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Introduction 

Metabolism has an innate oxidant-antioxidant balance.  Disruption of this 

balance in metabolism is defined as oxidative stress (Zelzer et al., 2018). 

Substances that cause oxidative stress are divided into two classes: radicals and 

non-radicals. Radical ones are superoxide (O˙2), peroxyl (L(R)OO˙), 

hydroperoxyl (HOO˙), and hydroxyl (˙OH) radicals. Those that are not radical: 

These are substances such as hypochlorite (-OCl), singlet oxygen (1O2), hydrogen 

peroxide (H2O2), and ozone (O3) (Abuja & Albertini, 2001). 

 

Figure 1. Sources of oxidative stress 

Free Radicals and Their Occurrence 

Free radicals are atoms or molecules containing one or more unpaired 

electrons. Due to unshared electrons, they are highly reactive, but their lifespan 

is very short. They may occur during the functioning of metabolism or due to 

external factors (Barber & Harris, 1994; Halliwell, 1994). Free radicals; 

1. It is formed by homolytic cleavage of a covalently bonded molecule.  

X : Y → X˙ + Y˙ 

2. If a molecule loses electrons, free radicals are formed. During electron 

loss, if there is an unshared electron in the outer orbital of the molecule, 

a radical occurs. 
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3. Free radicals are also formed through the transfer of electrons to a mole-

cule. In this way, radicals are formed as an unshared electron is formed 

in the outer orbital of the molecule (Halliwell & Gutteridge, 1990). 

Radicals consisting of oxygen are among the most important radicals found in 

biological systems. Oxygen, which is both necessary and toxic, has two unpaired 

electrons, and the fact that the unpaired electrons spin in the same direction in 

separate orbitals gives it the property of being a radical. By adding one electron 

to molecular oxygen, superoxide forms two electrons with the addition of 

hydrogen peroxide and hydroxy radicals via three-electron transfer (Fridovich, 

2001; Nordberg & Arner, 2001).  

O2 + e + H+ → HO2
˙                Hydroperoxyl radical 

 HO2
˙ → H+ + O2

˙                     Superoxide radical 

O2
˙ + 2H+ + e → H2O2              Hydrogen peroxide 

H2O2 + e → OH- + ˙OH              Hydroxyl radical 

Mitochondria, in particular, play an important role in the production of ROS 

and RNS in the cell (Lambert & Brand, 2009; Valko et al., 2007). Reactive 

oxygen and nitrogen species are shown in Tables 1 and 2. 
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Table 1. Reactive oxygen species (ROS) 

Radicals Nonradicals 

Süperoxide O2 .- Hydrogen peroxide H2O2 

Hydroxyl OH. Hypochlorous acid HOCl 

Peroxyl ROO. Hypobromous acid HOBr 

Alkoxyl RO. Singlet oxygen 1O2 

Hydroperoxyl HO2
. Ozone O3 

Lipid peroxyl LOO.   

 

Table 2. Reactive nitrogen species (RNS) 

Radicals Nonradicals 

Nitric oxide                     NO. Nitric acid                       HNO2 

Nitrogen dioxide             NO2
. Nitrosyl cation     NO+ 

 Nitroxyl anion                 NO- 

Dinitrogen tetroxide        N2O4  

Dinitrogen trioxide          N2O3 

Peroxynitrite                 ONOO- 

Peroxynitric acid         ONOOH 

Nitronium cation     NO2 + 

Nitrile chloride              NO2Cl 

Alkyl peroxynitrite      ROONO 

 

Free Radicals and the Diseases They Cause 

Studies on free radicals show that these radicals are responsible for 

inflammatory diseases (Li et al., 2013), Alzheimer's (Pan et al., 2011), Diabetes 

Mellitus (Bashan et al., 2019), Parkinson's disease (Sevcsik et al., 2011), and 

cancer [prostate (Lim et al., 2005), colorectal (Jemal et al., 2011), breast (Brown 

et al., 2000)]. It has also been reported to cause diseases such as lung (Azad et 

al., 2008), hypertension (WHO, 2013), cardiovascular disease (Zhang et al., 

2010), asthma (Fujisawa, 2005), rheumatoid arthritis (Vasanthi et al., 2009), 

aging (Krisko & Radman, 2019), and cataract (Costagliola et al., 1988; 

Costagliola et al., 1990). Diseases caused by free radicals are shown in Figure 2. 
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Figure 2. Diseases caused by oxidative stress (Forman et al., 2004; Packer et al., 2001). 

Antioxidants 

There is a balance between oxidant and antioxidant substances in metabolism. 

This balance is disrupted by the increase in the amount of free radicals. In this 

case, oxidative stress occurs (Amponsah-Offeh et al., 2023). These substances 

that minimize or clear the effects of these radicals are called antioxidants. Oxidant 

and antioxidant balance is shown in Figure 3. 

 

Figure 3. Oxidant and antioxidant balance in metabolism (Amponsah-Offeh et al., 

2023) 
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Antioxidants fulfil their duties either by donating hydrogen ions to free 

oxygen radicals or by turning them into a weaker molecule. The membrane and 

liquid parts of the cell contain antioxidants (Young & Woodside, 2001). 

Antioxidants are classified as endogenous and exogenous antioxidants and food 

antioxidants: 

Natural (Endogenous) Antioxidants  

• Enzymes: SOD, CAT, GSH-Px, GSH-Rd, hydroperoxidase, etc.  

• Non-enzyme antioxidants: such as α-tocopherol (E-vitamin), β-carotene (A-

vitamin), ascorbic acid, melatonin, transferrin, ferritin, hemoglobin, albumin, 

bilirubin, and glutathione. 

Exogenous Antioxidants (Drugs)  

• Xanthine oxidase inhibitors 

• NADPH oxidase inhibitors  

• Recombinant superoxide dismutase  

• Trolox-C.  

Food Antioxidants  

• Butyl Hydroxytoluene (BHT)  

• Butyl Hydroxyanisole (BHA)  

• Sodium Benzoate (Akkuş, 1995). 

Superoxide Dismutase Enzyme (SOD)   

SOD enzyme is the first defence against the toxic effects of free radicals in 

metabolism. is doing. This enzyme converts the superoxide radical into hydrogen 

peroxide and molecular oxygen. transforms (Fridovich, 1997). 

                                                                  SOD 

                             2O2
.- + 2H+     →   H2O2 + O2 

 

Glutathione Peroxidase (GSH-Px) 

Glutathione peroxidase enzyme, which is an intracellular enzyme containing 

selenocysteine in its active center, is a natural antioxidant found in metabolism. 

GSH-Px; Glutathione, which contains two thiol groups, oxidizes glutathione 

disulfide and reduces hydroperoxides and H2O2 (Açan & Tezcan, 1992). 
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                                                 GSH-Px 

ROOH + 2GSH    →    ROH + GSSG 

                                     

                                      
GSH-Px 

HOOH + 2GSH    →    2H2O + GSSG 

Glutathione Reductase (GSH-Rd)  

Glutathione reductase enzyme contains selenium in its structure. GSSG 

(oxidized glutathione) protects the cell against peroxides by rapidly converting it 

into GSH (reduced glutathione) Glutathione, a substance found inside the cell that 

protects the cell's proteins against oxidative damage, is a molecule. Glutathione 

reductase enzyme plays a role in this reaction (Gözükara, 2001).  

                                                        GSH-Rd 

GSSG + NADPH + H+     →    2GSH + NADP+ 

Vitamin E (Tocopherols) 

It is a fat-soluble vitamin that inhibits or scavenges the production of free 

radicals. It is a powerful antioxidant due to its chain-breaking activity. It is 

available in eight different forms. Since this vitamin specifically scavenges 

peroxyl radicals very well, it protects the unsaturated fatty acids in the structure 

of membranes and lipoproteins against oxidative damage (Nordberg & Arner, 

2001). 

 

Figure 4. Structure of Vitamin E (α-Tocopherol) 

Vitamin A (Carotenes) 

It is a water-insoluble, fat-soluble vitamin. There are many unsaturated bonds 

in its structure. A clear representation of vitamin A is shown in Figure 5. 
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Figure 5. Structure of vitamin A 

The most important vitamin A derivative is β-carotene. In particular, vitamin 

A is a vitamin required for antioxidant, cell membrane integrity, and synthesis of 

glycoproteins. This vitamin is especially effective in scavenging free radicals 

because it contains many long conjugated double bonds. In particular, β-carotene 

(CAR) reacts directly with the peroxyl radical (Nikolai et al., 2001).  

CAR-LOO. ⎯⎯→ LOO-CAR. 

 

Vitamin C (Ascorbic acid) 

It is one of the water-soluble vitamins that are essential for the normal 

functioning of metabolism. (Lykkesfeldt, 2012). It has been reported that vitamin 

C, in particular, is important in the treatment of respiratory diseases, colds, and 

pneumonia (Kim et al., 2020). Vitamin C has many antioxidant functions, such 

as scavenging free radicals, preventing the production of reactive oxygen species, 

and coordinating antioxidant enzymes (Garcia-Diaz et al., 2014). The structure 

of vitamin C is shown in Figure 6. 

 

Figure 6. Structure of vitamin C (C6H8O6) 
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Glutathione (GSH) 

 

Figure 7. Structure of glutathione (GSH) 

Glutathione (γ-glutamylcysteine glycine) is an important low molecular 

weight tripeptide containing a thiol group in the organism (Nelson & Cox, 2000; 

Shibata et al., 2003). The structure of the glutathione molecule is shown in Figure 

7. The glutathione molecule is a tripeptide composed of three different amino 

acids: glutamate, cysteine, and glycine. In particular, this molecule shows 

properties such as antioxidant, immune system regulation, and detoxifying effect 

(Jamali & Majid, 2017). Glutathione has two different forms in metabolism: 

reduced (GSH) and oxidized (GSSG) (Mohan et al., 2020). Also, glutathione has 

anti-inflammatory effects (Hao et al., 2022) and positive effects on fatty liver 

disease. It has been reported that it may cause side effects (Honda et al., 2017). 

CONCLUSION 

In this study, free radicals formed during the normal process of metabolism, 

their types, and their effects on metabolism are emphasized. Additionally, their 

role in various chronic diseases caused by these radicals is explained. Particular 

attention has been drawn to "antioxidant substances" that will reduce or eliminate 

the effects of these radicals. The relationship between oxidant and antioxidant has 

been revealed. 
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1-INTRODUCTION 

Associating the beginning of civilisation with writing is widely used in terms 

of documentation. In every field, the first written source related to it is presented 

as scientific data. With its versatile interaction in social life, it constantly designs 

different writing-based opportunities. The creation of records is the basis of many 

vital processes. Food is included in life as a requirement of living things every 

day and continuously. The primary priority of health life depends on safe food. 

The awareness of the producer, the consumer who wants to reach healthy food is 

required. Economic concepts have spread to every aspect of life with diversifying 

needs. Food safety and reliability can be improved by raising awareness. 

Educating the producer for the protection of the consumer is seen as the most 

effective way of agricultural extension in general.   

Extension and trainings have an effective function in reflecting innovations to 

our lives. Today, as a social and technical innovation process, extension enters 

our lives through a non-linear process. Advertisements for marketing and our 

interest in products have become a part of our lives. Learning groups and 

networks provide people with opportunities to increase their interest and 

knowledge, empowerment, create spaces for communication, exchange of 

information, negotiation, experimentation and powerful tools for the 

development of skills and competences.  

The advertising sector is constantly generating data to direct our consumption. 

With product placements, it is aimed to initiate the formation of virtual needs in 

our psychology. Visual data trigger the dimension of interest. The theme of the 

visual that attracts attention on the billboard aims to introduce you to the product.  

The history of agricultural extension works dates back to ancient times. 

Agricultural extension has been a very important force and element of social 

innovation in the development of agriculture for centuries. Although today's 

extension models are products of the last two centuries, the history of extension 

spans almost four thousand years due to its evolution. Today, people and 

organisations responsible for carrying out agricultural extension activities help 

rural people to adapt to changing socio-economic conditions and to adopt modern 

agricultural technologies (Cinemre and Demiryürek, 2005). 

Food safety has emerged as an important conceptual framework especially in 

recent years. There are very important studies on this subject in recent years 

(Giray and Soysal, 2007; Koç and Uzmay, 2015). Food safety has taken its place 

in social life with its indispensable function in terms of all actors in the market, 



19 

national security and community welfare issues. Its importance is becoming more 

and more important day by  

2- SAFE FOOD 

Sustainability and competitiveness in agricultural production should be 

managed together in an ecological and economic framework. The transition to 

more sustainable forms of agriculture with quality, healthy and safe products 

concern all segments of society. It is a social policy objective to transfer social 

awareness and learning and the innovations it foresees into co-production. The 

use of systems that enable and incentivise technology-mediated adaptation, 

budget allocation and widespread, effective use requires the participation of a 

wide range of public-led stakeholders. Likewise, clustering and participatory 

approaches should be developed with farm and area-specific management 

solution approaches such as cooperatives, unions, non-governmental 

organisations.  

In the 2019-2023 Strategic Action Plan of the Ministry of Agriculture and 

Forestry; ‘to increase welfare in rural areas; to ensure stable food supply by 

increasing productivity and quality in agricultural production; to ensure food and 

feed safety from production to consumption; to take necessary measures for plant, 

animal health and welfare; to protect fisheries and aquaculture resources, to 

ensure sustainable operation; to ensure sustainable management of soil and water 

resources; to effectively combat climate change, desertification and erosion and 

to protect biodiversity and ensure sustainable management’ (Anonymous, 

2024a). 

