseudomonas aeruginosa were isolated and diagnosed from  different 

patients,110 samples were collected from the burn samples were 47, 

sputum 30, urine 24 and ear swabs 9, from the specialized hospital for 

burns, Al-diwaniyah teaching hospital, the maternity and children hospital 

for use in the biosynthesis of silver nanoparticles. 

       The study involved biosynthesis of silver nanoparticles (SNPs) using a 

bacteria culture of  pseudomonas aeruginosa  and evaluate their efficacy as 

antimicrobial using  of three concentrations (50, 100 and 200) μg/ml, as 

well as the evaluating the effectiveness of heamolysis and Dpph asaay for 

different concentrations of nanoparticles (AgNPs)  as well as the ability of 

biosynthesis of  silver nanoparticles in the treatment in vivo and compared 

with antibiotic ,silver  synthesized  from isolated bacteria through 

biological activity , color change,  a large amount of it was synthesis  for 

other tests, microbial isolates were used as follows: four bacterial isolates 

three of them are gram-negative bacteria (Proteus mirabilis, Escherichia 

coli,K.pneumonia ),gram positive bacteria (Staph. aureus) all these 

different clinical samples were taken from al diwaniyah  teaching  

hospital.                                                    



  

II 

 

       The formation of silver nanoparticles (AgNPs) was initially confirmed 

by UV spectroscopy, that showed a strong peak at 420 nm, as well as the 

use of fourier transform infrared spectroscopic analysis-FTIR which was 

indicated that the presence of proteins as reducing agents for the formation 

and stability of SNPs, the results of the scanning electron microscope 

showed that nanoparticles are mono-dispersed and spherical mostly, the 

diameter ranges from (22.33-73.80 ) nm , energy dispersive analysis of X-

ray (EDX) pointed out that the presence of a silver signal as a strong peak. 

     The results  showed that the optimal state of biological synthesis of the 

SNPs was pH 8  ,  40°C with 1mM silver nitrate and the optimum volume 

of the supernatant bacteria culture of  P.aeruginosa  for the synthesis SNPs 

was 1600 L.     

      The results of the study showed that the concentration of 200 μg/ml of 

SNPs solution was the most concentration for inhibition when it used as an 

antimicrobial against( E. coli, S.aureus, P.mirabilis,K .pneumoniae).  

        The diameter of the inhibition zone was (22mm) against the 

K.pneumonia when used AgNPs at concentration  (200μg/ml )  while the 

diameter of the inhibition zone was (18.33mm) when used the 

concentration(100 μg/ml) while(50μg/ml) showed the lowest inhibition 

zone(16.66mm) in contrast, the diameters of inhibition zones of the 

antimicrobial were lower than the diameters of the inhibition zones when 

the used solution of SNPs , the results showed significant differences 

between silver nanoparticles compared with the antimicrobial (P <0.05) 

which were used in this study ,the results showed MIC that the lowest 

concentration of bacterial killer is at 16 and 32 μg/ml .                         

      The results showed a significant difference in healing in the silver       

nanoparticle group compared to the antibiotic group and the control group 



  

III 

 

and there was a significant difference (p < 0.05) between the three groups 

and between the three times.  
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1.1.inroduction            

          Bacterial resistance to conventional antibiotics has become a 

serious and threatening problem lives of people all over the world and 

impose a huge economic burden on health sector( Naylor et al .,2018).  

        The growing challenge of this problem makes it imperative not only to 

discover new antibiotics but also the development of new alternative 

approaches other than antibiotics (Czaplewski et al.,2016).   

          improving traditional antimicrobials with new antimicrobials 

techniques to transcend antimicrobial resistance development , advances 

innovations based on new nano-technology Perspectives for both patients 

and drug treatment resistance previous work has shown that antimicrobials  

the formulations in the form of nanoparticles can be used as bactericidal 

active substances(Rudramurthy et al .,2016).                                  

           in particular, silver nanoparticles it has been reported to exhibit potent 

biocidal properties on various bacterial species (Gal-Mor et al.,2014) 

including MDR bacteria (Lara et al.,2010) in the last years Silver 

nanoparticles are used as antibacterial agents more important in the medical 

field (Marambio-Jones & Hoek, 2010) given the importance of providing 

alternatives to resistance shown by many pathogenic microorganisms most 

widely used antibiotics (Fröhlich &Fröhlich., 2016).  

      Chemical, physical and biological methods have been used for 

production of silver nanoparticles(Narayanan & Sakthivel .,2010).  

       The biological synthesis of nanomaterials is one of the highlights of 

modern nanotechnology, bacteria is one of the most important biological 

sources for producing nanoparticles therefore their use in nanotechnology 

is somewhat inexpensive and nano production can be controlled by 

manipulating several conditions including temperature, pH, the 

concentration  of metal ions, and reaction time making them ideal for use in 

biosynthesis to produce nanoparticles (Fayaz et al.,2010; Krishnaraj et al., 

2010) silver nanoparticles (AgNPs) have received great interest due to their 
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wide range of applications in catalysis(Patra et al.,2016) membrane 

bioreactors (Rana et al .,2018)DNA sequencing (Temboury et al .,2016) 

and cancer treatment  (Dutta et al.,2016).             

       Several physical and chemical strategies for the production of 

nanoparticles (NPs) were used(Abbasi et al.,2016) traditional synthesis the 

procedures have become obsolete due to the high cost(Mohammadi et 

al.,2016) dangerous nature(Reverberi,et al .,2016) low yield (Da Silva et 

al.,2016) since there is growing need to explore alternative synthesis 

protocols that are easy, environmentally friendly, and cost-effective 

(Gebreslassie & Gebretnsae,2021) the approach of using culture 

supernatants from different bacteria for the synthesis of AgNPs is well 

known, the culture supernatant contains reductase, which is produced and 

secreted by microorganisms (Banik et al .,2022). 

             Biosynthesis of nanoparticles by microorganisms is carried out by 

accumulation metal ions are either outside or inside cells, in this time this 

ability is used in various fields such as bioremediation and biological 

bleaching (Menon et al .,2017) which is responsible for production of 

nanoparticles, at the local level, the biosynthesis of nanomaterials was 

addressed and described as in (Hassan.,2018) where research touched on 

how to biosynthesis  nanoparticles and did not indicate its medical 

applications in treatment , the study was aimed (antibacterial activity of 

Silver Nanoparticles biosynthesized from P.Aeruginosa Against S. aureus 

caused wound infection ), to achieve this goal the following objectives 

were implemented:-    

1- Isolation and identification of Pseudomonas aeruginosa from different    

sources and confirmed by biochemical tests and  polymerase chain reaction  

(PCR).                                   

2- biosynthesis of SNPs by using pseudomonas aeruginosa  as areducing   

agents of silver nitrate. 
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3- Characterization of the biosynthesized silver nanoparticles by using UV-

spectroscopy, FTIR, XRD ,SEM  and EDX .  

4- Evaluation of the hemolysis and Dpph assay for biosynthesized silver 

nanoparticles and their effect when used for future treatment .     

5-Evaluation the antimicrobial activity of the biosynthesized SNPs against 

selected isolates of (Staphylococcus.aureus, Proteus.mirabilis,Esherishia 

.coli ,Klebsiella .pneumoniae ).  

6- Applying silver-nano particles treatment in vivo  and comparing its 

effectiveness with other antibiotics and its ability to cure. 
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2.1. Overview of Nanoparticles    
 Nanotechnology is a science with various specializations that deals  

 with different aspects of research and technology at the nano level (Kannan 

et al.,2010).  

 Nanoparticles have new or improved properties based on the properties 

identified and these properties such as size, distribution and conformation 

now , new applications are increasing of nanoparticles and nanomaterials , 

the nano technique we can describe it as installation, design and change in 

structure particles with dimensions smaller than 100 nanometers(Ahmed et 

al.,2003;Crabtree et al,2003).  

 Nanobiotechnology is a new branch of nanotechnology that combines 

physical and chemical procedures with biological principles to be used to 

synthesize nano-sized particles with specific functions represents an 

economical alternative to chemical and physical methods of nanotechnology 

(Ahmed et al.,2003). 

 Nanoparticles have special and enhanced chemical and physical  

properties characteristics compared to its bulk materials, these properties 

of nanoparticles include their different shape, size and structure, as well as 

crystallization, in addition to its large surface area of small volume ratio 

homogeneity and other features will give us useful information about nano 

systems ( Ramezani et al.,2008). 

 These nanoparticles that are biosynthesized are used on a large scale 

where by they can provide range of potential areas including targeted drug 

delivery cancer treatment, gene therapy, DNA analysis and antibacterial 

agents biosensors, boosting reaction rates, separation science, magnetism 

resonance imaging (MRI) ( Li et al., 2011). 

 Basically, nanoparticles are classified into two groups, which are 
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organic particles and inorganic nanoparticles, organic nanoparticles are 

carbon nanoparticles and inorganic nanoparticles are magnetic nanoparticles 

and semiconductors nanoparticles ( Pradhan, 2013). 

 There are types of nanoparticles including (silver, gold, ,magnetic ,Tio2) 

studies had shown that silver nanoparticles are one of the most effective 

materials because of its strong antimicrobial efficacy against bacteria viruses 

and other microorganisms(Rai et al ,2009) undoubtedly, it is one of the most 

widely used nanomaterials among all ,so it is used in textile industries for 

water treatment, sunscreen lotions, etc (Sharma et al ,2009). 

 There are multiple uses of gold nanoparticles (AuNPs) in 

immunohistochemistry as well as in studies to determine protein 

interactions, earlier it was used as a laboratory tracer in DNA fingerprinting 

to detect the presence of DNA in a sample, it is also used to detect 

aminoglycosides antibiotics such as streptomycin, gentamicin and neomycin 

, gold nanrods are used to detect cancer stem cells, as well as help to 

diagnose cancer and identify different classes of bacteria ( Tomar & 

Garg,2013).  

 Magnetic nanoparticles such as Fe3O4 (black iron oxide) and Fe2O3 

(maghemite) is known to be biocompatible , it is used in many fields, 

including targeted cancer treatment (magnetic hyperthermia), stem cell 

sorting and processing directing drug delivery, gene therapy, DNA analysis, 

and magnetic resonance imaging (MRI)( Fan et al ,2009).  

 Titanium dioxide is the most significant commercial compound , TiO2 

has been widely employed as a photocatalyst in the study of solar energy 

conversion to chemical energy and in contaminant levels in drinking and 

non-drinking waters(Tryk et al , 2000) titanium dioxide (TiO2) is a 

significant substance that is used in a variety of disciplines, including 
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biomaterials and solar cells-titanium devices, photo catalysis, and gas 

sensors ( Gong & Selloni, 2005), titanium has been discovered to be non-

toxic and biocompatible bone tissue engineering is an example of a medical 

application and the pharmaceutical business (Jha et al ,2009).  

 Multidrug resistance is becoming more common worldwide many 

people have developed resistance to traditional antimicrobial drugs as a 

result of the extensive and unregulated use of antibiotics , bacterial 

pathogens are dangerous to health (Jaing et al,2006) silver nanoparticles 

have been shown to exhibit inhibitory and bactericidal properties, as well as 

a wide range of applications antibacterial activity against a wide range of 

gram-positive and gram-negative bacteria (Duran et al,2007). 

 

2.1.1. Prepare of AgNPs on Microorganisms  
 Nanotechnology is described as two different processes: bottom to top 

and top to bottom, in the process of top-down nano the scale structure is 

made of large scale structure for different technologies in the bottom-up 

process, nanoparticle structures consist of an atom by atom or molecule by 

molecule by self-assembly or self-organization ((Kasthuri and Veera 

pandiran,2009 & Dubey et al.,2010).  

 A bottom-up approach to the particles from which they are made 

chemical assembly of atoms or molecules by following molecular Principles 

of recognition ,where it is similar like denovo synthesis of nucleotides, the 

building blocks of DNA from start particles (Zhang et al.,2017).  

 The bottom-up approach is represented by biological and chemical 

methods the chemical process involves changes in the solution including 

processing of the gelatin solution (Bahadur et al., 2007) and chemical 

vaporization deposition (CVD) ( Manna et al., 2016) flame or Plasma spray 
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installation (Jia & Gitzhofer, 2010) laser pyrolysis, atomic or molecular 

condensation , such processes depend on the presence of suitable for(organic 

metal) particles as core the sol-gel action is characterized by a relatively low 

processing temperature , this feature makes it cost effective and versatile, 

spray operations include the introduction of evaporator reactors (gas, liquid 

or mixtures both) in a high-energy flame eg produced by plasma CO2 

vaporizer or laser, in flame, homogeneous nanoparticles it intends and 

evolves, as it was formed after it was quickly cooled (Animelfaroji et 

al,2017). 

 The top- down approach involves the atomization of bulk materials in 

nanomaterials(Animelfaroji et al.,2017)It mainly represented by physical 

actions and in rare cases it is through the chemical procedure, one of the 

chemical methods is the chemical sono method (Kumar et al., 2014) and 

irradiation, but the physical methods are laser ablation and vacuum vapor 

sedimentation(Wagener et al., 2016) pulse wire discharge(Kumar et 

al.,2013) and milling (Hung et al.,2012) nowadays researchers are 

highlighting the environmentally friendly methods of synthesis represented 

by the nanostructure (Bhosale et al., 2014).       

 Have different types of methods that are used, including physical and 

chemical methods in the synthesis of nanoparticles, but in order to use these 

methods requires different factors, including strong and weak chemical 

reducing agents and protective agents most of them are toxic and flammable 

and cannot be disposed of easily due to environmental factors issues, low 

production rate and high temperatures for synthesis Practical in addition to 

being capital intensive and inefficient in it materials and energy use 

(Mohanpuria et al., 2008& Rai et al., 2008). 

 one of the biological methods used to sources  nanoparticles biological 
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factors namely green algae, fungi (Bhainsa and D’Souza ,2006) bacteria( 

Chaudhari et al.,2012)Actinomyces ( Mohanpuria et al.,2008) and plant 

extracts ( Singhal et al., 2011) . 

    the biological method uses a wide range of resources for the synthesis 

of nanoparticles, biological agents secrete a large amount of enzymes 

capable of decomposing metals and thus producing them enzymatic 

reduction of metal ions (Rai et al., 2009). 

Although physical and chemical methods can produce very small 

amounts of nanoparticles of a specific shape and size in relatively long 

period, are complex, outdated, expensive, inefficient methods and Produces 

toxic hazardous waste that is harmful not only to environment but also for 

human health (Kowshik et al., 2002 & Vithiya and Sen, 2011). 

 the purpose of studying and highlighting the biological synthesis 

nanoparticles, due to their speed of synthesis and ability to control toxicity 

size control, affordable and environmentally friendly method (Vithiya and 

Sen, 2011) biological method of nanoparticle synthesis will help us get rid of 

harsh processing conditions by enabling its physiological synthesis 

temperature and pressure and at the same time at low cost, one of the options 

to achieve this goal is to use microorganisms to synthesize nanoparticles 

(Bhattacharya & Mukherjee, 2008 , Gade et al., 2008). 

 
2.1.2. Silver nano-particales application  
 the sliver nanoparticles used in different way like ,health business, food 

storage, textile coatings, and a variety of environmental applications, AgNPs 

have been widely employed as antibacterial agents,it's worth noting that, 

despite decades of usage, there's still no evidence of silver's toxicity 
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uncertainty persists, AgNPs have been approved for use in products by a 

number of reputable organizations, including the united states Food and drug 

administration, the united states department of agriculture, and the united 

states department of commerc korea's testing and research institute, EPA, 

japan's SIAA, and korea's SIAAe FITI testing and research institute for the 

chemical industry(Zhong et al .,2007) AgNPs have been used as 

antibacterial agents in a variety of applications, including cleaning medical 

devices and household appliances, as well as water treatment(Bosetti et 

al.,2002). 

 

Silver nanoparticles is used in a very wide range of medical devices and 

instruments due to the ability of silver nanoparticles to resist and inhibit 

many types of bacteria, including gram-negative and gram-positive, and 

specifically used in perplexing materials and tools used in catheters in order 

to prevent contamination and bacterial infection, this catheter is useful in 

sustainability and targeted release of Ag ions from Ag-NPs that ultimately 

inhibits bacterial potency, synthesized catheters coated with Ag-NPs, from 

these results obtained the researchers concluded that besides inhibiting the 

formation of this catheter was non-toxic and showed its stability release of 

Ag-NPs(Roe et al.,2008). 

