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Summary 

  Nanotechnologies are critical components in healthcare. Copper has been 

examined for its anti-inflammatory properties in its (copper ion) form. In comparison 

to typical treatments, nano - copper may have a better biological effect and has a 

variety of uses in healthcare. 

 In the present study, synthesis and characterization of copper Nano- particles and 

their application as anti- inflammatory agent were investigated. The goal of this study 

was to produce copper nanoparticles using plant extract and then assess their efficacy 

in increasing healing ability by influencing the levels of antioxidant enzymes that can 

reduce inflammatory damage. Purification and characterization of the final product 

were completed. Copper nano- particles were prepared by green synthesis process 

from copper sulphate solution through the extract of Artemisia plant. 

  UV-visible spectroscopy, Fourier Transform Infrared Spectroscopy, X-Ray 

Diffraction and Scanning Electron Microscopy were all used to characterize the 

formation of Cu NPs. Average particle size was found to be 54.57 nm. Antibacterial 

activity of prepared nano-particles was tested against two pathogens (E- coli, Bacillus 

subtilis) , as well as the therapeutic efficacy of the biological material . 

In the case of biological substance particularly, fish skin tissue, the activity of 

some antioxidant enzymes (catalase, superoxide dismutase, and glutathione 

peroxidase) has been evaluated.  

      The project's design includes dividing forty fish into two groups for a 

laboratory research to measure the activity of some antioxidant enzymes. Ten were 

used as healthy fish (not infected with inflammation), thirty fish on the other hand 

were infected with dermatitis.   



II 

 

The effects of veterinary and Cu NPs treatment on the levels of each antioxidant 

enzyme were studied after two weeks treatment. Ten fish were treated with veterinary 

drug (Fungus Guard ), while the other ten were treated with Cu NPs. 

The results indicated significant evaluation of the activity of SOD, CAT and GPx 

in infected fish skin tissue in comparison with those of healthy ones (p ≤ 0.05). 

When copper nanoparticles were utilized for inflammatory treatment in infected 

fish, the results showed considerable increases in the activity of each antioxidant 

enzyme and were more efficient than veterinarian treatment (p≤0.05) when compared 

to healthy fish. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

II 

 

List of contents 
 

 Subject 
Page 
No. 

 Summary I-II 

 List of Contents 
III-

VI 

 List of Figures 
VII

-XI 

 List of Tables XII 

 List of Abbreviations 
XI-

IX 

Item Chapter One: Introduction 1-34 

1.1 Nanoparticles 2 

1.2 Literature review 3 

1.3 Copper Nanoparticles and its Importance’s 5 

1.3.1 Application of Cu NPs. 7 

1.3.2 Synthesis of copper nanoparticles 8 

1.3.3 Green synthesis of Cu NPs. 11 

1.3.4 
Factors-affecting the green-synthesis of copper 

nanoparticles 
15 

1.3.4.1 Time 15 

1.3.4.2 PH 15 

1.3.5 Anti-microbial activity of copper-nanoparticles 16 

1.4 Medicinal plants 17 



 

III 

 

1.5 Oxidative stress 20 

1.6 Antioxidants 24 

1.6.1 Enzymatic Antioxidants 26 

1.6.1.1 Superoxide dismutase Superoxide 29 

1.6.1.2 Catalase 31 

1.6.1.3 Glutathione peroxidase 32 

1.6.2 Non-Enzymatic antioxidants 33 

 The aim of the study 34 

Item Chapter Two: Experimental part 35-44 

2.1 Reagents 35 

2.2 Instrument  35 

2.3 Preparation of Buffers 35 

2.3.1 Phosphate Buffer of potassium (pH  7.8) 35 

2.3.2 Buffer of potassium phosphate (10  mM, pH  7.4) 36 

2.3.3 Buffer of phosphate (0.4 M, pH  7). 36 

2.3.4 Tris Buffer 36 

2.4 Preparation of aqueous extracts of Artemisia 36 

2.5 Green Synthesis of Copper Nanoparticles 37 

2.6 Healthy and Infected Tissue 37 

2.7 Samples Collection and preparation 37 



 

IV 

 

2.8 Characterizations of Copper Nanoparticles 38 

2.8.1 UV-Visible Analysis 38 

2.8.2 X- Ray Diffraction 38 

2.8.3 Scanning Electron Microscopy(SEM) 39 

2.8.4 Fourier Transform Infrared Spectroscopy(FTIR) 39 

2.9 Anti- bacterial Study 39 

2.10 Determination of Superoxide dismutase activity 39 

2.10.1 Principle 39 

2.10.2 Reagents 40 

2.10.3 procedure 40 

2.10.4 Calculation 41 

2.11 Determination of Catalase activity 41 

2.11.1 Principle 41 

2.11.2 Reagents 41 

2.11.3 Procedure 42 

2.11.4 Calculation 42 

2.12 Determination of glutathione peroxidase activity 43 

2.12.1 Principle 43 

2.12.2 Reagents 43 

2.12.3 Procedure 44 

2.12.4 Calculation 44 



 

V 

 

Item Chapter Three: Results & Discussion 47-70 

3.1 Green synthesis of copper nanoparticles 47 

3.2 UV-Vis spectra of (Cu NPs) 47 

3.3 FTIR spectra analysis 48 

3.4 SEM analysis 50 

3.5 XRD analysis 51 

3.6 EDX analysis 52 

3.7 The stability of copper nanoparticles 53 

3.8 Antibacterial activity 55 

3.8.1 Vitro applications of Nano copper as antibacterial agent 56 

3.8.2 Vivo Applications 58 

3.8.2.1 Catalase Activity in both healthy and infected fish tissue. 64 

3.8.2.2 Superoxide Dismutase (SOD) 65 

3.8.2.3 Glutathione peroxidase (GPX) 66 

3.9 
The effect of treatment’s types on the level of antioxidant 

enzymes 
66 

3.9.1 Treatment's impact on SOD activity 66 

3.9.2 The effect of treatment on CAT activity 67 

3.9.4 The effect of treatment on GPx activity 68 

 References 71-76 

 

 



 

VI 

 

LIST OF FIGURES 
 

 

Items Title of Figures 
Page 

No. 

1-1 
Typical-synthetic-methods for (NPs) for top-down and 

bottom-up approaches 
2 

1-2 
An outline of several types of synthesis processes used 

to make a wide range of nanoparticles 
8 

1-3 Biological-synthesis of (NPs). 12 

1-4 Instruments of oxidative stress-induced cell-damage 21 

1-5 
Synthesis of re-active oxygen and nitrogen types in 

mammalian cells 
24 

1-6 Enzymatic and non-enzymatic taxonomy of antioxidants 26 

2-1 Copper nanoparticles preparation using Artemisia plant. 39 

3-2 
UV-visible spectrum of (Cu NPs) at room temperature 

after 22 h. 
49 

3-3 FTIR spectra of, A. plant extract and B. (Cu NPs). 51 

3-4 
The characterization of (Cu NPs) using scanning 

electron microscopy. 

52 

 

3-5  XRD analysis of (Cu NPs). 53 

3-6 The characterization of (Cu NPs) using EDX analysis. 54 

3-7 
The effect of time on the stability of copper 

nanoparticles. 
55 

3-8 The effect of pH on the stability of copper nanoparticles. 56 

3-9 

In vitro, antibacterial activity of (Cu NPs) on gram 

positive and gram negative bacteria in comparison with 

commercial drug. 

58 

3-10 
The comparing between fish treatment with (Vet) drug 

and (Cu NPs). 
60 

3-11 

The effect of treatment on the activity of CAT, SOD and 

GPx Enzymes Activity in infected skin fish tissue in 

compressing with healthy once. 

65 



 

VII 

 

 

 

LIST of Tables 
 

Items Title of Tables Page No. 

1-1 
 Certain green substrates for the production of Cu 

NPs.. 
14 

1-2 Enzymatic-Scavenger of Antioxidant-Defense 28 

1-3 Non-enzymatic Scavenger of Antioxidant-Defenses. 33 

2-1 Chemicals and Reagents 35 

2-1 Instruments and Equipments 36 

3-1 
Certain green substrates for the production of (Cu 

NPs) 
48 

3-2 
Antibacterial activity of copper nanoparticles using 

different sources of plants extract. 
58 

3-3 
The level of antioxidant enzymes (catalase, 

superoxide dismutase and glutathione peroxidase) in 

healthy and Infected fish. 

62 

3-4 

The level of CAT enzyme in treated fish tissue 

using Cu NPs and Veterinary treatment in comparison 

with healthy fish tissue. 

92 

3.5 

The level of SOD enzyme in treated fish tissue 

using  Cu NPs  and Veterinary treatment in 

comparison with Healthy fish tissue. 

64 

3.6 

The level of GPx enzyme in treated fish tissue using  

Cu NPs  and Veterinary treatment in comparison with 

healthy fish tissue. 

65 

 

 

 

 

 

 

 

 

 



 

XI 

 

List of Abbreviation 
 

 

 

 

 

 

Details Abbreviation 

Copper Nanoparticles Cu NPs 

Cellular Glutathione Peroxidase cGPX 

Copper, zinc superoxide dismutase Cu Zn-SOD 

5,5'- Dithiobis(2-Nitrobenzoicacid) DTNB 

Extracellular superoxide dismutase EC-SOD 

 Energy Dispersive X-ray EDX 

Fourier Transform Infrared spectroscopy FTIR 

Full Width at Half maximum intensity FWHM 

Glutathione Peroxidase GPx 

Reduced  glutathione  GSH 

Glutathione peroxidase GSH-Px 

Glutathione Reductase GR  

Oxidized glutathione GSSG 

Hydrogen Peroxide 2O 2H 

 Necotine Amid Adenine Dinecleutide  NADH 

Nanoparticles NPs 



 

X 
 

 

 

 

 

 

 

 

 

 

Reduced Nicotinamide Adnine Dinucleotide phosphate NADPH 

Nickel superoxide dismutase Ni-SOD 

Nanomaterials NMs 

 Nitric Oxide NO• 

 Nanometer nm 

Superoxide radical -.
2O 

Hydroxyl radical .OH 

Peroxynitrite -ONOO 

Phospholipid Hydroperoxide Glutathione Peroxidase PHGPX 

Polyunsaturated fatty acids    PUFA 

Reactive Nitrogen Species  RNS 

Ethanol alcohol ROH 

Carboxylic acid ROOH 

Reactive Oxygen Species ROS 

Scanning Electron Microscope SEM 

Super Oxide dismutase SOD 

 Ultra violet-Visible UV.Vis 

Thiobarbituric Acid TBA 

Thiobarbituric acid reactive substances TBARS 

Trichloroacetic Acid TCA 

Tris- (hydroxymethyl)amino methane  Tris 

X-Ray Diffraction XRD 

α-Tochopherol α-TQ 



 

 

 

 

CHAPTER 

 ONE 

INTRODUCTION  



Chapter One                                ………………………..                          Introduction 

 

1 

 

1. Introduction 

1.1 Nanoparticles 

 Nanoparticles (NPs) are classified as particles with dimensions varying from 1 

to 100 nm and having unique characteristics including a large surface area due to 

their small size.1 It is well known that the atoms and molecules included in the small 

size particles that behave quite differently from those found in large size or mass 

materials [2]. 

 NPs are receiving a lot of attention nowadays since they function as a linkage 

between the atomic or molecular structure and the bulk material, displaying new 

characteristics depending on specific features including size, shape distribution, 

capping agent, ionic strength, and morphology [3]. 

 NPs are of a large number of materials, together with particulate substances, 

that have at least one dimension of less than 100 nm [4]. Due to their small size, high 

surface area to volume ratio, and high heat transfer, metallic nanoparticles have been 

employed and applied in “optical, thermal, magnetic, sensoric devices, and catalysis.” 

The production of nanoparticles has gained a lot of interest because of its 

extraordinary physical and chemical characteristics, such as high conductivity and 

melting point, minimal electrochemical migration, and cost-effectiveness [5,6]. 