Today, the development of basic life skills in societies starts with family-based 

individual education. New extension, education-training and development 

approaches based on systems thinking and social learning perspectives based on 

a wide range of theoretical views on learning and change have emerged. In 

agricultural extension, it has contributed to the creation of new business lines, 

especially in the field of crop and animal production. Education is the most 

important investment in the future of societies. Agricultural trainings contribute 

to raising awareness of the people in the region where they are carried out and 

making their investments with a focus on food safety  

3-AGRICULTURAL EXTENSION 

Publication in the context of food safety in the public sector; the purpose, 

scope and definitions are to protect and ensure food and feed safety, public health, 

plant and animal health, animal breeding and welfare, considering consumer 
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interests and environmental protection. Scope of the relevant Law; all stages of 

production, processing and distribution of food, substances and materials in 

contact with food and feed, control of plant protection product and veterinary 

medical product residues and other residues and contaminants, epidemic or 

contagious animal diseases, control of harmful organisms in plants and plant 

products, It covers the welfare of farm and experimental animals and domestic 

and ornamental animals, zootechnical issues, veterinary health and plant 

protection products, veterinary and phytosanitary services, entry and exit 

procedures of live animals and products into and out of the country and official 

controls and sanctions related to these issues (Anonymous, 2010). 

These developments, which imply a balance between environmental, social 

and economic sustainability, are taking their place in our lives in system 

approaches such as agricultural information and knowledge systems (AKIS) and 

recently agricultural innovation system (AIS) approach. Record keeping and 

traceability must be more accessible in the future. In the dissemination of 

innovations, it is useful to focus on the co-design of transfer of technology and 

design. In this regard, the creation of organised initiatives should be developed to 

manage the articulation, conflict and unpredictability of multiple dimensions of 

innovation. 

Agricultural education and extension is recognised as important for the 

transition to more sustainable forms of agriculture, including economic, social, 

environmental factors and trade-offs. Education and extension approach and 

modes therefore need to be transformed to promote learning and double-loop 

learning through their relationship with research, thus making it easier for farmers 

to deal with relevant issues. In a rapidly changing world, the pluralist school of 

agricultural extension has given prominence to concepts such as diversity, 

sustainability and marginality, urban farming, poverty, equity, distribution, 

changes in rural areas. In emerging models of innovation and entrepreneurship, 

new roles, capacities and methods should be developed for extension. Similarly, 

today, the word extension is generally used to mean: ‘a system of education for 

the planned transmission of information to help people form sound opinions and 

make sound decisions. In other words, extension is a conscious form of social 

interaction and communication process. Extension is the conscious 

communication of information, technology and innovations to help people form 

healthy opinions and make the right decisions (Demiryürek, 2010; Ban and 

Hawkins, 1996; Leeuwis and Van den Ban, 2004). From this point, we can 

generally say that the concept of extension is an informal, out-of-school form of 

adult education and expresses the function of communication and interaction 
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between two parties. However, the important point here is that the person with 

the problem eventually solves the problem himself/herself, while the extension 

agent helps to solve the problem by providing information support, eliminating 

uncertainties and offering alternatives. As explained in the ‘self-help’ principle 

of extension, the extension agent does not solve people's problems directly but 

tries to enable people to stand on their own feet by providing them with problem-

solving skills (Demiryürek, 2010). 

4-RURAL COMMUNICATION AND BIG DATA PROCESSING 

In Turkey, agricultural advisory services are defined as services carried out by 

non-governmental organisations, chambers of agriculture, companies and 

independent agricultural advisors for a fee in order to meet the needs of 

agricultural enterprises on agricultural information, techniques and methods in a 

timely and adequate manner (Anonymous, 2024c). 

In agriculture, industry and other sectors, big data, i.e. numerical and textual 

data, are produced in large quantities. In parallel, it has reached great potential in 

utilising ICTs for communication, information sharing and information 

preservation and thus fostering social interaction and multi-actor innovation. 

However, there is also abuse of ICTs and Big Data. There are significant barriers 

that need to be overcome in order to fully utilise data from the right perspective. 

These obstacles can be grouped as technical, organisational and psychological. 

The most real and accurate common sense information sharing should be foreseen 

in mass media. In order to transform producer-originated information into 

consumer preference, social media tools, mainly advertising, are also widely 

used.  

Farmers may not be able to access information due to lack of reliable and fast 

internet connection, personal and cultural reservations, limited availability of 

appropriate information. In order to reduce problems in agricultural production 

and food safety, it is necessary to provide easily accessible and user-friendly 

internet infrastructure. In our country, there are negativities in internet 

accessibility that can be evaluated as economic difficulties and technical 

weaknesses (Anonymous, 2024d). 

Using social media and different communication tools, lectures should be 

organised for producers and good examples in the field of application should be 

shown. Professional agricultural education and extension teams should be formed 

for this purpose.  
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Agricultural extension is closely related to production in rural areas. 

Nowadays, agricultural production is carried out at a considerable level in areas 

that are urbanised as metropolises. A multilateral and wide-ranging food design, 

which is monitored and managed by the public with a scientific mind, should be 

developed for sustainability. 

5-CONCLUSION AND SOLUTION SUGGESTIONS 

The concept of food security can be considered as the most risk-free way of 

organising the danger of hunger. Food security refers to access to healthy food. 

Increasing economic opportunities make safe food more attractive. In production 

prioritising food security, the fact that the cost is above the market price is less 

taken into consideration. The use of pesticides increases yield and quality. 

Although it increases visual appeal, it is seen that it brings very serious risks in 

terms of health. 

In toxicological studies conducted to date, it has been determined that 

pesticides cause poisoning in humans by entering through the skin, mouth and 

respiratory tract. Again, poisoning can be seen as acute or chronic poisoning 

depending on the dose as a result of accidental or direct ingestion of pesticides 

during application. Apart from the harmful effects of pesticides on humans, 

pesticides also affect parasiticides and predators, which are the most important 

factors that suppress pests in nature. These beneficial insects are more sensitive 

to pesticides and are highly affected by pesticides. The populations of natural 

enemies, which keep the pest populations in balance, are affected by the 

continuous use of pesticides and the pests on which the natural enemy pressure is 

removed become a problem. As a result of the pollution in the soil caused using 

pesticides, microorganisms in the soil are also affected by pesticides. In addition, 

honeybees, wildlife and domestic animals are also heavily affected using 

pesticides (Altıkat et al., 2009; Yıldırım, 2008). In many similar studies, the 

multifaceted interaction of food and production is revealed through 

multidisciplinary studies.   

Innovation studies are increasingly focussed on facilitation and the processes 

of human interaction that facilitation and learning engender. There is a need for 

teams specialised in each area of the various foods and able to objectively update 

accurate information. However, traditional extension advisors should be 

encouraged to take on new roles. In this context, support should be provided to 

increase the basic competences of extension strategies and methods, developers. 

More research is needed to improve the effectiveness of extension in the area of 

food safety in relation to education and training as well as institutional clustering 
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and governance structures (including financing mechanisms). Recommendations 

that are broadly applicable, fair and focused on the solution process should be 

operationalised. A transformative, constructive and participatory structure should 

be created by operating the instructive model where knowledge is transferred. 

Young farmers and especially women farmers should be prioritised with positive 

discrimination in the provision of support and grants.  

Acting at the centre of sustainability, the role of agricultural extension and 

education should be planned to encourage learning about current innovations and 

our understanding of transformation and transformation that will emerge 

accordingly. 

There should be efforts to share a diversity of theoretical perspectives, case 

studies and practical examples that will make a constructive contribution to the 

debate on food production and food safety in the context of sustainability-

oriented systems.  

Food advertisements and various publications in various communication 

channels, especially in social media, create a level of knowledge in consumers. It 

is important for both producers and consumers to reach the right information in 

today's world. Agricultural extension and training activities to be carried out on 

agriculture and food should teach accurately and effectively. In this way, 

consumers will be provided with proper nutrition and access to healthy food.   
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1- INTRODUCTION 

Agriculture is one of the most important production activities carried out by 

human beings. We can define agriculture as a set of activities carried out for food 

production under the main title of plant and animal production. Agriculture 

maintains its importance today as in the past. The worldwide pandemic process 

and the subsequent Russia-Ukraine war have shown us how strategically 

important agriculture is. In our world, depending on the increasing population, 

the most important agenda item will be the feeding/non-feeding of humanity with 

the available resources. The deterioration of the world's natural balance has 

intensely affected agriculture and the environment.  

Due to the increase in the world population, increasing demand for more crop 

yields, the need for efficient use of limited natural resources, and the increasing 

use of information and communication technology, interest in technological 

innovations in agriculture has started to increase.  

Agriculture is being transformed by Research and Development (R&D) and 

innovation. We can even state that this transformation is faster today than in the 

past. Among the factors that increase productivity in agriculture is the use of 

technology. Therefore, the development of technology and methods is the most 

important agenda item for scientists. Studies on R&D and innovation are of great 

importance. Studies on R&D and innovation are becoming increasingly important 

in science, agriculture, health, education, industry, tourism, business and many 

other fields. It makes a difference in issues such as providing competitive 

advantage for businesses, understanding customers' expectations for 

consumption and predicting market positions.   

R&D activities are of great importance in the agricultural sector as in other 

sectors. R&D involves the development of new technologies, improvement of 

existing methods, and efforts to obtain solutions. R&D and innovation studies 

carried out in the field of agriculture is an approach that aims to increase 

productivity, economic and environmental sustainability and quality products by 

using new and advanced technological methods and approaches in the 

agricultural sector. R&D and innovation studies aim to produce agricultural 

products that are more effective, efficient and environmentally sensitive than 

conventional agricultural practices. 
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2- MATERIAL AND METHOD  

In order to review the literature on R&D and innovation studies and to 

determine the effects of technology use on the agricultural sector, the main 

material of the study was carried out through articles, reviews, reports and studies 

conducted by relevant institutions and organizations within the scope of scientific 

studies on the field.  

3- FINDINGS AND DISCUSSION 

Economist Romer (1990) stated that “economic growth in the long run can be 

achieved through technological innovations, technological innovations will 

emerge as a result of R&D activities, and there will be a strong correlation 

between R&D, innovation and economic development”.  In Romer's model, the 

most important engine of economic growth is R&D activities.  

In a study conducted in the US, the relationship between R&D expenditures 

financed by the public and private sectors and economic growth was analyzed 

and it was determined that a 10% increase in R&D expenditures would lead to a 

7% increase in real incomes (Griliches, 1998).  When the impact of R&D 

expenditures on the economy in 21 OECD countries between 1965 and 1990 was 

analysed, it was determined that there was a very strong positive relationship 

between R&D expenditures and growth and that a 1% increase in R&D 

expenditures would increase real domestic income by 0.08% (Freire-Serén, 

1999). In a study on the effect of R&D expenditures on economic growth in 

Turkey between 1990 and 2005, it was determined that there is a positive 

relationship between R&D expenditures and economic growth in the long run 

(Altın and Kaya, 2009).  

In the agricultural sector, different approaches and programs are carried out in 

major countries with regard to R&D and innovation activities. In the European 

Union, the innovation and technology transfer network (EIP-AGRI) 

infrastructure program was established to support agricultural innovation and to 

promote and share innovations with farmers and stakeholders. EIP-AGRI 

supports R&D in areas such as sustainable agricultural practices, soil 

management, water use and agricultural data analytics. Research in the field of 

biotechnology includes studies on plant breeding and genetic engineering, and 

regulations and studies are carried out in the field of GMO (Genetically Modified 

Organisms). Organic agriculture research focuses on the sustainability and 

quality of organic farming methods and organic products. Smart agriculture 

technologies such as sensor technologies, remote monitoring and data analytics 

are being developed and used in Europe. 
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The United States is engaged in R&D and innovation efforts that are shaping 

the future of agriculture. Biotechnology and genetic engineering are the main 

areas where the United States focuses its R&D and innovation efforts. It is a 

pioneer in the field of agricultural biotechnology and studies are carried out to 

produce productive and disease-resistant plants through plant breeding studies. 

Biological control methods and new plant protection products are being 

developed for disease and pest control. Water management and drought studies 

are being carried out in different regions for the efficient use of water resources 

and to combat drought, as water is the most important strategic resource in the 

future. In the field of smart agriculture, scientific studies are carried out in the 

field of robotic technologies such as automatic harvesting machines, drone use, 

other agricultural robot technologies, analysis of agricultural data and the use of 

big data in order to increase disease-crop prediction and productivity.  

R&D and innovation efforts in agriculture in China emphasize genetic and 

plant breeding to develop high-yielding rice and wheat varieties. Efforts are also 

being made in smart agricultural technologies, data analytics and environmentally 

friendly agricultural practices. 

India carries out genetic and plant breeding studies to increase productivity in 

important strategic products such as rice and wheat due to population density and 

to meet consumption needs. It carries out R&D projects to popularize organic 

agriculture practices. 

In Brazil, R&D studies are carried out on biofuel production and the 

development of biofuel plants for alternative energy sources. Sustainable forestry 

and soil management research is carried out in Brazil, where a significant amount 

of the world's forest wealth is located.  

In Turkey, R&D projects are being developed to ensure the efficient use of 

water resources, promote organic agriculture and popularize environmentally 

friendly production methods. Studies are also being carried out in the field of data 

analytics and smart agricultural technologies.  

The ratio of gross domestic R&D expenditure to gross domestic product 

(GDP) in Turkey increased from 0.80% in 2009 to 1.06% in 2019. Gross domestic 

R&D expenditure amounted to 45 billion 954 million TL in 2019. When we 

examine the education level of R&D personnel according to 2019 data, we see 

that 32.8% of them have a doctorate or higher, 24.6% have a master's degree, 

32.5% have a bachelor's degree, 5.1% have a vocational college and 5% have 

high school and below (Anonymous, 2023a).  
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R&D and innovation in agriculture are studies carried out to increase 

productivity, environmental sustainability, ensure food security and make the 

agricultural sector more efficient.  In today's world of rapid technological 

developments, the agricultural sector also has its share of this rapid development. 

Precision Agriculture was one of the concepts put forward to use technology in 

agricultural production. Today, the trend is the concept of Smart Farming. The 

rapid change in information technologies has inevitably started to affect the 

agricultural sector. If we determine the framework of the concept of precision 

agriculture and smart farming, precision agriculture is an agricultural system that 

increases productivity by mapping agricultural areas in detail with satellite 

images and sensors and by using water, fertilizer and other resources optimally 

(Morgan and Ess, 2003; Srinivasan, 2006). Smart agriculture is an agricultural 

system that enables more efficient and sustainable agriculture by monitoring soil 

moisture, weather conditions, plant growth and diseases in the agricultural field 

using technologies such as sensor technologies, remote monitoring, data analytics 

and artificial intelligence (Pivoto et al., 2017). In the smart agriculture approach, 

studies on artificial intelligence, deep learning, machine learning and data 

processing come to the fore. Smart agriculture is a management concept for the 

use of advanced technologies such as big data, cloud and Internet of Things (IoT) 

to monitor and analyze operations in the agricultural sector. In fact, precision 

agriculture and smart agriculture are not separate concepts, and today smart 

agriculture is used more inclusively instead of precision agriculture (Anonymous, 

2023b).  