 Silver nanoparticles are also widely used because of their ability and 

strong properties against diseases, prevention of inflammatory causes, and 

their effective anti-microbial activity, therefore, silver nanoparticles are 

effective in treating intestinal infections, another reported study also 

suggested that the basic magnetic nanoparticles composed of Ag-NPs are 

effective and powerful disinfectant in water purification system (Chudasama 

et al ,2009) . 
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 Also sliver nanoparticles used in drug delivery but a few studies have 

found that when we use AgNPs as drug delivery agents possibly due to its 

known toxic effects on cells , although it one study in particular concluded 

the effect of three NMs (single-walled carbon nanotubes, AuNPs and 

AgNPs) on MLO-Y4 osteoblasts and HeLa cervical cancer cells, when used 

with files chemotherapeutic agents such as etoposide, there was significance 

decreased cell vitality compared to cell treatment with either NMs or 

chemotherapeutic agents alone(Mahmood et al ,2010). 

 
2.1.3.Antimicrobial activity of silver NPs against bacteria  
 Silver's antibacterial properties are used in a variety of consumer 

medical equipment and items for this purpose, metallic silver, silver salts, 

and silver nanoparticles are utilized(Chernousova & Epple,2013) Silver and 

its mixtures have been known to have potent inhibitory and bactericidal 

effects, as well as a wide spectrum of antimicrobial actions for bacteria, 

fungi and viruses, since ancient times( Cho et al ,2005) when compared to 

other metals, silver has a higher toxicity to microbes but a lower toxicity to 

mammalian cells( Zhao& Stevens,1998). 

Though the route of action of silver NPs on bacteria is yet unknown, 

morphological and operational modifications in bacterial cells have been 

suggested as a possible mechanism of action ,because of their antibacterial 

properties, SNPs are more effective than other salts a large surface area that 

allows for good engagement with microorganisms((Rai et al., 2009).  

For almost 60 years, scientists have studied the harmful characteristics of 

silver on microorganisms(Franke et al ,2001) and to some extent, the 

mechanism by which silver acts has been known(Rai et al., 2009) Phosphate 
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absorption is blocked by Ag+ and exchange in Escherichia coli, which 

causes phosphate efflux as well as mannitol, succinate, glutamine, and other 

sugars( Schreurs& Rosenberg.,1982) Dibrov et al.,(2002) also discovered 

that Ag+ authorized the capacity to reduce vibriocholera's proton motive 

energy the transmembrane proton gradient plays a critical role in total 

microbial metabolism, which has been thoroughly described the loss of 

proton motive energy appears to be inescapable and must result in cell death. 

 silver ions prevent the oxidation of glucose, glycerol, and other sugars 

In E. coli, fumarate and succinate are produced(Karnoosh-Yamchi et al., 

2014).a brief exposure to antimicrobial concentrations of SNPs induced a 

buildup of envelope protein precursors in E. coli cells,this demonstrates 

SNPs may target the bacterial membrane, causing a mutation the proton 

motive force is degenerate(Lok et al., 2006).  

when silver nanoparticles penetrate a bacterial cell, they produce a low-

molecular-weight bacterial cell wall inside the bacterium, there is a weight 

zone , as a result, the bacterium corporation was formed to protect the DNA 

from SNPs following that, the nanoparticles assault the respiratory chain 

first, followed by cell division to the demise of cells( Rai et al., 2009). 

 
2.1.4. Cytotoxicity of sliver-nanoparticles 
 Earlier it was accepted that the programmed death of human cells is  

due to very high concentrations of silver nanoparticles, so scientists 

preferred to expose large amounts of silver nanoparticles to single cells in 

order to know the morphological changes of the cell,silver nanoparticles 

showed a very high toxicity rate with severe changes the shape of the cell 

became abnormal , the cell was observed in the G2/M stage more prone to 
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programmed death(Wei et al ,2010).  

 The results of research that used silver nanoparticles on cells and the 

effect of cells on silver toxicity was related to the size of silver 

nanoparticles, where the toxicity-producing silver nanoparticles were 

studied, the scientists found that the use of silver nanoparticles is limited to 

silver nitrate, despite the possible release of silver nitrate from silver 

nanoparticles in the cell(Kim et al ,2009). 

 Due to previous studies and research, the toxicity of silver nanoparticles 

occurs in three main sites, namely the nucleus, the mitochondria and the cell 

membrane ,this causes great damage to the cell and ultimately leads to 

programmed cell death although necrosis sometimes occurs as many 

researchers have reported a bleeding membrane is an example of plasma 

membrane damage(Dehghanizade et al ,2018 & Kaler et al ,2013) this 

damage has been reported in several studies showing increased cytosolic 

lactate dehydrogenase leakage from cells and treated with silver 

nanoparticles, a common indicator of disorder of the cytoplasmic membrane 

(Guo et al .2015 & Selvan et al , 2018 ).   

 There are a large number of treatments that are used in human wounds, 

but they have many toxic and systemic effects, silver sulfadiazine treatment 

is used to treat wound infections, but the use of too much of it leads to toxic 

and allergic reactions, but instead of it, you can use wound dressings coated 

with silver nanoparticles that can be used without effect toxic for wounds 

and burns, which reduces infection and speeds up healing time(Chen et al 

,2006). 

 

 



Chapter two                                                                     Literatures Review 

 
13 

2.1.5. Action of sliver-nanoparticales on microorganism 
 The specific mechanism by which silver nanoparticles exert 

antibacterial effects is unknown and is a hot issue of controversy, however, 

there are other theories on the subject silver nanoparticles ability to inflict 

harm to microorganisms, the microbicidal effect is a term used to describe a 

phenomenon that occurs when bacteria enter, the silver nanoparticles have 

the capacity to bind to the bacterial cell wall and then penetrate it, producing 

structural alterations in the cell membrane, similar to those seen in the 

human cell membrane, the cell membrane's permeability is linked to cell 

death on the cell surface pits develop, and nanoparticles accumulating on 

cell surface(Sondi& Salopek-Sondi 2004) .  

 Another process by which cells die might be due to the production of 

free radicals by silver nanoparticles, there have been investigations using 

electron spin resonance spectroscopy that show the creation of when silver 

nanoparticles come into touch with free radicals, they produce them free 

radicals have the power to harm bacteria and these free radicals have the 

ability to harm bacteria disrupt the cell membrane , causing it to become 

porous, which can lead to eventually result in cell death(Danilczuk et 

al,2006). 

  on the other hand, the release of silver ions by nanoparticles has also 

been hypothesized (Feng et al., 2000) and these ions can interact with thiol 

groups of many important enzymes and proteins that inactivate them, silver 

ions are absorbed by bacteria cells that come into contact with it (Matsumura 

et al, 2003) with silver, which inhibits many activities that enter the cell and 

cause cell damage and then there is the formation of reactive oxygen species, 

which are formed as a result of the combustion process through respiratory 

enzyme suppression eg silver ions attack the cell directly, silver is a gentle 
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metallic acid and acids have a natural predisposition to react with a soft acid 

as a base for reaction with a soft acidic base(Morones et al ,2005) it is worth 

noting that sulfur and phosphorous make up the majority of cells and both 

are soft bases, the majority of cells, the effect of these nanoparticles on the 

cell has the potential to trigger a reaction that occurs cell death as a result of 

this process another fact is that sulfur and phosphorous are the two most 

abundant elements in DNA (Hatchett & White,1996) .  

 It leads to cell death, it has been proven that the interaction of silver 

nanoparticles with sulfur and phosphorous in DNA is a beneficial cause of 

bacterial DNA replication problems and thus put an end to microorganisms, 

it was also discovered that nanoparticles are able to alter the transmission of 

signals in bacteria, it is widely known that bacterial signal transduction is 

affected by the phosphorylation of protein substrates, only tyrosine residues 

of gram-negative bacteria show signs of dephosphorylation , nanoparticles 

alter the profile of bacterial peptides,the nanoparticles are able to 

dephosphorylate the tyrosine residues, then find peptide substrates, which 

leads to inhibition of signal transduction and thus halting development 

(Shrivastava et al , 2007).    

 
2.1.6.Biosynthesis of AgNps from microorganism 
 It is possible to take advantage of biological methods to collect silver 

nanoparticles without resorting to the use of any expensive, harsh and toxic 

chemicals (Ahmad et al ,2003& Huang et al., 2008) when synthesising 

nanoparticles from microorganisms nanoparticles emerge as an 

environmentally friendly and exciting approach where Production of 

nanoparticles low toxicity, environmental compatibility reducing 
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manufacturing costs, scalability, and stabilization of nanoparticles compared 

to chemical synthesis (Correa-Llant et al., 2013).     

 Gram-negative and gram-positive bacteria are used to synthesis silver 

nanoparticles (Sintubin et al., 2009) Silver nanoparticles are formed inside 

and outside the cell by bacteria like (P. stulzeri, E. coli, V. cholerae, P. 

aeruginosa, S. typhus, and S. curens)has been investigated (Lengke et 

al.,2007) using aqueous Ag + reduction ion with culture supernatant for a 

tyros (Li et al.,2012).    

 Microbes can produce nanomaterials during their own metabolism that 

occurs in the natural environment, so they can be used in many fields and 

applications, and through the very rapid multiplication of microbes, this 

feature can be exploited in various aspects (Deepak et al., 2011).The 

synthesis of nanoparticles is vital when microorganisms are removed by 

targeting ions and then metal ions are converted to the metal element 

through enzymes that are produced during cell activity, they are classified in 

intracellular and extracellular composition according to the site where 

nanoparticles are formed ( Mann et al .,2001) .  

 The intracellular method can be described by transporting ions to cells 

to synthesis nanoparticles during the presence of enzymes, as for the process 

of forming nanoparticles outside the cell by trapping metal ions on the cell  

surface and ion reduction in the presence of enzymes (Zhang et al., 2011) 

 The microbial source responsible for the production of silver 

nanoparticles shows great interest in the deposition of nanoparticles due to 

their metabolic activity, nitrate reductase is an enzyme in nitrogen the cycle 

responsible for converting nitrate to nitrite and reducing it mediated by the 

presence of the enzyme in the organism be responsible for synthesis (Duran 

et al., 2011).   
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2.2.Pseudomonas aeruginosa as a model for Biosynthesis of AgNps  

 2.2.1.History of the Pseudomonas aeruginosa  

 The bacterium Pseudomonas aeruginosa was first isolated in 1850 by 

the french scientist sedillot from green secretions in infected wounds and 

ulcers and all kinds of Pseudomonas (Brooks et al ,2007) Schroter is 

considered the first to propose the name bacterium aeruginosa for this 

bacterium in 1872 after a diagnosis of festering wounds then came the 

scientist gessard, whose study spanned about ten years since (1882-1892) 

where it was first who was able to isolate P aeruginosa from suppurating 

skin wounds when they appeared in a bluish-green color it is distinguished 

as a bacillus shaped bacterium and it is called anin Bacillus pyocyanin then 

its name was changed to Pseudomonas Pyocyaneas and then it was called P. 

aeruginosa the name of the bacteria comes from the name pseudo in the 

greek language means false and monas means one, while the other syllable 

aeruginosa means patina, copper rust in greek( Chughtai, 2015).  

 In 1971, schutter and his group were able to isolate bacteria from 

hospital-prepared foods, such as refrigerated meats, salads, and vegetables, 

along with other bacteria in 1972, the whitpy was able to isolate it from 

many moist sources in hospitals, such as soap dispensers, water faucets, and 

containers for carrying bandages and collecting clothing, which is one of the 

means of transferring bacteria between patients( Conti et al ,2009).  

 In 1977, the scientist hoiby discovered that Pseudomonas aeruginosa 

causes cystic fibrosis multicellular aggregates in the lung, where he found 

the bacteria present in the form of multicellular assemblies piles of patients 

with cystic fibrosis ( Hoiby et al .,1977) costerton and colleagues reported in 

1978 that the bacteria all attach to surfaces and form a surface group 

surrounded by a glycocalyx(Costerton et al ,1978).   
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2.2.2. Classification of Pseudomonas aeruginosa   
Taxonomy:-  

Kingdom: Bacteria 

Phylum: Proteobacteria 

Class: Gamma Proteobacteria 

Order: Pseudomonadales 

Family: Pseudomonadaceae 

Genus: Pseudomonas 

Species: aeruginosa (Slonczewski & Foster, 2013) 

 
    2.2.3.General features of Pseudomonas aeruginosa   
 P.aeruginosa is a rod-shaped gram-negative bacterium that can be 

found in water sources, soil, and microflora on the skin, leading to a risk of 

respiratory disease, these bacteria have been discovered in hospital water 

sources and have an impact on the environment(Kerr & Snelling, 2009) 

Pseudomonas aeruginosa is a type of bacteria, it is the current name of B. 

pyocyneus, given by migula in 1900 based on the ability to make a pigment 

pyocyanin while aeruginosa refers to a green pigment(Palleroni, 1984).    

 P. aeruginosa is characterized as being obligatory aerobic and has the 

ability to grow in anaerobic conditions as it can obtain nitrates as the final 

acceptor of electrons instead of oxygen, which helps it grow in anaerobic 

conditions these bacteria grow at a temperature of 25-37 ℃ and can grow at 

43℃ and this helps them distinguish them from other types of 

Pseudomonas( Pang et al ., 2019 ). It can grow at a pH between (7-9) but the 

optimum range for its growth is (8) and it cannot grow at a pH less than (5) 

(Murray et al. ,1995).     
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 P.aeruginosa has a diameter of 0.5-1.5 µm and a length of 1.5-3 µm, it 

moves by one or more polar flagella, is non-sporogenic, has a pearly 

appearance and has a grape-like odor due to the production of 

amenoacetophone (Wu et al , 2015 ) its strains, when grown on the medium 

of the blood agar, show the ability to hydrolyze the blood and produce 

hemolysine and p.aeruginosa positive for oxidase and catalase (Hossain et 

al. ,2015).     

 P.aeruginosa produce two types of dyes useful in clinical and laboratory 

diagnosis are pyocyanin, which can stain pus in wounds blue, and pyofrin 

(fluorescein) which are yellowish-green pigments that fluoresce under 

ultraviolet light, a property that can be used in the laboratory,it is important 

in early detection of infection in burn injuries, these dyes are spread over the 

surface to diagnose the bacteria's return, regardless of what imparts the 

bluish-green coloration found in aeruginosa, because it is the only type that 

makes pocyanin (Levinson,2014) . 

 P. aeruginosa has other pigments, which are black Pyomelanin and the 

pigment pyorubin(Carroll et al., 2016) this bacteria possesses a large 

genome containing Mbp 6.2, mosaic in structure, consisting of the genome 

roughly a large nucleus that can insert associated genes into specific sites 

called gene regions of plasticity(Mathee et al., 2008).  

 P.aeruginosa can be found in both abiotic and biotic habitats, including 

soil, water, and plant and animal tissues , it can be found in a variety of 

settings, including multiple life-threatening , nosocomial infections in cystic 

fibrosis patients from medical equipment, cystic fibrosis (CF), burn wounds, 

urinary tract infections (UTIs), lung infections such as inhalers, dialysis. 

machines, ventilators, anesthesia machines , vaporizers , toilets and 

sinks(Gales et al ,2001) . 
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 P.aeruginosa is a pathogenic bacterium that causes disease in both 

plants and animals, including humans, and is a major source of hospital-

acquired infections (HAIs), it causes hospital-acquired 

pneumonia(HAP),ventilator-associated-pneumonia(VAP), gastrointestinal 

infections can causes dermatitis, skin diseases including athlete's foot in 

people with cystic fibrosis, folliculitis , otitis externa, bacteremia, soft tissue 

infections and respiratory infections are common diseases of the bones and 

joints, as well as a variety of other infections, and are particularly common 

in individuals who have sustained severe burns,at higher risk of 

injury(Tacconelli et al., 2002& Todar, 2006). 

 

2.3.Bacterial Resistance to Antibiotic 
  The ability of a microbe to tolerate antimicrobial agents is known as 

 intrinsic resistance, opportunistic organisms P. aeruginosa show a high 

intrinsic resistance to antimicrobials(Hall et al., 2018). Anumber of 

processes, including a reduction in outer membrane permeability and the 

production of antimicrobial resistance genes, mediates P. aeruginosa's 

intrinsic antimicrobial resistance MDR efflux pumps and antibiotic-

inactivating enzyme production(Cox & Wright, 2013).  

Antimicrobials are prevented from reaching the bacterial cells by the 

outer membrane permeability barrier,the decrease in membrane permeability 

is mostly due to changes in outer membrane purine proteins, such as OprD, 

which are important proteins in antimicrobial resistance(Poole,2011) 

bacterial cells produce enzymes that target and inactivate the antibiotic 

through chemical changes such as adding certain chemical motifs or 

completely destroying the antibiotic molecule(Munita & Arias,2016 

&Arzanlou et al ,2017) inactivated enzymes of antibiotics provide 
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antimicrobial resistance by hydrolysis of antibiotics, such as the 

development of chromosomally encoded AmpC-lactamases, which 

hydrolyze most lactams, and carbapenemhydrolyzing enzymes, which 

hydrolyze carbapenems(Zincke et al .,2016).   