 NPs can be made in a variety of ways, but the most common are physical and 

chemical techniques. The physical technique has the drawback that the resulting 

nanoparticles have imperfect surface formation, a poor rate of production, a high 

manufacturing cost, and a high energy demand [8-10]. Toxic chemicals, intense 

reducing agents, and high levels of radiation are used in the chemical technique for 

nanoparticle synthesis [7]. 
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 Numerous procedures are available to be used for (NPs) synthesis. These 

procedures, in general, are classified into mainly two categories. The first category is 

Bottom-up approach, while the second one is Top-down approach as shown in 

Figure 1.1. These procedures are even further divided into subcategories based on 

the preparation, reaction conditions, and protocols being used [11,12]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1.1: Typical-synthetic-methods for NPs for top-down and bottom-up 

approaches  [12]. 
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1.2 Literature review  

 Chemical synthesis of metallic NPs goes back to the 14th and 13th centuries 

BC, as Egyptians and Mesopotamians began creating glass with metals, marking the 

commencement of the metallic nanoparticle period  [13]. 

 Michael Faraday described the synthesis of a colloidal Au NP solution in 1857, 

that was the first scientific description of NP production and began the scientific 

history of Nanomaterials (NMs). He further discovered that the optical properties of 

Au colloids differ from those of their bulk counterparts [14]. 

 The notion of ‘‘nanoscience’’ has been credited to the Nobel Prize Laureate 

Richard Feynman who had set an identical visionary claim in 1959. He says that "The 

principles of physics, as far as I can see, do not speak against the possibility of 

manoeuvring things atom by atom". He also had stated that we will be allowed, in the 

future, to be able to "write the entire 24 volumes of the Encyclopedia Britannica on 

the head of a pin" [15]. Nevertheless, the word ‘‘nanotechnology’’ firstly has been 

used in 1974 by Norio Taniguchi who was also the one who defined it as the 

"production technology allowing to reach ultrahigh precision and ultra small sizes" 

[16].  

 The word "nano" originates from the Greek "nanos," which means "dwarf".  At 

that point, the improvement of nanotechnologies has been facilitated by the two 

instruments that have advanced imaging and manipulation of nanoscale objects; the 

Scanning Tunneling Microscope (STM) was invented in 1981 by Gerd Binnig and 

Heinrich Rohrer, researchers from (IBM), and the Atomic Force Microscope (AFM)  

which was invented in 1986 by Gerd Binnig, Calvin Quate and Christoph Gerber 

[17]. 
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 Despite the fact that nanoscience’s and nanotechnologies seem to be novel 

concepts developed at the end of the 20th century, it is shown that metallic 

nanoparticles have been employed in glass and ceramic areas from ancient times, 

particularly as a colorant. Furthermore, the mineral contains a large number of natural 

(NMs) [18]. 

 NPs, remarkably, have a long history. They are not just the outcome of 

contemporary research, nor are they limited to man-made materials. Weathering, 

volcano eruptions, wildfires, and microbial activities all create naturally occurring 

nanoparticles, which comprise organic (proteins, polysaccharides, viruses, and so on) 

along with inorganic compounds  (iron oxyhydroxides, aluminosilicates, and metals, 

among others) [19,20]. Nanoparticles are not always manufactured by contemporary 

synthesis laboratories, but they have clearly been in nature for a long period of time, 

and hence their usage dates back to ancient times [21]. Though the use of clay 

minerals as natural nanomaterials appears to be simple, the controlled reinforcing of a 

ceramic matrix with natural asbestos nanofibers over 4500 years ago is more 

fascinating [22]. Metal nanoparticles, however, as color pigments in luster and glass 

technologies, on the other hand, produced the most spectacular effects [23]. Glazed 

ceramics with metallic luster decorations first emerged in Mesopotamia in the 9th 

century [24]. The existence of separate silver and copper nanoparticles distributed 

inside the glaze's outermost layers gave these decorations remarkable optical 

characteristics [25,26]. 

 Metal nanoparticles that show iridescent bright green and blue colours under 

specific reflection circumstances are an example these decorations [27]. 

 

 



Chapter One                                ………………………..                          Introduction 

 

5 

 

1.3 Copper Nanoparticles and its Importance’s  

 Among different metal particles such as gold, silver, iron, zinc, palladium and 

quantum dots, copper is the most commonly utilized material around the world 

attributed to its electrical, optical, biomedical, catalytic, and antifungal/antibacterial 

applications [28]. When compared to other conventional catalysts, it can provide 

higher yields and reaction rates under mild reaction conditions [29]. Cu NPs are used 

as an antibacterial agent in a variety of applications. Copper is extremely toxic to 

microorganism like bacteria (E. coli, Staphylococcus Aureus, Pseudomonas 

aeruginosa) yet non-toxic to animal cells; as a result of these properties, it is regarded 

an efficient bactericidal metal. It is supposed to be safe for humans in applications 

such as food packaging and applications of water treatment [30]. 

 Copper is among the most important components in medical science because 

of its numerous therapeutic effects like anti-inflammatory, anticancer, analgesic, and 

antibacterial properties [31]. 

 Nevertheless, there have been numerous investigations on the synthesis of Cu 

NPs by applying different plant extracts [32]. Due to its catalytic, high electrical 

conductivity, optical, antifungal, and antibacterial characteristics, Cu NPs have 

received a lot of interest among the NPs [33]. 

Copper nanoparticles have received much interest by researchers in recent years 

attributed to their uses in industry and medicine [34]. In studies with Escherichia coli, 

other nanoparticles, such as platinum, gold, iron oxide, silicon oxides, and nickel, 

have not demonstrate bactericidal effects [35].  
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Because plants contain a wide number of bioactive compounds, several plant parts 

or complete plants have been utilized in the green synthesis of Cu NPs. 

Plants extracts have been successfully used for this purpose [34]. 

 The biocidal properties of Cu NPs have been widely used to treat wounds in 

recent years. They are employed in processed bandages with low preparation costs 

and remarkable physical and chemical characteristics [36]. 

 In recent times researchers focused their efforts on developing an efficient 

"green" chemistry method for manufacturing metal (NPs). Green synthesis of Cu and 

CuO nanoparticles is further beneficial than chemical and physical synthesis because 

it is a clean, cost-effective, non-toxic, and ecologically friendly method. It does it 

without the use of harsh, poisonous, and costly chemicals [37]. 

 Copper nanoparticles, particularly, are inexpensive and, in comparison to 

conventional catalysts, need only mild reaction conditions to create large yields of 

products in short reaction periods. They can also be recycled [38]. 

 Copper nanoparticles synthesis is a popular issue in academic and, more 

significantly, applied nanotechnology research. Chemical reduction , electrochemical 

reduction, chemical vapor deposition, thermal decomposition , and solve thermal 

reduction  are a variety of chemical and physical procedures [39]. 

 These methods, however, have many problems Such as The toxic solvent 

usage, generation of hazardous byproducts, high consumption of energy and are non-

ecofriendly. therefore, developing clean, reliable, biocompatible, cost-effective, a 

friend of the environment, and sustainable way for nanoparticles production becomes 

essential [40,41]. Researchers used plant extracts, specific plant parts, or the entire 

plant for the green synthesis of different nanoparticles, particularly copper 
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nanoparticles, due to the great potentiality of plants as sources for the green synthesis 

of different nanoparticles, particularly copper nanoparticles [42]. 

1.3.1 Application of Cu NPs. 

 Because of their optical, catalytic, mechanical, and electrical properties, Cu 

NPs have received a lot of attention. They have also been utilized as a gold, silver, 

and platinum NPs substitution in a variety of applications (for example, 

microelectronics applications and thermal conducting materials) [43,44]. Cu NPs also 

have received consideration due to their applications in dressings of wound and 

biocidal traits, they also used in industrial developments, for instance, gas sensors, 

catalytic procedure, in high temperature superconductors and solar cells[45]. Cu NPs 

are employed in antibiotics as for their excellent physical characteristics, they are 

used as a bactericide agent to cover medical equipment, including heat transfer 

systems, antimicrobial materials, super strong materials, sensors and catalysts 

attributed to their disinfecting capabilities and matrix stability [46,47]. 

 Nowadays, NPs have been extensively utilized in cosmetics, textiles, 

photonics, agriculture, and heavy industries such as catalysts. Moreover, the use of 

(NPs) in medicine has been expanded. According to the available information that Cu 

NPs can be utilized as antimicrobial and anti-inflammatory agents for healing 

wounds [48,49]. 
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1.3.2 Synthesis of copper nanoparticles  

 Metal and metal oxide NPs development, in recent years, has considerably 

improved the biomedical sector in terms of bio sensing, imaging, diagnosis, and 

therapy [50,51]. Metals that are mostly used with their oxides are gold (Au), silver 

(Ag), and copper (Cu). Among these metals, Cu is a fairly low-cost metal that is 

further economical than Au and Ag [52]. In addition, Cu NPs are effective catalysts, 

they have excellent yields and are simple to separate, and they can be reused several 

times [53]. 

NPs can be manufactured by using a numeral method together with physical, 

chemical, biological and hybrid techniques as shown in Figure 1.2 [54].The 

biological production of NPs in particular Cu NPs, apply the plants (disabled plant 

tissue, plant extracts and living plant), enzymes and microorganisms. metal 

biosynthesis NPs by plants is in use too [55]. 
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Figure1.2: An outline of several types of synthesis processes used to make a 

wide range of nanoparticles[49]. 

Physical 

Plasma 

Laser ablation 

γ-radiation 

Nanoparticles Synthesis 

Mechanical milling 

Perception 

Somochemical  

 

Chemical vapor 

deposition 

 

Hydrothermal 

approach 

 

Chemical bath 

deposition 

 

Chemical reduction  

 

Sol-gel  

 

Chemical 
 

Stem 

Leaf Gram-

Positive 

Biological (Green Synthesis) 

Brown 

Fungu

s 
Yeast Bacteri

ai 

Algae Plant 

Flower 

Fruit 

Green 

Gram-

Negative Blue-

green 

Red 

Root 



Chapter One                                ………………………..                          Introduction 

 

10 

 

For a short period of time, conventional techniques can be utilized to produce NPs 

in huge quantities with specified sizes and shapes. However, these methods are time-

consuming, expensive, and ineffective [56].  

Chemical methods for the production of copper nanoparticles have been utilized in 

the past, but they come with a lot of environmental and health impacts, as well as the 

use of expensive chemicals. As a result, new and safe techniques for NPs production 

are needed, such as a biological process using plant extracts such as "Nerium 

oleander, Punica granatum, Aegle marmelos, and Ocimum sanctum, as well as 

Zingiber officinale", which enhanced the availability of high yield copper 

nanoparticles [57]. 

Green synthesis of environmentally friendly Metal nanoparticles that do not create 

toxic waste products during the production process has shown a lot of growth in 

recent years [58-60]. As a replacement for conventional physical and chemical 

techniques, this can be accomplished by employing biotechnological methods that are 

considered suitable and environmentally friendly for nanomaterial creation. [61]. As 

a result, the notion of green technology or green nanobiotechnology has emerged.48 

 Green nanobiotechnology, in general, means producing NPs or nanomaterial 

by means of biological routes like bacteria, fungi, plants and enzymes or their 

byproducts, including proteins, with the aid of several biotechnological equipment 

Figure 1.2.The twelve criteria of green science now have turned out into a referential 

guidance for experts, researchers, chemical technologists and scientific experts all 

over the world for developing a smaller amount dangerous and further stable 

compounds [62,63]. In such manner, green nanobiotechnology is a likely backup for 

the creation of  biocompatible stable NPs [64]. 
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  Biological based production of Metal nanoparticles employs a bottom-up 

methodology in which NPs are manufactured by using Reducing and stabilizing 

agents [65]. Three important steps that are followed for the production of NPs. first, 

selection of solvent medium. Second, selection of an environmentally friendly 

reducing agent.  Third, selection of a non-toxic substance as a capping agent to settle 

down the created NPs [55,66]. Nanotechnology offers an advantage over other 

traditional approaches since it allows for the creation of additional components by the 

biological system for the development of NPs. The high biodiversity has been studied 

for the production of bionanomaterials that are environmentally friendly and could be 

used in a number of therapeutic applications [48]. 