Innovations used in agriculture can be summarized as geolocation systems, 

yield imaging and mapping technologies, soil sampling and mapping of soil 

properties, remote sensing technologies, technologies for determining field and 

crop conditions, data processing and decision-making technologies, variable-

level application of precision agriculture technologies, automatic steering, 

hydroponic and aeroponic systems, agricultural robots, biotechnology and 

pesticide management, agricultural data analytics, water management and 

recycling and energy efficiency studies (Keskin et al., 2018).  
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4- CONCLUSIONS AND RECOMMENDATIONS  

Productivity gains will be achieved through innovation. By using sensors, 

remote monitoring systems and data analytics for yield, soil moisture, plant 

growth, diseases and pests will be monitored more closely, reducing the 

unnecessary use of agricultural inputs.  

In order to ensure food security, innovation efforts will enable the 

development of more efficient production methods and plant species, while 

increasing food production and meeting the food needs of the growing world 

population. Thanks to genetic engineering and plant breeding studies, the 

nutritional value of plants will be increased, and better-quality products will be 

obtained. Developing plants that are resistant to the risks posed by climate change 

and other natural events will reduce the risks of agriculture. 

Innovation in agriculture supports the sustainable use of natural resources. 

Precision farming methods will optimize the use of water and fertilizers, reducing 

their environmental impact.  Innovation can increase farmers' incomes by 

providing better crop yields. Agricultural technologies and innovation will 

support economic growth by creating new jobs. 

Energy efficiency can be improved by using renewable energy sources and 

energy-efficient mechanization technologies. Innovation can improve the skills 

of farmers and technical staff by encouraging the learning of new methods and 

the sharing of this knowledge. 

Innovation in agriculture will make traditional agriculture more efficient, 

sustainable and effective by combining it with modern technology. It will shape 

a brighter future for the agricultural sector, benefiting both producers and 

consumers. 
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1. INTRODUCTION 

Copper stands out as a trace metal with a very important and versatile role in 

biological systems. In essence, it carries out transport and storage tasks inside the 

body by binding to ceruloplasmin, albumin, and other proteins. Furthermore, by 

forming complexes with biomolecules (particularly proteins and nucleic acids), 

externally applied copper compounds have an impact on biochemical processes 

(Iakovidis et al., 2011). The effect of copper on human health has been 

investigated in detail from molecular physiology and medical-chemical 

perspectives (Daniel et al., 2004). These studies reveal the important role of 

copper's transport, metabolism and homeostasis at the cellular level in human 

diseases (Balamurugan & Schaffner, 2006). The close relationship of copper with 

iron metabolism and the synergistic effects of these two elements have also been 

frequently emphasized in studies. Current research focuses on mechanisms 

related to copper homeostasis and iron metabolism, especially in order to better 

understand the effect of copper on physiological and pathological processes 

(Arredondo & Núñez, 2005). New methods for the detection and treatment of 

disorders linked to copper may be made possible by a deeper comprehension of 

these processes. 

Studies on various biochemical processes that could contribute to the 

biomedical applications of copper complexes are scarce, despite the fact that the 

homeostasis of inorganic uncomplexed copper in humans has been mainly 

established. The increasing interest in copper complexes stems from the potential 

applications of such compounds in health and medicine. These complexes are 

notable as antimicrobial, antiviral, anti-inflammatory, antitumor, enzyme 

inhibitor and chemical nuclease. They are effective in fighting infections, 

reducing inflammation, suppressing cancer cells and inhibiting enzyme activity. 

Copper complexes may be effective in combating bacteria and viruses, can be 

used to reduce inflammatory processes, may show tumor growth inhibitory or 

lethal effects in cancer treatment, may regulate biochemical processes by 

targeting the activity of specific enzymes, and may have the potential to modify 

or damage genetic material by targeting DNA (Jiang et al., 2022). These versatile 

biological activities of copper complexes carry the potential to offer innovative 

solutions in drug development and therapeutic applications. Therefore, research 

on the biochemical effects of copper complexes is of great importance in the 

fields of medicinal chemistry and biotechnology. In this study, the available data 

in the literature were examined by taking into account the different physiological 

activities of copper and especially the biochemical effects and potential 

applications of copper complexes were emphasized. 
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An important element in human health: Copper 

Organic copper found in foods is metabolized by the liver and transported and 

stored safely. However, inorganic copper in drinking water or copper 

supplements largely bypasses the liver and passes directly into the free copper 

pool in the bloodstream. This poses a potential risk of toxicity because inorganic 

copper can cross the blood-brain barrier. The stomach and small intestine absorb 

around half of the average person's daily dietary copper intake, which is about 25 

μmol or 1.5 mg. Portal blood that has been linked to albumin carries the absorbed 

copper to the liver. The liver transports copper to peripheral tissues via 

ceruloplasmin and albumin. Approximately 10% of the total body copper 

(approximately 1200 μmol or 80 mg) is stored in the liver. Bile transports excess 

copper into the gut, where it is expelled as feces. The total of unabsorbed dietary 

copper and copper expelled back into the gut is known as fecal copper excretion 

(Iakovidis et al., 2011). 

Copper homeostasis is maintained by the balance of absorption efficiency in 

the intestine and excretion via bile. Absorption efficiency is increased at low 

copper intake, while this efficiency is decreased at high intake. However, copper 

balance is mainly regulated by the endogenous excretion mechanisms of the liver. 

Copper is a key component of a number of metalloenzymes that are vital in 

many biological processes, such as hemoglobin synthesis, drug and xenobiotic 

metabolism, carbohydrate metabolism, catecholamine production, connective 

tissue protein cross-linking (e.g., collagen and elastin), and antioxidant defense 

mechanisms. Enzymes that require copper, including cytochrome c oxidase, 

superoxide dismutase, ferrooxidases, monoamine oxidase, and dopamine β-

monooxygenase, are involved in the reduction of reactive oxygen species (ROS) 

or molecular oxygen. These copper-dependent enzymes contribute to the 

reduction of ROS and molecular oxygen (Borkow & Gabbay, 2004). 

Copper deficiency is rare but is associated with symptoms such as normocytic 

and leukopenia, hypochromic anemia, and osteoporosis. Although this situation 

is not common in the general population, ensuring adequate copper intake is 

important for maintaining optimal health and metabolic processes. 

2. COPPER'S FUNCTİON İN HUMAN HEALTH AND HOW IT 

AFFECTS DİSORDERS 

2.1. Copper-Related Disorders and Oxidative Stress 

Copper plays a crucial role in maintaining health through its involvement in 

various enzymatic processes, but an imbalance in copper levels can lead to 



37 

significant health issues. Anemia, immunosuppression, liver and kidney damage, 

and developmental toxicity can all result from excessive copper exposure, even 

if copper homeostasis systems assist avoid toxicity. The main cause of these 

consequences is oxidative damage to macromolecules and cell membranes.  

Copper's ability to generate reactive oxygen species (ROS) contributes to 

oxidative stress, which is associated with a range of health problems. It is believed 

that copper induces tissue damage by generating free radicals in a manner similar 

to the Fenton reaction. Studies using the electron spin resonance (ESR) spin-

trapping technique have shown evidence of copper-mediated hydroxyl radical 

formation in living organisms. Interestingly, copper deficiency can also impair 

the oxidative defense system, leading to elevated ROS levels and oxidative 

damage to biomolecules such as lipids, DNA, and proteins, as seen in human cell 

culture models and clinically evident copper deficiency (Bonham et al., 2002; 

Gaetke, 2003). While excessive copper can damage DNA and interfere with its 

repair, it can also bind to cysteine thiols, causing oxidation and cross-linking of 

proteins. This disruption in protein structure and function can interfere with 

cellular processes. Thus, copper has a "double-edged sword" effect, where both 

its excess and deficiency can be harmful. Maintaining copper homeostasis is 

essential to prevent oxidative stress and safeguard overall health (“Spotlight,” 

2010). 

2.1.1. Wilson's Disease (WD) 

Wilson's disease (WD) is an autosomal recessive disorder of copper 

metabolism caused by a genetic mutation in the ATP7B gene (Bull et al., 1993). 

The ATP7B gene is responsible for encoding a copper transport protein found in 

the trans-Golgi network. This protein plays a vital role in directing copper to the 

secretory pathway, facilitating its binding to ceruloplasmin and enabling its 

excretion into bile (Gitlin, 2003). The pathophysiology of Wilson's disease is 

characterized by excessive copper accumulation and the resulting oxidative 

damage, activation of cell death pathways, and eventual copper leakage into the 

plasma pool. As a result, copper accumulation occurs in extrahepatic tissues. 

Hepatic copper overload is characterized histopathologically by swollen 

hepatocytes, inflammation, and cytoskeletal changes in individuals with WD, and 

this process eventually leads to cirrhosis (Müller et al., 2004). Wilson's disease 

may present with severe neurological symptoms. However, if diagnosed in a 

timely manner, treatment is possible. Treatment options include chelating agents, 

low-copper diets, and high-zinc (Zn) supplements (Brewer & Askari, 2005). 

2.1.2. Menkes Disease (MD). 
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The X-linked recessive condition known as Menkes disease (MD) is brought 

on by mutations in the ATP7A gene, which transports copper (Tang et al., 2008). 

This gene functions as a pump that transports copper into and out of cells, 

specifically providing transport to the trans-Golgi network for enzymes that 

require copper. In Menkes disease, copper trafficking within the cell is impaired, 

but copper uptake in peripheral tissues is normal. The real source of the problem 

is severely impaired copper absorption in the gastrointestinal tract. This leads to 

a deficiency of developmentally important copper enzymes, and as a result, 

replaceable copper deficiency develops (DiDonato & Sarkar, 1997). The clinical 

manifestations of MD include a disease process that begins in infancy and ends 

in progressive neurological disorders and death. Copper deficiency, especially in 

the fetal brain, leads to severe brain damage. Preventing copper absorption from 

the intestines has a devastating effect on brain development, so early diagnosis 

and treatment are of great importance. In peripheral tissues, copper can 

accumulate in the form of metallothionein, but the disruption of intracellular 

copper traffic prevents the normal use of copper in the body (Tapiero et al., 2003). 

2.1.3. Alzheimer’s Disease (AD). 

Alzheimer's disease (AD) is a degenerative neurological disorder marked by 

progressive cognitive decline and loss of functional abilities. In patients with AD, 

increased cerebrospinal fluid copper levels have been observed with normal 

plasma copper levels. In addition, some studies have reported increased free 

copper plasma levels in patients with AD. In a rabbit model, studies found that 

trace amounts of copper (0.12 ppm) added to drinking water worsened AD brain 

pathology and cognitive function loss (Brewer, 2009; Squitti et al., 2021). These 

conclusions are corroborated by population-based research that suggests diets 

high in saturated and trans fats and high copper intake may be linked to faster 

cognitive deterioration. Copper's involvement in AD may be linked to its 

interactions with β-amyloid peptide and amyloid precursor protein, specifically 

in amyloid plaques and neurofibrillary tangles. Through cellular oxidative stress, 

this interaction might play a role in the disease's etiology. By preventing 

amyloidogenic peptide from aggregating and lowering β-amyloid peptide 

oxidation, copper ions can lower reactive oxygen species (ROS) generation. The 

precise molecular process, however, is unknown from research on copper 

metabolism in prion disorders and Alzheimer's disease (Haeffner et al., 2005). It 

has been commonly recognized that Alzheimer's disease is caused by aberrant 

brain copper distribution, copper buildup in amyloid plaques, and copper 

deficiency in surrounding cells, even though recent research have demonstrated 

that copper prevents the creation and accumulation of β-amyloid plaques in vitro. 
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To precisely grasp copper's role in AD, more research is necessary (Hureau & 

Faller, 2009). 

2.1.4. Cancer 

Increased levels of ceruloplasmin and copper have been observed in various 

tissues in association with cancer. Ceruloplasmin is a protein that carries 

approximately 90% of serum copper and has been associated with cancer 

progression. However, the evaluation of copper deficiency as an anticancer 

strategy is an interesting area of research, although clinical studies have generally 

not been encouraging. Copper's precise function in the development of cancer is 

unknown, however it is most likely related to oxidative stress and the generation 

of reactive oxygen species (ROS) (Goodman et al., 2004; Gupte & Mumper, 

2009). 

Additionally, recent research has demonstrated that copper proteins are linked 

to metabolic alterations in cancer cells. Copper is also essential for angiogenesis, 

or the creation of new blood vessels, where it plays a crucial role, especially by 

promoting the migration and proliferation of human endothelial cells. These 

findings reveal an important aspect of understanding the potential role of copper 

in the development and progression of cancer. However, more research is needed 

to fully understand the effects of copper on cancer (Tisato et al., 2010). 

3. LİGAND-BASED COPPER COORDİNATİON COMPOUNDS 

WİTH DİFFERENT DONOR ATOMS  

3.1. N- and O-Donor Ligands 

Ligands containing N&O donor sites have a significant effect on the chemical 

behavior and structural properties of transition metal complexes. Such ligands 

have bidentate or polydentate binding modes, being able to bind to the metal 

center via both nitrogen (N) and oxygen (O) atoms. 

In a study, copper(II) complexes containing N,O-donor isoxazole Schiff base 

ligands (Figure 1) were synthesized and characterized by various methods. The 

analyses showed that the complexes have a square planar structure. The 

interactions of these complexes with DNA were examined by UV-vis absorption 

and fluorescence quenching titration measurements and it was determined that 

they bind with CT-DNA in an intercalative binding mode. The binding affinity 

order was found to be C1 > C3 > C2. 