 Enzyme-dependent resistance involves both plasmid- and chromosomal-

encoded enzymes, with the synthesis of these enzymes possibly resulting 

from acquired or inherent resistance bacterial efflux pumps help bacteria 

resist antimicrobials and control their internal environmentby expelling 

hazardous substances (antibiotics, metabolites, ect) from the cell interior, 

efflux pumps in P. aeruginosa has a large number of resistance nodulation 

division (RND) genes which are multidrug efflux systems with three 

parts,the outer membrane channel, periplasmic adapter protein and inner 

membrane transporter(Daury et al .,2016) the three parts of the triple influx 

system in P. aerginosa these pumps contribute to both adaptive and acquired 

resistance to antibiotic drugs and many other hazardous compounds of P. 

aeruginosa through proton-dependent expulsion from within the cell(van der 

Lelie et al ,1999).    

 Multidrug and main toxic efflux (MATE), major facilitators superfamily 

(MFS) and small multidrug resistance (SMR) families are among the other 

pump categories that have been documented(Alav et al .,2018) the matrix of 

exopolysaccharides of biofilms acts as a diffusion barrier, preventing 

antimicrobials and antibiotics from spreading (Drenkard,2003 & 

Breidenstein et al .,2011) furthermore, diffuse obstructions cause trophic 

gradients, which can lead to lower growth rate and lower metabolic activity, 

resulting in increased mortality in persistent cells(Ghadaksaz et al , 2015).  

 The development of bacterial cells varies due to changes in the 

availability of nutrients and oxygen in different parts of the biofilms, the 
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majority of lactams and aminoglycosides act only on developing cells, other 

antibiotics, such as polymyxin destroy cells that do not grow well,this is 

whymany antibiotics are used in many areas(Breidenstein et al., 2011) 

antibiotics kill most P. aeruginosa biofilm cells at low concentrations but 

increasing concentrations do not kill the inhibitory cells, as a result, 

scientists have demonstrated that only a small part of the biofilm cell is 

responsible for increased antibiotic resistance and that the majority of 

biofilm cells are as harmless as planktonic cells, they respond to antibiotic 

treatment( Brooun et al ,2000).     

 Biofilms of gram negative bacteria when compared to other biofilms 

inhibitory cells contain LPS in their cell walls which increases the stability 

of the biofilms so that the antibiotics do not penetrate the cells(Sultana et al 

,2016) P. aeruginosa biofilm-derived colonies can be dwarf, mucous, 

hyperlayered, LPS-deficient, rough, wrinkled, resistant to antibiotics, excess 

production of alginate is associated with colony formation while 

development of finger-like micro colonies is associated with overproduction 

of alginate, the sensitivity of biofilm alginates to antibiotics and human 

immune defense systems is reduced as a result of formation, biofilms of P. 

aeruginosa are multiple in individuals with cystic fibrosis pneumonia, 

urinary tract infections (UTIs), and medical equipment such as contact 

lenses and catheters(Ghafoor et al .,2011).   

 In the lungs of CF patients, P. aeruginosa produces thick, strong 

biofilms responds well to the lungs environment, which is untouched by 

antibiotics or Polymorphonuclear leucocytes are the host's reactions 

(PMNLs), CF can cause lung disease and respiratory failure that can causes 

death(Høiby et al .,2010) .    
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2.4.Nanoparticles effect on injury   
 The skin has long been used for the topical distribution of chemicals, 

but it has only been extensively exploited as a route of systemic delivery 

since the 1970 s ( Roy et al.,1996).The use of skin nanoparticles is becoming 

more and more common treatments, the national nanotechnology initiative 

has established a definition of nanoparticles, the US National nano-initiative 

for particles with diameters between 1 nanometer and 100 nanometers has 

been certified by the national institute of standards and nanotechnology 

(Lövestam et al .,2010).    

 Nanoparticles may be targeted at the surface of the skin, grooves, and 

hair follicles according to researchers nanoparticle penetration is a central 

topic in baroli's latest review in terms of skin structure penetration is the 

name of this review nanoparticles and nanomaterials in the skin(Baroli, 

2010).The desire for more rigorous,interdisciplinary techniques to shed light 

on the processes of particle penetration and penetration fuels this discussion 

of skin-related interactions, on the other hand, Schneider et al., 

(2009).Effects of hydration and mechanical stress on the skin in terms of 

interactions between nanoparticles and the skin.    

 As adjuvants, the molecules can interact with the skin at the cellular 

level, this skin contact with nanoparticles can be used to enhance immune 

reaction in topical vaccines (Prow et al., 2010) another example of current 

application of silver nanoparticles includes skin reactions and nanoparticles 

as over the counter antibacterial agents(Tian et al., 2007) . 

 Nanoparticles slowly release silver ions, which have wound-healing and 

antibacterial properties, silver ions that emit nanoparticles are inhibited from 

microbial growth, while wound healing is accelerated, this method allows 

the release of silver ions in a controlled manner while the nanoparticles 
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remain intact on the skin surface, underlining one of the most popular topical 

drug delivery techniques using nanoparticles,however, if the barrier is 

breached, as in the case of old or unhealthy skin, there is a possibility that 

particle concentrations may be higher than the penetration one example is 

ulcerative squamous cell carcinoma, the possibilities and challenges of 

nanoparticle medicine delivery are still in their infancy, clinical studies are 

underway to investigate this, as an example, pain is treated with capsaicin-

loaded nanoparticles, and diabetic neuropathy (Prow et al., 2011) .     

 Particle engineering, synthesis sciences and better knowledge of 

nanoparticle interactions with the skin are likely to lead to clinically 

significant and meaningful advances in the management of topical drugs an 

overarching consideration the safety of any applied nanoparticles is a major 

concern, due to the risks of nanoparticles there is an opportunity to capture 

and utilize non-degradable nanoparticles held by the endothelial reticular 

system(Erdogan, 2009) .       

 There is also a risk of local toxicity, as evidenced by a recent report on 

nanoparticles causing keratinocyte death, in which the exact link between 

the two was revealed and phosphatidylcholine chain lengths are greater and 

shorter, respectively for keratinocytes, there is a difference between life and 

death (Liang & Chou ,2009). 

 

2.5.1.Silver Nanoparticales in treatment injury  
 Silver is a well-known bactericidal agent that is often used to treat 

burns, infections of wounds and ulcers of various kinds , silver nitrate for 

example is still used to treat chronic non-healing wounds,various types of 

silver wound plating are now available dressings are provided to ensure that 
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medication, which is critical to wound healing, is efficiently distributed in 

wound care for chronic wounds(Zhang et al.,2016) .  

 Even when used for a long time, dressings based on silver particles 

(AgNPs) do not cause a problem,when AgNPs and collagen are mixed, they 

have a strong antibacterial effect, making it an ideal wound dressing 

ingredient for wound treatment(Sarhan et al .,2016)  . 

 Metal nanoparticles have been shown to provide wound healing , when 

metal nanoparticles are combined with other wound dressing materials, 

bacteria the cause of the prolonged inflammatory phase of chronic wounds 

are successfully removed from the wound site, AgNPs are a type of metallic 

nanomaterials commonly used in the preparation of burn ointments, pressure 

wound dressings and other infection-preventing wound dressings(Kaba & 

Egorova ., 2015). AgNPs efficiently disrupts quorum sensing, resulting in 

decreased biofilm development and bacterial toxin detoxification(Lambadi 

et al.,2015) . 

 The acidic environment under in vivo conditions enables the oxidation 

of AgNPs to silver ions, AgNPs do not possess any properties alone, silver 

ions producing are fully responsible for the antibacterial effect on biological 

function by causing damage to the cell wall and DNA, preventing the 

production of ATP( Butler et al ., 2015) .      

 The antimicrobial properties of AgNPs help eliminate bacteria that may 

disrupt and prolong the healing process ,AgNPs treatment significantly 

reduces the number of keratinocytes and dermal fibroblasts in a recent in 

vitro investigation using human keratinocytes and dermal fibroblasts and 

reduces production of inflammatory cytokines and oxidative stress and 

improves healing( Franková et al ., 2016).    
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 In a mouse burn wound research, topical treatment of AgNPs reduced 

neutrophil count and interleukin IL-6 levels, which were associated with 

higher levels of IL-10, TGF-β and angiogenic interferon gamma (IFN) 

markers(Tian et al., 2007) and endothelial growth factor VEGF these data 

suggest that AgNPs may play a role in microbial clearance and wound 

healing incorporating sliver into wound dressings is a frequent method for 

using it in medicinal purposes, wound treatments made of microorganisms 

that are biocompatible when cellulose is mixed with AgNPs, the result is a 

robust adhesion and multiplication of the bacteria at the wound's margin, 

there are keratinocytes AgNPs combined with polydopamines inhibited the 

development of microorganisms such as E. coli, S. aureus, and P. 

aeruginosa in another research ,the nanofiber wound dressing MADO 

methacrylamide-co-methyl methacrylate is effective(GhavamiNejad et al., 

2015) . 

 When AgNPs were given to partial-thickness epidermal wounds in a 

recent in vivo research, treatment resulted in complete healing with 

improved epithelial tissue after 2 weeks compared to partial healing in the 

untreated group( Liu et al ., 2010 ). 

 
2.5.2.History of Used Sliver Nano-particales In treatment 
 Silver-based antimicrobial agents and their compounds have been used 

for a long time, the first evidence of the use of silver dates back to 3500 BC, 

when it was discovered in pre-dynastic egypt, in terms of its healing value, 

the qualities of silver have been recognized for over 1000 years, water was 

kept in silver or copper utensils and exposed to elements unsuitable for 

human consumption, exposed to light or filtered(Konop et al. ,2016).  
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 Silver was also employed by hippocrates, the father of modern 

medicine, who believed that silver powder had medicinal and anti-disease 

powers, silver has been used to treat a variety of ailments, including ulcers( 

Chen & Schluesener,2008)the first mention of silver nitrate appeared in the 

pharmacopoeia published in Rome in 69 BC, and the first information 

regarding its medicinal use comes from Gabor (702-705 AD) Paracelsus 

began treating wounds with silver and silver nitrate in 1520 , silver clips 

were used by ambrosie Pare in her work reconstruct the face( Barillo & 

Marx,2014) .    

 Genital infections, leg ulcers, and acne were treated with silver nitrate 

throughout the eighteenth and nineteenth centuries, it has also been used to 

treat individuals suffering from a variety of ailments(Silver et al .,2006).  

 Silver and its salts have been shown to have antibacterial properties 

after the discovery of microbes, and it has been applied in clinical practice 

and used in the treatment of a variety of conditions that promote the healing 

of wounds, skin ulcers and bone fractures, in 1884, a german doctor named 

crede injected 1% AgNO3 into a woman's uterus Pregnant to prevent 

gonorrhea also in the form of eye drops for neonatal infection, Dr. William 

halstead, first chief of surgery at johns hopkins hospital, is a proponent of 

the use of silver wire in hernia surgery, in which sutures are used to close a 

wound,silver foil has also established an approach to prevent postoperative 

infections that are successful cuts from surgery(Barillo & Marx, 2014).  

 During the last two decades of the twentieth century, silver-containing 

materials have been effectively used to purify water (Bandyopadhyaya et al 

.,2008) injury coverings to promote healing( Barillo et al .,2014) infection 

screening and management(Abboud et al., 2014) dental hygiene (Bates, 

2006) ocular disorders and other systemic infection silver's medicinal use in 
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the twenty-first century extended beyond use in the treatment of burns or 

wound dressings actually it started to be used on infected hospitalized 

urinary tract diseases and catheter-related circulatory diseases(Barillo & 

Marx, 2014) .    



 

Chapter Three 
Materials and Methods 
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3. Materiales and Methods 

3.1. Materiales 

3.1.1. Apparatus and Equipment 

     Table (3-1) Apparatus and Equipment used in this study:-    

Origin Company Apparatus and Equipment 

England Astell Autoclave  

England Cleaver 

Scientific 

 Biodrop  

China LPG Burner  

Germany Hettich Centrifuge  

Japan Sony Digital camera  

Korea Labtech Distiller  

USA Applied Biosystem  DNA sequencer 3730XL      

Germany Memmert Elactric incubater  

USA CBS biosystem Electrophoresis  

France Biomerieux Elisa  

Italy ALS Freezer -20 ℃  

USA Labnet  Gel document system 

USA Labnet  Gradient thermal cycler  

Japan Marubeni Hood   

Japan Marubeni Hot plate  

Italy Optica Light Microscope  

France Biomerieux Mcfarland  

China China  Micropipete (in different size )  

Germany DNM9602 Microplate reader  

France Froilabo Microwave oven  

USA Orient  pH-meter     

Japan Marubeni Refrigerator  

Japan Marubeni Rollor mixer   

Netherland FEI Scanning Electron Microscope 

(SEM)  

Germany Sartorios Sensitive balance  
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3.1.2.Chemicals    

                 Table (3-2) : Chemicals used in this study :- 

Origin  Company  Chemicals and Biological 

Materials   

USA Conda Agarose cat *8100.11  

England BDH Crystal viole powder   

USA Sigma-Aldrich diphenyl-2- picrylhydrazyl 1,1   

USA Sigma Ethanol(96%)   

USA Sigma Glycerol    

UK BDH Hydrochloric acid   

Italy 

 

Everyrays 

 

Hydrogen peroxide H2O2  

 

USA Sigma Iodine    

Korea Intron  loading dye   

England BDH Methanol    

Iraqi Pioneer Normal saline   

USA Sigma Safaranine    

Germany Roth Silver nitrate(AgNo3)  

 

America Genex Shaking incubator   

India Supertik Slides and cover slides  

India LPG Standerd wire loop  

China China Sterile cotton swab with Amies 

medium  

China China Sterile cotton swabs  

China Hospital and homecare Sterile syringe    

China Deansgate Test tube  

China Thermo Thermometer  

USA Biomerieux  Turbidity meter Densi check  

Japan Shimadzu UV.visible spectrophotometer  

England Minilyotrap Water bath  
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Germany EMC  Sodium hydroxide(NaOH) 

England BDH Tetramethyl - P-Phenyl 

Diamine Dihydro Chloride 

Canada Bio basic Tris-base    

USA Conda Tris-borate-EDTA buffer 

(TBE)1X  

Canada Bio basic Tris-EDTA (TE)buffer  

Japan Sigma  Triton X-100 

 

 

3.1.3. Culture Media 

 This medium was produced according to the manufacturer's 

specifications and sterilized  by autoclaving at 121 ℃ for 15 minutes. 

 

 

 

Table (3-3) culture media (ready-made and prepared media) are 

utilized in experiments:- 

Purpose  Origin  Company  Media  

Activation and maintenance of 

bacteria   

India Himedia Blood agar 

   utilized as a carrier medium 

in research for the growth and 

activation of isolates 

UK Oxoid Briaheart infusion 

Agar 

   utilized as a carrier medium 

in research for the growth and 

activation of isolates 

UK Oxoid Brianheart infusion 

Broth 

Used to differentiate bacteria 

on the basis anhydride  and 

ferment of binary glucose and 

lactose sugars also production 

H2S  

India Hi-media Kligler iron agar 
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   Utilized as a selective 

medium for the separation of     

Lactose fermente dgram 

negative bacteria  

UK Oxoid MacConkey Agar 

A.S.T test   Italy Liofilchem Muller Hinton agar 

Used to detect utilizing of 

citrate by bacteria as a single 

source of carbon 

India Hi-media Simon citrate agar 

 

 

 

 3.1.4. Kit used in this study   

Table ( 3-4 ) material used in PCR : - 

 
3.2.Methods 

3.2.1. Laboratory Media 

3.2.1.1. Blood Agar 

 The medium was prepared according to the instructions of the 

manufacturer installed on the package and sterilized with autoclave after 

adjusting the pH for it at 121℃ and a pressure of 15 pounds / ang for 15 

minutes, then added human blood at the rate of (5%) after it was cooled to 

Company  Cat *  Material  

Intron biotechnology korea 17045 G-spin DNA extraction kit  

Kapa/USA KK6302 Ladder 100 bp   

Intron/ korea 25052  Master mix  

Integrated DNA technology 

USA 

---------- Primer    

Intron biotechnology IBS.bt004 TBE buffer 10 X   
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50 ℃ and poured into Petri dishes to solidify and use this ,the medium to test 

the susceptibility of bacteria to blood analysis (Cheesbrough, 2005) . 

 

3.2.1.2. MacConkey agar 

Prepare the medium according to the manufacturer's instructions 

sterilized by pressurized steam at a temperature of 121 ° C for 15 minutes 

and then poured into plastic petri dishes until it hardens until it is ready for 

use.  