1.3.3 Green synthesis of Cu NPs.  

 Many researchers have attempted to investigate green techniques for the 

production of metal NPs in earlier decades, with a focus on approaches involving 

microorganisms and organisms instead of plants and plant extracts [67]. The 

approach of using plants and plant extracts is underutilized but has potential 

outcomes. Plants for the synthesis of metallic NPs could offer more benefits than 

some other biological approaches since they do not require the time consuming 

process of maintaining cell cultures [68].Similarly, the absence of pathogenicity is an 

important aspect of using plants. This study discusses plant and plant extract 

techniques in order to determine the best method for production of Cu NPs. The basic 

synthesis method is displayed in Figure 1.3. Depending on the synthesis 

circumstances, different scientists applied various plant extracts to form Cu NPs of 

various sizes and forms. Cu NPs are perceived to be extremely oxidant, and several 

difficulties with stability, oxidation resistance, and aggregation have been identified 

[48]. 
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 As a result, the production of Cu NPs has not received as much attention than 

that of other metals. At normal temperature, Cu NPs are simply oxidized off the 

surface, according to later studies [69]. Gold and silver NPs, on the other hand, are 

more resistant to oxidation than Cu, although Cu remains an attractive for future 

conducting materials due to its availability and low-cost. The use of various capping 

agents, such as polymers and natural ligands, can complicate the problems of 

aggregation and oxidation [48,70]. 

 To take use of the benefits of this approach, the focus has shifted to synthesis 

of Cu NPs by utilizing plants and plant extracts. For instance, in this research, Cu 

NPs have been produced in CuSO4 aqueous solution employing worm-wood extract 

as a reducing agent. (NPs) with a cubical form and a size of 57 nm were produced for 

twelve hours. Both gram positive and gram negative pathogens were used to test the 

antibacterial properties of the Cu NPs (as Staphylococcus aureus, Escherichia coli, 

and Pseudomonas aeruginosa) [69,71]. 
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Figure 1.3: Biological synthesis of NPs [48]. 

 Due to several benefits over traditional physical procedures and chemical 

synthesis methods, green synthesis is becoming a popular approach for producing 

nanoparticles. The most important advantages are Aqueous room temperature, cost-

effective, stable for a long period, and reproducible.  Additionally, simple ethanoic 

wash can remove the capped polyphenols from the particle surface [72]. 

 Cu is a necessary component of all living organisms and is involved in a 

variety of physiological processes such as protein metabolism, antioxidant activity, 

cell wall metabolism, hormone sensing...etc. Cu in excess can create Reactive oxygen 

species (ROS) and free radical. Copper is a structural catalytic component of 
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numerous proteins and enzymes engaged in a number of metabolic processes at the 

cellular level [73]. 

 The medical characteristics of plant extract are found to secure the NPs 

Production, which is being used in medicine, drug targeting, and cosmetic activities 

[74]. 

       Researchers are interested in plant-based synthesis because of various active 

compounds in the plant can be presented, the method is relatively fast and safe, and it 

can work at room temperature without requiring a lot of physical effort [75].differnt 

substances have been used to synthesis Cu NPs as shown in Table 1.1 
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Table 1.1: Certain green substrates for the production of Cu NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Green substrate 

 

Substrate 

scientific 

name 

Part of 

substrate 

Size 

range 

morphology Referen
ces 

plant Cissus 

arnotiana  

Leaves  60–90 

nm  

spherical 

shape  
[76] 

Plants  Tinospora 

Cardifolia  

Leaves  63.3 ± 

0.64 nm 

spherical 

shape  
[78] 

Plants Quisqualis 

indica  

Floral 39.3 ± 

5.45 nm 

spherical 

shape  

 [79] 

Plants Zingiber 

officinale and 

Curcuma 

longa  

Fruits  20-100 

nm  

spherical 

shape  
[80]  

Plants Solanum 

Lycopersicum  

Fruits  40-70 

nm  

spherical 

shape 
[81] 

Microorganism  Botryococcus 

braunii  

Algae 10-70 

nm 

irregular 

shape  
 [82] 

Microorganism Escherichia 

sp. SINT7  

Bacteria  22.33-39 

nm 

spherical 

shape  
[83] 

Microorganism Aspergillus 

niger strain 

STA9  

Fungal  5-100 

nm 

spherical 

shape  
 [84] 

Biopolymer Starch  Polysacc

haride  

50-70 

nm  

irregular 

shape  
 [85] 

Carbohydrate Glucose  Monosac

charide  

200 ± 50 

nm 

spherical 

shape  
[86] 
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1.3.4 Factors affecting the green synthesis of copper nanoparticles 

 The reaction temperature, pH, timeframe, amount of plant extracts, precursor 

utilized, and mixing velocity are all important factors in influencing the properties of 

the Cu and CuO NPs being produced. Multiple factors, in fact, influence the synthesis 

of NPs of the required size and shape. As a result, keeping an eye on these variables 

might result in NPs with unique characteristics and applications that are simple to 

significantly increase and have a reduced synthesis time [87]. 

1.3.4.1. Time 

 During long-term storage, NPs can cluster, decrease, or increase, and they also 

have a shelf life that influences their total potential [88]. Mudunkotuwa et a. 

(2012) found out a difference in size and chemical behavior between new and old Cu 

NPs. For Cu NPs developed under ambient circumstances, the size of new Cu NPs 

grew from 10 ± 5 to 18 ± 10 nm. In comparison to new Cu NPs, the aged Cu NPs are 

found to be significantly oxidized [89].A significant correlation has been seen in the 

length of time of the green synthesis process. According to studies, the size of NPs is 

determined by the reaction time [90,91]. 

1.3.4.2. pH 

 One of the parameters determining the size of NPs in biosynthesis is the pH of 

the re-acting mixture NPs. The reaction medium's optimal pH varies from 7 to 9, 

indicating that an alkaline environment is the best for synthesizing NPs [92]. When 

NPs are biosynthesized in an alkaline environment pH >8, they are smaller 

sized NPs. The NPs produced in an acidic pH 7 environment are bigger, reaching up 

to 153.7 nm [93]. 
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  Rajesh and his co-researchers discovered that when the pH of the re-action 

mixture raised from 6 to 10, the size of the Cu NP reduced from 32 to 20 nm  [94]. 

the other hand, reported the effect of pH on the structure of CuO NPs. At pH10 

(alkaline), the formulation of CuO NPs generates loosely agglomerated NPs with 

sharp CuO NPs with such a particle size of 28.2 nm. At pH 7, however, more 

agglomerated CuO NPs with a size of 66.3 nm are formed neutral. Surprisingly, the 

genotoxicity of CuO NPs produced at pH10 is greater than that of CuO NPs 

synthesized at pH 7 [95]. 

 

1.3.5 Anti-microbial activity of copper nanoparticles  

 Pathogen antibacterial activity was determined by utilizing the very well 

diffusion technique. Copper nanoparticles' bactericidal effect is due to the higher 

surface-to-volume ratio and relatively small size, which allows interaction closely 

with microbial membranes. Two pathogenic bacteria, like E. coli and Bacillus 

subtilis, have been used in the antibacterial investigation of Cu NPs [96]. 

 According to recent nanomaterials research, different metallic and metal-oxide 

nanoparticles NPs could have extremely promising and powerful roles as 

antibacterial agents.  Because of their high surface to volume ratio and structure 

of crystalline, such (NPs) trigger biological reactions that vary from those elicited by 

the conventional ionic form of metals. Furthermore, metallic NPs have been 

discovered to have (a) 7 to 50 times less harmful impact on mammalian cells than 

their equivalent ionic forms and (b) a longer effect as a source of components in an 

organism. Copper and its complexes have been extensively used as inexpensive and 

efficient materials for sterilizing liquids and also human tissues for centuries among 

the various metals [97,98]. 
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  As a result, metallic Cu NPs might be a potential antibacterial agent in the 

future. The production of stable metallic Cu NPs is the most difficult job in this 

approach, because they quickly oxidize to Cu2+ ions in atmosphere or aqueous 

environments. Researchers have discovered a technique for synthesizing Cu NPs that 

is stable in ambient conditions for roughly a month , and whose bactericidal effect on 

both "Gram-negative and Gram-positive" bacteria is significantly higher 

than reported and prepared by others [99,100]. Yet, to employ them as a 

supernumerary for antibiotics or such as an antibacterial sterilizing agent, surveys on 

(a) the molecular instruments of bacterial cell-killing and (b) the manner of NP action 

in cell-killing is essential to be completed [96]. 

 Although the processes behind metallic nanostructures' biocidal action are not 

fully understood, three plausible theories have been proposed and described in the 

literature: 

1. The accumulation and breakdown of NPs in the bacterial membrane changes 

its permeability, allowing lipopolysaccharides, membrane proteins, and intracellular 

biomolecules to be released and the proton motive force to be dissipated across the 

plasma membrane [101,102]. 

2. Oxidative impairment to cellular constructions due to the manufacture of 

reactive oxygen species ROSs and their equivalent ions from NPs [103,104]. 

3. Absorption of metallic ions produced via NPs or NPs as a whole into cells, 

resulting in ATP depletion and DNA replication disruption [105,106]. 
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1.4 Medicinal plants  

 Individuals and communities benefit greatly from the use of medicinal plants. 

The therapeutic significance of these plants is due to a number of chemical 

compounds that have a specific physiological effect on the human body. Alkaloids, 

tannins, flavonoids, and phenolic chemicals are the most significant bioactive 

components of plants [107]. Much of these local medicinal plants are also consumed 

as spices and food. They are also occasionally used for medicinal purposes as a 

supplement in meals for pregnant and nursing mothers [108]. 

 Plants have a high degree in phytoconstituent biomolecules, which can be used 

as a medicine. Because of their capping and reducing characteristics, they have 

recently been used to make metal/metal oxide nanoparticles NPs. By manipulating 

parameters throughout the synthesis method, this green synthesis technique is 

ecologically safe and permits the creation of required NPs in various sizes and forms 

[109]. 

 Any substance found in plants is referred to as phytochemicals ("the ancient 

Greek word phyton means plant"). Phytochemicals are non-nutritive plant 

compounds that have some disease preventive properties [110]. The word 

phytochemical, on the other hand, is frequently used to designate a wide spectrum of 

biologically active chemicals found in plants. The latter get their colour, taste, and 

natural insect defense from phytochemicals. A dietary that is rich in vegetables and 

fruits has been shown in several epidemiological studies to provide significant health 

advantages to people. Amongst these advantages are as follows; on the one hand, 

minimizing the probability of gaining a variety of cancer forms such as lung, 

pancreas, bladder, breast and prostate). Lessening the possibility of cardiovascular 

diseases on the other hand. The existence of phytochemicals in fruit and vegetables is 
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responsible for a great deal of these positive benefits. Phytochemicals, in this 

context, are "non-nutrient" compounds present in plants that seem to have bioactivity 

against chronic diseases [111,112]. 

 Plants generate a variety of secondary metabolites and phytochemicals, which 

can be used to synthesize Cu and other metals CuO NPs. Phenols and flavonoids are 

the most significant phytochemicals in plants, and they can be found in multiple parts 

of the plant, including shoots, leaves, stems, flowers, roots, and fruits. Such phenolic 

compounds have hydroxy and ketone groups, which help to chelate iron and, as a 

result, have a high antioxidant activity [113]. NPs produced using this green approach 

enhanced in stability, preventing NPs agglomeration and deformation, and allowing 

phytochemical adsorption on the interface of the NPs [114]. 