DNA cleavege activities of the complexes were tested on supercoiled plasmid 

DNA (pBR 322) in the presence of H₂O₂ (oxidative cleavege) and UV light 

(photolytic cleavege). The results showed that all complexes exhibited significant 
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DNA cleavege activities. In addition, it was determined that the antimicrobial 

activity of Cu(II) complexes was higher compared to free Schiff bases. This 

increase was attributed to the coordination effect of the copper ion (Pradeep 

Kumar et al., 2023). 

 

Figure 1 isoxazole Schiff bases and their binary Cu(II) complexes 

Two aspirin anions (A) and the phenanthroline derivative N-(1,10-

phenanthroline-5-yl)-nonanamide (L) were produced as ligands for a copper(II) 

complex called CuLA (Figure 2). CuLA demonstrated exceptional DNA cleavage 

and cytotoxicity. Significant cell arrest in the G1 phase and a comparatively low 

amount of cellular ROS were noted in SKOV-3 cells treated with the 

combination.  

The redox activity of the copper(II) center was only marginally impacted by 

the addition of aspirin to the copper complex as compared to the analog of CuLA, 

while the complex's mitochondrial accumulation was greatly boosted. Significant 

impairment of mitochondrial activities resulted, and more significantly, aspirin 

showed anti-inflammatory potential by inhibiting COX-2 to the complex in LPS-

stimulated macrophages. Given the detrimental consequences of conventional 

platinum-based chemotherapeutics and the beneficial role of inflammatory 

cytokines in the tumor microenvironment, copper complexes with various 

cellular targets and anti-inflammatory properties may signal a new direction in 

the development of anticancer medications (Shi et al., 2019). 
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Figure 2 Copper complexes with ligand L via a synthetic pathway. Aspirin is referred to 

as Asp. 

3.2. N- and S-Donor Ligands 

In recent years, N, S donor ligand transition metal complexes have become an 

important area of research due to their encouraging results in antibacterial and 

antifungal activities. Among these complexes, thiosemicarbazones stand out as 

strong sulfur donor ligands, especially for transition metal ions. 

The biological activity of thiosemicarbazones and their derivatives generally 

increases as a result of complexation with metal ions. This increase results from 

the interaction of the ligands with the transition metal, resulting in a more 

effective structure that benefits from the properties of both the ligand and the 

metal (Byrnes et al., 1990; Chandra & Sharma, 2009; Mishra & Soni, 2008; Singh 

et al., 2006). 

Pyrazole-based metal complexes are among the compounds that attract 

attention as anticancer agents due to their N, S donor properties. These complexes 

show biological activity by providing strong coordination to metal ions through 

the nitrogen atom of the pyrazole ring and the attached sulfur groups (Ansari et 

al., 2017; Tigreros & Portilla, 2020). 

Metal complexes of ligands obtained by the interaction of carvone with 

thiosemicarbazones (Figure 3) were synthesized and the free radical scavenging 

activity of these compounds was investigated. The investigated compounds 
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exhibited quite strong antioxidant activity and this showed that the test compound 

ligand IPMCHTSC and IMCHPhTSC and their complexes have strong 

antioxidant properties. 

Tests conducted under laboratory conditions revealed that the synthesized 

compounds have great potential as synthetic antioxidants. The results indicate 

that these compounds can be used as dietary antioxidants and may have positive 

effects on health due to their free radical damage preventing properties. These 

findings emphasize the potential of metal complexes and organic ligands to 

increase antioxidant activities (Choudhary et al., 2011). 

 

Figure 3 Structural formula for the carvone thiosemicarbazone complexes 

The coordination of the copper center to free ligands was crucial in enhancing 

inhibition, according to the MTT assay analysis of a group of N, S donor 

pyrazole-based ligands and their Cu(II) complexes (Figure 4). These complexes 

may be good candidates for additional testing for anticancer applications. 

Compared to other synthetic compounds, the complex [Cu(EtNCSPz)2] exhibited 

superior activity in the in vitro MTT experiment. Docking experiments found that 

when the copper core was coordinated with ligands, the complexes interacted 

better than when the ligands were unbound. Additionally, the CDK2 protein-

bound complex [Cu(PhNCSPzMe3)2] (18) and the EGFR-bound ligand 

Na[PhNCSPzPh2] (10) had the greatest binding energies of all the compounds 

that were examined, with a binding energy of -9.81 kcal/mol and -8.85 kcal/mol, 

respectively. On the other hand, QSAR studies showed that the dipole moment 

value was directly related to the IC50 values obtained and had a strong effect on 

the anticancer cytotoxicity response (Ghorbanpour et al., 2022). 
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Figure 4 As anticancer drugs, copper (II) complexes with ligands based on N, S donor 

pyrazoles 

Cu-ATSM 14 (Figure 5) is a biologically active copper coordination 

compound based on thiosemicarbazide and has been used as a PET hypoxia 

imaging agent in head and neck cancers by labeling with radioactive isotopes 

such as 64Cu, 62Cu, 60Cu. Clinical studies have shown that Cu-ATSM provides 

better results compared to the widely used 18-fluorodeoxyglucose (FDG). The 

accumulation of the drug in hypoxic regions has been associated with 

Cu(II)/Cu(I) redox transitions. 

The hypoxia-specific working mechanism of Cu-ATSM includes the 

following: Entry into the cell via passive diffusion begins with the passive entry 

of Cu-ATSM labeled with radioactive isotope into the cells. In the intracellular 

environment, Cu(II) compound is reduced to Cu(I). In normoxic conditions, Cu(I) 

is rapidly oxidized to Cu(II) by intracellular oxygen and leaves the cell. Under 

hypoxic conditions, Cu(I) becomes stable and dissociates into the ligand-metal 

ion. This process leads to the accumulation of the radionuclide in hypoxic tumor 

regions. It binds to intracellular chaperone proteins, providing hypoxia-specific 

targeting. 

This mechanism ensures that Cu-ATSM accumulates only in hypoxic tumor 

cells, while preventing damage to healthy cells. This selectivity makes Cu-ATSM 

a promising agent for both hypoxia imaging and potential cancer therapy. 
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Figure 5 The cellular 64Cu-ATSM uptake and retention mechanism can be summarized 

as follows: Under hypoxic conditions, Cu(II)-ATSM (oxidation state of copper-64 +II) is 

reduced to Cu(I)-ATSM (oxidation state of copper-64 +I) via intracellular reduction pro-

cesses. This reduction leads to the destabilization of the complex and releases free copper-

64. The released copper-64 is captured by intracellular copper chaperone proteins and 

accumulates there. This process is an important mechanism for effective imaging and 

targeting of hypoxic regions. 
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3.3. N/N Donor Ligands 

N-donor ligands are ligands that contain one or more nitrogen atoms in their 

structure and coordinate to a metal ion through these nitrogen atoms. The nitrogen 

atom carries a free electron pair (lone pair) to form a bond with the metal ion. 

This feature allows N-donor ligands to form stable complexes with transition 

metals and other metal ions. N-donor ligands have a wide range of uses in 

coordination chemistry due to their strong binding ability to metals and their 

flexibility.  

The newly synthesized copper(II) heteroleptic mononuclear complexes have 

been extensively studied in terms of both their structural and biological 

properties, and very promising results have been obtained. These copper(II) 

complexes containing N/N donor ligands have been successfully synthesized and 

structurally characterized. Such complexes are known to exhibit high stability 

and biological activity in coordination chemistry. 

Their interactions with DNA were studied by UV-vis absorption, fluorescence 

and CD (circular dichroism) titrations, and it was determined that the complexes 

exhibited intercalative binding to DNA (Figure 6). Intercalative binding means 

that the complex inserts between DNA base pairs and creates changes in the 

structure of DNA, and this mechanism is generally of critical importance for the 

effectiveness of anticancer agents. Protein interaction studies were performed 

using BSA (bovine serum albumin). These studies showed that the complexes 

interacted with the protein via a static quenching mechanism. Static quenching 

revealed that the complexes formed a stable complex with BSA and could play 

an important role in drug transport processes in biological systems. In vitro 

cytotoxicity studies of the complexes on HepG-2 (hepatocellular carcinoma) cell 

line showed that they had effective cytotoxic activity and provided satisfactory 

IC₅₀ values. These results indicate that the complexes have a high potential to 

inhibit the growth of cancer cells and are promising in terms of anticancer drug 

development processes. In conclusion, the interaction with DNA, protein binding 

and cytotoxicity properties of these complexes have made them valuable 

candidates for anticancer drug development processes. In addition, they offer 

potential application areas for advanced biological studies such as genomic 

effects and topoisomerase activities. The use of such complexes in areas such as 

cancer therapy and biomolecule interactions can provide significant contributions 

to future drug development processes. However, the examination of additional 

parameters such as biological safety, specific targeting capabilities and 

pharmacokinetic properties of these complexes is of critical importance for 

transition to clinical applications (Tummalapalli et al., 2017). 
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Figure 6 Spectra of electronic absorption showing the titration of complexes 1–4 against 

DNA. The arrows show that as the concentration of DNA increases (0–26 μM), the ab-

sorbance decreases. The inset graph's intercept can be used to compute the intrinsic bind-

ing constant. 

Using bioactive chromone pharmacophore and N,N-donor auxiliary ligands, 

three new copper(II) therapeutic complexes were created for application as 

anticancer chemotherapeutic drugs. The interactions of these complexes with ct-

DNA and tRNA (Table 1), as well as the structure-activity connections between 

them, were investigated using UV-vis, fluorescence, EPR, and circular dichroism 

techniques. Research showed that the complexes have a greater affinity for 

binding tRNA than ct-DNA. Additionally, it was shown that the biological 

activity was greatly impacted by structural alterations of the N,N-donor ligands 

utilized in the complexes, such as 1,10-phenanthroline, 2,2′-bipyridine, and 

1R,2R-DACH. 

The single-strand cleavage activity of the complexes with pBR322 DNA was 

examined and it was determined that all complexes exhibited effective cleavage 

ability via oxidative mechanisms. This mechanism includes reactive oxygen 

species (ROS), singlet oxygen (1O₂), superoxide anion (O₂˙⁻) and peroxide-

assisted cleavage reactions. Similarly, the cleavage activity of the complexes on 

tRNA was also effectively performed depending on time and concentration. 

The in vitro cytotoxic activities of the complexes were evaluated in four 

different human cancer cell lines using the SRB assay. The results showed that 
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the GI₅₀ value of the synthesized complexes was <10 μg mL⁻¹ (<20 μM) in most 

cell lines. Growth curve data revealed that especially complex 1 showed high 

activity against MIA-Pa-Ca-2 (pancreatic cancer), HeLa (cervical cancer) and 

MCF-7 (breast cancer) cell lines and had a stronger cytotoxic effect compared to 

the standard drug adriamycin (ADR). Complexes 2 and 3 were found to be 

effective on a wide spectrum of cancer cells. 

Particularly, complex 1 showed great promise for chemotherapeutic 

interventions in pancreatic cancers, while other complexes exhibited an active 

profile against most of the cancer cell lines tested. These results suggest that the 

synthesized copper(II) complexes are strong candidates for future investigations 

as antitumor chemotherapeutic agents (Arjmand et al., 2018). 

Table 1 The binding constant values for interaction of complexes 1–3 with ct-

DNA/tRNA 

Complexes   Absorption spectroscopy Kb (×104 M−1) 

Emission spectroscopy 

K (×104 M−1) Ksv (×104 M−1) 

1 ct-DNA 5.81(±0.2) 4.77(±0.31) 6.12(±0.05) 

tRNA 9.4(±0.11) 8.4(±0.1) 9.4(±0.4) 

2 ct-DNA 2.5(±0.4) 1.8(±0.08) 3.8(±0.13) 

tRNA 4.7(±0.2) 5.6(±0.05) 7.2(±0.1) 

3 ct-DNA 3.05(±0.1) 3.89(±0.4) 4.68(±0.02) 

tRNA 2(±0.12) 6.8(±0.21) 8.8(±0.5) 

3.4. S Donor Ligands 

S donor ligands are ligands that contain sulfur atoms and can bind to metal 

ions through these atoms. These ligands generally have an important place in 

coordination chemistry due to their high coordination abilities and chemical 

diversity. S/S donor ligands can bind to transition metals and heavy metal ions 

with high affinity thanks to the strong donor properties of sulfur atoms. S/S donor 

ligands offer innovative solutions in various areas by modulating both the 

chemical and biological properties of the complexes they form with metals. 

Disulfiram, originally developed for alcoholism treatment, has demonstrated sig-

nificant anticancer potential in recent studies, particularly against hematological 
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malignancies and solid tumors. However, its clinical use in cancer therapy has 

been limited due to instability in gastric conditions and rapid degradation in the 

bloodstream. This study addresses these challenges by encapsulating disulfiram 

in folate-receptor-targeted PLGA nanoparticles (NPs), allowing for targeted de-

livery, controlled release, and enhanced stability. 

Physicochemical properties, such as size and morphology, were optimized to 

exploit the enhanced permeability and retention (EPR) effect, enabling NPs (10–

220 nm) to penetrate leaky tumor vasculature while avoiding rapid renal 

clearance or elimination by the immune system. Folate-conjugated NPs (DS-PPF-

NPs) exhibited higher drug content, improved encapsulation efficiency, and a 

sustained release profile, with an initial burst followed by prolonged release over 

96 hours. 

Targeted delivery of DS-PPF-NPs was particularly effective against folate 

receptor-positive breast cancer cells (MCF7), demonstrating superior cellular 

uptake via folate receptor-mediated endocytosis. Folate conjugation further 

enhanced the affinity and cytotoxicity of the NPs, leading to increased ROS 

production and apoptosis induction in MCF7 cells compared to free disulfiram or 

non-targeted NPs (DS-P-NPs). 

MTT assays confirmed that disulfiram-loaded NPs were significantly more 

cytotoxic to breast cancer cell lines (MCF7 and 4T1) than free disulfiram, likely 

due to higher cellular internalization and the ability to bypass drug resistance 

mechanisms such as P-glycoprotein pumps. In vivo studies revealed notable 

tumor growth inhibition, attributed to the improved stability and accumulation of 

encapsulated disulfiram at the tumor site. 