 

3.2.1.3. MotilityMedia 

 Agar-Agar (0.5)Dissolve 100 ml of brian infusion broth ingredients  

in sterile 121 ℃ for 15 minutes and pour into test tubes (Prescott & Harley, 

2002). 

 

3.2.1.4.Muller –Hinton agar 

 This medium was prepare according to the manufacturer's instructions 

used to test bacteria's antibiotic sustebility (Forbes et al., 2007). 

 

3.2.1.5.Brian heart infusion broth  

 This medium is used as a transport medium to keep microbes from 

growing before infused in primary and selective media to isolate bacteria 

suspend 37 g in 1000 ml of distilled water  heat Bring to a boil to make sure 

the medium is completely dissolved after which it is distributed into small 

screw-covered tubes sterilized by autoclaving at 15 pound/inch(121°C) for 

15 minutes, then it is cooled before being used as transport media until the 

samples are processed in it lab (according to the manufacturer's instructions). 
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3.2.1.6. Kligler Iron agar 

 Prepare according to the company instructions by dissolve 65 gm of 

medium to the litter of distil water.  

 

3.2.1.7. Maintenance Media 

 The medium for maintaining and preserving bacterial isolates was 

prapare by dissolving 4 g of the heart-brain infusion medium in 50 ml of 

distilled water, then adding glycerol after the gtrowth to bring the total 

amount to 100 ml (15 % ) sterility autoclaved, placed into sterile test tubes 

after cooling and stored at 4°C,the medium used to keep the identified 

bacterial isolates at a temperature of- 20°C for several months (Forbes et al ., 

2007) . 

3.2.2. Reagent and dyes used in biochemical tests 

3.2.2.1. Gram stain 

 Crystal violet dye, logal iodine solution,  alcohol, and safrainin make 

up this mixture, used to determine the size, shape, and arrangement of cells 

(Green & Goldman, 2021).  

    

3.2.2.2.Oxidase reagent  

 The reagent was prepared immediately by dissolving 0.1 

gTetramethyl-p-phenyl diamine dihydrochloride in 10 milliliters of sterile 

distilled water and kept in an opaque vial, this reagent is used to investigate 

the ability of bacteria to produce the enzyme oxidase(MacFaddin ,2000).  

 3.2.2.3.catalase reagent 

 The reagent was prepared simultaneously by adding 4.2 ml of 

hydrogen peroxide (70% H2O2) to 50 ml of water sterilely distilled, then the 

volume was increased to 100 milliliters to obtain a final concentration 
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(3%)use to investigate the ability of bacteria to produce the enzyme 

catalase(MacFaddin ,2000).   

    

3.2.2.4.Fraziers reagent 

 The reagent was prepared by dissolving 15 g of mercuric chloride in 

20 ml of concentrated hydrochloric acid and the volume was filled to 100 ml 

of distilled water, this reagent was used to investigate the susceptibility of 

bacteria to gelatin analysis .(Collee et al., 1996).    

 

3.2.2.5. Silver nitrate Solution (1mM) 

 prepare a silver nitrate solution where it dissolved 0.017 g of silver 

nitrate in 100 ml of distilled water in dark conditions in order to prevent 

silver oxidation nitrate, the solution was used as a precursor for silver 

nanoparticles((Chaudhari et al.,2012).  

 

3.2.2.6. DPPH solution (0.1 mM) 

Prepare a 1-diphenyl-2-picrylhydrazyl solution by dissolving 

0,00197grams of DPPH in 50 ml of ethanol, the solution was used for 

detection of the antioxidant activity of silver nanoparticles (Caroling et 

al.,2013).  

 

3.2.2.7. crystal violet solution (1%)  

 We made a crystal violet solution in which 1 g was dissolved from the 

violet crystal in100 ml distilled water (Vandepitte et al., 2003).  
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3.2.2.8. NaoH solution (2M) 

 NaoH solution was prepared by dissolving 4g of NaoH in 50 ml of 

distill water, the solution was used to adjust the pH (Backer and 

Silverton,2014).   

     

3.2.2.9.TBE Solution 

 Tris-boric acid EDTA (TBE) buffer solution is a gel electrophoresis 

running buffer, 1X pouch prescribed to dilute up to 500ml of deionized 

water with pH 8.3 at 25 ℃ the final volume contains Tris 89mM, boric acid 

89mM and 2mM EDTA.    

    

3.2.3. sample collection 

Between november 2021 and march 2022, 110 samples of urine, 

sputum, burns, wounds, and ear swabs were collected from al-diwaniyah 

teaching hospital, burns specialized hospital, and maternity and children 

teaching hospital, cotton swabs that have been sterilized the specimen were 

taken to the lab and cultivated for 24 hours at 37  ℃ on blood and maconkey 

medium, to obtain pure cultures, the materials were purified numerous times 

and analyzed biochemically and microscopically (MacFaddin, 2000). 

 

3.2.3.1. Morphological Characterizations 

 The color of the developing colonies is observed its shapes, distinctive 

odor, non-fermentation of lactose sugar on MacConkey medium and 

hemolysis pattern is beta on blood medium(Brown and Smith , 2014). 
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 3.2.3.2. Microscopical Characterizations     

 The bacteria were diagnosed microscopically by staining the 

developing colonies and after fixing and staining with gram stain cell shapes 

, as well as positive or negative effects of the dye(Brown and Smith , 2014 ). 

.      

3.2.3.3.biochemical test 

 A pure bacterial culture grown on a 24-hour MacConkey agar medium 

was used to perform the following biochemical tests:-    

 

3.2.3.3.1. Oxidase Enzyme Reagent  

 The test was done by immersing a strip of filter paper in the prepared 

tetramethyl -p-phenyl (1%)diamine dihydrochloride solution immediately, 

then a colony was transferred by sterilized wooden sticks from the young 

bacterial culture to the strip saturated with the reagent and give the colored 

blue on filter paper ,this positive referred to P.aeruginosa   (MacFaddin, 

2000). 

  

3.2.3.3.2. Catalase test 

 A 24-hour-old bacterium colony was transferred to a clean glass slide 

using sterile wooden chopsticks and a drop of a solution (H2O2 3 %) was 

placed on it, gas bubbles occur as a direct result of releasing O2 gas, 

indicating a positive test(MacFaddin, 2000).     

 

3.2.3.3.3. Gelatin Liquefaction 

 The test was done by inoculating plates containing solid gelatin 

medium using the planning method and incubating at 37 °C for a period of 

(3-7) days, after which the plate was immersed with Fraser’s reagent, the 



Chapter three                                                          Materials and Methods 

 
37 

appearance of transparent areas around the bacterial colonies is evidence of 

the production of gelatinase enzyme((Collee et al., 1996).    

  

3.2.3.3.4. Motility Test       

 The tubes containing the laboratory-prepared motility medium were 

inoculated with the bacterial culture by stabbing method and incubated at 37  

℃ for 24 hours indicating the presence of growth outside the limits of the 

challenge test positive(MacFaddin, 2000).     

     

3.2.3.3.5. Hemolysis production  

Bacterial cultures are inoculated on a blood medium according to the 

technique of planning and incubated at 37 °C for 24 hours, until clear 

regions emerge around the colonies, indicating full disintegration, which is a 

beta type this is evidence of  P. aeruginosa (Dulczak & Kirk, 2005). 

 

3.2.3.3.6. Test Fermentation of sugars and productions H2S 

 We conducted the test by inoculating the tubes containing iron agar 

kligler with the young bacterial culture by using the method of stabbing and 

planning on the surface inclined to the middle, yellowish when fermenting 

glucose sugar only, while the color of all the medium changes is evidence of 

the fermentation of glucose and lactose together,the appearance of gas 

bubbles is also evidence of the production of carbon dioxide as a result of 

the fermentation of glucose sugar, the ability of bacteria to produce H2S gas 

was revealed, as the gas reacts with salts iron in the middle, forming a black 

precipitate of iron sulfide(.(MacFaddin, 2000) .    

 

 



Chapter three                                                          Materials and Methods 

 
38 

3.2.3.3.7. Citrate Utllization Test 

 The test was done by oblique inoculation of the medium of Simon 

citrate with the young bacterial culture and incubated at 37 °C for 24-48 

hours, the change in the color of the medium from green to blue indicates the 

positivity of the test ,the ability of bacteria to consume citrates as the only 

carbon source(Winn .,2006 ). 

   

3.2.4. Molecular based Identification 

 Sequencing of 16srRNA gene is the most precise, sensitive and 

specific method been widely used in the detection of microorganisms as 

molecular based identification approach,Sequencing of 16sRNA gene has 

been used in the present study for identification and differentiation of the 

isolates and detecting the phylogenetic relationship among the isolated 

bacteria( Almonacid et al.,2016 ) . 

     

3.2.4.1. Exraction of bacterial genomic DNA 

 G-spin DNA extraction kit, containing reagents listed in table (3-5) 

was used for genomic DNA extraction according to protocol provided by the 

manufacturer.   

Table ( 3-5 ) contents of extraction kit 

Contents Lable 

25 ml Buffer BL 

20 ml Buffer CE 

25 ml Buffer CL 

40 ml Buffer WA 

10 ml Buffer WB 
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22 gx1vial Proteinase K(Lyophilized powder) 

3mg x 1vial RNase A(Lyophilized powder) 

50 ea Spin Column /Collection tube 

 

1-One ml of cultured cells was transferred into 2 ml tube,cells were 

pellet by centrifugation at 10,000 rpm for 1 min , supernatant was discarded 

and the pellet has been resuspended completely with remnant supernatant by 

tapping or vigorously vortexing, buffer CL200μl, Proteinase K 20μl and 

RNase A 5μl Solution was then added into sample tube and vortexed 

vigorously , lysate was incubated at 56  ℃ (preheated heat block or water 

bath) for 30 min ,after complete cell lysis buffer BL 200μl was added into 

upper sample tube and mixed thoroughly.  

2- Mixture was then incubated at 70℃ for 5min and the sample tube 

was centrifuged at 13,000 rpm (9447xg) for 5 min to remove unlysed cells , 

then carefully 400μl of the supernatant was transferred into a new1.5 ml 

microcentrifuge tube, after that 200μl of absolute ethanol was added into the 

lysate and mixed well by gentle inverting 5 - 6 times or by repeated pipetting 

after mixing, the 1.5 ml tube briefly centrifuged to remove drops from inside 

of the lid.  

3- Mixture was applied carefully into the spin column (in a 2 ml 

collection tube) without wetting the rim, then the cap closed and the spin 

column placed in a 2 ml collection tube. 

4- An amount of 700μl of Buffer WA was added to the spin column 

without wetting the rim and centrifuged for 1 min at 13,000 rpm, the flow-

through was discarded and the collection tubes were reused without wetting 

the rim, 700μl of buffer WB was add to the spin column and centrifuged for 
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1 min at 13,000 rpm flow through then discarded and the column placed into 

a 2.0 ml collection tube, then again centrifuged for additionally 1 min to dry 

the membrane now flow-through was discarded, altogether with the 

collection tube , and the spin column Placed into a new 1.5 ml tube, and 30 - 

100μl of buffer CE added directly onto the membrane. incubated for 1 min 

at room temperature and then centrifuged for 1 min at 13,000 rpm (9447xg) 

to elute and keep the DNA in deep freeze. 

 

3.2.4.2. Agarose gel electrophoresis  

Electrophoresis has been done to determine DNA yields after extraction 

or to detect the result of PCR in the presence of standard DNA to determine 

the bundle size of the outcome of the interaction of PCR on the agarose gel.  

 According to Sambrook et al (2012), the agarose gel has been prepare 

in 1% condensation by melting 1g of agarose in 100 ml of previously made 

(1x) TBE buffer ,agarose has been heated to melt then left to cool down to 

(50ᵒC) the gel has been poured in the pour plate in which the plate of agarose 

support has been prepared after fixing the comb to make holes that would 

hold the samples, the gel has been poured gently not to make air bubbles and 

left 30 minutes to solidify,the comb has been removed gently of the solid 

agarose, the plate has been fixed to its stand in the electrophoresis horizontal 

unit represented by the tank used in the electrophoresis, the tank has been 

filled with TBE buffer in which it covers the gel surface. 

 Three µl of the loading buffer has been mixed with 5 µl of the 

supposed DNA to be electrophoresed , after mixing; the mix was loaded to 

the holes of the gel, an electric current of 5V\cm has been gel has been 

tested by UV gel documenter with 336 nm after put the gel in pool 

containing 30µl red safe nucleic acid staining solution and 500 ml distilled 
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water. 

 

3.2.4.2.1.Primers used in the study 

The lyophilized primers (3-6 ) were dissolved in a DNAase free ddH2O 

(PCR grade water) to give a final concentration of 100 pmol/µl as stock 

solution ,this solution was kept at -20℃ as stock solution for preparing 10 

pmol/µl of primer working suspension, 10 µl of the stock solution in 90 µl 

of the free ddH2O water to reach a final volume 100 µl. 

 

Table ( 3-6 ) 16SrRNA of gene specific primers 

Primer name Sequence 5՛-3՛  Reference Size of primer 

27F AGAGTTTGATCCTGGCTCA   (Srinivasan 

et al., 2015).  

1498bp 

1492R GGTTACCTTGTTACGACTT 

 

 

3.2.4.3. PCR Reaction Mixture 

 The polymerase chain reaction (PCR) was used to amplify fragments 

of DNA using Maxime PCR PreMix Kit (i-Taq),The template DNA, forward 

and reverse primers, and nuclease-free water were added to PCR tube, 

containing i-Taq DNA polymerase, dNTP mixture, and reaction buffer 

mixed together as in table (3-7).  

   

Table (3-7): Contents of the Reaction Mixture 

Contents of reaction mixture Volume ( μl ) 

Master Mix 5 

Template DNA 4  
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Forward primer (10 pmol/μl) 2  

Reverse primer (10 pmol/μl) 2  

Nuclease free water Up to 20 ul 

 

3.2.4.4. Polymerase Chain Reaction (PCR) Condition 

 The Conventional PCR was used to amplify a target DNA using 

specific primer pairs. PCR typically consists of three consecutive steps 

(denaturation, annealing, and elongation) of repeated cycles to get PCR 

product (amplicon). 

 The PCR thermal cycling conditions are mentioned in the table (3-8). 

the size of PCR products (5 µL) were analyzed in 2% (w/v) agarose gel by 

electrophoresis using 1×TBE buffer and visualized by staining with 

simplysafe dye, the Product size was determined by comparison with 

sizer100 bp DNA ladder (Intronbio/Korea). 

Table (3-8): PCR conditioned for amplification of 16S rRNA gene 

Step Temperature (°C) Time (Second) No. of cycles  

1- Initial Denaturation 95 120 1 

2-Denaturation 95 30  

30 3-Annealing 53 30 

4-Extension 72 120 

5-Final extension 72 300 1 

 

 

3.2.4.5.Agarose gel electrophoresis of 16s rRNA gene PCR product 

Electrophoresis has been performed to determine 16sRNA gene PCR 

yield in the presence of standard DNA to determine the bundle size of the 
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outcome of the interaction of PCR on the Agarose gel. 

 

3.2.4.6.DNA extraction protocol for sequencing  

Absolute ethanol was added to the wash buffer prior to initial use the 

workflow of gel extraction DNA was as follows (Vogelstein and Gillespie, 

1979):- 

 

A-Gel dissociation  

 Agarose gel, slice containing relevant DNA fragments was excised and 

the extra agarose removed to minimize the size of the gel slice,up to300 mg 

of the gel slice was transferred to a 1.5 ml micro centrifuge tube an amount 

of 500µl of DF Buffer was add to the sample and mixed by vortexing , the 

mixture was incubated at 55℃ until the gel slice has been completely 

dissolved, the tube was invert during incubation every 2-3 minutes, 

dissolved sample mixture then cooled to ambient temperature. 

 

B-DNA binding 

In a 2ml collection tube DF column was placed, an amount of800µl of 

the sample mixture from (Gel dissociation ) was transferred to the DF 

column and centrifuged at 16000×g for 30 seconds, the flow-through was 

discarded and the DF column placed back in the 2 ml collection tube. 

C-Wash 

 Six hundred microliters of washing buffer was add into the DF column 

and left stand for 1 minute, then centrifuged at 16000×g for 30 seconds and 

the flow-through discarded , the DF column was placed back in the 2 ml 

collection tube, an amount of 600µl of washing buffer was added into the 

DF column and left stand for 1 minute then centrifuged at16000×g for 30 
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seconds, the flow-through discarded and the DF column then placed back in 

the 2ml collection tube, the column matrix was centrifuged at 16000×g again 

for 3 minutes to dry. 

 

D-DNA elution  

 tube and 50µl of elution buffer added into the center of the column 

dried DF column was transferred to new 1.5 ml microcentrifuge matrix, after 

2 minutes the elution buffer will absorbed by the matrix after centrifugation 

for 2 minutes at 16000×g, the purified DNA was eluted. 