      This study have the sort of plant Artemisia generally well-known as the desert 

wormwood ("Arabic name is Sheeh"), is a dwarf plant or semi-shrub growing 

extensively in Jordan and in the Middle-East. This plant is a recurrent, powerfully 

scented herb, with numerous basal, straight with leafy stems enclosed by woolen 

hairs. The heads of flower are around 0.5 cm in diameter, not attractive, and they are 

made merely of tubular florets. In Jordan, the plant is found in arbid mountains and 

desert regions such as, Tafila, Karak, Shaubak, Mafraq, Zarka, Ras an Naqab and the 

Eastern Desert [115]. Artemisia plant which was used in this study collected from 

Iraq and it is classified according to University of Babylon - College of Science - 

Biology department Kingdom: plant, Class: Angiosperm, Subclass: acotyledons, 

Order: Aster ales Tribe : Anthemideae, Genus :Artemisia ,Species :Artemisia sp 

[116]. as well as in local markets. The plant is mostly utilized by the local community 

as an anthelmintic and antispasmodic, as well as for various traditional medicinal 

purposes such as cough reduction, intestinal disturbances, runny noses, and pain 

reliever [117]. 
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 Artemisia absinthium (A. absinthium) is a wooden herbaceous permanent 

undershrub plant having fibrously roots originate to Central Europe; southern Siberia; 

North America; and Asia in which it is utilized as for medicine  [118]. Artemisia has 

been named after Artemis, according to ancient Greek mythology, she is the goddess 

of the hunt and the wilderness, the protector of children, and the goddess of 

procreation, virginity, the earthly. The plant was often used to stimulate 

menstruation, and its name may come from its capacity to exhibit purity as a 

consequence. The recurrent root produces branching, strong, leaf stems that are often 

almost wooden at the base. The blooming stem is 2 to 2½ feet in height and whitish, 

with fine, silky hairs covering it [119]. 

 A comprehensive literature review on phytochemical information of the type 

Artemisia shows that the Artemisia types mainly consist of coumarins, flavonoids, 

terpenoids, sterols, caffeoylquinic acids, and acetylenes. Among all different types of 

Artemisia, A. afra A. absinthium, A. annua, A. scoparia , and A. maritima (Waldst et 

Kit) are particularly rich in terpenoids[120]. 

 

1.5 Oxidative stress  

 When there is an overabundance of ROS and a shortage in enzymatic or non-

enzymatic antioxidants, oxidative stress arises in a biological system [121]. The 

presence of oxygen is required for metabolic activities to take place. Free radicals, on 

the other hand, are mostly produced by oxygen. Molecules with electrons in their 

outer orbitals make up a large number of elements. During oxidation, such as 

oxidative phosphorylation in mitochondria, chemical bonds between these elements 

break, resulting in extremely re-active entities with unpaired electrons in their 

outermost orbitals. During oxidation, one electron is extracted from molecular 
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oxygen, resulting in the formation of the superoxide radical (O2
∙−) a precursor for 

most ROS. Hydrogen peroxide H2O2 is formed when the superoxide radical interacts 

with an electron [122]. 

 Hydrogen peroxide can be a part of hydroxyl anion (OH−) or totally 

compressed to water. ROS are, on the one hand, either free-radicals, For example 

hydroxyl radical OH, peroxyl radical, superoxide radical (O2
∙−

) ozone (O3), or, on the 

other hand, non-radical reactive mixtures such as singlet oxygen (O2) and hydrogen 

peroxide H2O2 as displayed in [123]. 

   Free radical entities are extremely reactive and not stable. They acquire electrons 

from nucleic acids, lipids, proteins, carbohydrates, or any adjacent molecule to 

become stable, leading in a chain reaction that causes cellular damage and illness. 

Reactive oxygen species (ROS) and reactive nitrogen species (NOS) are the two main 

kinds of free radicals [124]. as displayed in Figure1. 4 . 
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Figure 1.4: Instruments of oxidative stress induced cell damage[124]. 

 

They are crucial intermediates in natural processes including cytotoxicity and 

vascular tone control. Radiolysis is a strong technique for producing and measuring 

particular free radicals and their activity [122]. Endogenous cellular sources also 

generate free radicals during regular cell metabolism. Mitochondrial respiration is the 

major natural source of ROS. Increased generation of ROS can affect oxidation of 

proteins and lipids, changes in gene expression, and alterations in cell redox state 

[125]. 

 Moreover, reactive oxygen type are made by substances including transitional 

metal-ions, petroleum pollutants, and pesticides [126].  
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 Defines an oxidant as a material which can cause oxidative damage to a variety 

of biological targets, including nucleic acids (Such as base modification, single and 

double-strand breaks), lipids (for instance. Peroxidation, fatty acid loss), and proteins 

(e.g. Oxidation of particular amino-acid residues, creation of carbonyls)[122]. 

      The most basic definition is that it is a molecule, ion, or atom with one or more 

single electrons in the outer shell. They are highly unstable particles that require an 

electron for becoming stable. They contain a lot of energy, which causes them to 

react quickly with stable compounds in order to achieve the most stable state [127]. 

 Free radicals have had the capacity to oxidize biomolecules like as nucleic 

acids, lipids, proteins, and carbohydrates in their membranes, leading to changes in 

cell composition and programmed cell death [128]. Increased levels of free radicals 

promote the appearance and development of a variety of diseases, including cancer, 

lung disease, heart disease, infertility, high blood pressure, and thyroid disease, 

among others [129]. 

Living cells have produced a complicated defensive mechanism comprised of 

enzymatic and non-enzymatic antioxidants that transform these (ROS/RNS) species 

to harmless ones in order to counteract their attack. Enzymatic antioxidant defenses 

consist of Superoxide dismutase (SOD) detoxifies O2•
– to water and H2O2, catalase 

converts H2O2 to oxygen and water, and glutathione peroxidase detoxifies cellular 

peroxides to alcohols and water [130-132]. 

     Non-enzymatic antioxidants are denoted by nutritive antioxidants such as 

ascorbic acid (vitamin C), α-tocopherol (vitamin E), polyphenolic, and carotenoids 

compounds. Antioxidants such as uric acid, bilirubin, glutathione, albumin, and 

further proteins (e.g., Transferrin, ceruloplasmin, myoglobin and ferritin) are 

regarded as endogenous antioxidants intended for defending vital biological targets 
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against (ROS/RNS) action [133]. There is a suitable pro-oxidant/antioxidant balance 

in a typical biological system. When there is an overload of (ROS/RNS) or when 

antioxidant protection is reduced, the balance might shift towards pro-oxidant agents. 

This condition is also known as oxidative stress, and it may be induced by a variety 

of things, including diseases, nutrition, life activity, and environmental elements 

[134,135]. 

Extra (ROS/RNS) can damage cellular lipids, proteins, or nucleic acids, preventing 

them from performing their functions normally. As a result, oxidative stress has been 

linked to the development of a number of human diseases, which include 

atherosclerosis, cancer disease, cardiovascular disease, diabetes, inflammatory 

diseases, ischemia reperfusion damage, and neurodegenerative diseases (Alzheimer's 

and Parkinson's diseases), and also the age-related diseases [136]. 

The main processes for the synthesis of ROS and RNS in vivo are shown in Figure 

1.5. 



Chapter One                                ………………………..                          Introduction 

 

26 

 

 

Figure 1.5: Synthesis of reactive oxygen and nitrogen types in mammalian 

cells [137].  

1.6 Antioxidants 

 An antioxidant is a component that inhibits the beginning or propagation of an 

oxidation chain reaction, consequently delaying or slowing the oxidation of other 

molecules [138,139].Antioxidants can function as a protective mechanism against 

free radical damage, neutralizing the negative impacts of ROS and RNS in a variety 

of ways and potentially protecting the body from a variety of diseases [140]. As a 

result, several antioxidant defense mechanisms in a typical adult cell can protect it 

from oxidative stress [141].  
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 Antioxidants are vital components of the human body's defensive mechanism. 

They aid in the reduction of oxidative stress induced by reactive oxygen species. 

Antioxidants work by stabilizing or deactivating free radicals before they damage a 

biological cell's target [142].  

 Free radical deactivation is recognized to have a role in a variety of diseases, 

including diabetes, atherosclerosis, aging, immunological suppression, and 

neurodegeneration [143].                                                                                                                                                           

       Antioxidants also work by donating electrons to free radicals, stabilizing them 

and stopping a chain reaction. They also have a protective impact on cells, reducing 

the damage caused by free radicals. Antioxidants defense primarily through four 

mechanisms: they inhibit the production of free radicals, scavenge newly generated 

radicals, and repair damage caused by oxidative stress [144]. 

        They are also crucial for preserving overall good health and well-being since 

they are termed as the first barrier of defense against ROS negative impacts [145]. 

Endogenous (enzymatic) or exogenous (non-enzymatic) antioxidants are also 

possible [146]. Figure 1.6   
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                            SOD                                                                                    Vitamin E. 

                           Catalase                                                      Vitamin C. 

                           GPx                                                                                      Carotenoids. 

                                                                                            Thiol antioxidant. 

                                                                                                     Flavonoids.  

                                                                                                     Melatonin . 

Figure1.6: Enzymatic and non-enzymatic taxonomy of antioxidants [147]. 

 Antioxidants are found mainly in the human body and help to counteract the 

effects of oxidants. These can be divided in two groups for all practical purposes 

including enzymatic and non-enzymatic [148]. 

This study was focused on the enzymatic type. 

1.6.1 Enzymatic Antioxidants 

 The most important enzymatic antioxidants of lungs are SODs (EC1.15.1.11), 

catalase (EC1.11.1.6), and (GSH-Px) (EC1.11.1.9) [149]. Other antioxidants exist in 

addition to these main enzymes including heme oxygenase-(EC 1.14.99.3), and redox 

proteins, such as thioredoxins (TRXs, EC 1.8.4.10),peroxiredoxins (PRXs, EC 

1.11.1.15), and glutaredoxins, have been also realized to have crucial contributions in 

Antioxidants 

Enzymatic Non-enzymatic 
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the pulmonary-antioxidant defenses as superoxide is the principal ROS made from a 

range of sources, [150]. Its dismutation by SOD is of major significance for each cell. 

All three forms of SOD, which are, Cu Zn-SOD, Mn-SOD, and EC-SOD, are 

commonly conveyed in human-lung. (Mn-SOD), thus, is confined in the 

mitochondria matrix. EC-SOD)is mainly confined in the extra-cellular matrix, 

particularly in parts covering extraordinary amounts of type one collagen fibers and 

nearby pulmonary and systemic vessels [151]. 

  It has also been noticed that in the bronchial epithelium, alveolar 

macrophages, and alveolar epithelium. Overall, Cu Zn-SOD and Mn-SOD are, in 

general, believed to act as large scavengers of superoxide radicals. The comparatively 

high EC-SOD level in the lung with its exact binding to the extracellular matrix 

constituents can denote a central factor of lung matrix defense [152].  

   H2O2 that is shaped by the process of SODs or of the oxidases like xanthine-

oxidase, is condensed to water by catalase and GSH-Px. Catalase occurs as a tetramer 

constituted of four equal monomers; each one comprises a heme group by the active 

site [153]. Degradation of H2O2 is made by means of the conversion between two 

conformations of ferri-catalase (iron coordinated to water) and compound (I) (iron 

complexed with an oxygen atom). Catalase, moreover, binds NADPH by means of a 

reducing corresponding to avoid oxidative inactivation of the enzyme (creation of 

compound (II) by H2O2 as it is condensed to water [154]. 

        Additionally, from the oxidative impairment is intensified by the reduction in 

antioxidant enzyme acts, for instance, superoxide dismutase SOD, catalase 

glutathione S-transferase (GST), and glutathione peroxidase (GPx) which plays like a 

free radical scavengers in situations linked with oxidative stress [155,156]. Table 1.1. 
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Table 1.2.: Enzymatic Scavenger of Antioxidant Defense [157]. 