Overall, encapsulating disulfiram in folate-receptor-targeted PLGA-PEG NPs 

(Figure 7) provides a promising strategy for enhancing its therapeutic efficacy, 

offering a cost-effective and clinically translatable approach to cancer treatment 

(Fasehee et al., 2016). 
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Figure 7 A representation of PLGA-PEG-folate synthesis and NPs preparation procedure 

The study by Yang et al. investigates the anti-tumor effects of DSF-Cu 

(Disulfiram-Copper), a drug traditionally used for alcoholism treatment, on 

nasopharyngeal cancer cells (CNE-2Z) and normal epithelial cells (NP69-

SV40T) (Figure 8). The findings show that DSF-Cu selectively induced apoptosis 

in CNE-2Z cells without affecting NP69-SV40T cells, causing significant G2/M 

phase arrest by disrupting α-tubulin and microtubule structures, which inhibited 

cancer cell proliferation. Additionally, DSF-Cu generated excessive ROS, 

triggering the NF-κB signaling pathway, leading to inflammation and apoptosis. 

The study also observed changes in cell membrane ultrastructure, including 

shrinkage and surface smoothing, in CNE-2Z cells. Furthermore, DSF-Cu 

increased cell stiffness and adhesion, suggesting a disruption of the cytoskeleton. 

The treatment also upregulated E-cadherin expression, promoting stronger cell 

adhesion and reducing migration, which could inhibit tumor progression. Overall, 

DSF-Cu shows promise as a treatment for nasopharyngeal carcinoma due to its 

ability to alter cancer cell mechanics and induce cell death (Yang et al., 2017). 
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Figure 8 In human nasopharyngeal cancer CNE-2Z cells, DSF-Cu caused cytotoxicity. 

(a) Time-dependent and dose-dependent curves for CNE-2Z and NP69-SV40T cells 

treated with DSF-Cu 400 nM and different concentrations of DSF chelated with 10 μM 

CuCl2 for 6 hours, respectively (b) Illustrations of DSF-Cu-induced apoptosis in NP69-

SV40T and CNE-2Z cells (c) A statistical examination of the G2/M cell cycle arrest 

caused by DSF-Cu in NP69-SV40T and CNE-2Z cells (d) and statistical analysis (e) **P 

< 0.01 in relation to control. The statistical analysis (g) and the Western blot analysis (f) 

show that DSF-Cu inhibits the NF-κB signaling-related protein p65 in CNE-2Z and 

NP69-SV40T cells 
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3.5. N-, O-, and S-Donor Ligands 

O-, N-, and S-tridentate ligands are molecules that bind three donor atoms 

(usually oxygen, nitrogen, and sulfur) to a metal atom. Such ligands form strong 

and stable complexes with the metal and are often found in important compounds 

in coordination chemistry. Tridentate ligands increase stability by binding to the 

metal atoms at three sites, because this bonding style provides a stronger and 

more symmetrical interaction with the metal center. These tridentate ligands form 

5- or 6-membered ring structures by binding to the metal at three different sites. 

The stability of such structures is due to the way the ligand bonds to the metal. 

The coordination environment of the metal is usually stronger and more stable, 

because these structures have a property called the "chelating effect." The 

chelating effect allows the ligand to form a stronger and tighter bond around the 

metal atom. O-, N-, and S-tridentate ligands bind to the metal center, changing 

the chemical and physical properties of the complex. These complexes are widely 

used in catalysts, biological systems, medical applications and analytical 

chemistry. 

Recent studies suggest new perspectives for thiosemicarbazones (TSCs) as 

anticancer agents, particularly their metal complexes. While TSCs with 2-pyridyl 

groups have been widely studied, salicylaldehyde derivatives also show 

promising potential. Copper(II) complexes of these derivatives (1-6) (Figure 9) 

exhibit remarkable anticancer activity, being much more effective than cisplatin 

against various cancer cell lines, including pancreatic and colon cancers. 

Complex 1 is notably more effective than cisplatin, showing potent activity in 

resistant spheroid models, which are more representative of real tumors. The 

study highlights the importance of subtle structural variations in the ligands, with 

copper(II) complexes formed from 3-methoxy 2-hydroxyphenyl 

thiosemicarbazones being more active than others. The complexes primarily 

localize in mitochondria and target Protein Disulfide Isomerase (PDI), a copper-

binding protein involved in cancer cell survival. Unlike other metal-based TSC 

complexes, these copper complexes do not induce significant oxidative stress but 

inhibit PDI with much higher potency than Bacitracin, a standard inhibitor. PDI 

is found in multiple cellular locations, including the surface, mitochondria, 

nucleus, and cytosol. The compounds may inhibit mitochondrial PDI, leading to 

cancer cell death without oxidative stress. Further studies are needed to clarify 

the exact mechanism of action. Preliminary in vivo results are encouraging, and 

despite challenges with solubility, these metal-based TSC complexes show great 

promise as cancer therapies (Carcelli et al., 2020). 
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Figure 9 The ligands HL1-HL6 and the corresponding copper(II) complexes 1–6. 

Qasem Ali et al. have produced and studied six Cu(II) complexes (Figure 10) 

with tridentate ligands using a variety of spectroscopic techniques. Single-crystal 

X-ray crystallography was used to determine the crystal structures of CuL2 and 

CuL3, which showed 5-coordinate complexes with deformed square-pyramidal 

geometry. Viscosity measurements, UV spectra, and fluorescence spectra were 

used to examine the complexes' binding interactions with CT-DNA. The results 

showed an intercalative binding mode. The range of the binding constants (Kb) 

was 1.6 × 10⁵ to 14.6 × 10⁵ M⁻¹. The complexes' ability to cause plasmid DNA 

breakage in a concentration-dependent manner was demonstrated by gel 

electrophoresis tests. 

While CuL3–CuL6 showed both oxidative and hydrolytic DNA cleavage 

capabilities, CuL1 and CuL2 only showed oxidative DNA cleavage. Dose-

dependent cytotoxicity with low IC₅₀ values ranging from 0.08 to 8.6 μM was 

found in in vitro anti-proliferative experiments against the human colon cancer 

cell line (HCT 116). Complexes exhibited higher anti-proliferative effects than 

the conventional medication 5-fluorouracil (IC₅₀ = 7.3 μM) (Ali et al., 2014). 
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Figure 10 Synthetic route and structures for the compounds CuL1–CuL6. 

4. CONCLUSİON 

Copper is an essential trace element with a multifaceted role in human health, 

impacting various biochemical processes and physiological functions. Its im-

portance spans from enzymatic activity to cellular metabolism and oxidative 

stress regulation. Both deficiency and excess of copper can lead to significant 

health issues, emphasizing the need for a balanced homeostasis. The biomedical 

potential of copper complexes has emerged as a promising field of research, 

showcasing antimicrobial, anti-inflammatory, and antitumor activities. These 

complexes’ ability to interact with DNA, modulate oxidative mechanisms, and 

target specific cellular pathways highlights their therapeutic versatility. Addition-

ally, copper's role in diseases like Wilson's disease, Menkes disease, Alzheimer's, 

and cancer underscores its dual nature as both a vital nutrient and a potential con-

tributor to pathological states. The development of innovative copper-based com-

pounds, particularly through the strategic design of ligands with tailored donor 

properties (N, O, S), opens new horizons in medicinal chemistry. These advances 

present significant opportunities for creating effective and targeted therapeutic 

agents, particularly in cancer and neurodegenerative disease treatments. In con-

clusion, copper’s dual role in health and disease necessitates careful modulation 

to harness its therapeutic potential. Continued interdisciplinary research into cop-

per's biochemical roles and the development of advanced coordination com-

pounds holds great promise for future medical breakthroughs. 
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1. INTRODUCTION 

Copper plays important roles in vital biochemical processes in organisms 

(Festa & Thiele, 2011; Peña et al., 2019; Tisato et al., 2010). Its function as a 

catalytic cofactor in redox and metabolic reactions and its being a basic 

component in the structure of many enzymes show that it is indispensable for 

biochemical mechanisms (Ruiz-Azuara & E. Bravo-Gomez, 2010). In recent 

years, copper complexes have come to the forefront in cancer treatment research. 

These molecules attract great attention due to their biological activity and effects 

on cellular processes (Mariani et al., 2021; McGivern et al., 2018; Mo et al., 

2018). 

The variable coordination structures and catalytic properties of copper 

complexes make them an important component in the active sites of enzymes. 

These properties mediate many biochemical reactions at the cellular level. 

Studies show that cancer cells have a higher affinity for copper ions compared to 

other metals and absorb these ions more easily. The uptake of copper ions into 

the cell may contribute to processes that promote blood vessel formation and 

metastasis (Gou et al., 2021; Iovan et al., 2017; YANG et al., 2015). 

The therapeutic effects of copper complexes are based on various 

mechanisms. It can induce tumor cell death by increasing reactive oxygen species 

(ROS), disrupt protein homeostasis by inhibiting proteasome, and prevent vessel 

formation that provides nutrition to cancer cells with its anti-angiogenesis effect. 

In addition, copper complexes trigger tumor cell death by covalently binding to 

the DNA of cancer cells. This mechanism offers a broader antitumor spectrum of 

action compared to cisplatin, while reducing the risk of toxicity and resistance 

(YANG et al., 2015). 

Copper complexes have lower toxicity, fewer side effects, and a lower risk of 

developing cellular resistance than traditional chemotherapeutic agents, making 

them a promising option in cancer treatment. In addition, the ability to increase 

the specificity of these complexes to biological targets through structural 

modifications shows the potential to optimize their therapeutic efficacy. 

Therefore, the investigation of the biochemical role of copper and the therapeutic 

potential of copper complexes continues to open new doors in the field of cancer 

biology and treatment (Chaston et al., 2004; Kaczmarek et al., 2018; Wu et al., 

2023). 

Copper indeed exists in two common oxidation states: Cu(I) (cuprous) and 

Cu(II) (cupric). Here’s a detailed breakdown of their characteristics based on your 

description: 



60 

Cu(I) (Copper Ions in the +1 Oxidation State): 

Electronic Configuration of Cu(I) is [Ar] 3d¹⁰. This full 3d orbital results in 

no unpaired electrons, making Cu(I) diamagnetic. Diamagnetic because of the 

absence of unpaired electrons. Typically larger than Cu(II) due to its lower 

charge, but specific data is required for comparison. 

Cu(II) (Copper Ions in the +2 Oxidation State): 

Electronic Configuration of Cu(II) is [Ar] 3d⁹. The 3d orbital has one unpaired 

electron. Paramagnetic due to the presence of the single unpaired electron. 

Approximately 0.73 Å, smaller than Cu(I) because of its higher positive charge, 

which pulls electrons closer to the nucleus. 

Significance of Magnetic Properties: 

• Diamagnetism in Cu(I) arises from paired electrons in its orbitals, leading 

to no net magnetic moment. 

• Paramagnetism in Cu(II) stems from the unpaired electron in the 3d or-

bital, which aligns with external magnetic fields and exhibits weak at-

traction. 

These properties play critical roles in the chemistry of copper compounds, 

influencing their reactivity, bonding, and interaction with ligands in coordination 

complexes. 

The crystal field effect causes the d-orbitals of the Cu2+ ion (d9) to divide into 

t2g and eg levels in an octahedral crystal field. The electronic configuration of Cu2+ 

in an octahedral crystal field is t2g
6eg

3, which corresponds to the 2Eg  term as the 

ground state. The eg orbitals are partially filled, making this configuration prone 

to distortions caused by the Jahn-Teller effect.  The excited state configuration is 

t2g
5eg

4, corresponding to the 2T2g term. The only expected electronic transition is 
2Eg→

2T2g, with an energy difference of 10Dq, representing the crystal field 

splitting energy in an ideal octahedral field.  

Due to the partially filled eg orbitals in the d9 configuration, Cu2+ often exhibits 

Jahn-Teller distortion. This distortion lowers the symmetry from octahedral to 

tetragonal, resulting in: 

o Elongation: Compared to equatorial bonds, axial bonds are 

longer. 

o Compression: Compared to equatorial bonds, axial bonds are 

shorter. 
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The tetragonal distortion causes further splitting of the eg and t2 levels. This 

alters the energy levels, broadens spectral lines, and may allow additional 

electronic transitions depending on the degree of distortion. 

In the ground state 2Eg , due to the Jahn-Teller effect, a splitting is observed, 

leading to a reduction in symmetry for the Cu2+ ion. In tetragonal symmetry, this 

splitting results in the 2Eg  ground state dividing into 2B1g(dx
2−y

2) and 
2A1g(dz

2)states. Similarly, the excited 2T2g term splits into 2B2g(dxy) and 2Eg(dxz, 

dyz) levels. 

The 2Eg ground state further splits into 2A1g(dx
2−y

2) and 2A2g(dz
2) in a rhombic 

(D2h) field, whereas the 2T2g term breaks into 2B1g(dxy), 
2B2g(dxz), and 2B3g(dyz). 

In an elongated tetragonal field, the energy level diagram for d-orbitals 

displays the splitting caused by axial elongation (Chemistry, 2023), with the 

dx
2−y

2 having the highest energy, followed by dz
2, dxy, and dxz/dyz orbitals. This is 

illustrated schematically in Figure 1. 

 

Figure 1 Illustration of tetragonal distortion (elongation) for an octahedral complex. 
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Figure 2 Illustration of tetragonal distortion (compression) for an octahedral complex. 

A contraction in the equatorial xy-plane or a tetragonal elongation along the 

z-axis are the usual characteristics of the Jahn-Teller distortion (Figure 2) 

(Chemistry, 2023) seen in Cu2+ complexes. In extreme cases, this distortion can 

lead to a square planar geometry, reducing the symmetry to D4h. 

For Cu2+ in octahedral coordination with rhombic symmetry, the ground state 
2A1g(dx

2−y
2) transitions to the following excited states: 

1. 2A1g(dx
2−y

2)→2A2g(dz
2) 

2. 2A1g(dx
2−y

2)→2B1g(dxy) 

3. 2A1g(dx
2−y

2)→2B2g(dxz) 

4. 2A1g(dx
2−y

2)→2B3g(dyz) 

These transitions correspond to the energy differences arising from the 

splitting of the d-orbitals in the rhombic field, as depicted in Figure 6. 