 

3.2.4.7. Sequencing and Sequence Alignment 

 The product of the PCR been extracted from gel, was sent to the lab of 

biotechnology for sequencing  using DNA Sequencer 3730XL, applied 

biosystem. homology search was conducted using basic local alignment 

search tool (BLAST) software which is available at the national center 

biotechnology information (NCBI) web site online at (http:// www.ncbi .nlm 

.nih.gov) \multiple alignments were performed using bioEdit software. 

 

3.2.5. Screening the efficient isolates for the extracellular 

biosynthesis of sliver nanoparticles 

P.aeruginosa isolated from different sources were tested and their 

number was (17) isolates and their ability to form silver nanoparticles was 

tested and the most efficient isolate was selected by adding 0.0051 for 3 ml 

of (BHI) for every sample of isolated bacteria , in the synthesis of silver 

nanoparticles depending on the color change, spectrophotometric results, 

and biological activity, where staph.aerues bacteria were used for biological 

activity as an indicator of isolation. 
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3.2.6.1. Culture of Pseudomonas aeruginosa 

 p. aeruginosa was inoculated on brain heart infusion broth individually 

and cultured for 24 hours at 37°C (first activation) the second activation was 

created using the previous activation and incubated for 24 hours at 37°C 

(Chaudhari et al., 2012).  

 

 3.2.6.2.Preparation of cell free supernatant of Pseudomonas aeruginosa  

 The cell-free supernatant was prepared by centrifuging the microbial 

culture at 6000 rpm for 25 min at 4 °C after 24 hours of incubation, 

microbial cell pellets were discarded and cells were removed ,the 

supernatants were collected for use in nanoparticles for silver 

biosynthesis(Chaudhari et al., 2012). 

 

3.2.6.3. Biosynthesis and purification of sliver nanoparticles from cell 

free supernatant  

 In this study used silver nitrate (AgNO3) as a precursor to 

nanoparticles for the biosynthesis of silver by Pseudomonas aeruginosa, 

Whereas, silver nitrate (1 mM/L) was added to the cell-free supernatant of 

Pseudomonas aeruginosa, which is used in flask, this step was made under 

dark conditions in order to avoid the oxidation of AgNO3, the pH of the 

reaction mixture was adjusted to 8 with NaoH (2M),the result was incubated 

in a 150 rpm shaking incubator at 37°C for 24 hours,the mixture was 

centerfuged at 6000 rpm for 25 minute at 4 ℃ then supernatant replacing it 

with deionized distilled water and re-centrifuging for three times at the same 

speed and time to remove the supernatant, the granules were deposited at the 

bottom of the tube which is an array of nanoparticles and then dried in an 

oven at 40°C for 18- 24 hours, the dried powder was carefully collected and 
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the samples stored in vials for further analysis (Chaudhari et al.,2012; 

Sarvamangala et al.,2013; Maria et al.,2015). 

 

3.2.7.Charecterization of Sliver Nanoparticle  

3.2.7.1.UV-Visible spectrophotometer analysis 

 After periodically diluting the reaction mixture with deionized distill 

water and subsequently measuring the UVvisible spectrum of the reaction 

mixture with a UV-Vis spectrophotometer, the color change of the reaction 

mixtures was monitored,silver nanoparticles were analyzed using UV-Vis 

spectrophotometer (Shimadzu 1600) at the chemical department laboratory 

in al Qadisiyah University College (Caroling et al.,2013). 

 

 

 3.2.7.2. Analysis by scaning electron microscope (SEM) and 

Energy dispersive spectroscope (EDS)  

 We have used scanning electron microscopy (SEM) to characterize 

morphological shape and size of nanoparticles in the electron microscope 

unit of the college Science / University of Kufa, then we prepared the 

sample by adding a small drop of bio-nanoparticle suspension on a silicon 

wafer and leave to dry and then analyzed by (SEM),Composition of 

specimen was carred out with EDS analysis (that attached with SEM) for 

point and mapping analysis with sulble condition( Caroling et al., 2013). 

 

3.2.7.3.X-Ray diffraction (XRD) 

 X-ray diffraction was used to characterize silver nanoparticles in 

University of al- Kufa,, Powder Silver nanoparticles were used for testing. 
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3.2.7.4. Fourier transform infrared spectroscope (FTIR)  

 FTIR spectrophotometer used to describe the interaction between 

SNPs and biomolecules in Al Qadisiyah University college, samples 

prepared from Pseudomonas aeruginosa nanoparticles as powder for FTIR 

analysis by SNP centifuges 10,000 rpm for 20 min,then soiled granules are 

washed with deionized water three times in order to remove any particles on 

the surface SNPs,finally dry remains to dgree 40℃ before of FTIR ,band 

with registered in the domain 450-4000(cm-1)( Martak et al.,2019) .   

 

3.2.8. Antimicrobial activity against sliver nanoparticles  

 Silver nanoparticles (AgNPs) were tested by using three different 

concentrations (50-100-200 μg) for its antimicrobial activity against 

different types of isolates are ready, including gram-negative and gram-

positive bacteria (S.aerues, E.coli ,P. mirabilis, K. pnemumoniae) using well 

agar diffusion method standardized suspension per tested bacteria (1.5x 108 

cfu/ml) by McFarland criterion (0.5N) was scanned separately on muller 

hinton agar using sterile cotton swabs ,the agar was drilled with a sterile 

cork drill 6 mm, where three were drilled in each dish for a specific type of 

bacteria used and the three concentrations against each type of bacteria were 

added to each well, after incubation for 24 hours at 37°C Petri dishs were 

checked for the diameter of the inhibition zone which was measured by 

millimeter (Rajeshkumar and Malarkodi, 2014; Skogman et al., 2016).  

  

 3.2.9. Antibiotic against bacteria  

 Antibiotics were tested against the same bacteria in order to compare 

with the ability of silver nanoparticles against the same types of bacteria in 

order to obtain the best concentration of silver nanoparticles that are more 
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effective in killing bacteria compared to the antibiotics, the method is as 

follows:-      

1- prepared the Muller Hinton by following the manufacturer's 

instructions installed on the box and pouring it into Petri dishes.    

2- isolate and prepare four types of bacteria used(S. aerues ,K.pnemonia 

,E .coli ,P .mirabilis ).      

3-using well agar diffusion method Standardized suspension per tested 

bacteria (1.5x108 cfu/ml) by McFarland criterion (0.5N) was separately on 

Muller Hinton agar using sterile cotton swabs.   

4-then use antibiotic tablets of four different types (gentamicin, 

penicillin, rifampin and tetracycline) and install them in the dishes.    

5-incubate the dishes at 37 °C for 24 hours and then we read the 

diameter of the areas of inhibition ( Fiebelkorn et al .,2003).   

  

3.2.10. MIC of sliver nanoparticles 

1- take a volume of 100 m/l of the brian –heart broth and but them in 

each microplate weel ,where we use in this experiment four types of bacteria 

(S.aerues ,P.mirabilis ,E.coli ,K. pneumonia )so will use four column for 

each bacteria column .      

2-preparation of a bacterial suspension for each bacteria of the four 

types used is identical (1.5x cfu/ml) by McFarland criterion (0.5N) .  

3- 100 m/l from sliver nanoparticles whose concentration is 512 µg put 

it in the first weel that contain BHB so that the total size become 200 mm 

and then we diluted it in half for each weel(512,256,128,64,32,16,8,4,2,1 

µg) ,then reach to weel NO.11 a positive control and leave the weel NO.12 

for the negative control and we do these steps for each column and for each 

type of bacteria .  
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4-bacterial suspension are added to each weel ,except for weel NO.12 

because it is a negative control.      

5-incubated microplate for 24 hours at 37 ℃ .    

6-reader microplate after incubter by Elisa at 550 nm(Kumar et 

al.,2015)  . 

7-we know through optical dispersion the ability of sliver nanoparticles 

to inhibit bacterial growth at different levels.     

 

 3.2.11. Heamolysis assay 

 Hemolysis tests on one blood healthy donor: 15 μl of nanoparticles for 

(512,256,128,64 µg) (suspended in tyrode), tyrode (negative control) or 

triton X-100 (positive control) to 285 μl of whole blood, where we have 

incubated comment at room temperature on a shaking plate during  4 hours , 

after the incubation time, the suspension is centrifuge at 10,000 g over 5 

minutes , and then the supernatant is read 96-well plate through the use of 

scanning microscopic Spectrophotometer at 550 nm(Laloy et al ,2014). 

  

The haemolysis was calculated as: H (%) = (OD550nm sample- 

OD550nm tyrode)/(OD550nm Triton X-100 (1% )- OD550nm tyrode)*100   

 

3.2.12. DPPH assay 

 The radical cation DPPH method was transformed in order to evaluate 

the free radical removal effect of 100 pure chemical compounds DPPH 

reagent was DPPH (8 mg) dissolved in MeOH (100 mL) to concentrate the 

solution 80 μl/ml in order to determine the scavenging efficacy, 100 μl we 

did by mixing DPPH reagent with 100 µl of the AgNPs(512,256,128,64 µg) 

at 96 A fine microplate where it was incubated at room temperature for 30 
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min after incubation, absorbance was measured we used a 514 nm ELISA 

reader and 100% methanol was used as a control (Lee et al .,2015). 

      

Radical scavenging % = (𝐴)control − (𝐴)sample * 100   

    )                                                                  𝐴)control    

     

3.2.13.Application sliver nanoparticles in vivo 

 The present study has been conducted in the animal house of the 

college of veterinary medicine, Al-Qadisiya University during the period 

extended from (5th-19th) april, 2022 thirty mature male wistar rats (aged 90 

days and weighted 150±10 g)male rats were allowed to acclimatize to the 

animal house environment before beginning of the experiment, animals were 

housed in polypropylene cages inside a well-ventilated room, each cage 

consists of not more than five rats male rats were fed on the standard chow 

and drinking water ad libitum throughout the experiment, room temperature 

was maintained at 23±2℃, the light-dark cycle was on a 12 hr light/dark 

cycle with light on at 06:00 a.m and off at 06:00 p.m. during the 

experimental periods .  

  Male rats were assigned to 3equal groups (10 each) and treated as 

follow:- 

1- Control (C):- 10 male rats were shaving with cut of skin by blade 

without any treatment and contamited with staph aureus .  

 2- Ointment treated :- 10 male rats were shaving with cut of skin by 

blade with ointment daily for 14 days befor treated contamited the injury 

with staph aureus .  
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 3-Nano treated :- 10 male rats were shaving with cut of skin by blade 

with nano daily for 14 days befor treated contimted the injury with staph 

aureus.  

Male rats have been monitored throughout the experimental periods.at 

the end of each treated and control period, male rats were anaesthesized (by 

injection of 0.3ml ketamine + 0.1 ml of xylazine/ kg b.w. ip) and measument 

by steel ruler at 0 day , 7 days and 14 days for all groups to compared 

betwwen it . 

3.2.14 Statistical analysis 

 Statistical analysis Data are presented as mean ± SD. multiple 

comparisons were performed using two-way ANOVA followed by LSD as a 

post hoc test, the 0.05 level of probability was used as the criterion for 

significance, all statistical analyses were performed using SPSS software 

version 27 (Daniel,2009) 



 

Chapter four  
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4. Result and Discussion  

4.1. cultivation  and Identification of Pseudomonas aeruginosa 

  In the current study, 110 clinical samples were collected from 

different sources from different hospitals , the samples included 

47(42.72%)burn swab , 30 (27.27%) sputum samples, 24 (21.81%) urine 

samples and ear swab 9(8.18%) where has been cultivated all samples on 

Maconkey agar and blood agar showed positive results (68) samples for 

bacterial growth, which included 28 (59.57%) isolates of burn swabs ,18 

(60.0%) isolates of sputum , 15 (65.5%) isolates of urine and 7 (77.7%) 

isolates of ear swabs also, the samples did not showed a growth rate of 42 

(38.18%) of the total samples, the isolates of P.aeruginosa were distributed 

according to the positive growth 10(35.71%) from burn swab ,4(22.22%) 

from sputum ,213.32%) from urine and1(14.28%)from ear swab show in 

table(4-1 ).   

Table (4-1) distribution of study samples according to their source 

,number and percentage of samples that give a positive result for 

bacterial growth 

Percentage 

%of 

Pseudomonas 

aeruginosa 

Percentage 

%of negative 

growth 

Percentage 

%of positive 

growth 

Percentage% 

of sample  

Source of 

sample  

 

10(35.71%) 19(40.42%) 28(59.57%) 47(42.72%) Burns  

4(22.22%) 12(40.0%) 18(60.0%) 30(27.27%) Sputum  

2(13.32%) 9(37.5%) 15(65.5%) 24(21.81%) Urine  

1(14.28%) 2(22.22%) 7(77.7%) 9 (8.18%) Ear swab  

17(25.0%)  42(38.18%) 68(61.81%) 110(100%) Total 

number  

   
 In the current study ,(17) isolates of P. aeruginosa bacteria with (25.0 

%) were diagnosed from the total positive isolates, depended on 

morphological, microscopic and biochemical tests as stated in 

(MacFaddin.,2000 ) the sample was also confirmed by PCR, the results of 
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the morphological examination showed that its colonies were pale in color 

on the MaCconkey agar because they did not ferment lactose sugar and had 

a grape-like smell, beta hemolytic on blood agar ,microscopic diagnosis of 

the bacteria showed that they are short, gram-negative, motile bacilli ,the 

results of the biochemical tests in the table (4-2 ) showed that they are 

positive for the test ( catalase, oxidase, citrate) and motility test and for 

gelatin fluidization, as shown by the result of k/k on solid iron cladding 

medium, not producing CO2 and not forming FeS precipitate because it is 

not produced for H2S. 

 
Table (4-2)biochemical test of Pseudomonas aeruginosa 

Biochemical test  Pseudomonas aeruginosa  
Oxidase  Positive  
Catalase  Positive 
Citrate Positive 
Motile  Positive 
Fermentation and production H2S K/K and non produce H2S 
Liquefaction of gelatin  Positive 

 
 The results also showed that the highest percentage of isolation of  P. 

aeruginosa from the burn swabs, it has reached (35.71%), and our results 

similar with the findings (de Almeida et al .,2017) it was found that  p. 

aeruginosa it was the predominant bacteria in burn injuries as it breaked 

down the main mechanical immune barrier of the body, which is the skin and 

being one of the major opportunistic pathogens of nosocomial infections, 

increase the risk of infection for burn patients and make it the main colonizer 

for their injury (Russotto et al .,2015)it is the main causative agent of 

nosocomial infection in burn patients (Sousa et al., 2018). 
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4.2. Molecular identification 
 Using universal 16 srRNAp primer and sequencing . 

4.2.1. Extraction of genomic DNA of Pseudomonas aeruginosa 
 Genomic DNA has been extracted according the protocol explained 

in(3.2.5.1) and electrophoresed on agarose gel using gel document. the 

resulted UV document reveals one band having indicating the presence of 

genomic DNA(figure 4-1 ) The sample of DNA, was used as templates for 

PCR during amplification of 16sRNA gene. 

 
Figure (4-1) Gel electrophoresis of genomic DNA extracted from the 

Pseudomonas aeruginosa, on 1% Agarose gel at 5 vol. /cm for 1:15 hour, 
redsafe stained and documented UV gel viewer 

4.2.2. Amplification of 16srRNA gene 
 Genomic DNA templates, extracted and approved in(3.2.5.2) were 

used in the amplification of 16srRNA gene using 16srRNA gene universal 

primers in table (3-6) the product of PCR then electrophoresed on agarose 

gel and documented on gel document, the resulted 16sDNA bands were1498 

bp in size (figure4-2 ) the bands then extracted according to the procedure 

explained in( 3.2.5.1). 
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Figure(4-2)Redsafe stained PCR product produce bands with size 1498 bp. 
electrophoresed on 2% Agarose at 5 volt/cm2. TBE buffer 1x for 1:30 hours. 
L: DNA ladder (100) Pseudomonas aeruginosa is 16srRNA gene PCR product 
of the final isolates 

 
4.2.3. Sequencing the 16srRNA gene and bioinformatic data 
 Sequencing for P.aeruginosa  analyzed online and aligned to NCBI 

data base using Blast software and multiple aligned to each other using 

BioEdit software and submitted in fasta format to NCBI through Sequin 

software, Data of Pseudomonas strain made available to ENA in Europe and 

the DNA Data Bank of Japan at the locus defined as (Pseudomonas sp)strain 

shown in figure (4-3). 
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Figure (4-3)Pair-wised alignment of partial nucleotide sequence of 16S 

ribosomal rRNA gene (Query) to that of Pseudomonas aeruginosa STRAIN 
EAEADRR3 whose sequence producing highest score (96%) of homology during 

BLASTn search 
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4.3. Extracellular biosynthesis of SNPs by Pseudomonas aeruginosa 

4.3.1. Screening of resistant microorganism for extracellular  

biosynthesis of silver nanoparticle 

 After 17 isolates have been taken and tested for effective isolate, which 

showed a change of color from yellow to brown in order to obtain the 

efficiency of the isolation , where 5 isolates showed a stronger color change 

than the rest of the isolates figure (4-4), so we examined the biological 

activity of these isolates against staphylococcus.aureus table (4-3) and 

measuring the areas of inhibition that we obtain and choose the isolate that 

formed the largest diameter inhibition, the best sample was number( 3)figure 

(4-5) . 