  

   The three primary stages of defense in the cell form the foundation of the 

antioxidant system. SOD, GPx, catalase and metal-binding proteins from the first-

level of defense through inhibition of free radical development. chain-breaking 

Catalyzed Reaction Acronym Name of 

Scavenger 

    2SOD + O- +Mn                    2 2SOD + O- +(n+1) M

      

2O2SOD + H- +(n+1)  M         ++ 2H  2SOD + O-+Mn 

SOD Superoxide 

dismutase 

  O2+ 2 H 2O                    2O2H 2                 

-O + O = Fe(IV)2E                    H-+Fe(III) 2O2H 

E(.+) 

E -O + Fe(III)2E(.+)         H-+ O = Fe(IV) 2O2H 

 2O+ 

CAT Catalase 

      O2GSSG +2H                       2O22GSH + H 

 O22GSH+ ROOH                    GSSG + ROH + H  

GTPx Glutathione 

peroxidase 

 Adenosine monophosphate + sulfite + thioredoxin 

disulfide = 5’-adenylyl sulfate + thioredoxin 

bisphosphate + sulfite + thioredoxin - ,,5 ,Adenosine 3

 phosphoadenylyl sulfate + thioredoxin- ,disulfide = 3 

TRX Thioredoxin 

O + 2+H ,R-S-S- ,SH + ROOH               R- ,R 2

ROH 

PRX Peroxiredoxin 

-OHGSH-S-HX + R                        RX + GSH   GST Glutathione 

transferase 
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antioxidants (vitamin A,E,C, glutathione, carotenoids, uric acid… etc.) related to the 

second level of defense and dealing with inhibition and control chain creation and 

spread [149,158]. A third level of antioxidant defense is dealing with impaired 

molecules in the cell as a consequence of free-radical action and poisonous products 

of their metabolism and embraces several enzymatic organisms in control for healing 

or elimination of the impaired molecules [159].   

 Antioxidant enzymes are found in every cell in the body. Superoxide 

dismutase, catalases, and glutathione (GSH) peroxidases are the three primary 

families of antioxidant enzymes. There are also a variety of specific antioxidant 

enzymes that react with and detoxify oxidants [160,161]. 

1.6.1.1 Superoxide dismutase Superoxide 

  Dismutase turns the free radical superoxide to peroxide, which can then be 

eliminated by CAT or GPX processes. SOD is an enzyme that transforms the highly 

re-active superoxide radical to the less reactive H2O2[162]. 

      O2
-
 + O2

-
 + 2H+             SOD          H2O2 + O2 

 Additional purpose of superoxide dismutase is to defend dehydratases 

(aconitase, dihydroxy acid dehydratase, fumarases (A and B), and phospho gluconate 

dehydratase) contrary to inactivation by the free radical superoxide [163]. 

 Four categories of SOD have been acknowledged, holding either a dinuclear 

Cu, Zn or mononuclear (Fe), (Mn) or (Ni) cofactors [164]. Fe-SODs and Mn-SODs 

display homology and have equal metal chelating remains by the active site, 

distribution considerable order and three dimensional organizational homology, 

whereas the other superoxide dismutase are basically distinct. In humans, three forms 

of SOD are existed including; cytosolic (Cu-Zn-SOD), mitochondrial (Mn-SOD), and 
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extracellular SOD (EC-SOD). SOD catalases the dismutation of (O2
.-) by sequential 

oxidation and lessening of the transition metal ion at the active-site in a Ping-Pong 

type mechanism with unusually high reaction degrees [165,166]. 

1- Manganese superoxide dismutase  

Mn-SOD is a homesteader holding one manganese atom persubunit that sequences 

from Mn (III) to Mn (II) and back to Mn (III) throughout the two stages dismutation 

of superoxide. The respirational series in mitochondria is of a main basis of oxygen 

radicals. Mn-SOD is a nuclear-encoded principal antioxidant enzyme that functioning 

to eliminate these superoxide radicals [167]. 

2- Copper, zinc superoxide dismutase  

 Cu Zn-SOD is a kind of enzyme that has survived evolution and has two 

identical subunits of around 32 kDa, each carrying a metal group, the active site, 

made up of a copper and a zinc atom linked by a shared ligand [168,169]. 

3- Extracellular superoxide dismutase  

 EC-SOD is a secretory, tetrameric, copper and zinc comprising glycoprotein 

(with a great attraction for specific glycosaminoglycans like heparin and heparan 

sulfate that are found in the interstitial areas of tissues and besides in extracellular 

fluids; lymph, plasma, and synovial fluid contain the majority of the SOD activity. 

(EC-SOD) is not made by its substrate or further oxidants ("xanthine oxidase plus 

hypoxanthine, paraquat, pyrogallol, alpha-naphthoflavone, hydroquinone, catechol, 

(Fe2+ ions), (Cu2
+ ions), buthionine sulphoximine, diethyl maleate, t-butyl 

hydroperoxide, cumene hydroperoxide, selenite, citicoline and of high oxygen partial 

pressure") and Its control in mammalian tissues is largely mediated by cytokines, 

rather than by individual cells responding to oxidants [170-172]. 
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4- Nickel superoxide dismutase  

(Ni-SOD) has been isolated from Streptomyces sp. and Streptomyces coeli color's 

cytosolic fraction. It is made up of four similar 13.4 kDa subunits that are stable at 

(pH 4.0-8.0) and up to 70 degrees Celsius. Cyanide and H2O2 inhibit it, while azide 

has just a little effect. The composition of amino acids differs from that of iron, 

manganese, and zinc-copper SODs. The Apo enzyme deficient in nickel was unable 

to facilitate the transformation of superoxide anion into hydrogen peroxide, 

suggesting that (NiIII) is a key component of the activity [173]. 

1.6.1.2 Catalase  

 Catalase is a tetrameric haeminenzyme made up of four equivalent subunits 

arranged of 60 kDa . As a result, each molecule includes four ferriprotoporphyrin 

groups, and its molecular mass is around 240 kDa. One of the most effective enzymes 

discovered is catalase. It is so effective that H2O2 cannot saturate it at any 

concentration [174]. 

2H2O2                         CAT          2 H2O + O2 

ROOH + AH2                        CAT             H2O + ROH + A 

 

 H2O2 is enzymically catabolized in aerobic organism by catalase and numerous 

peroxidases. (H2O2) is detoxified by CAT and GPX in animals. Catalase protects the 

cells against internal hydrogen peroxide production. Even though CAT is not 

required for such cell types in normal settings, it is critical for the acquisition of 

oxidative stress tolerance in the adaptive response of cells [155,175]. 
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1.6.1.3 Glutathione peroxidase  

 The more significant of the selenium-containing peroxidases, glutathione 

peroxidase, catalyzes the reduction of a range of hydroperoxides (ROOH and H2O2) 

utilizing (GSH), preserving human cells from oxidative stress[176]. 

ROOH + 2GSH                    GPX           ROH + GSSG + H2O 

 In mammals, there are at least five (GPX) isoenzymes. Despite their widespread 

expression, the levels of each isoform differ depending on the type of tissue. At the 

expense of glutathione, cytosolic and mitochondrial glutathione peroxidase (cGPX or 

GPx1) lowers fatty acid hydroperoxides and (H2O2). Most tissues contain glutathione 

peroxidase (GPx4) and phospholipid hydroperoxide glutathione peroxidase (GPx4) (or 

PHGPX). (GPx4) can be found in the cytosol as well as the membrane fraction. 

Phospholipid hydroperoxides, fatty acid hydroperoxides, and cholesterol 

hydroperoxides are all generated in peroxidized membranes and oxidized 

lipoproteins, and (PHGPx) may directly decrease them [177,178]. 

1.6.2 non-Enzymatic antioxidants  

Non-enzymatic antioxidants are denoted by nutritive antioxidants such as ascorbic-

acid (vitamin C), α-tocopherol (vitamin E), polyphenolic, and carotenoids 

compounds. Antioxidants such as uric acid, bilirubin, glutathione, albumin, and 

further proteins (e.g. Transferrin, ceruloplasmin, myoglobin and ferritin) are regarded 

as endogenous antioxidants intended for defending vital biological targets against 

(ROS/RNS) action [133,179]. as shown in Table 1.2: 
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Table 1.3: Non-enzymatic Scavenger of Antioxidant-Defenses [148]. 

Chemical Name 

of 

Scavenger 

Name of 

Scavenger 

Structure 

All trans retinol 2 Vitamin A  

 

Ascorbic acid Vitamin C  

 

α-Tocopherol Vitamin E  

 

Glutathione   
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The aims of study are: 

1-  Using Artemisia, namely Artemisia Judaica for Cu NPs preparation.  

2-  Test the activity as antibacterial agent using two different types of bacteria 

(gram positive and gram negative) in vitro study. 

3-  Estimation the activity of some antioxidants enzymes (SOD, CAT and GPx) 

before and after using treatment using Cu NPs in compared veterinary drug in vitro 

study. 

4- Estimation the effect of synthesized NPs Cu NPs on fish induced with 

inflammation skin.  

5- Estimation the activity of SOD, CAT, and GPx enzymes before and after 

treatments using fish skin tissue in comparison non-infected once  . 
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2.Experimental part 

2.1 Reagents 

The chemicals used in the present study are listed in Table (2.1)  .  

Table (2-1) Chemicals and Reagents. 

Chemicals Symbol Purity% Supplied company 

5,5-Dithiobis (2-nitrobenzoicacid) (DTNB) 99 Sigma-Aldrich 

Ammonia NH3 99.0 Laboratory Chemicals 

Cupper Sulphate CuSO4.5H2O 99 Sigma-Aldrich 

Di sodium hydrogen orthophosphate (Na2HPO4) 98 Fluka 

Ethanol EtOH 99.98 Sigma-Aldrich  

Ethylenediaminetetra aceticacid (EDTA- Na2) 99 BDH 

Hydrochloric acid (HCl) 37 Laboratory Chemicals 

Methanol (MeOH) 99 Fluka 

Potassium dihydrogenortho phosphate (KH2PO4) 99 BDH 

Potassiumhydrogenorthophosphate (K2HPO4) 98 Fluka 

Pyrogallol C₆H₃(OH)₃ 98 Fluka 

Reduced glutathione (GSH) 99 Biochemical 

Sodium azide (NaN3) 98 Sigma-Aldrich 

Sodium hydroxide NaOH 99 Laboratory Chemicals 

Sulphuric acid H2SO4
 99 Sigma-Aldrich 

Tri chloroaceticacid (TCA) 98 Fluka 

Tris-(hydroxyl methyl) aminomethane )Tris) 98 BDH 
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2.2  Instrument 

The instruments and equipment used in this study are listed in Table (2.2). 

Table (2-2) Instruments and Equipments. 

 

Supplied company 
Instrument 

Welghing Technology- 

Germany 
Balance Sartorlus  

Cordon-Germany Centerifuge Laboratory Retirezle  

IKA (Germany) Heater/hot plate 

Memert Edelsta (Germany) Incubator 

Funkentstort - Germany Magnetic stirrer VF2  

  Memmert 854 schwabach 

(Germany) 
Oven  

Wellheim - Germany pH meter 7110 WTW 82362  

BS-11 JEIO TECH -Korea Shaker water bath  

Bioteh engireer 

ingmanagement CO. LTD, UK. 
UV-visible spectrophotometer 80  

Memmert WNB (Germany) Water Bath 
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2.3 Preparation of Buffers 

2.3.1 Phosphate Buffer of potassium pH  7.8.  

The K2HPO4 3.485g, 0.02M and KH2PO4 0.681g, 0.005M solution were produced 

and autoclaved in double distilled water 500 ml prior to mixing. 

K2HPO4449.8 ml and KH2PO4 50.2 ml solutions were added to double distilled 

water 500 ml for preparing 0.05 M  buffer solution pH 7.8 [180].    

2.3.2 Buffer of potassium phosphate 10  mM, pH  7.4. 

This buffer is ready to dissolve 2.307 g  of  K2HPO4 in 151.78 ml distilled  water 

and 0.102 g  of  KH2PO4 in 98.11  ml  distilled  water containing [181]. 