In the rhombic field, the most intense optical absorption band is typically the 
2A1g(dx

2−y
2)→2B1g(dxy) transition. The energy of this transition is directly related 

to 10Dq, which depends on the nature of the ligands and the surrounding crystal 

field environment (Li et al., 2012). 



63 

 

Figure 3 Energy level diagram of d-orbitals in rhombic distortion. 

In this work, [CuL2] complex of (Z)-4-methyl-N'-(phenyl(pyridin-2-

yl)methylene)benzenesulfonohydrazide has been synthesized. The structure of 

the synthesized complex was investigated by elemental analysis, IR and UV-vis 

spectroscopy methods. 

2. EXPERİMENTAL 

2.1. Materials 

Sigma/Aldrich provided all of the materials used in this experiment, which 

were utilized exactly as supplied. All of the compounds that were utilized without 

additional purification were of reagent grade and were acquired from commercial 

vendors. 

2.2. Physical measurements 

Elemental analysis was performed using the Thermo Flash 2000 Elemental 

Analyzer. A Thermo Evolution UV-Visible Spectrophotometer running at room 

temperature in DMSO solution between 200 and 1100 nm was used to record the 

electronic absorption spectra of the title compounds. The Thermo Scientific 

Nicolet iS10 FT-IR spectrophotometer was utilized to record the infrared 

spectrum utilizing ATR. 
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2.3. Synthesis of compounds 

2.3.1. Synthesis of HL 

The synthesis of the HL ligand ((Z)-4-methyl-N'-(phenyl(pyridin-2-

yl)methylene)benzenesulfonohydrazide) was carried out according to literature 

work (Çınarlı et al., 2019).  

2.3.2. Synthesis of [CuL2] 

A heated solution of HL (0.301 g, 1 mmol) in ethanol (20 mL) was mixed with 

a solution of Cu(CO2CH3)2 · H2O (0.099 g, 0.05 mmol) in ethanol (10 mL). For 

five to six hours, the reaction mixture was refluxed. The dark brown precipitate 

was filtered and allowed to air dry. Scheme 1 displays the chemical structure of 

[CuL2]. 

Scheme 1 Chemical structures of [CuL2]  

3. RESULTS  

3.1.  Elemental Analysis of [CuL2] 

The theoretical and experimental elemental analysis results of the complex 

[CuL2] are given in Table 1. When the elemental analysis results of the complex 

are examined, it is seen that the experimental and theoretical results are in 

harmony. 

Table 1 Theoretical and experimental elemental analysis results of the complex [CuL2] 

[CuL2] %C %H %N %S 

Theoretical 59,71 4,22 10,99 8,39 

Experimental 60,64 4,17 10,35 7,88 
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3.2. IR studies of [CuL2]  

The distinctive absorption bands at 3066, 1578, 1532, 1347, and 1166 cm-1 in 

the compounds' infrared spectra are caused by n (N-H)(hydrazinic), v(C=N)azo, 

ν(C=N)pyr, νas(SO2), and νs (SO2), respectively (Çınarlı et al., 2019). 

The absence of the ν(N−H) band at 3066 cm−1 in the complex's IR spectrum 

indicates the deprotonation of the hydrazinic N−H group during coordination (Ali 

et al., 2008). 

The shifts in the ν(C=N)azo., ν(C=N)pyr. (from 1532 cm−1) bands in the IR 

spectrum of the complex suggest involvement of both the azo (C=N) and pyridyl 

(C=N) groups in coordination with the metal ion (Emam et al., 2017). 

The νas(SO2) and νs(SO2) bands, initially at 1347 and 1166 cm−1 shift to 1310 

and 1146 cm−1 respectively, in the spectrum of the complex. This downward shift 

indicates that the SO2 oxygen atoms are directly coordinating to the metal ion 

(Çınarlı et al., 2025). 

New bands were observed at 557 cm−1 and 446 cm−1, which were ascribed to 

v(M−O) and ν(M−N), respectively, provides strong evidence for the formation of 

metal-oxygen and metal-nitrogen bonds, confirming the ligand's coordination 

behavior (Özdemir et al., 2013). These spectral observations collectively 

demonstrate the ligand's multidentate coordination through the deprotonated 

hydrazinic N−H, ν(C=N)azo., ν(C=N)pyr., and SO2 groups, leading to a robust 

complexation with the metal ion. 

 

Figure 4 IR spectrum of [CuL2] 



66 

 

3.3. UV-Vis. studies of [CuL2] 

The anticipated spin-allowed d-d transitions in Cu(II) complexes with square 

planar geometry (D4h symmetry) or elongated tetragonal distortion are 
2A1g←

2B1g, 
2B2g←

2B1g, and 2Eg←
2B1g. These transitions are predicted to occur in 

the ranges 850–550 nm, 645–555 nm, and 580–500 nm. However, in practice, 

these transitions often appear as a single broad band rather than distinct peaks. 

This broadening and overlap arise due to the following factors: 

• Small Energy Splittings: The energy differences between the d-

orbital levels in Cu(II) complexes are typically small, resulting in 

closely spaced absorption bands that blend together. 

• Vibronic Coupling: Interactions between electronic transitions and 

vibrational modes can cause additional broadening of the absorption 

bands. 

• Tetragonal Distortion: While the distortion splits the degenerate eg  

and t2g levels of an ideal octahedral field, the resultant splitting energy 

is still not large enough to fully separate the transitions. 

• Spin-Orbit Coupling: Cu(II) has a single unpaired electron (d9 

configuration), and spin-orbit coupling may further mix states, 

complicating the spectral profile. 

The broad absorption band observed in the range 660–700 nm is attributed to 

an envelope of this transitions. The inability to resolve these bands individually 

is due to their overlapping nature, influenced by the factors mentioned above. 

The ligand–metal charge transfer (LMCT) transition is the primary cause of 

the strong bands seen at 358 nm in the Cu(II) complex (Santiago et al., 2020). 

The intraligand π–π * transitions, which experienced slight changes in 

comparison to the free ligand, are represented by the remaining bands of the 

complexes at about 280 nm. It is believed that the n→π* transition occurs beneath 

the charge transfer transition. In the UV spectra of the complex, two bands were 

observed at 520 and 852 nm. These bands are thought to be 2Eg←
2B1g and 

2A1g←
2B1g transitions (Figure 4 and Figure 5) (Mangalam & Prathapachandra 

Kurup, 2011). 
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Figure 4 UV spectrum of [CuL2] complex in DMSO 10-4 M 

 

Figure 5 UV spectrum of [CuL2] complex in DMSO 10-2 M 

 

CONCLUSIONS 

The distinct properties of copper complexes, including their ability to generate 

reactive oxygen species (ROS), disrupt protein homeostasis, and inhibit 

angiogenesis, demonstrate their promising role in cancer treatment. Furthermore, 

the structural versatility and lower toxicity of copper-based compounds compared 

to traditional chemotherapeutic agents make them an attractive area of research. 

In summary, this study's results add to the expanding corpus of information 

about copper complexes and their uses in medicinal chemistry. Further 
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investigations into their mechanistic pathways and biological activities are 

necessary to fully harness their therapeutic potential in oncology and beyond. 

This study highlights the synthesis, characterization, and analysis of the 

[CuL2] complex. The experimental results, including elemental analysis, IR 

spectroscopy, and UV-Vis spectroscopy, confirm the successful synthesis of the 

complex and its robust coordination behavior. The observed shifts in vibrational 

frequencies and absorption bands provide evidence of effective metal-ligand 

interactions. 
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Introduction 

Aerospace is a term that encompasses aviation and space technologies. This 

field includes both intra-atmospheric flights (aviation) and space activities (space 

technologies). In general, it deals with aircraft, spacecraft, satellite systems, 

rockets and their design, production, testing and operation. It takes its place in the 

industrial sector with aviation, space technologies, defense and security, aviation 

systems and engineering applications [1]. 

Aerospace is generally understood to refer to the academic and professional 

field of aerospace engineering, which focuses on the design, analysis, and 

development of systems used in both aviation and space technologies. Aerospace 

engineering covers various fields such as aviation, space, defense, satellite 

technology development. It covers all military and commercial studies [2]. 

Antenna structures, commonly known as antennas, are devices designed for 

transmitting and receiving electromagnetic waves [3]. They play a crucial role in 

various communication systems, including radar, television broadcasting, GPS 

(Global Positioning System), and other wireless technologies. Antennas function 

as transmitters by converting electrical energy into electromagnetic energy, and 

they also receive electromagnetic waves, converting those signals back into 

electrical energy. Different applications are preferred for different antenna 

structures. There are antenna structures such as dipole, monopole, horn, Vivaldi, 

microstrip, fractal, Yagi-Uda, parapobile and etc. These structures are designed 

and produced for various tasks. Antennas are frequently used in mobile phones, 

radar systems, air defense, GPS, satellite-based navigation systems, military 

applications, defense and scientific research [4].  

Antenna structures are designed according to operating frequencies. The 

operating frequency varies depending on the environment in which 

communication will be established. The operating environment of the antenna is 

one of the important factors affecting its efficiency. The higher the antenna 

efficiency, the more positively it is processed. 

In aerospace technologies, antennas perform many critical functions such as 

communication, data transfer, navigation, radar and scientific observations. 

Especially in mobile platforms such as spacecraft and aircraft, antenna design and 

placement are of great importance [1], [5], [6].  

The communication between the ground and space and between the antennas 

is very important. The smooth communication with the aircraft depends on this 
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communication. Highly directional antennas are generally preferred, especially 

for the vehicles on the ground and in the atmosphere [7], [8]. 

Antennas, which are one of the most important elements of communication, 

play an active role in effective communication between the ground command 

center and vehicles in the aviation industry. In addition, in radar structures 

frequently used in aviation, the dynamic structures of antennas bring various 

advantages. These advantages can be listed as accurate direction determination, 

proper target detection, and accurate speed measurement. Positioning antennas 

and antenna structures are effective for precise communication between satellites 

and receiver integrated circuits. When examined with the requirements of the 

modern world, they are highly used/researched and developed elements in precise 

measurement and high-quality communication [9], [10]. 

In aerospace applications, it is necessary to give importance to the 

performance outputs of antennas. With these performances, the most suitable 

solution can be produced in antenna structures. An antenna that is resistant to 

environmental parameters will not be affected by the effects coming from the 

environment and will ensure that communication progresses smoothly. The 

weight effect of antennas is important under necessary conditions. Here, 

especially when the most optimum amount of the total weight of aircraft vehicles 

is considered, an antenna design with appropriate weight will ensure the effective 

continuity of the current technology. The gain value, which is one of the most 

important parameters of antennas, is calculated in direct proportion to efficiency 

and directionality, and the sensitivity of communication will be increased with 

high gain. It is very important for the bandwidth of the antenna to be narrow or 

wide according to the application to be designed. Because some applications 

require narrow bandwidth while others require wide bandwidth. Due to this 

feature, the functionality of the antenna will change and the design will adapt to 

the application correctly. [11]. 

Antenna technology is an indispensable innovation for very specific tasks in 

aviation and space applications. Antenna structures are among the reliable 

equipment that meets the needs of radar, positioning, detection, and 

communication. By increasing the operational efficiency of this technology, 

aerospace applications can also become more advanced. [12]. This section 

examines some antenna structures designed for aerospace applications. Some of 

the antenna structures’ features, challenges, and contributions to the aerospace 

industry are highlighted. 
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Antenna Applications for Aerospace 

As mentioned above, antenna structures are frequently used and researched in 

aerospace applications. Below are basic sample antenna structures for application 

areas. 

Radar Antennas 

Radar technology plays a crucial role in air traffic control, collision avoidance, 

and weather monitoring, ensuring safety and efficiency in our skies. For advanced 

applications, essential features such as a wide frequency range, rapid direction-

changing capability, and high sensitivity are vital. These attributes guarantee 

optimal performance, especially in dynamic and complex operational 

environments. Notably, the wideband application range is invaluable for radar 

systems, enabling precise detection and tracking of targets across diverse 

distances and speeds. Also, by resonating across multiple frequencies, it increases 

the resolution value. Thus, harmonics are reduced. One of the important factors 

in increasing the resolution value is wideband technology. In addition, the 

security and accuracy of the system are also improved [13]. 

Continuing with an example, AESA (Active Electronically Scanned Array) 

radar antennas serve as a very important advance in military technology, 

prominently featured in modern aircraft like the F-35 fighter jet. These antennas, 

with their scanning speed and adaptability, enable the simultaneous tracking of 

multiple targets. They eliminate the need for mechanical movement through 

electronic beam steering. Thus, response times and reliability are significantly 

increased [14], [15]. 

Radar antennas used in meteorology are of active importance in the fight 

against weather conditions. For example, in the development of severe weather 

opposition such as storms, it is a radar technology used to obtain real-time 

information about storm movement and strength. They are very important 

because they play an active role in ensuring the health and continuity of humanity 

and existing structures [16], [17]. 

Satellite Communication Antennas 

Antenna structures used in satellite communications are used in numerous 

applications, including effective communication between the Earth and satellites 

in orbit, weather forecasting, navigation, and global communications. For this 

purpose, they are designed using certain features such as wide coverage, high 

gain, and low signal-to-noise ratio. These features are critical to ensure that 

signals can be transmitted and received over large distances with minimal 
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interference and maximum clarity [18], [19]. By focusing on these features, a real 

and healthy communication system can be made even under difficult conditions. 

Moving forward by prioritizing accuracy and sensitivity in design will contribute 

to the development of performance and the quality of communication. 

Antennas used in satellite communication must be meticulously designed for 

demanding applications and analyzed according to the demands. Ka-band 

antennas and reflective antennas are structures that can be given as examples for 

these types of applications. They have critical processing capabilities in 

communication with high data rates [20], [21]. Ka-band antennas are particularly 

prized for their compact design and ability to operate at higher frequencies, which 

allows for precise detection and seamless communication. Reflective antennas, 

such as parabolic reflectors, are favoured for their gain and directional 

characteristics, ensuring accurate target identification and dependable 

performance in both civilian and military radar systems.  [22]. 

GNSS and GPS Antennas 

Antenna structures designed for GNSS and GPS applications must have high 

accuracy and reliability. Thus, it will be able to perform precise positioning [23]. 