 

 
             A                                                      B 
Figure (4-4) selection of the optimal nano biosynthetic isolate among each 

17 isolates based on colour change from yellow to brown 

A-before adding AgNO3  
B-after adding AgNO3 

   3  
    3 
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Figure (4-5) Selection of the efficient Nanobiosynthetic isolate 

among  each 17 isolates based on inhibition zone against S .aureus 

 
Table (4-3) biological activity for nano biosynthetic against 

S.aureus 

      Inhibition 

    zone diameter 
    Pseudomonas   

aeruginosa isolates 

20  3  
16  5   
18  6  
16  7  
12  8  

 
4.3.2. Biosynthesis of silver nanoparticles using Pseudomonas  

aeruginosa  

 The results showed after the color change and the selection of the 

effective sample that was used to produce a large amount of silver 

nanomaterial for conducting confirmatory tests on it figure (4-6), as the 

results were similar to Singh et al (2018) where he isolated and diagnosed 

the bacteria and chose the effective isolate by testing its ability to inhibit and 

observing the color change and then increasing the amount of silver 
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nanomaterial and drying it ,the organisms generally have mechanisms for 

detoxifying metals this includes isolating the metal in the cytoplasm by 

concentrating it in transforming it (e.g., by oxidation or reduction) into a 

harmless form in the organism (Brown& Moses.,2020) the use of biological 

methods to biosynthesize is a developing part and the scientists have been 

viewing with interest microorganisms as probable eco-friendly nano-

factories( Iravani.,2011) the color that metallic nanoparticles show is a result 

of cohesion excitation of free electrons completely within the conduction 

band, resulting in Surface plasmon resonance (SPR) (Sarvamangala et 

al.,2013) the culture supernatant was found to be the easiest method for the 

size-controlled synthesis of silver nanoparticles , environment parameter for 

the culture supernatant can be easily maintained and modified from biomass, 

in which components of the cytoplasm try to preserve static environment 

such as heat shock proteins and requires more Purification, so the culture 

supernatant can be used for synthesis Silver nanoparticles instead of the cells 

themselves( Gurunathan et al.,2009). 

 

 
 

before synthesis                                     after synthesis  
Figure (4-6)silver nanoparticles in BHIB by Pseudomonas   

aeruginosa incubated at 37 ℃ for 24hours ,colour changed from 
yellowish before synthesis to brown after synthesis 
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4.3.3.UV-Visible spectrometry 
 UV - Visible Spectrum is a proven method for nanoparticle analysis , 

24 hours after the reaction was incubated the mixture, we will notice the color 

change which indicates the composition nanoparticles in the reaction 

mixture, biosynthesis of nanoparticles it can be confirmed by visual 

observation and measuring the surface plasmon resonance (SPR)using UV 

visible Spectroscopy , the absorption spectrum of nanoparticles formed in 

the reaction mixture has an absorption peak at( 420 nm ) it is an evidence of 

the presence of surface plasmon resonance (SPR) of nanoparticles and a 

single SPR band indicates that nanoparticles have spherical shape that is 

nearby Kumari et al ,(2017) as its results showed the characteristic 

absorption peak (415 nm) from silver nanoparticles,figure (4- 7).  

 
 

 
Figure (4-7) UV–visible absorption spectrum (420)of AgNPs 

synthesized by Pseudomonas aeruginosa 

 
 The plasmon resonance band showing the sharp absorbance and 

indicates little aggregation of the particles in solution,the absorption of 

brown color due to excitation of surface plasmon vibration in particles 

surface plasmon absorption strongly depends on the particle size, shape 

A
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dielectric medium and chemical surrounding the UV-Vis absorption spectra 

of nanoparticles dispersed in water (Mariselvam et al.,2013) the increase in 

intensity of the SPR peak could be due to increasing number of nanoparticles 

formed as a result of reduction of silver ions present in the aqueous solution 

,the surface plasmon band in the silver nanoparticles solution remains close 

to 410 nm throughout the reaction period, indicating that the particles are 

dispersed in the aqueous solution with no evidence for aggregation (Ahmad 

et al., 2003). 

 
4.3.4. Scanning electron microscope 
 Scanning electron microscopy (SEM) was used to characterize the 

shape, size and distribution of nanoparticles , after biosynthesis of silver 

nanoparticles using cell-free supernatant of Pseudomonas aeruginosa, and 

the results showed that nanoparticles are well dispersed and homogeneous 

with a diameter (22.33-73.80 nm) relative to silver nanoparticles with the 

variable shapes are mostly spherical, the average total sizes of the silver 

nanomaterial that appeared in the scanning electron microscope is (40.18 

nm)figure (4-8) and its shape is spherical the concentration of AgNO3 which 

added to the supernatant also have effect on characterization of formed 

nanoparticles, the best concentration in the biosynthesis of AgNPs was 1mM 

AgNO3 and our result similar to Geoprincy et al (2013), Ramalingam et 

al,(2014) they show their results, the synthesized AgNPs are spherical in 

shape and found in the size range between 13–76 nm with an average particle 

size of 35.5 nm.  

 

 

 

 



Chapter four                                                            Results and Discussion 

 

62 

 

 
 

35 

40 

22.3 



Chapter four                                                            Results and Discussion 

 

63 

 
 

figure (4-8) SEM of silver nanoparticles synthesized by 

Pseudomonas aeruginosa The shape of AgNPs was spherical and 

homogenous , size between(22.33-73.80 nm) 

 
4.3.5. Energy Dispersive X-Ray Spectroscopy (EDS) 

 Energy Dispersive-x-ray Spectroscopy (EDS) used in the quantitative 

assessment of AgNPs by detecting the peaks of optical absorption of silver 

metal the process of silver ions reduction into elemental silver improved by 

the presence of elemental silver through recording of the spot profile mode 

of the EDS spectrum, several signals was detected, the strongest one was 

reflected by silver, while the medium signal was reflected by other weaker 

signals was reflections from other atoms the percentage of elemental 

constituents weight of the AgNPs fabricated by (71.0) and other elements 

such as Cl(19.6%), C(8.0%),Na(1.4%) figure (4-9) nearby to Hassan.(2018) 

, Ghiuță et al,(2018 ) where are the results shown the percentage of elemental 

constituents weight of the AgNPs (76.93%) . 

 Optical absorption peak of AgNPs produced by P. aeruginosa have 

been detected at 3keV which is atypical absorbance of metallic AgNPs 

Energy dispersive spectroscopy analysis detected the presence of elemental 

silver which indicated the reduction of silver ions to silver metal in the 

reaction mixture, the percentage weight of elemental constituents of the 

70 
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AgNPs fabricated by P. aeruginosa in the table ( 4-4 ) the high weight 

percentage of silver indicates the reduction of silver ions into elemental 

silver,the optical absorption peak was compatible to the absorption of silver 

nano-crystallites caused by SPR indicating that the existed element was 

silver ,other small peaks observed attributed to the bio molecules present in 

the cell-free medium during synthesis (Bonnia et al., 2016). 

 

Table (4-4)percentage Ag and another element in the sample 

Weight%  Element  

71.0 Ag 

19.6 Cl 

8.0 C 

1.4 Na 

  
 
 

 
Figure (4-9) EDS analysis of AgNPs synthesize by P.aeruginosa 

 
4.3.6.Fourier transform infrared spectroscopy(FTIR) 
 FT-IR measurements were performed in this study to identify the 

potential biomolecules in the reaction mixture infrared spectroscopy was 

conducted to obtain information about the chemical bonds and molecular 
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structure of materials on the surface of nanoparticles and to identify which 

biomolecules may have a role in reducing silver ions and covering SNPs, in 

our study the analysis of FTIR spectrum indicate that the supernatant of 

pseudomonas aeruginosa contain biomolecules that responsible for the 

conversion of silver ions into SNPs from biosynthesized SNPs ,the FTIR 

spectra of bio-fabrication of SNPs presented distinct measuring (3855.87 

,3748.72, 3440.50 , 3275.25, 2927.65 ,2325.38 ,1630.74 , 1600.40 ,1533.77, 

1393.78, 1231.50, 1061.72, 697.03, 538.86 ). 

 The peak 3440.50 cm-1 is ascribed to the stretching vibration of OH 

bond of alcohol, phenols and N-H stretch vibration of primary amides of 

protein, is the characteristic band of hydrogen bonded group of OH that may 

be due to the formation of nano particles from the aqueous phase (Gopinath 

& Velusamy.,2013). 

 The peak 2927.65 cm-1 it represent aldehydic C–H stretching this 

result is probably related to the modification of electronic environment of 

groups the methyne and methylene influenced by the adjacent carbonyl and 

the sliver nanoparticles (Mohanta & Behera .,2014 ). 

 The peak 1630.74 cm-1 is refereed to carbonyl groups (C=O) of the 

amino acid residues and 1061.72 (C-O) stretching of alcohols ,asters 

,carboxylic acids and C-N stretching of aliphatic amines from this results we 

can conclude that the presence of protein in the supernatant acts as capping 

agent for stabilization and can bind to SNPs ,either through free cysteine or 

amine groups in proteins and that’s similarity with (Mohanta & Behera 

.,2014 ,Singh et al. ,2020). 

 And other peaks like 1393.78 cm-1 is can be assigned to–C–O 

stretching vibrations in carboxyl group ,697.03 representing presence of Ag-

O bond ,one of the most important factors that stabilize the nanoparticles in 

the presence of proteins over it (the capping factors) as proved by many 

studies (Kumar et al .,2019) figure (4-10) . 
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Figure (4-10 ) FTIR analysis of the biosynthesis SNPs by 

Pseudomonas aeruginosa 

4.3.7. X-Ray Diffraction analysis (XRD) 

 X-ray diffraction pattern of AgNPs synthesized extracellularly by 

pseudomonas aeruginosa showed intense peaks at 2θ =(32.255 ,46.246 

,67.42,76.67 )corresponding to arround the lattice planes indexes 111, 200, 

220, and respectively 311(Fig 4-11) based on face centered cubic silver 

structure (FCC), the resulted lattice planes were indexed by referring to 

JCPDS data file number (04-0783), debye-scherrer equation have been used 

to calculate the average size of AgNPs fabricated by pseudomonas 

aeruginosa the result was (22.18) nm . 

 
Figure (4-11) XRD analysis of Biosynthesized nanoparticles size 

from Pseudomonas aeruginosa 
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  XRD analysis for pseudomonas aeruginosa showed four Bragg 

reflections at four diffraction peaks corresponds to the planes of (1 1 1), (2 0 

0), (2 2 0) and (311) respectively which can be indexed according to the 

facets of face centered cubic crystal structure of silver nearby to Oza et al 

,(2012) Bindhu & Umadevi ,(2015) where are the results shown the peaks at 

2θ values of 38.45 ,44.48,64,69 and 77.62 corresponding to 111 , 200 , 220 

and 311 planes for silver respectively, the average crystalline size was 

calculated using Debye-Scherrer formula (Dubey et al., 2010). 

 
4.3.8.Antiboitic against bacteria  
 Bacterial isolates were obtained from al-diwaniyah hospital :three of  

gram negative (Klebsiella .peumoniae,Escherishia.coli ,Proteus . mirabilis 

)and gram positive (Staphaloccocous.aureus ) antibiotic susceptibility test 

was preformed to detected the effect of some antibiotic on the bacterial 

isolates and compared with AgNPS by  using disc diffusion method –Dd test 

(Kirby-Bauer technique) (Hasson.,2018)antibiotic that used against bacterial 

species in table (4-5 )according to CLSI(2022) that showed various 

susceptibilities to the antibiotic so E.coli resistant to gentamycin ,penicillin 

,tetracycline ,rifampin nearby to Dogan et al (2012) whose showed that the 

bacteria were resistant to all antibiotics ,S.aureus was sensitive to 

gentamycine ,rifampin but resisitant to pencilin and tetracycline similar to 

(Chinnambedu et al.,2020)wherese K. Pneumonia showed sensitive to 

gentamycin and resistant penicillin ,tetracycline ,rifampin ,that’s result 

similar to (Schjørring et al.,2008) proteus .mirabilis sensitive to pencilin 

,gentamycin ,rifampin and resistant to tetracycline (Chanyi et al.,2018)figure 

(4-12). 

 the emergence and increase in the number of many antibiotic-resistant 

microorganisms, nanoparticles are now considered a viable alternative to 

antibiotics and appear to have a high potential to solve this problem, in recent 
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years, AgNPs have been considered particularly attractive for the production 

of a new class of antimicrobials. (Rai et al., 2012).  

 Plasmids and transposons are the most important mobile genetic 

elements (MGEs) that play a critical role in the development and 

dissemination of antimicrobial resistance to many pathogenic 

organisms(Bozcal .,2019) integrons also provide a powerful strategy and 

efficient gene exchange mechanism since it is easy to add new genes to the 

bacterial chromosome and in addition to their ability to provide the necessary 

machinery to ensure their expression, are among the most important drivers 

of bacterial evolution(Gillings.,2014). 

The cause of bacterial resistance to these antibiotics may be due to 

changes that occur in the genes found on the chromosome or as a result of a 

mutation leading to the loss of penicillin binding proteins or the loss of 

antibiotic activation or the change of GyrA , which is one of the basic units 

of DNA enzyme or for its production of special enzymes to resist the 

antibiotic group of betalactam (Fluit et al., 2001 ; Hanaki.,2004).  

  

 

 
              A                                                  B 

Figure (4-12)used antibiotic against bacteria 
A-antibiotic against P.mirabilis 
B-antibiotic against S.aureus  

S.aerues p.mirabilis 
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           C                                                     D 
C-antibiotic against K.pneumoniae 
D-antibiotic against E.coli 
4.3.9. Antimicrobial activity of biosynthesis nanoparticles 
 Antibacterial activity of AgNPs that biosynthesized by P. aeruginosa 

respectively were used to evaluate their ability for inhibition growth clinical 

bacteria (table 4-5 ) agar well diffusion method was used for detecting the 

antibacterial activity of nanoparticles using different concentration of AgNPs 

, the results showed that AgNPs has the ability to inhibit the bacterial growth 

of both gram positive and gram negative bacteria, the inhibition zone (in 

millimeter) was greater in gram negative than in gram positive bacteria(table 

4-5 ).  

 The results showed when using silver nanoparticles (200 µg) against 

K.pneumoniae and E.coli bacteria with a significant difference from the rest 

of the silver nanoparticles concentration(100 and 50 µg), as well as the 

antibiotics used, the concentration of (200 µg) showed a significant 

difference from the concentration (100 and 50 µg) in P.mirabilis and 

S.aureus bacteria and all antibiotic used ,on the other hand, S. aureus was 

more sensitive to the concentration (50 µg) than the other bacteria, and at the 

concentration (100 µg) the bacteria K.pneumoniae, E.coli showed more 

sensitivity than the other bacteria, and at the concentration (200 µg) the 

E.coli 
K.pneumonia 
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bacteria k.peumonia was more sensitive figure (4-13) . 

 The largest inhibition zone of AgNPs in gram negative bacteria 

was(22mm) in K.pneumoniae with concentration (200µg/ml),while the 

largest inhibition zone in gram positive bacteria was (20mm) in S. aureus 

with same concentration ,in addition the antibacterial activity in gram 

negative bacteria was also have inhibition zone in their sensitivity to AgNPs 

when exposed to the same concentration such as E.coli ,P.mirabilis ,the 

inhibition zone of these bacteria (20,20 mm) also it was observed when 

increased the concentration of AgNPs the inhibition zone increased, 

(200µg/ml) showed large inhibition zone than 100µg/ml , 50µg/ml 

respectively (table 4-5 )figure (4-15). 