2.3.3  Buffer of phosphate 0.4 M, pH  7. 

 This buffer is dissolved by 10.755 g  of   K2HPO4  in (154.5 ml) distilled  water 

and 12.96 g of  KH2PO4 in 95.5  ml  distilled   water containing [180]. 

2.3.4 Tris Buffer  

1. Tris ـ HCI dissolved in double distilling water 250 ml and Tris-base 0.33 g, 0.11 

M buffer solution 3.467 g, 0.08 M. Dissolved in 250 ml of twin distilled water, 

solutions were put into an autoclave and a volume of 27.9ml was added. The base of 

Tris was obtained and combined with the volume of 2222,1ml Tris-HCI [182]. 

2. Tris-EDTA buffer 50mM 0.258 gm of Tris base were dissolved in 90 ml of 

D.W. Then 0.111 gm of EDTA solution 1mM was added and completed to the final 

volume of 100 ml with D.W. By adding 1N of HCl the pH was adjusted to 8.2 

[183,184]. 



Chapter Two                              ……………………                        Experimental part 

 

38 

 

2.4 Preparation of aqueous extracts of Artemisia 

Fresh Artemisia leaves were collected from local markets in Babil Governorate, 

Iraq. The leaves were washed several times using firstly tap water and then distilled 

water in order to remove scums. The leaves dried after cleaning under a sunscreen to 

remove moisture completely, then ground with a mechanical grinder and stored. 5 gm 

of crashed plant leaf was taken with 100 ml distilled water and left to boil at 80 C for 

30 min.then cooled at room  temperature. The solution was initially filtered through 

normal filter paper and stored at room temperature and dark palace  for future work 

[185]. 

2.5 Green Synthesis of Copper Nanoparticles 

Nano copper was synthesised flowing the published procedure11, with some 

modification  briefly, A 60 ml solution of plant extract was introduced into 200 ml of 

0.005 M copper sulphate solution with stirring at room temperature until the colour 

changing to plane yellow. Then, the mixture was kept for 24 h in dark place, after 

that the solution was centrifuged for 15 min. at 11180Xg. The supernatant purified 

using Millipore Filter 0.22 µM. Finally, nanoparticles pallets collected and dried at 

80 °C to get brown precipitate and stored at 4 ° C for the next day work [186,187]. 

In this study, copper nanoparticles have been prepared as shown in Figure 2.1 and 

were mainly known by the color change from light brown to green in the plant 

extract. The progress in the reduction of copper ions to copper nanoparticles using a 

plant extract was indicating an increase in the intensity of the surface adsorption peak 

observed within 400 nm to 500 nm [188]. 
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Figure 2.1: Copper nanoparticles preparation using Artemisia plant. 

2.6 Healthy and Infected Tissue 

  40 fish have been collected to this study 10 of these have been chosen as a 

control. 10 fish were used to estimate the effectiveness while they were infected. 

Then 20 fish were punched with syringe and left to get infection for two weeks. After 

infection 10 fish were treated with Cu NPs and the rest were treated with commercial 

drug ((Fungus Guard).  

 

 

Copper 

nanoparticles 

Artemisia 

leaves 

Copper 

nanoparticles + 

Artemisia extract 

Artemisia extract 
Artemisia powder 

grinding 

5 g Artemisia 

100ml (D.W) 

Heated, 80°C,  

30 min 

The pallets were 

washed 3 times with 

D.W then filtered  

centrifuged for 15 min at 

11180 Xg after overnight 

incubation  

60 mL of 

extract  

+ 200 mL 

copper sulfate  
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2.7 Samples Collection and preparation 

Bunni (Barbus sharpeyi) fish were collected from fish lakes located in Babil 

province in February, with a weight of 500 g and a length of 15 cm, they were placed 

in fish tanks with dimensions of (70  x 60 x 50) cm specialized for fish farming in the 

laboratories of the Department of Chemistry. Then a piece of tissue was removed at 

the laboratory site. All samples were homogenized by means of the glass 

homogenizer submerged in an icy water bath in-Ice cold buffer 100 mM Tris-HCl, 

pH 7.1. At 905.58Xg for 15min at 4°C, homogenized samples were centrifuged. The 

supernatant was collected and maintained at -20° C until completion of the study 

[189]. 

2.8 Characterizations of Copper Nanoparticles  

UVـVisible Spectrophotometer, FTIR (Fourier Transform Infrared spectroscopy 

analysis, X- Ray Diffraction (XRD), Scanning Electron Microscopy (SEM)  and 

EDX have been used for Nano copper characterization.  

2.8.1 UV-Visible Analysis.  

  The UV-visible absorbance spectrum recorded for Cu NPs exhibited λ max of 

410 nm 

2.8.2 X- Ray Diffraction 

  X-ray diffractometer were employed to determine the particles size of the 

prepared nano materials and the parameters of measurement are: an Anode Material 

Cu, k-alpha K=1.54 A° source. Step Size [°2Th.] 0.0500, Measurement temperature 

[°C] 25.00 and scan step time [s] 1.0000. The diffract grams of nanomaterials provide 

information about crystallite size phase composition, crystallographic orientation and 
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lattice strain, The lattice planes in a crystal are separated by a distance) d. Braggs’ 

law  ( relates the wave length (λ) of the reflected Xـray, the spacing between the 

atomic planes (d) and the angle of diffraction (θ) as follows: 

     n λ = 2d sinθ 

To determine the crystal structure and crystallite size of the synthesized materials 

at room temperature by the Debye - Scherer’s formula in the following equation: 

𝐃 =
𝐤𝛌

𝛃𝐜𝐨𝐬𝚹
            

Where, The average size of crystal is the unifying value of the form factor for 

heterogeneous shape and 0.89 for homogeneous shape, 

λ = 0.154 nms the X is the total width at the maximum diffraction peaks (FWHM), 

β is the full width and the Bragg peak angle is the wavelength of (Cukα, β) [190,191]. 

2.8.3 Scanning Electron Microscopy (SEM)  

Scanning electron microscopy technique is used revealed the surface morphology  

 properties of synthesized particle the specimens were analyzed by a Scanning 

Electron Microscope (FE-SEM, Zeiss, Germany) at electron high tension EHT10 Kv 

and 60 kx magnification [192]. 

2.8.4 Fourier Transform Infrared Spectroscopy(FTIR) 

For characterization of the functional groups on the surface of the prepared 

materials under study Fourier transform  infrared spectroscopy spectra were recorded 

on a SpactraIR-2, Perkin Elmer Instrument and spectrometer by using the potassium 

bromide KBr pellets method at room temperature. The FTIR spectrum was  collected 

between the waves number of  (400 - 4000 cm−1)[193]. 
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2.9 Anti- bacterial Study 

Agar disc-diffusion method has been used to identify the activity of Cu NPs as 

anti- bacterial agent against two different types of bacteria grams positive (Bacillus ـ

subtilis) and gram negative bacteria E. coli). The bacterial strains were cultured in 

nutrient broth for 24 hours to get a good growth phase of the chosen bacteria flowing 

published producer [194,195]. During the preparation of samples Cu NPs,0.01mg.ml-

1 and 0.02mg.ml-1 were taken 0.2 % Dimethyl Sulfoxide as a solvent. The agar disk 

was stuck at a diameter of 6 mm and the fluid was saturated with Cu NPs. Ampicillin 

was employed as a positive control, whereas negative 0.2% DMSO was chosen. 

Disks for 24h at 37°C have been incubated. Finally, antibacterial activity was 

measured in millimetres using a ruler in inhibitory zone [196,197]. 

2.10 Determination of Superoxide dismutase activity  

2.10.1 Principle 

Superoxide dismutase (SOD) activity was determined according to the method   

Markland [198]. 

2.10.2 Reagents  

The using reagents are: 

1-Tris-EDTA buffer 50mM. (Section 2.4.1) 

2- 0.2 mM pyrogallol in 50 mM Tris- buffer, pH 8.2. 
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2.10.3 procedure  

Reagent Sample (μl) STD (μl) Blank (μl) 

Tris-EDTA 

buffer 
1000 1000 1000 

Tissue 50 -------- --------- 

Pyragallol 1000 1000  

DW -------- 50 50 

 

2.10.4 Calculation  

% inhibition = (A test/A control) *100% 

SOD activity (U/mg) = % inhibition / 50% 

A test: Absorbance of test solution. 

A control: Absorbance of standard solution. 

2.11 Determination of Catalase activity 

   The activity of tissue catalase was based on the approach of Beer and Sizer 

(1952) [199]. 
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2.11.1 Principle  

  The degradation of H2O2 is catalyzed by catalases. Absorption lowering 

wavelength was steadily enhanced in the UV H2O2 region. The deterioration of H2O2 

can be followed immediately by a 240 nm decrease in extinction [175]. 

 

2.11.2 Reagents  

The using reagents are: 

1- buffer of potassium 10 mM, pH 7.4. (section 2.3.2). 

2- Dichromate/acetic acid: Mix 50ml aqueous potassium dichromate solution with 

20ml of glacial acetic acid, mixing 50 ml. 

3- In a potassium phosphate buffer 50 mmol/l Freshly H2O2 200 mM. 
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 2.11.3 Procedure  

Reagent Sample μL Standard μL Blank μL 

phosphate buffer 1000  1000  1000  

tissue 50  ------- ------- 

D.W ------ 50 50 

Mix with vortex and incubate at 37 °C for 3 min, after that, add: 

Hydrogen peroxide 1000 1000 ------- 

The reaction was then halted in the water bath by the addition of the suspension 

solution (0.5ml). After refroiding, the precipitated protein (69.875Xg /5 min) has 

been removed by centrifugating the absorbent at (570 nm) against empty detector. 

Changes have been recorded. 

Dichromate 500 500 500 

 

2.11.4 Calculation  

Activity Enzyme (U/mg) =  1/ t Log So / S 
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2.12 Determination of glutathione peroxidase activity (GPx) 

2.12.1 Principle 

 The activity of GPx was measured in line with the published Hafemann et al 

(1974) [200]. 

The activity of GPx was assessed following incubation of the sample, with H2O2 

and NaN3 being measured by a reduction in GSH level. 

  

2.12.2 Reagents 

The using reagents are: 

1- buffer of phosphate 0.4 M, pH 7: (section 2.3.3) 

2-NaN3 1 mM, prepared by dissolving 0.0065 gm of NaN3 in 10 ml of D.W. 

3- GSH 2mM 0,015gm. of GSH in 25ml of D.W. was produced by dissolving.  

4- 1.65 % HPO3
2-  

5-0.4 M Na2HPO4. 

6- DTNB was produced for the DTNB in100ml of NaNO3 by dissolving 0.0198g 

0.1 %. 
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2.12.3 Procedure  

Reagent  Sample μL Standard μL Blank μL 

Tissue 100 ------- ------ 

GsH ------- 100 ------ 

Working 

reagent 

2500 2500 2500 

Mixed and vortex mixture, then incubate in water bath at 37C0 for 3 

minutes. 

Supernatant 2000 2000 2000 

m-HPO3
2- 2000 2000 2000 

Mixed in vortex mixture, then centrifuged at 25.16Xg for 10 minutes 

Na2HPO4 2000 2000 2000 

DTNB 1000 1000 1000 

D.W -------- 100 100 

 

The samples were let to stand for 10 minutes; the absorbance of each reaction tube 

was measured at 412 nm. 

2.12.4 Calculation:  

CT = × CS 

GRx (U/mg) = (CS – CT) × D.F / Time 

D.F = dilution factor =1 

TA 

 

SA 
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Results and Discussion  

3.1 Green synthesis of Cu NPs. 

          Stomach aches, heart difficulties, sexual weakness, diabetes, gastro-intestinal 

problems, and external wounds have all been treated with Artemisia as a medicinal 

plant. Inflammatory problems such as fungal infections, diabetes, atherosclerosis, 

cancer, and arthritis are all treated with this aromatic herb in numerous Arabic 

traditional treatments [201]. For all of these reasons, it is being used in this study to 

figure out how to solve livestock related difficulties. We believe we are the first to 

employ it as a copper ion reduction agent to produce Cu NPs.  