Antennas engineered for these functions are integrated seamlessly into various 

systems, leveraging their compact size, low power consumption, and multi-band 

capabilities to their fullest potential. These attributes are particularly 

advantageous across a range of platforms, from agile drones to large-scale 

aerospace systems, where efficiency and space optimization are critical [22], 

[24].  

Patch antennas are essential in drones and commercial aircraft, thanks to their 

compact size and lightweight design, which are suitable for space-restricted 

applications [25]. These antennas not only ensure reliable performance for 

communication and navigation systems, but also optimize efficiency while 

maintaining a minimal footprint. Their easy integration into the aircraft or drone 

structure makes them a good choice for the latest aviation technologies. The 

antenna also improves performance and increases overall functionality with its 

existing structure [26].  

Remote Sensing Antennas 

Remote sensing antenna structures are antennas that contribute significantly 

to the observation of the Earth’s surface. Their roles are critical in vital 

applications such as environmental monitoring, disaster management, and 
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climate research. To achieve this goal, they must have high values, wide viewing 

angles, and all-weather performance [27], [28]. 

High-resolution antennas and analyses are delivered accurately and 

effectively. Additionally, multispectral imaging antennas capture data across a 

range of wavelengths, providing useful insights into atmospheric conditions and 

surface transformations [29]. This information is crucial for sectors like 

agriculture, forestry, and urban planning, where understanding changes directly 

impacts outcomes. 

In addition, all-weather antennas must provide reliable performance under all 

environmental conditions, ensuring uninterrupted monitoring regardless of 

challenges such as cloud cover or precipitation. By investing in advanced antenna 

technology, antenna structures that both protect nature and operate smoothly with 

sustainability should be designed [9]. 

Synthetic Aperture Radar (SAR) antennas are tools for satellites aimed at 

capturing high-resolution images of the Earth's surface. These advanced antennas 

play a crucial role in Earth observation missions, such as the European Space 

Agency's Sentinel-1 satellite [30], [31]. By emitting microwave signals that are 

reflected off the Earth’s surface, SAR antennas can collect detailed images 

regardless of weather conditions or the presence of sunlight. This ability to 

produce precise images from orbit makes SAR antennas sought after for 

monitoring environmental changes, mapping terrain, effectively managing 

disasters, and improving military surveillance capabilities. Potential designs 

should be developed with SAR technology. [32]. 

As another example, LIDAR-enabled antennas are revolutionizing the way we 

explore and understand our planet [33]. By measuring distances with great 

precision using laser pulses, they create usable structure profiles for a multitude 

of applications. With their ability to provide high-resolution topographic 

mapping, vegetation analysis, and infrastructure monitoring, LIDAR systems are 

dynamic structures both in airborne and satellite platforms [34]. 

Aircraft Communication Antennas 

Aircraft communication antennas are used to provide seamless 

communication between aircraft and ground control towers and between vehicles 

in the airspace. They are vital for safe and efficient operations. Antenna structures 

that provide fast connectivity, minimal interference, and reliability are 

indispensable for these applications [35]. These essential features ensure 

uninterrupted and high-quality communication, even in difficult conditions or 
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during high-speed manoeuvres. The ability to maintain stable and effective 

communication links is essential for air traffic control, safety measures and 

operational success, making advanced antenna systems not only valuable but also 

indispensable for modern aviation [36], [37]. Below are examples of antennas 

that are highly favored for these critical applications. 

For example, VHF/UHF antennas are widely used for voice and data 

transmission on commercial aircraft. They also provide clear and reliable 

communication between aircraft and air traffic control towers [38]. These 

antennas operate within the very high frequency (VHF) and ultra high frequency 

(UHF) bands, facilitating efficient line-of-sight communication that is crucial for 

both short-range and long-range air travel [39]. Their ability to support both voice 

and data transmission ensures that critical information can be exchanged in real 

time, which enhances flight safety and operational efficiency [40]. 

Also, SATCOM antennas are essential components of both modern 

commercial and military aircraft, enabling satellite-based communication [41]. 

These antennas provide global connectivity, even in remote areas or over oceans 

where traditional ground-based communication systems are unavailable.  

UAV (Unmanned Aerial Vehicles) Antennas 

Antennas are vital components for the effective control and data transmission 

of unmanned aerial vehicles (UAVs) [42]. With the demands of UAV operations, 

such as remote piloting and the need for real-time data Exchange, it's essential 

that these antennas are lightweight, compact, and energy-efficient. Their small 

size and minimal power consumption not only make them ideal for UAV 

integration, but they also enable significant reductions in weight and 

enhancements in battery life [43]. 

Directional antennas are designed to provide line-of-sight (LOS) 

communication, ensuring a direct, unobstructed path between the transmitting 

and receiving antennas [44]. This type of antenna is ideal for applications where 

precise and reliable communication over long distances is required, such as in 

point-to-point communication systems, satellite communication, and certain 

radar applications.  

5G and LTE antennas represent the next generation of communication 

technology that provides ultra-fast data transfer and expanded coverage [45]. 

These modern antennas are optimized for high bandwidth and long-range 

communication, enabling a range of applications from mobile data services to 

IoT (Internet of Things) devices. 5G antennas, in particular, are designed to 
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handle massive data traffic, offering speeds up to 100 times faster than previous 

generations [46]. LTE antennas, used in 4G networks, support high-speed internet 

and voice communication with low latency, ensuring fast, seamless connectivity 

for users in both urban and remote areas [47]. Both types of antennas are crucial 

to the continued evolution of mobile networks, facilitating faster and more 

reliable communications for a wide range of applications. 

Conclusion 

When aerospace and antenna applications are examined, it is seen that it is an 

indispensable equipment of the industry. When the antenna structures given 

above are examined, it is presented with various examples for both aviation and 

space applications. While antenna structures appear as an important part of every 

communication, their value for these applications is also obvious. It is a book 

section designed on special antenna structures used especially in radar systems, 

remote sensing systems, UAVs, satellite communication systems, GNSS/GPS 

systems and aircraft communication systems. 

It is clearly presented in the section how effective antenna structures are in 

navigation and remote sensing with high resolution. It is also presented that the 

resolution value can be increased and location accuracy can be improved with 

wide-band applications. 

With the help of patch antennas used for effective communication between 

vehicles, both communication quality is increased and dynamic communication 

structures are achieved. 

Directional antennas contribute to the development of 5G communication 

technology. With this development, the diameter of IoT applications is increased. 

In addition, antenna structures are served as a sector open to development with 

the design width of the applications. 

In light of all this data, the indispensable effect of antenna structures is 

presented in the aerospace field. The added value that will be added to the sector 

by improving the parameter values of antennas is expressed in the section. 
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Introduction 

Cancer is one of the diseases that people suffer the most in the world. After 

the diagnosis is made, the treatment process begins. However, before starting the 

treatment, detailed information about the tissue is needed. This information is 

obtained by reporting the tissue after it is removed by surgical intervention. This 

is done by the science of pathology. Pathology examines the causes of diseases, 

the way they affect tissues and organs, especially the morphological (formal, 

visual) features of diseased tissues and organs [1]. Tissues removed from organs 

are converted into pathological tissue samples and these samples are examined 

by pathologists. Pathologists, who examine tissue samples, prepare reports that 

are important for the patient and doctor in terms of investigating and treating the 

disease. When pathologists prepare the reports, they use light microscopy. They 

take each sample under a microscope and examine it with the naked eye. 

Pathological tissue samples are prepared by pathologists. Nowadays, it can take 

months to reach these reports depending on the number of patients and samples 

[2]. Access to these reports is crucial, especially for patients in need of urgent 

treatment. Therefore, it is important to shorten the time to reach the report [3].  

A glass slide is used in pathological tissue samples for examining in the light 

microscopy. Normally, the thicknesses of these samples are between 3-5 μm. But, 

here the thickness of tissue samples is prepared by 10 μm, taking into account the 

effect of skin depth. The skin effect changes inversely with frequency. Therefore, 

the thicker the tissue sample, the higher the stability of the study [4]–[6]. The 

standard dimension of used glass slide is 26x76x1 mm3.  

Horn antenna structures use for several purposes in the literature [7]–[9]. 

Especially, having high gain values of them becomes the reason for preference in 

medical areas. Adequate directivity is an another advantage of them [10]. In this 

work, horn antenna structures are selected because of high gain and directivity 

values. In order to show the differences between normal and tumorous tissue, it 

is expected that all electromagnetic energy transmitted and reflected from the 

antenna fall on the tissue. The directivity value is an important parameter that 

expresses this [11]. By using two identical E-plane pyramidal horn antennas 

pathological breast tissue samples are measured. Operating frequency is chosen 

as 13 GHz because of antenna radiation values. Antenna structures are obtained 

from laboratory equipment. They belong to Feedback brand [12].  

There are four different breast tissue samples: two normal breast and two 

tumorous breast tissues. These samples were taken from Medical Pathology 

Laboratory at Selcuk University. Firstly, the setup is designed and simulated by 
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using the free-space measurement method [8], [13]–[16] in HFSS (High 

Frequency Structural Simulator) from ANSYS. Then the real-time measurements 

are done like simulation model. In the measurements, Keysight PNA-L Series 

Vector Network Analyzer is used in an anechoic chamber. Standard calibration 

techniques are applied (Open, Short, Load), auto scale property is done and 

pathological tissue samples are fixed in measurement set-up to enhance the 

accuracy and sensitivity of measurements. Then, scattering parameters (S-

parameters) are obtained both simulations and measurements. The measuring 

distance between the antennas to the samples is kept within the near field zone 

boundary. Near field measurement is generally selected in the biomedical 

applications because of electromagnetic radiation effects [17]–[22]. It should be 

ensured that all possible electromagnetic energy sent with horn antennas with 

high directivity falls on the MUT (Material Under Test). 

Normalization preferred in various measurements is used to eliminate the 

effects of some setup [23], [24]. Here, by applying normalization approach to S-

parameter values, the differences between normal and tumorous breast tissue are 

compared. Differences of compared values reveal the success of the study. In the 

literature, there is no detail information about pathological breast tissues with 

free-space antenna applications. This increases the importance of the study. 

Details of the work are presented below. 

System Design and Antenna Structure 

Like every material, every part of human body has electrical properties. Each 

body tissue has a different electrical value. To simulate the system, normal and 

tumorous breast tissue values are implemented in HFSS. These values are 

obtained in [25]. Dielectric value of normal and tumorous breast tissue is 6.3 and 

50.0 for 13 GHz, respectively [26]–[28].  

The designed system is showed in Fig. 1. There are two identical horn 

antennas. These antennas are placed at an equal distance from each other. This 

method called Free-Space measurement is used for various applications in the 

biomedical field [8], [29]–[31]. The distance is quarter of wavelength. The glass 

slide is placed in the center of the system [8], [13], [32], [33]. Also, MUT is fixed 

in the system. 

Horn antennas used in simulations have the gain of 22.5 dB. Fig. 2 shows the 

gain of the antenna structures obtained from HFSS. The dimensions of them are 

38.1x48.26x102.87 mm3. 
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Antennas used for measurements are from communication applications 

laboratory equipment from [12]. Operating frequency is 13 GHz with rectangular 

waveguide feed the antenna. The distance between horn antennas is quarter of 

wavelength, in the near field region, which is about 6 mm [8], [30]. The distance 

is in near field radiation region. This radiation region is widely used because of 

no need to larger test distance [22], [34]. Directivity is important because of 

related with gain parameter. The directivity of the antenna is directly proportional 

to the maximum radiation intensity which explained in (1). 

𝐷𝑚𝑎𝑥 = 4𝜋
𝑈𝑚𝑎𝑥

𝑃𝑟𝑎𝑑
                                  (1) 

Where Dmax is the maximum directivity of the antenna (unitless), Umax is 

the maximum radiation intensity of the antenna (W/unit solid angle) and Prad is 

the total power of radiation (W) [35]. In the light of all these data, the importance 

of horn antenna structures is expressed. In order to express the difference between 

tissues, almost all electromagnetic radiation reflected from the antennas should 

fall on the tissues, so that the difference between normal and tumor tissue can be 

expressed. 

Why Normalization? 

Normalization is a principle to compare variables with each other and is done 

differently depending on the measurement level of the variables. It is related to 

the uniqueness properties of the measurement level [36]. In the literature, it is 

used for several aims [37]–[39]. In this work, it is used to minimize the effects of 

set-up, environment noise, cable noise etc.  

With this work, the differences between normal and tumorous breast tissue are 

expressed by using S-parameters, S11, S21, S12 and S22 [16], [40], [41]. These 

parameters express the radiation and propagation values of the antenna structures. 

Return and transmission loss are explained with them. Firstly, as seen in Fig.1, 

while there is only air (MUT) in the center, simulations and measurements are 

done and obtained S-parameters are saved. Secondly, while MUT is only glass 

slide, simulation and measurements are done and obtained S-parameters are 

saved. Then each parameter is subdivided by itself to be included in the 

parameter. It is explained in (2). 

(𝑆𝑖𝑗)𝑒𝑚𝑝𝑡𝑦 𝑔𝑙𝑎𝑠𝑠 𝑠𝑙𝑖𝑑𝑒

(𝑆𝑖𝑗)𝑎𝑖𝑟
 𝑖, 𝑗 = 1,2, …            (2) 

where Sij expresses the values of S-parameters (for i,j=1,2). That ratio is used 

to obtain the differences between normal and tumorous breast tissue samples. 

After that, while MUT is normal breast tissue on the glass slide, simulations and 
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measurements are done and parameters are saved. The measurement setup of 

designed system is shown in Fig. 4. For the tumorous breast tissue, the same 

procedure is performed. The obtained parameter values are divided by the above 

ratio for normal and tumorous tissue samples. It is explained in (3) and (4).  

In this work, especially S-parameters are emphasized and examined. Because, 

S-parameters are used to obtain complex permittivity values of the materials. S11 

and S21 express reflection and transmission coefficient values, respectively [8]. 