 

 
Table (4-5 ) Mean Zone of inhibition (mm) of different 

concentrations of AgNPs and a number of antibiotics in culture media 

against different bacteria 

Chemical 
agents 

                               Type of bacteria 

K.pneumonia E. coli P.mirabilis S. aureus 

AgNPs 50 16.66±1.15Aa 15±1Ab 15±1Ab 17±1.41Aa 

AgNPs 100 18.33±0.57Ba 18.66±1.15Ba 17.66±1.15Ba 17.83±1.47Aa 

AgNPs 200 22±1Ca 20±1Cb 20±0Cb 20±0Bb 

Penicillin 0±0Da 0±0Da 21.33±0.57Db 0±0Ca 

Gentamycin 15.66±0.57Aa 0±0Db 20±0Cc 14±1Da 

Tetracycline 0±0Da 0±0Da 0±0Ea 7.5±0.33Eb 

Rifampin 0±0Da 0±0Da 10.33±0.23Fb 18±0Fc 

LSD(P<0.05) 1.31 
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Figure (4-13) used different concentration (50,100,200 µg) of AgNPs 

against different bacteria, the concentration (200) showed the best 

diameter of inhibition than the rest of the concentrations 

 

the largest inhibition zone was showed in G-ve in comparison with 

G+ve bacteria, the maximum inhibition zone in G-ve was (22mm) in 

K.pneumoniae with concentration (200µg/ml) of AgNPs while the maximum 

inhibition zone in G+ve was (20mm) in S. aureus with the same 

concentration ,this difference was possibly attributed to the difference of the 

peptidoglycan layer of the bacterial cell between G+ve and G-ve bacteria 

,the gram negative cell envelope consists of outer membrane, thin 

peptidoglycan layer and cell membrane beside to this, gram positive cell 

envelope consists of lipoteichoic acid containing thick peptidoglycan layer 

and cell membrane( Taglietti et al.,2012 ). 

 The result AgNPs synthesized by P. aeruginosa shown the gram 

positive bacteria S.aureus have diameter of the inhibition zone 17.83 mm ,as 

well as effective against gram negative bacteria E.coli was 18.66 mm with 

concentration of AgNPs (100 µg) and this result similar to Oza et al (2012 ) 

where the diameter of bacterial inhibition (15 ,17 mm) showed in their results 

,but the inhibition zone by K. Pneumoniae is 16 mm and inhibition zone by 

proteus .mirabilis is 15.66 mm with concentration (50 µg)similar to Maniraj 

et al (2019 ) where the diameter of bacterial inhibition showed (14.33,13.33 
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mm) in their results. 

 As well as when increase concentration of silver nanoparticles showed 

increase in the antibacterial activity( Kim et al.,2011) the positive charge on 

the silver ion is the reason for microorganisms through the electrostatic 

interaction, this attraction probably overcomes other factors, such as size and 

shape that can influence the bacterial cell death (Abbaszadegan et al.,2015) 

the bactericidal activity of AgNPs is attributed to silver cations, which 

possess the power to specifically bind to thiol groups of bacterial proteins, 

disrupting their physiological activity and resulting in necrobiosis, Silver 

nanoparticles exert their bactericidal activity through a Trojan-horse 

mechanism, since their initial binding to the cell surface results in 

permeability alteration and respiration impairment, followed by cell-barrier 

penetration and intracellular metallic silver ion release (Burdușel et al. 

,2018). 

 Stable release of silver ions from the decomposition of silver 

nanoparticles are a critical function of silver nanoparticles (Samberg et 

al.,2011) as silver ions bind to protein and negatively charged DNA it causes 

structural changes and deformation in the cell wall , in the membrane and in 

the nucleic acids of bacterial cells, the silver ion interacts with the number 

of the electron-donating functional groups such as thiols, phosphates and 

hydroxyl imidazoles and indole , AgNPs also damage membranes and 

stimulate release of reactive oxygen species (ROS), formation of free 

radicals with a strong bactericidal action(Wu et al., 2014) Silver ions are 

known to specifically inhibit enzymes such as NADH Respiratory 

dehydrogenase II, which is implicated as acandidate for the production site 

of reactive oxygen species (Matsumura et al., 2003). 

It has been suggested that AgNPs interfere with bacterial replication 

processes by adhering to their nucleic acids, the interaction of silver ions 

with sulfhydryl (–SH) groups of proteins that cause the DNA unwinding and 

contact with hydrogen bonding processes are also been demonstrated lead to 
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cell division was inhibited(Davod et al.,2011). 

 Ribosomes may be denatured by silver ions or small AgNPs such as a 

result of inhibition of protein synthesis as well as translation and 

transcription can be blocked by binding AgNPs to genes bacteria cell 

material(Jung et al., 2008) it has also been found that nanoparticles can 

modulate the signal transfer into bacteria by dephosphorylate peptide 

substrates on tyrosine residues, which leads to inhibition of signal 

transduction and thus stunted growth (Shrivastava et al., 2007). 

 
4.3.10. MIC of silver –Nanoparticles 

 Determine the lowest concentration that can be completely inhibit the 

growth bacteria(Klebsiella.peumoniae,Escherishia.coli,Proteus. mirabilis 

,Staphaloccocous.aureus )the result confirmed that AgNPs inhibit bacteria 

in a done dependent manner ,MIC values of AgNPs against P.mirabilis and 

K.pneumonia were found 32 µg and MIC values of AgNPs against S.aerues 

,E.coli found 16 µg ,the result nearby to Selim et al , (2018) where the results 

were the MIC ganist bacteria ranged between (4-32 µg) ,the MIC values of 

AgNPs for different bacteria were (10.6-13.3 µg) respectively (Ghabban et 

al .,2022) can say that there is a relationship between the concentration of 

the nanoparticles and the bacterial activity, for instance, as the nanoparticle 

concentration  decreases the MIC decreases for all bacteria,in other words, 

we need a smaller dose of silver suspension nanoparticles to inhibit the 

growth of bacteria(Guzman et al ., 2012).  

 
4.3.11.Heamolysis assay 
 Hemolysis is the process of breaking down platelets, when AgNPs are 

injected into the blood for drug delivery and the harmful cooperation of these 

nanoparticles with blood components should be avoided, thus the hemolytic 

effect of erythrocytes was tested with different concentrations of AgNPs 
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(512,256, 128, 64 μg/ml), respectively, the hemolytic properties that vary 

with the concentration of AgNPs, a low hemolysis of 1.18% was observed 

with 64 μg/ml ,1.25%with 128 μg/ml ,3.88% with 256 μg/ml and 4.57% with 

512 μg/ml of AgNPs as shown in figure(4-14 ), according to the american 

society for testing and materials, the tests were deemed safe because the 

hemolytic rate was less than 5%, in the experiments, the estimated 

hematologically compatible properties of AgNPs indicated <5% at 

prominent concentration of AgNPs like the result in Vanaraj et al. (2017 ) 

whose found that  different concentrations of hemolysis, but less than (5). 

 
Figure (4-14)the heamolysis assay of AgNPs 

 
 The haemolytic effect promotes the rupture of erythrocytes (RBCs) and 

the release of their contents of haemoglobin by compromising membrane 

integrity and surface characteristics, such changes can be induced by the 

release of oxidative stress products following exposure to AgNPs, but the 

exact mechanism for RBC membrane damage is not yet clear, probably the 

antioxidant capacity of the AgNPs influenced the biocompatibility of the 

nanoparticles (Huang et al.,2016).  

 also mentioned, low concentrations of biosynthesis AgNPs to be non-

toxic to RBC , the result of the current study indicates safety of these 

biosynthesis AgNPs at low concentrations provides support for further 
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investigations( Hamouda et al., 2019) a preliminary toxicological study of 

AgNPs was performed on human red blood cells, the released hemoglobin 

was not detected after that treatment with AgNPs for 3 hours, less than 10% 

hemolysis was represented as a non-toxic effect level(Siritongsuk et 

al.,2016) in the nanotoxicity level, investigation of blood compatibility is 

necessary because red blood cells are effected by nanoparticles directly or 

indirectly, red blood cells spread to different organs through the 

cardiovascular system leads to DNA damage, cell membrane injury and 

congenital malformation(Foldbjerg et al .,2011).  

4.3.12 .DPPH assay 
 DPPH is the most stable and well-known free radical base concerning 

the reduction of hydrogen or electron acceptance from donors, the DPPH 

reducing abiity of the AgNPs was evaluated by observing the color change, 

that indicated by observing the color change from the original color of DPPH 

(purple) into (yellow) color and the control does not show any color change, 

DPPH scavenging assay showed effective inhibitory activity of AgNPs when 

compared to the standard when addition of AgNPs in DPPH solution, the 

color change was occur as a result of DPPH scavenging due to donate a 

hydrogen atom to stabilize the DPPH molecule it is responsible for absorbing 

517 nm that result shows(67.2% in 512 µg ),(64.1% in 256 µg),(58.3% in 

128 µg)and (45.1 % in 64 µg)figure (4-15) nearyby to Manikandan et 

al,(2021) research results showed the ability of silver nanomaterial to kill 

free radicals by 75% ,DPPH scavenging activity of nanoparticles increased 

with increasing their concentration that indicated by the elevated percentage 

of inhibition of DPPH which increased with increase concentration of 

AgNPs that exhibited more inhibition (67.2% in 512 µg ),(64.1% in 256 µg) 

for AgNPs respectively due to more an electron donated and accepts by 

DPPH(Bhakya et al.,2015) the different mechanisms involvement in radical 

antioxidant reactions may explain the difference in vehicle scavenging 

capabilities, antioxidant mechanisms not only does it remove free radicals, 
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but also inhibits production of free radicals ( Xing et al.,2015). 

 
Figure (4-15) the antioxidant activity of AgNPs 

 
4.3.13. Application sliver nanoparticles in vivo 
 Three groups of male laboratory rats were used, the control group, the 

ointment group and the silver nano group, where a 2-cm wound was made 

on all rats and contaminated with bacteria S.aureus and they were treated 

every days and measure the wound healing at three intervals of 1 day, 7 days 

and 14 days, the results shown there was no significant difference (p > 0.05) 

between the three groups on the first day, but the results showed a significant 

difference of the AgNPs group over the rest of the treatments on the seventh 

and fourteenth day, and there was a significant difference (p < 0.05) between 

the three groups and between the three times shown in the table( 4-6 )and the 

result agreed with Gong et al (2018 ) the results of their  research showed 

that wound healing with silver nanomaterial is better than the rest of the 

groups at a rate of 91.45%, and during varying periods, the wound closure 

time was less in treated with silver nano group with compared to another 

groups(Odimegwu et al., 2008). 
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      Table ( 4-6 ) wound diameter (cm) in the rats of different groups 

   

Groups                              Period  
1 day 7 days 14 days 

Control 2.11±0.02Aa 1.48±0.05Ab 1.12±0.01Ac 
Ointment 2.11±0.02Aa 1.19±0.03Bb 0.82±0.02Bc 
AgNPs  2.11±0.02Aa 1.01±0.04Cb 0.36±0.03Cc 
Significant 
decision 

No significant 
difference  

significant 
difference 

significant 
difference 

LSD(P<0.05)                             0.030 
Values represent mean ± SD for 3 batches., capital letters denote to the 

vertical comparison, small letters denote to the horizontal comparison  

Means with different letters in the same column or row are significantly 

different (P<0.05). 

 

 as wound has little breaking strength in the beginning, that increases 

rapidly during healing due to the synthesis of collagen and formation of intra 

and intermolecular cross linking , here an increase in skin breaking strength 

of the animals treated with the AgNPs based ointment formulations 

explained that the active biomolecules present in it were assisted in the 

enhanced synthesis of aldehyde groups of collagen fibres for cross linkage 

of the skin in the rats(Bhuvaneswari et al., 2014). 

 they showed that silver nanoparticles exert positive effects through 

their antimicrobial properties, reduction in wound inflammation, and 

modulation of fibrogenic cytokines, first they investigated that the wound-

healing property of silver nanoparticles is due solely to their antimicrobial 

property, confirmed that silver nanoparticles are a more effective 

antibacterial agent(Tian et al .,2007) the effect of silver nanoparticles on skin 

contraction and re-epidermal regeneration during wound healing suggested 
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that silver nanoparticles could increase the rate of wound closure,this was 

achieved, by promoting proliferation and migration of keratinocytes (Liu et 

al ., 2010). 

 silver nanoparticles can drive fibroblast differentiation into myofibrils, 

thus promoting wound contraction silver particles play a distinctive role in 

preventing infection and reducing the bacterial load in the wound its broad-

spectrum antimicrobial properties, along with the above-mentioned 

properties, are the powerful anti-inflammatory properties of silver 

nanoparticles mediated through cytokine modification leads to better 

therapeutic direction in the treatment of wounds(Gunasekaran et al ., 2011). 
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Conclusions 

1-Show supernatant bacterial culture of Pseudomonas aeruginosa 

Biosynthesis of silver nanoparticles (SNPs )inexpensive without the use of 

dangerous chemicals and silver nanoparticles with sizes ranging from(22.33-

73.80) nm with spherical shape. 

2-. AgNPs showed excellent antimicrobial activity as evidenced by the 

disc diffusion and MIC method where they showed the ability to inhibit 

bacterial species (E.coli ,P.mirabilis S.aureus ,K.pneumoniae).  

3-silver nanoparticles are used in lower concentrations, the less effect 

on the decomposition of red blood cells and the effect of killing free radicals, 

and leads to the healing of the wound in a safe way.  

4-Silver nanoparticles can be used  in the treatment of wounds, as it can 

be used as an antibacterial with non-toxic amounts of silver nanoparticles. 

5-it is antibacterial activity against gram positive and gram negative 

bacteria could indicates AgNPs as a wide broad antibiotics . 
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Recommendations 
1-Identification of Pseudomonas aeruginosa, susceptibility to 

Biological synthesis of other metals such as gold and copper .  

2-The use of other types of bacteria for the biosynthesis of silver 

nanoparticles that were not previously used and knowing their importance in 

the medical field and their ability to treat. 

3- There is a need to study the pathway and how enzymes are produced 

from bacteria and to know how involved in the synthesis of silver 

nanoparticles.  

4- Studying the possibility of using silver nanoparticles in high 

concentrations and knowing its effect and toxicity on laboratory animals .  

5- The possibility of using silver nanoparticles in the treatment of 

multiple conditions, not just wounds, and its effect on the body in general, 

with different concentrations, and comparing them with each other.  

       6-could be used against fungi and viruses. 



 

References  



References 

  
81 

 

Abbasi, E., Milani, M., Fekri Aval, S., Kouhi, M., Akbarzadeh, A., 

Tayefi Nasrabadi, H., ... & Samiei, M. (2016). Silver nanoparticles: 

synthesis methods, bio-applications and properties. Critical reviews in 

microbiology, 42(2): 173-180. 

 Abbaszadegan, A., Ghahramani, Y., Gholami, A., Hemmateenejad, 

B., Dorostkar, S., Nabavizadeh, M., & Sharghi, H. (2015). The effect of 

charge at the surface of silver nanoparticles on antimicrobial activity against 

gram-positive and gram-negative bacteria: a preliminary study. Journal of 

Nanomaterials, 2015.  

 Abboud, E. C., Settle, J. C., Legare, T. B., Marcet, J. E., Barillo, D. J., 

& Sanchez, J. E. (2014). Silver-based dressings for the reduction of surgical 

site infection: review of current experience and recommendation for future 

studies. Burns, 40, S30-S39. 

 Ahmad, A., Mukherjee, P., Senapati, S., Mandal, D., Khan, M. I., 

Kumar, R., & Sastry, M. (2003). Extracellular biosynthesis of silver 

nanoparticles using the fungus Fusarium oxysporum. Colloids and surfaces 

B: Biointerfaces, 28(4): 313-318. 

 Alav, I., Sutton, J. M., & Rahman, K. M. (2018). Role of bacterial 

efflux pumps in biofilm formation. Journal of Antimicrobial Chemotherapy, 

73(8): 2003-2020 .  

 Almonacid, D. E., Kraal, L., Ossandon, F. J., Budovskaya, Y. V., 

Cardenas, J. P., Richman, J., & Apte, Z. S. (2016). 16S rRNA gene 

sequencing as a clinical diagnostic aid for gastrointestinal-related conditions. 

BioRxiv, 084657. 

 Animelfaroji, M ,Jiji, G. (2017). A retrospect on the role of 

piezoelectric nanogenerators in the development of the green world. RSC 

advances, 7(53): 33642-33670 .  



References 

  
82 

 

 Arzanlou, M., Chai, W. C., & Venter, H. (2017). Intrinsic, adaptive 

and acquired antimicrobial resistance in Gram-negative bacteria. Essays in 

biochemistry, 61(1): 49-59. 

 Bahadur, H., Srivastava, A. K., Haranath, D., Chander, H., Basu, A., 

Samanta, S. B., ... & Chandra, S. (2007). Nano-structured ZnO films by sol-

gel process. 

 Baker, F. J., & Silverton, R. E. (2014). Introduction to medical 

laboratory technology. Butterworth-Heinemann. 

 Bandyopadhyaya, R., Sivaiah, M. V., & Shankar, P. A. (2008). 