In order to synthesize nanoparticles using a biological system, three critical 

conditions must be achieved: solvent medium, environmentally friendly reducing 

agent, and non-hazardous substrates as a capping agent or stabilizing agent [202]. 

 

3.2 UV-Vis’s spectra of Cu NPs . 

The interaction between conduction electrons of metal NPs and incident photons 

was responsible for colour change. Further, Cu NPs synthesis confirmed by a 

characteristic peak obtained at 410 nm. Figure 3.2. 
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Figure 3.2 UV-visible spectrum of Cu NPs at room temperature after 22 h. 

 

3.3 FTIR spectra analysis 

     In order to investigate the surface adsorption of functional groups 

on nanoparticles, FTIR analysis has been used. 

Samples were crashed with  KBr  and studied by Shimazu Fourier transform 

infrared 8400S spectrophotometer at a range of 4000–400 cm−1. 

Amine and carboxylate observation peaks at 3345.4 and 3247.17cm-1 found in 

Artemisia leaf extract and is responsible for the binding of phenols to the copper 

surface, resulting in the stability of biosynthesized nanoparticles.  
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      The medium peak at 1067.99 cm-1 corresponds to C-O stretching of phenolic 

compounds. Most of the absorption peaks of plant extract also exist in the FTIR 

spectrum of Cu NPs [203]. 

 Cu NPs spectra displays two clearly shafted peaks at 3367.82 and 3290.67 cm -1 

which indicated clearly O-H stretches of phenols and N-H amines respectively, while 

maintaining the peak of C=O was indicated at 1730.21 cm -1. Figure 3.3. 

       The major absorption bands of carboxylate coordination and metals placed at 

1623 cm-1, which is confirmed a typical peak responsible for the interaction between 

copper and capping agent of extract Figure 3.3B.  

 

 

A- Extract plant 
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Figure 3.3 FTIR spectra of, A. plant extract and B. Cu NPs. 

 

3.4. SEM analysis 

The formation of Cu NPs was confirmed using SEM analysis within average size 

of 54.57 nm. All the possible spherical and irregular shapes of Cu NPs were found in 

the micrograph with no agglomeration as presented in Figure 3.4. 

B-Copper nanoparticles 

Cu NPs 
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Figure 3.4: The characterisation of Cu NPs using scanning electron 

microscopy. 

3.5. XRD analysis 

X- Ray diffraction (XRD) pattern, of Cu NPs which is obtainable in Figure 3.5 

shows observing the pattern at 2 θ includes three main peaks at 35.86°, 44.58°, and 

64.57°, which correspond to (111), (200), and (220), respectively, confirming the 

structure of Cu NPs, and the diffraction measurements were in expected agreement 

with recent published work [204,205].  
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While, it can be concluded from other revealed patterns that a few copper atoms on 

the surface of NPs may have oxidized to generate copper oxides when exposed to air.  

 

             Figure 3.5: XRD analysis of Cu NPs. 

3.6. EDX analysis 

In order to confirm the composition and distribution of NPs, EDX analysis can be 

applied through spectrum and elemental mapping . The spectrum of EDX Cu NPs 

was shown in Figure 3.6. The peak of Cu , C , and O were readily identified, and no 

extra peaks were found, indicating that the synthesised material Cu NPs was more 

pure. The abundance of C and O could be due to the presence of capped bioactive 

compounds. It's also possible that a few copper atoms on the NPs' surface will be 

oxidized to minor amounts of CuO and Cu2O.206 
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Figure 3.6: The characterisation of Cu NPs using EDX analysis. 

3.7 The stability of copper nanoparticles  

      Many factors can be affected stability of Cu NPs such as pH, solute 

concentration, and the purification steps, all these are responsible for the physical 

characteristics and the stability of NPs formation [207]. 

      In this study, the stability of copper nanoparticles has been studied according to 

the time from immediate preparation time to six weeks. The results were proven that 

the identification peak at 410 nm remains unaffected even after 6 weeks, indicating 

that Cu NPs are stable throughout this time. Figure 3.7 
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Figure 3.7: The effect of time on the stability of copper nanoparticles.  

      The effect of pH has been studied as well, the Nano copper was shown the 

highest absorption in a pH medium between 7-9. While, absorption peak at 410 nm 

remain unaffected Figure 3.8, which means pH has unaffected the stability of Cu 

NPs. 
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Figure 3.8: The effect of pH on the stability of copper nanoparticles.  

3.8 Antibacterial activity 

     This study suggested that skin infection causes antioxidant deficiency. 

Therefore, tested whether copper nanoparticles treatment might be a mole of defense 

against oxidative stress have been investigated. The study was included two parts: in 

vitro and in vivo study. 
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3.8.1 In Vitro applications of Nano copper as antibacterial agent 

           According to previous studies copper nanoparticles have been synthesized 

in order to investigate its ability as antibacterial agent using a lot of plants some 

describe in Table 3.2 but Artemisia extract our results are good because of the size, 

shape, activity and treatment dosage of NPs.  

 

Table 3.2: Antibacterial activity of copper nanoparticles using different 

sources of plants extract.  

The name of 

plant 

Type of 

Medication  

NPs 

size 

Zone 

inhibition 

Tested 

concentration 

of Cu NPs 

Aggregation Ref. 

Artemisia 

haussknechtii 

Antibacterial 

E.coli 

35.36 ± 

44.4 nm 

10 ± 1.73mm  

 

10 mg/ml + [208] 

Cissus arnotiana 

plant 

Antibacterial 

E. coli 

60–

90 nm 

22.20 ± 0.16 mm  0.075 mg/ml + [209] 

Persea 

americana seeds 

 

antifungal 

and 

antibacterial  

42–

90 nm 

22.23 ± 0.15 

mm  

 

0.3 mg/ml + [210] 

Allium 

saralicum leaves 

 

antibacterial  65-

100nm 

45-90 mm  

 

1–8 mg/ml + [211] 

Present study 

Artemisia 

(Judaica) 

Antibacterial 

Bacillus 

subtilis 

 
 
57.53nm 

23.3,24.5 mm  
 
0.002,0.004 
mg/ml 

 
 
- 

 

20.5,21.2 mm 

E. coli 

 

       There is no evidence of using Cu NPs which have synthesis by Artemisia 

Judaica extract as antibacterial agents therefore, it has been chosen to identify 

whether its efficient or not. 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cissus
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      Two different concentrations of Cu NPs and (commercial drug) were put on the 

infected plates' surface. Discs were incubated for 24 hours at 37° C. Finally, the 

antibacterial activity was calculated as using the ruler measurements. Figure 3.9. 

 

 

Figure 3.9: In vitro , antibacterial activity of Cu NPs on ( Bacillus subtilis and 

E. coli ) bacteria in comparison with commercial drug.  

*1. commercial drug  2. Cu NPs   3. Solvent . 
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       The results were observed that Cu NPs have an excellent antimicrobial 

activity, due to their interaction with bacteria's cell membrane, the trans membrane 

electrochemical potential is reduced, affecting membrane integrity. Produced Cu NPs 

had a stronger antibacterial action against gram positive bacteria than gram negative 

bacteria  [212]. 

      Copper nanoparticles and copper ions have the ability to accumulate on the 

bacteria's cell surface and develop mines in the membrane, causing cellular 

component leakage both outside and inside the cell, resulting in oxidative stress and 

cell death [213]. 

3.8.2 In Vivo Applications 

       Some of antioxidant enzymes have been evaluated before and after treatment 

for:  first for healthy and infected fish tissue, second treated and untreated tissue. Fish 

have been infected and then treated with two different types of treatment including 

(Vet ) as commercial drug and Cu NPs. The results were shown excellent healing 

after treatment with nan- copper compare with commercial drug, Figure 3.10. 
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Figure 3.10: The comparing between fish treatment with (Vet) drug and Cu 

NPs. 

Healthy Fish  

2 Weeks treatment 

with Cu NPs 

2 Weeks treatment 

with Vet drug 
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Infection disease is one of the factors that may be affecting the balance between 

reactive oxygen species (ROS) and the antioxidant defense system. ROS and other 

oxidants can induce lipid, protein, and DNA oxidation, as well as tissue damage, 

resulting in membrane damage and lead into cell death [214]. Therefore, the levels of 

antioxidant enzymes such as SOD, CAT and GPx have been significantly decreased 

in infected fish tissue compared to healthy once Table 3.3. 

 

Table 3. 3: The level of antioxidant enzymes (catalase, superoxide dismutase and 

glutathione peroxidase) in healthy and Infected fish. 

 

 

The results indicated a significant reduction in the level of antioxidant enzymes 

CAT, SOD and GPx in infected fish tissue compared to healthy tissue (P <0.05). 

         

Enzyme  Group N. Mean ± SD 95% Confidence 

Interval for Mean 

Compared 

groups  

P value 

Lower 

Bound 

Upper 

Bound 

 

CAT 

(U/mg) 

Healthy Fish Tissue 10 0.0972±0.0022 0.0957 0.0988  

1 

 

 

2 

 

0.000 

 Infected Fish Tissue 10 0.0237±0.0049 0.0201 0.0272 

SOD 

(U/mg) 

 

 

Healthy Fish Tissue 10 0.1473 ±0.0023 0.1456 0.149  

 

1 

 

 

 

2 

 

 

 

0.000 

 

Infected Fish Tissue 10 0.0241± 0.0025 0.0223 0.025 

XGP 

(U/mg) 

 

Healthy Fish Tissue 10 0.1384±0.0044 0.1352 0.1415 1 2 0.000 

 

 
Infected Fish Tissue 10 0.0550±0.0104 0.0475 0.0625 
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 Due to an important role of oxidative stress in the pathophysiology of a wide-

ranging of diseases including inflammatory disease, however, looking for the 

developing of traditional treatment to avoid the oxidation damage becomes 

necessary. In this study, copper nanoparticles have been used to remove skin 

inflammatory damage from fish skin tissue in comparison with commercial drug.  

 With using a ( 0.05 mg/L ) of  Cu NPs, the activities of total superoxide 

dismutase and catalase as well as glutathione peroxidase increased remarkably 

compared to veterinary treatment using the same dosage. Table 3.4, 3.5, 3.6 . 

Table 3.4: The level of CAT enzyme in treated fish tissue using Cu NPs and 

Veterinary treatment in comparison with healthy fish tissue  

 

 

 

 * The most significant change at the P = 3.79E-14 level. 

 

 

 

P value 

 

 

Compared 

groups 

 

 
95% Confidence 

Interval for Mean 

 

Mean ± SD 
 

 

N. 

 

 

Group 
 

Upper  Lower  

0.000* 2 

 

 

 

 

1 

 

 

 

 

 

 

0.0988 

 

0.0957 

 

 

0.0972±0.0022 

 

10 

Healthy Fish 

Tissue 

0.000 3  

0.0663 

 

0.0614 

 

0.0638±0.0033 

 

10 

Cu NPs 

Treatment 

 

0.0393 

 

0.0287 

 

0.0340±0.0073 

 

10 

Veterinary 

Treatment 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/superoxide-dismutase
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/superoxide-dismutase
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/catalase
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/glutathione
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Table 3.5: The level of SOD enzyme in treated fish tissue using  Cu NPs  and 

Veterinary treatment in comparison with Healthy fish tissue. 

 

 

* The most is significant change at the P = 1.69E-13 level. 

 

 

 

 

 

 

 

 

 

 

 

 

P value 

 

 

Compared 

groups 

 

 
95% Confidence 

Interval for Mean 

 

Mean ± SD 
 

 

N. 

 

 

Group 
 

Upper  Lower  

0.000* 2 

 

 

 

1 

 

 

0.149 

 

0.1456 

 

0.1473 ±0.0023  

10 

Healthy Fish 

Tissue 

0.117 

 

0.110 

 

0.1136±0.0049 

 

10 Cu NPs 

Treatment 

0.000 3 0.084 0.773 0.0810 ±0.0051  

10 

Veterinary 

Treatment 
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Table 3.6: The level of GPx enzyme in treated fish tissue using  Cu NPs  and 

Veterinary treatment in comparison with healthy fish tissue. 