Differences of S21 values are important to show the value of the work because 

transmission coefficient values. This value gives the complex permittivity value 

in the literature [30], [42]. Complex permittivity is an important electrical 

variable. It represents the electrical conductivity of the medium and particles by 

depending on the angular frequency of the electric field applied. Here, complex 

permittivity values were not obtained because of not extracting the effect of the 

glass layer in the measurement. Tissue samples are evaluated with glass layer. 

Differences of S21 values are also important due to a new research issue of 

pathological tissue samples with antenna structure applications. By using 

normalization procedure to get more sensitive this process, the accuracy of the 

work is improved.  

Differences of normal and tumorous tissue samples are obtained and 

compared with each other. Then evaluation is done. 

(𝑆𝑖𝑗)𝑛𝑜𝑟𝑚𝑎𝑙 𝑏𝑟𝑒𝑎𝑠𝑡 𝑡𝑖𝑠𝑠𝑢𝑒
(𝑆𝑖𝑗)𝑒𝑚𝑝𝑡𝑦 𝑔𝑙𝑎𝑠𝑠 𝑠𝑙𝑖𝑑𝑒

(𝑆𝑖𝑗)𝑎𝑖𝑟

 𝑖, 𝑗 = 1,2, …                (3) 

(𝑆𝑖𝑗)𝑡𝑢𝑚𝑜𝑟𝑜𝑢𝑠 𝑏𝑟𝑒𝑎𝑠𝑡 𝑡𝑖𝑠𝑠𝑢𝑒
(𝑆𝑖𝑗)𝑒𝑚𝑝𝑡𝑦 𝑔𝑙𝑎𝑠𝑠 𝑠𝑙𝑖𝑑𝑒

(𝑆𝑖𝑗)𝑎𝑖𝑟

 𝑖, 𝑗 = 1,2, …                 (4) 
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Fig. 1. The designed system. 

 

Fig. 2. The gain graph of the antenna structure. 

 

 

Fig. 3. The pathological breast tissue samples. 

 
 

Results of Simulations/Measurements and Evaluation 

Results of Simulations and Measurements 

Parameter values obtained from VNA in dB are converted without units. Fig. 

5-8 show the difference graphics of normalized S11, S21, S12 and S22 values 

between normal and tumorous breast tissues from simulation results. Fig. 9 and 

10 show the difference graphics of normalized S21 values between normal and 

tumorous breast tissues from measurements for first and second tissue samples, 

respectively. Fig. 11 and 12 show the difference of S21 values between normal 
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and tumorous breast tissue according to measurement points (201 points) for first 

and second tissue samples, respectively. That is, they show the removal of normal 

breast tissue from tumorous tissue sample. Fig. 13 shows the comparison graphic 

between simulated and measured normal and tumorous breast tissue samples of 

normalized S21 values. 

 

Fig. 4. The measurement setup of designed system. 

 

Fig. 5. Normalized S11 values after simulations. 
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Fig. 6. Normalized S21 values after simulations. 

 

Fig. 7. Normalized S12 values after simulations. 

 

Fig. 8. Normalized S22 values after simulations. 
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Fig. 9. The differences of normalized S21 values after measurement for first tissue sam-

ple. 

 

Fig. 10. The differences of normalized S21 values after measurement for second tissue 

sample. 

 

Fig. 11. The difference between first normal and tumorous tissue sample for S21. 

count 
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Fig. 12. The difference between second normal and tumorous tissue sample for S21. 

Evaluation 

It is shown that for the S11 value, the normal breast tissue value is 23.75, while 

the tumorous tissue value is 22.80 after normalization at 13.04 GHz in the Fig. 5. 

When compared to normal tissue, the value of tumor tissue decreased by 4%. 

Fig. 6 and 7 show that the maximum differences of S21 and S12 values about 

0.05 and at 12.68 GHz. The rate of change is about 1% when it is compared with 

tumorous tissue.  

Fig. 8 shows that for the S22 value, the normal breast tissue value is 22.47, 

while the tumorous tissue value is 21.53 after normalization at 13.70 GHz. When 

compared to normal tissue, the value of tumor tissue decreased by 4%. 

Measurements have been done between 10 MHz and 20 GHz. There are 201 

measurement points in this scale. The values between 60 and 201 are taken to 

show the figures more clearly. Here, the S21 values, which express the maximum 

difference according to the measurement results, is examined. Also, S21 is an 

important parameter because of expressing the transmission coefficient. When 

Fig. 9 and 10 are examined, the differences in measurements are shown to be 

more pronounced for first and second tissue samples. The maximum 

normalization values are about 20% for first tissue sample and 27% for second 

tissue sample at 7.41 GHz. The minimum normalization values are about 32.8% 

for first tissue sample and 27% for second tissue sample at 16 GHz. When the 

percentages are examined, it is possible to say that the measurement results are 

more efficient than the simulation results. 

count 
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The difference in normalization values between normal and tumorous breast 

tissue for the first tissue sample is shown in Fig. 11. For second tissue sample, 

the difference in normalization values is shown in Fig. 12. The fact that both 

graphics vary at a similar rate is important in expressing the accuracy of data of 

the measurement results. The difference of simulated and measured of 

normalized S21 values is shown in Fig. 13. The difference ratios of the 

measurement results are given more clearly. 

Conclusion 

Access period to pathological reports is increasing day by day. Ways to shorten 

this period with technological development are being researched. For this 

purpose, the use of antenna structures is an alternative. This alternative is 

presented in this study. 

Fig. 13. The comparison graphic between simulated and measured normal and tumorous 

tissue sample for normalized S21. 

Horn antenna structure is selected to determine the differences of obtained S-

parameter values because of its gain value. Both simulations and measurements 

have been done. Normal and tumorous breast tissue are introduced in HFSS. 

Also, two each normal and tumorous breast tissue samples are measured in the 

setup from Faculty of Medicine, Pathology Laboratory at Selcuk University. The 

obtained S-parameter values are evaluated after normalization. Normalization has 

been done for increasing the accuracy of setup in the measurements. Thus, the 

reflection and scattering of the environment and the setup are minimized. Normal 
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breast tissues have differences than tumorous breast tissues. Different values are 

obtained as a result of the analyzes. For example, S21 values have changed 1% in 

the simulation and 20% and 32.8% in the measurements, when normal tissues are 

compared with tumorous tissues. It is seen that the measurement results are better 

than the simulation results. These percentages express the success of the study. 
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1. INTRODUCTION  

Nature has long been a fertile source of medicinal agents, and manifold 

progress has been made by researchers worldwide in the use of medicinal plants 

for new drug discoveries. However, the overuse of known medicinal plants poses 

a serious threat to their survival, and it is clear that substitutes for these resource 

plants are becoming increasingly urgent. Wild herbs are one such group of plants 

traditionally known to have medicinal properties. Leaves, flowers (flower tops 

and flower heads), aerial parts and fruits are the parts of plants most used for 

medicinal purposes. Before this knowledge is lost, data on the medicinal uses of 

wild herbs must be obtained from traditional repositories (Jayasundera et al., 

2021). The Asteraceae family includes important taxa from many medicinal 

species (Doğan 2007; Kırpık et al. 2019). In Türkiye some of the medicinal plants 

belonging to this family are also cultivated and cultivated (Demir 2020a; Demir 

2013; Demir 2021). 

The Asteraceae family is represented by approximately 1100 genera and 

25000 species in the world and is the most widely distributed family of flowering 

plants with the highest number of species (Seçmen et al., 2000). In Türkiye , this 

family is represented by a total of 1438 taxa including 152 genera, 1230 species, 

133 subspecies and 75 varieties (Yıldırımlı, 1999). Most of the Asteraceae family 

is composed of herbaceous forms distributed in temperate regions. Members of 

the family are widely distributed in almost all parts of the world except Antarctica 

(Attar and Ghahreman, 2006). It is especially abundant in the southwestern 

United States and Mexico, southern Brazil, along the Andes Mountains, 

Mediterranean Region, Southwest Asia, Central Asia, South Africa and Australia 

(Bremer, 1994). The majority of members of the Asteraceae family have 

therapeutic applications and have a long history in traditional medicine: Some 

members have been edible and cultivated for medicinal purposes for more than 

3000 years. They are most common in arid and semi-arid regions of subtropical 

areas, but are known and distributed worldwide. Members of the Asteraceae 

family show a wide range of anti-inflammatory, antimicrobial, antioxidant and 

hepatoprotective activity (Rolnik and Olas 2021). Members of the family have an 

important place in Turkish agriculture and make a great economic contribution 

(Demir 2020b; Demir 2020c). 

The genus Taraxacum is distributed in the Northern Hemisphere and all 

countries of Europe with approximately 2500 species and 43 sections. In Türkiye, 

they are latex-bearing perennial herbaceous plants represented by 50 species 

(Davis et al. 1988, Güner et al. 2000). It is a perennial plant with yellow flowers 

that can grow in meadows and roadsides in April-May. Taraxacum 
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microcephaloides (Dandelion) is a common plant that contains many important 

compounds such as terpenoid, sterol, calcium, potassium, vitamin A, nicotinic 

acid and vitamin C and has nutritive value (Hu, 2018). Due to these properties, it 

has been stated that eating 5-6 flower stalks freshly, especially in liver and 

gallbladder diseases, provides improvement in chronic liver inflammation and 

fatty liver and regulates the work of the gallbladder. In addition, although it has 

a great effect on diabetes, skin diseases, vitamin deficiency, arteriosclerosis, 

lowering blood sugar, increasing appetite, cleaning the blood, anemia, 

rheumatism and gout diseases, protecting bone integrity, regulating gastric fluids 

and cleaning the stomach from waste substances and some types of cancer, it is 

not recognized by many people and is known as a harmful herb (Koç et al. 2015. 

Dandelion is known to have anti-inflammation effect thanks to sesquiterpene 

lactones and phenyl propanoid in its composition. At the same time, the terpenes 

and polysaccharide components it contains regulate the immune system, prevent 

platelet accumulation and protect the liver (Sigstedt et al., 2008). It is a very 

important plant in terms of containing vitamins B, C, D, E as well as choline, 

inositol, lecithin, minerals and oligoelements (calcium, sodium, magnesium, iron, 

copper, phosphorus, zinc, manganese). Dandelion is also one of the best natural 

sources of potassium due to its high potassium content (Gallaher et al., 2006). 

Micromorphological characteristics obtained using electron microscopy 

reveal very important information about these plants. In recent years, 

micromorphological findings have been utilized for taxonomic, ecological and 

physiological purposes. The aim of this study is to determine the 

micromorphological characteristics of medicinal and edible Taraxacum 

microcephaloides Soest (Dandelion). 

2. MATERIAL AND METHOD 

The species Taraxacum microcephaloides Soest was collected from Pazar 

district of Tokat in April and May 2016-2017. Electron microscope photographs 

were taken from the fruits, leaf sepals and petals of the species. For electron 

microscope photographs, the specimens were fixed on stubs with double-sided 

carbon tape. The fixed specimens were coated with 12.5-15 nm gold-palladium 

(SEM coating system, SC7620). Examination and images were taken on a JEOL 

JMS-7001F Scanning Electron Microscope (SEM) with a voltage of 5-15 KV. 
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3. RESULTS 

Fruit  

The fruit type of T. microcephaloides is cypsela. The papuses of the cypsela 

are sparse. The epidermal cells of the fruit are square, rectangular or polygonal. 

The general The ornemantation is ribbed. Papillae can be seen on the surface 

close to the pappus. The ornamentation in this region is sulcate (Figure 1). The 

cells on the pappus are elongated rectangular. Sulcate ornamentation is observed. 

Hairs are seen on the surface towards the pappus. There are two seeds together at 

the end of the stalk of the fruit (Figure 1). 

Seed  

Seeds are elliptical in shape. There are long covering hairs on the basal part of 

the seed. The cover hairs have a foveolate pattern. The seed surface is also 

sulcate-tuberculate patterned. Sem-shots of the seed show that the surface cells 

are square, rectangular or polygonal. The ornemantation type is reticulate- striate 

(Figure 1). 

 

 
Figure 1. SEM images of T. microcephaloides fruit and seed. A-B seed, C fruit. a 

cypsela. 
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Leaf  

The taxon has very dense stomata on the lower leaf surface. Stomatal aperture 

is quite wide and dorsal walls are thickened. The ornemantation of leaf lower 

surface is rugose. The patterning type on the upper surface of the leaf is rugose 

as on the lower surface. Stomata are densely arranged. Hairs are absent on both 

the upper and lower surfaces (Figure 2). No glandular or non-glandular hairs were 

found on the leaves. 

 
 

Figure 2. SEM images of T. microcephaloides leaves. A-B leaf lower surface, C-

D Leaf lower surface. s stomata. 

Sepal and petal  

Sparse stomata were observed on the sepals in SEM images. The 

ornemantation type is lineolate. The ornemantation on the petals is lineate (Figure 

3). No glandular or non-glandular hairs were found on the sepal and petal. 
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Figure 3. SEM images of T. microcephaloides sepal and petal. A sepal, B-C petal. 

s stomata 

In this study, the micromorphologies of the plant's fruit, seed, and leaf have 

been examined in detail. Micromorphological characters can be important criteria 

for plant identification (Adedeji and Jewoola 2008). Micromorphological traits 

of leaves, involucral bracts (Gavrilović et al. 2019), flowers (Torres and Galetto 

2007, Erbar and Leins 2015, Erbar et al. 2018), and particularly cypselae (Kalmuk 

et al. 2018, Ozcan and Akinci 2019) have offered valuable insights for the 

classification and evolutionary relationships of specific groups within the 

Asteraceae family. Leaf venation patterns have also been utilized for identifying 

and distinguishing species (Teixeira & Gabrielli, 2000).  

The leaf of T. microcephaloides exhibits a rugose ornamentation. The fruit of 

this species is a cypsela, characterized by ribbed ornamentation. Reports have 

noted undulate and rugose ornamentations in the fruits of members of Cardueae 

(Asteraceae) (Ozcan and Demir 2022). Additionally, a striation pattern has been 

observed in the leaf of Centaurea glaberrima subsp. divergens Tausch. 

(Asteraceae) (Gavrilović and Janaćković 2022). 

In conclusion, the micromorphological characteristics of the fruit, seed, and 

leaf of the species are distinctive. It is anticipated that these findings will serve as 

a resource for future studies related to the genus. 
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