Silver‐embedded granular activated carbon as an antibacterial medium for 

water purification. Journal of Chemical Technology & Biotechnology: 

International Research in Process, Environmental & Clean Technology, 

83(8): 1177-1180 

Banik, A., Vadivel, M., Mondal, M., & Sakthivel, N. (2022). 

Molecular Mechanisms that Mediate Microbial Synthesis of Metal 

Nanoparticles. In Microbial Metabolism of Metals and Metalloids (pp. 135-

166). Springer, Cham. 

 Barillo, D. J., & Marx, D. E. (2014). Silver in medicine: A brief 

history BC 335 to present. Burns, 40, S3-S8. 

 Barillo, D. J., Pozza, M., & Margaret-Brandt, M. (2014). A literature 

review of the military uses of silver-nylon dressings with emphasis on 

wartime operations. Burns, 40, S24-S29. 

 Baroli, B. (2010). Penetration of nanoparticles and nanomaterials in 

the skin: fiction or reality?. Journal of pharmaceutical sciences, 99(1), 21-50. 

 Bates, M. N. (2006). Mercury amalgam dental fillings: an 

epidemiologic assessment. International journal of hygiene and 

environmental health, 209(4): 309-316. 



References 

  
83 

 

 Bhainsa, K. C., & D'souza, S. F. (2006). Extracellular biosynthesis of 

silver nanoparticles using the fungus Aspergillus fumigatus. Colloids and 

surfaces B: Biointerfaces, 47(2): 160-164 

 Bhakya, S., Muthukrishnan, S., Sukumaran, M., & Muthukumar, M. 

(2016). Biogenic synthesis of silver nanoparticles and their antioxidant and 

antibacterial activity. Applied Nanoscience, 6(5): 755-766.  

 Bhattacharya, R., & Mukherjee, P. (2008). Biological properties of 

“naked” metal nanoparticles. Advanced drug delivery reviews, 60(11): 

1289-1306. 

 Bhosale, R. R., Kulkarni, A. S., Gilda, S. S., Aloorkar, N. H., Osmani, 

R. A., & Harkare, B. R. (2014). Innovative eco-friendly approaches for 

green synthesis of silver nanoparticles. International Journal of 

Pharmaceutical Sciences and Nanotechnology, 7(1): 2328-2337. 

 Bhuvaneswari, T., Thiyagarajan, M., Geetha, N., & Venkatachalam, 

P. (2014). Bioactive compound loaded stable silver nanoparticle synthesis 

from microwave irradiated aqueous extracellular leaf extracts of Naringi 

crenulata and its wound healing activity in experimental rat model. Acta 

Tropica, 135, 55-61.  

 Bindhu, M. R., & Umadevi, M. (2015). Antibacterial and catalytic 

activities of green synthesized silver nanoparticles. Spectrochimica acta part 

A: molecular and biomolecular spectroscopy, 135, 373-378 .  

 Bosetti, M., Massè, A., Tobin, E., & Cannas, M. (2002). Silver coated 

materials for external fixation devices: in vitro biocompatibility and 

genotoxicity. Biomaterials, 23(3): 887-892. 

 Bozcal, E. (2019). Insight into the mobilome of Escherichia coli. In 

The universe of Escherichia coli. IntechOpen.  

 Breidenstein, E. B., de la Fuente-Núñez, C., & Hancock, R. E. (2011). 



References 

  
84 

 

Pseudomonas aeruginosa: all roads lead to resistance. Trends in 

microbiology, 19(8): 419-426. 

 Brooks, G. F., Butel, J. S., Carroll, K. C., & Morse, S. A. (2007). 

Jawetz, Melinick, JL and Adlebergs Medical Microbiology. 

 Brooun, A., Liu, S., & Lewis, K. (2000). A dose-response study of 

antibiotic resistance in Pseudomonas aeruginosa biofilms. Antimicrobial 

agents and chemotherapy, 44(3), 640-646. 

 Brown, A., & Smith, H. (2014). Benson’s Microbiological 

Applications, Laboratory Manual in General Microbiology, Short Version. 

McGraw-Hill Education. 

 Brown, M. J., & Moses, V. (2020). Metal recovery and processing. In 

Biotechnology (pp. 623-637). CRC Press.  

 Burdușel, A. C., Gherasim, O., Grumezescu, A. M., Mogoantă, L., 

Ficai, A., & Andronescu, E. (2018). Biomedical applications of silver 

nanoparticles: an up-to-date overview. Nanomaterials, 8(9), 681.  

Butler, K. S., Peeler, D. J., Casey, B. J., Dair, B. J., & Elespuru, R. K. 

(2015). Silver nanoparticles: correlating nanoparticle size and cellular uptake 

with genotoxicity. Mutagenesis, 30(4): 577-591. 

 Caroling, G., Tiwari, S. K., Ranjitham, A. M., & Suja, R. (2013). 

Biosynthesis of silver nanoparticles using aqueous broccoli extract-

characterization and study of antimicrobial, cytotoxic effects. Asian J Pharm 

Clin Res, 6(4), 165-172. 

 Carroll, K. C., Hobden, J. A., Miller, S., Morse, S., Mietzner, T., 

Detrick, B., ... & Sakanari, J. A. (2016). Microbiología médica. McGraw-

Hill Interamericana. 



References 

  
85 

 

 Chanyi, R. M., Alzubaidi, R., Leung, E. J., Wilcox, H. B., Brock, G. 

B., & Burton, J. P. (2018). Inflatable penile prostheses implantation: does 

antibiotic exposure matter?. Sexual Medicine, 6(3): 248-254.  

Chaudhari, P. R., Masurkar, S. A., Shidore, V. B., & Kamble, S. P. 

(2012). Antimicrobial activity of extracellularly synthesized silver 

nanoparticles using Lactobacillus species obtained from VIZYLAC capsule. 

Journal of Applied Pharmaceutical Science, 2(3): 25. 

Cheesbrough, M. (2005). District laboratory practice in tropical 

countries, part 2. Cambridge university press. 

 Chen, J., Han, C. M., Lin, X. W., Tang, Z. J., & Su, S. J. (2006). 

Effect of silver nanoparticle dressing on second degree burn wound. 

Zhonghua wai ke za zhi [Chinese journal of surgery], 44(1): 50-52. 

 Chen, X., & Schluesener, H. J. (2008). Nanosilver: a nanoproduct in 

medical application. Toxicology letters, 176(1): 1-12. 

 Chernousova, S., & Epple, M. (2013). Silver as antibacterial agent: 

ion, nanoparticle, and metal. Angewandte Chemie International Edition, 

52(6): 1636-1653 .  

 Chinnambedu, R. S., Marimuthu, R. R., Sunil, S. S., Amrose, P., 

Ramachandran, V., & Pachamuthu, B. (2020). Changing antibiotic 

resistance profile of Staphylococcus aureus isolated from HIV patients 

(2012–2017) in Southern India. Journal of Infection and Public Health, 

13(1): 75-79.  

 Cho, K. H., Park, J. E., Osaka, T., & Park, S. G. (2005). The study of 

antimicrobial activity and preservative effects of nanosilver ingredient. 

Electrochimica Acta, 51(5): 956-960. . 

 Chudasama, B., Vala, A. K., Andhariya, N., Upadhyay, R. V., & 

Mehta, R. V. (2009). Enhanced antibacterial activity of bifunctional Fe3O4-



References 

  
86 

 

Ag core-shell nanostructures. Nano Research, 2(12): 955-965. 

 Chughtai, A. A. (2015). FACEMASKS IN THE PROTECTION OF 

HOSPITALS HEALTHCARE WORKERS (HCW) IN RESOURCE POOR 

SETTINGS .  

 Collee, J. G., Mackie, T. J., & McCartney, J. E. (1996). Mackie & 

McCartney practical medical microbiology. Harcourt Health Sciences. 

 Conti, S., Santos, S. S. F. D., Koga-Ito, C. Y., & Jorge, A. O. C. 

(2009). Enterobacteriaceae and Pseudomonadaceae on the dorsum of the 

human tongue. Journal of Applied Oral Science, 17(5): 375-380. 

 Correa-Llantén, D. N., Muñoz-Ibacache, S. A., Castro, M. E., 

Muñoz, P. A., & Blamey, J. M. (2013). Gold nanoparticles synthesized by 

Geobacillus sp. strain ID17 a thermophilic bacterium isolated from 

Deception Island, Antarctica. Microbial cell factories, 12(1): 1-6. 

 Costerton, J. W., Geesey, G. G., & Cheng, K. J. (1978). How bacteria 

stick. Scientific American, 238(1): 86-95. 

 Cox, G., & Wright, G. D. (2013). Intrinsic antibiotic resistance: 

mechanisms, origins, challenges and solutions. International Journal of 

Medical Microbiology, 303(6-7): 287-292 .  

 Crabtree, J. H., Burchette, R. J., Siddiqi, R. A., Huen, I. T., Hadnott, 

L. L., & Fishman, A. (2003). The efficacy of silver-ion implanted catheters 

in reducing peritoneal dialysis-related infections. Peritoneal Dialysis 

International, 23(4), 368-374. 

  Czaplewski, L., Bax, R., Clokie, M., Dawson, M., & Fairhead, H. 

(2016). A Fischetti, V.; Foster, S.; Gilmore, BF; Hancock, REW. Harper D., 

et al. Alternatives to antibiotics—A pipeline portfolio review. Lancet Infect. 

Dis, 16, 239-251. 

Da Silva, R. R., Yang, M., Choi, S. I., Chi, M., Luo, M., Zhang, C., ... 



References 

  
87 

 

& Xia, Y. (2016). Facile synthesis of sub-20 nm silver nanowires through a 

bromide-mediated polyol method. ACS nano, 10(8): 7892-7900.. 

Daniel, W. (2009). Biostatistics: A Foundation for Analysis in the 

Health Sciences. 9th edition. John Wiley and Sons. INC. USA.. 

 Danilczuk, M., Lund, A., Sadlo, J., Yamada, H., & Michalik, J. 

(2006). Conduction electron spin resonance of small silver particles. 

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 

63(1): 189-191. 

 Daury, L., Orange, F., Taveau, J. C., Verchere, A., Monlezun, L., 

Gounou, C., ... & Lambert, O. (2016). Tripartite assembly of RND multidrug 

efflux pumps. Nature communications, 7(1): 1-8. 

 Davod, T., Reza, Z., Ali, V. A., & Mehrdad, C. (2011). Effects of 

nanosilver and nitroxin biofertilizer on yield and yield components of potato 

minitubers. International Journal of Agriculture and Biology, 13(6).  

 de Almeida, K. D. C. F., Calomino, M. A., Deutsch, G., de Castilho, 

S. R., de Paula, G. R., Esper, L. M. R., & Teixeira, L. A. (2017). Molecular 

characterization of multidrug-resistant (MDR) Pseudomonas aeruginosa 

isolated in a burn center. Burns, 43(1): 137-143.  

 Deepak, V., Kalishwaralal, K., Pandian, S. R. K., & Gurunathan, S. 

(2011). An insight into the bacterial biogenesis of silver nanoparticles, 

industrial production and scale-up. In Metal nanoparticles in microbiology 

(pp. 17-35). Springer, Berlin, Heidelberg. 

 Dehghanizade, S., Arasteh, J., & Mirzaie, A. (2018). Green synthesis 

of silver nanoparticles using Anthemis atropatana extract: characterization 

and in vitro biological activities. Artificial Cells, Nanomedicine, and 

Biotechnology, 46(1): 160-168. 

 Dibrov, P., Dzioba, J., Gosink, K. K., & Häse, C. C. (2002). 
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 الخالصة



 

 الخالصة                                             

الكائنات الحية الدقيقة ، والفعالية  ن   العديد م خطورةو بسبب زيادة مقاومة المضادات الحيوية 

القوية لمجموعة كبيرة من هذه المضادات الحيوية ، كان من الضروري أن يكون هناك طريقة 

 بديلة للعالج وتكون آمنة ويكون ذلك من خالل استخدام النانو كمضاد حيوي. 

زرعة بكتيرية ( باستخدام مSNPsتضمنت الدراسة التخليق الحيوي لجسيمات الفضة النانوية )

و  100و  50)من الزائفة الزنجارية وتقييم فعاليتها كمضادات للميكروبات باستخدام ثالثة تراكيز 

 قدرتها لتثبييط الجذور الحرةنحالل الدم و ال تهاوكذلك تقييم فعالي ، ( ميكروغرام / مل200

 لجسيمات الفضة النانويةلحيوي وكذلك قدرة التخليق اات مختلفة من الجسيمات النانوية لتركيز

 .لعالج في الجسم الحي ومقارنته بالمضادات الحيويةل

البحوث لكلية  في مختبرات2022ومارس  2021ن الثاني أجريت الدراسة في الفترة ما بين تشري

/ مستشفى الحروق  تعليمي / جامعة الكوفةالعلوم / جامعة القادسية / مستشفى الديوانية ال

 .التخصصي

عينة منها  110جمعت حاالت مرضية مختلفةوريا الزائفة الزنجارية من وتشخيص بكتتم عزل 

مستشفى  من 9، ومسحات أذن  24 وعينات ادرار،  30، وقشع من الحروقعينة  47

مستشفى الوالدة واألطفال الستخدامها في ومستشفى الديوانية التعليمي ،التخصصي للحروق 

حيث تم تخليق الفضة من البكتيريا المعزولة من خالل  النانويةالتخليق الحيوي لجسيمات الفضة 

ختبارات والتاكد منها بواسطة اكبيرة منها  اتكمي تم تخليقط البيولوجي وتغيير اللون ، والنشا

منهم هي  ثالثة عزالت بكتيرية  4حو التالي: واستخدمت العزالت الميكروبية على الن أخرى

 Proteus mirabilis ،Escherichia coli ،Klebseillaبكتيريا سالبة لصبغة جرام )

.pneumoniae( وبكتيريا موجبة لصبغة جرام )Staphaloccocous. aureus ) تم جمع

 .من مستشفيات مختلفةهذه العزالت المرضية 

والذي  مبدئًيا بواسطة التحليل الطيفي لألشعة فوق البنفسجية ،ة الفضة النانوي سيماتج وصيفتم ت

نانومتر ، باإلضافة إلى استخدام التحليل الطيفي لألشعة تحت الحمراء   420أظهر ذروة قوية عند 

الذي أشار إلى أن وجود البروتينات كعوامل مختزلة لـ تشكيل واستقرار جسيمات الفضة النانوية ، 

وكروية في الغالب  أظهرت نتائج المجهر اإللكتروني الماسح أن الجسيمات النانوية أحادية التشتت

نانومتر ، وأشار تحليل تشتت الطاقة لألشعة السينية  73.80-22033، ويتراوح قطرها من 

(EDXإلى أن وجود إشارة الفضة بمثابة ذروة قوية ). 

ة أظهرت النتائج أن الحالة المثلى للتخليق البيولوجي لجسيمات الفضة النانوية  كانت درج

ملي موالر لنترات الفضة، وكان  1درجة مئوية مع تركيز 37،ودرجة حرارة كانت  8الحموضة 

رية لتوليف جسيمات النانو هو من الزائفة الزنجا الحجم األمثل  لراشح المزرعة البكتيرية



 

 .لتر1600

ميكروجرام / مل من محلول جسيمات الفضة النانوية كان  200أظهرت نتائج الدراسة أن تركيز

 ،E. coli ،S.aureusللتثبيط عند استخدامه كمضاد للميكروبات ضد ) أفضل تركيز

P.mirabilis ،K.pneumoniae). 

ميكروغرام / مل(  200عند تركيز ) K.pneumoniaeمم(   22كان قطر منطقة التثبيط )

ميكروغرام / مل( بينما  100مم عند استخدام التركيز ) 18.33ينما كان قطر منطقة التثبيط ب

كانت أقطار مناطق التثبيط  ملم(16.66ميكروغرام / مل(اظهر أقل منطقة تثبيط ) 50تركيز)

في غالب االحيان،  SNPsلمضاد الميكروبات أقل من أقطار مناطق التثبيط عند استخدام محلول 

 Pوأظهرت النتائج اختالفات معنوية بين جزيئات الفضة النانوية مقارنة بمضادات الميكروبات )

 .استخدمت في هذه الدراسة ( التي0.05>

أظهرت النتائج وجود فرق معنوي للشفاء في مجموعة جسيمات الفضة النانوية مقارنة بمجموعة 

المجموعات  ( بينP <0.05المضادات الحيوية ومجموعة السيطرة وكان هناك فرق معنوي )

 الثالث. وقاتالثالث وبين اال

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

  رية العراق   هوجم           
 والبحث والعلمي وزارة التعليم العالي 

   كلية العلوم \جامعة القادسية    
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النشاط المضاد للبكتيريا لجزيئات الفضة النانوية الُمصنَّعة حيوياً من 

ضد المكورات العنقودية الذهبية المسببة لعدوى الزائفة الزنجارية 
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