 

 

* The most is significant change at the P = 1.28E-13 level. 

 

 

This could be due to its capacity to make touch with the skin in order to promote 

the health of the skin. It's also important for the synthesis and stability of skin 

proteins [215].  

 

 

 

 

 

P value 

 

 
Compared 

groups 

 

 
95% Confidence 

Interval for Mean 

 

Mean ± SD 
 

 

N. 

 

 

Group 
 

Upper  Lower  

 

 

0.000* 

 

 

2 

 

 

 

 

1 

 

 

 

0.1415 

 

0.1352 

 

0.1384±0.0044 

 

 

10 
Healthy Fish 

Tissue 

0.1306 0.0828 0.1067±0.0334 10 Cu NPs 

Treatment 
0.000 3 

0.0832 0.0782 0.0807±0.0034 10 

 
Veterinary 

Treatment 
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3.8.2.1 Catalase Activity in both healthy and infected fish tissue. 

       Reducing catalase activity may be prevented the converting of hydrogen 

peroxide to water and molecular oxygen, thus, causing inflammatory damage [216]. 

The levels of CAT activity in infected skin tissue compared to healthy fish skin 

significantly changed (P ≤ 0.05). Figure 3.11. 

   

     

 

Figure 3.11: The effect of treatment on the activity of CAT, SOD and GPx 

Enzymes Activity in infected skin fish tissue in compressing with healthy once. 
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There was about 75-80 % inhibition in the activity of enzyme in infected samples 

compared to healthy ones. 

      On the other hand, CAT activity increases after Cu NPs treatment in infected 

samples compared to the healthy skin tissue because the ability of Cu NPs to reduce 

the level of oxidative stress resulting in, re- balance between oxidant and antioxidant 

system [217]. 

       Oxidative stress caused by too much production of super oxidants and 

imbalances in antioxidant enzymes have been related to the development of 

inflammatory complications [218]. 

        The results suggested that the accumulation of ROS can be avoided by using 

Cu NPs as a treated agent for maintaining the level of intracellular enzymatic 

antioxidant activities. 

 

3.8.2.2 Superoxide Dismutase (SOD) 

      Superoxide dismutase is the initial line of defense against ROS-mediated cell 

damage by, stimulating the ratio of superoxide, and controlling oxygen metabolism. 

It has also important role to break down the molecular of oxygen and peroxide into 

less toxic compounds [219]. 

       The results were presented a significant change (P ≤ 0.05) in the activity of 

SOD in infected skin tissue in compare to the healthy ones. Figure 3.11. 

      The activity has been dropped more than 80% in infected group in comparison 

with healthy ones. This could be due to the enzyme's inefficiency or the antioxidant 

system's failure to overcome the influx of reactive oxygen species, resulting in an 

inflammatory effect [220]. 
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    Furthermore, decreased SOD activity in infected tissues could be due to an 

increased demand for this enzyme to deactivate the high influx of reactive oxygen 

species produced by inflammatory induction [221]. 

3.8.2.3 Glutathione peroxidase (GPX)  

The results of determination of GPX revealed a significant (p≤0.05) elevation in the 

healthy fish in comparison with those of the infected fish Figure 3.11. 

 

3.9 The effect of treatment’s types on the level of antioxidant 

enzymes 

     Fish inflammatory disease occurs when skin scratches become infected with 

the bacteria, this infection can get worse if left without treatment.  Medicinal therapy 

may be used to monitor this disease; however antimicrobial treatments are not always 

effective when traditional drugs have been used due to development of resistance to 

the limited range of therapeutics [222]. 

      For this reason, Cu NPs have been used as alternative type of drug for skin 

lesion treatment in order to maintain the level of antioxidants which help to neutralize 

oxidative stress, making a lack of production of excess free radicals toward protect 

cells, prevent illness, and reduce inflammatory damage. 

3.9.1 Treatment's impact on SOD activity 

    In this study, veterinary medicine has been evaluated for their antioxidant 

properties in comparison with metal nanoparticles particularly, Cu NPs. 

    There is a confirmation from numerous studies about the relationship between 

copper nanoparticles and the increase in oxidative stress in organism systems. 
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    The generation of ROS by copper nanoparticles may cause direct damage of 

bacterial cell membranes (bacterial protein functions). Nevertheless, this study 

focused on the relationship between the levels of some antioxidant enzymes (CAT, 

SOD, GPx) and Cu NPs treatment in infected fish tissue and healthy ones.  

    The results have shown a significant exhibition in the level of each antioxidant 

enzymes after copper nanoparticles treatment in comparison with higher level of 

oxidative enzymes in fish treated with Nano copper than veterinary treatment in 

infected tissue (p≤ 0.05). 

     In the case of SOD activity, the results indicated a good exhibited for the 

activity of SOD after Cu NPs treatment compared to veterinary treatment.  

      May be the treatment with copper nanoparticles suppresses ROS production in 

fish infected with inflammation better than vet treatment. 

    The results indicated excellent increase in the activity of SOD when compared 

with healthy skin tissue. The activity increased about 40% more after treatment with 

Cu NPs increasing in compared to vet treatment. Figure 3.11. 

3.9.2 The effect of treatment on CAT activity 

    Antioxidant the most important defense mechanism against oxidative stress-

induced cell damage. The activity of CAT was significantly increased after treatment 

and most significant with Cu NPs treatment when compared with the infected tissue 

(p = 3.79*10-14, p = 9.88*10-16), respectively) Figure 3.11. 

     So, the types of treatment play an important role on the activity of antioxidant 

enzymes and make healing skin faster.  
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3.9.3 The effect of treatment on GPx activity 

     This study suggested that the activity of GPx can increase by using copper 

nanoparticles as a medicinal agent to eliminate the fish skin infection. The results 

display that the activity of GPx increased efficiently when metal nanoparticles used 

as anti-infectious agent in comparison with vet treatment Figures 3.11. 
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Conclusions 

1- Artemisia (Judaica) is used for first time in this study and improved its ability 

as reducing agent to synthesis pure and stable Cu NPs in comparison with other 

species.   

2-   The average particle size was determined using SEM image analysis with 

average size 54.57 nm. 

3- The results obtained in the present study that Cu NPs can strongly increase the 

activity levels of (SOD, CAT and GPx) which we believe are the main cause of 

inflammatory disease.   

4- Cu NPs can be used as anti-infectious disease perfectly without any toxicity 

or death to fish. 

5-  Both types of treatment shown good exhibited for antioxidant enzymes while, 

Cu NPs are the most significant and fastest healing.  

6-  Disc diffusion assay was used to investigate the activity of Cu NPs as 

antibacterial agent in vitro study with zone inhibition range 20.5 mm and 23.3mm 

against the tested bacteria Bacillus subtilis and E-coli respectively indicating the 

efficiency of nano - copper compared to other types of nanoparticles. 
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The current research project has the following implications for the 

future: 

1. It may be possible to perform a detailed mechanistic analysis of the 

antibacterial action of nanoparticles. 

2.  In vivo, nanoparticles could be utilized to investigate the effect on industrially 

and therapeutically significant genes. 
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 الخلاصة:

تهتم تقنية النانو  .والجزيئي الذريهي العلم الذي يهتم بدراسة معالجة المادة على المقياس تقنيات النانو       

أي جزء من المليون  الميكرومتروهو جزء من الألف من  ومتربالنانبابتكار تقنيات ووسائل جديدة تقاس أبعادها 

وتدخل تقنية النانو في الكثير من المجالات .100إلى  1عادة تتعامل تقنية النانو مع قياسات بين  .الميليمترمن 

للنحاس ودراسة تأثيرات النحاس النانوي على  البيولوجيمثل التخليق مثل الطب والصناعة ولها تطبيقات عديدة 

قد يكون للنحاس النانوي  النموذجية،بالمقارنة مع العلاجات  للالتهابات.المضادة  لخصائصهالمجالات الكثير من 

 .تأثير بيولوجي أفضل وله استخدامات متنوعة في الرعاية الصحية

كان . جزيئات النحاس النانوية واستخدامها كعامل مضاد للالتهابات تخليق وتقديرتم دراسة  الدراسة،في هذه 

س النانوية باستخدام مستخلص نباتي ثم تقييم فعاليتها في زيادة الهدف من هذه الدراسة هو إنتاج جسيمات النحا

ل يتقلتعمل على الالقدرة على الشفاء من خلال التأثير على مستويات الإنزيمات المضادة للأكسدة التي يمكن أن 

لية تخليق تم تحضير جزيئات النحاس النانوية بعم. المنتج النهائي تقديرتم الانتهاء من تنقية و. اتمن الالتهاب

 الشيج.خضراء من محلول كبريتات النحاس من خلال مستخلص نبات 

وحيود الاشعة ،  وطيف الاشعة تحت الحمراء، تم استخدام التحليل الطيفي المرئي للأشعة فوق البنفسجية

النحاس جزيئات )تكوين  لتقدير  .و المسح المجهري الإلكتروني يف تستت الطاقة  بالاشعة السينيةط، السينية

تم اختبار الفعالية المضادة للبكتيريا لجزيئات النانو . نانومتر 54.57حجم الجسيمات وجد أن متوسط (. النانوية

، وكذلك الفعالية العلاجية للمادة ( E- coli  ،Bacillus subtilis)المحضرة ضد مسببات الأمراض 

 .البيولوجية

جلد السمك ، تم تقييم نشاط بعض الإنزيمات المضادة  في حالة المادة البيولوجية بشكل خاص ، أنسجة

 (.لوتاثيون بيروكسيديزكز ، واليديسموتانزيم سوبراوكسايد ، انزيم الكتليز)للأكسدة 

بعض  فعاليةلقياس  مختبريتقسيم أربعين سمكة إلى مجموعتين لإجراء بحث  البحث دارسةيتضمن حيث 

، بينما أصيب ثلاثون ( غير مصابة بالتهاب) سليمةتم استخدام عشرة منها كأسماك . الإنزيمات المضادة للأكسدة

 .وأخذ عشره منها وتم تقدير فعالية الانزيمات المضادة للاكسدة اعتبرت كمجموعة السيطرة سمكة بالتهاب الجلد

من  ينأسبوععلى مستويات كل إنزيم مضاد للأكسدة بعد ( Cu NPs)تمت دراسة آثار العلاج البيطري و 

 (.Cu NPs)عولجت عشرة أسماك بالأدوية البيطرية ، بينما عولجت العشرة الأخرى بـ . العلاج

في أنسجة جلد الأسماك المصابة  GPxو  CATو   SOD نزيمات لاا فعالية معنوي تغيرشارت النتائج إلى أ

 .مقارنة مع تلك الموجودة في الأنسجة السليمة

https://ar.wikipedia.org/wiki/%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%AC%D8%B2%D9%8A%D8%A1
https://ar.wikipedia.org/wiki/%D8%AC%D8%B2%D9%8A%D8%A1
https://ar.wikipedia.org/wiki/%D9%86%D8%A7%D9%86%D9%88%D9%85%D8%AA%D8%B1
https://ar.wikipedia.org/wiki/%D9%85%D9%8A%D9%83%D8%B1%D9%88%D9%85%D8%AA%D8%B1
https://ar.wikipedia.org/wiki/%D9%85%D9%8A%D9%83%D8%B1%D9%88%D9%85%D8%AA%D8%B1
https://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%8A%D9%85%D8%AA%D8%B1
https://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%8A%D9%85%D8%AA%D8%B1
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 ةلنحاس النانوية لعلاج الالتهابات في الأسماك المصابة ، أظهرت النتائج زيادعندما تم استخدام جزيئات ا

مقارنة ( p≤0.05)أكثر فعالية من العلاج البيطري   مضاد للأكسدة وكان من انزيمات كل إنزيم فعاليةكبيرة في 

  .السليمة بالأسماك
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