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A B S T R A C T 

Nanomaterials have emerged as a transformative technology in drug 

delivery systems, offering unique properties that enhance 

therapeutic efficacy and safety. Their small size, high surface area, 

and ability to be engineered for targeted delivery enable improved 

solubility, controlled release, and reduced side effects of 

pharmaceuticals. This paper discusses various types of 

nanomaterials used in drug delivery, including nanoparticles, 

liposomes, and dendrimers, highlighting their mechanisms of action 

and advantages over conventional delivery methods. Despite their 

potential, the integration of nanomaterials in clinical applications 

faces several challenges, including manufacturing scalability, 

regulatory hurdles, bio distribution unpredictability, and concerns 

regarding toxicity and biocompatibility. Additionally, complex 

interactions between nanomaterials and biological systems pose 

significant hurdles. The future of nanomaterials in drug delivery lies 

in innovative approaches, such as personalized medicine and 

biodegradable carriers, necessitating continued interdisciplinary 

research and collaboration. This review aims to provide insights into 

the current status and future perspectives of nanomaterials in drug 

delivery, emphasizing the importance of overcoming existing 

challenges to fully harness their potential in enhancing patient 

outcomes. 
  

 

Introduction 

he use of large-sized materials in 

drug delivery poses major 

challenges such as in vivo instability, 

poor solubility, poor absorption in 

the body, and possible adverse effects of drugs 

on non-target tissues [1]. Therefore, the use of 

novel drug delivery systems to target drugs to 

specific parts of the body can be an option that 

may solve these critical issues [2]. Hence, T 
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nanotechnology plays an important role in 

advanced medical/pharmaceutical 

formulations and controlled drug delivery. 

Nanotechnology using nanostructures and 

Nano phases has been shown to be applicable 

in various scientific fields, especially in Nano 

medicine-based drug delivery systems. 

Nanomaterials can be well defined as materials 

with sizes between 1 and 100 nm, which affects 

the frontiers of Nano medicine from 

biosensors, microfluidics [3], drug delivery, 

and microarray experiments to tissue 

engineering. Nanotechnology uses therapeutic 

agents at the nanoscale to develop Nano 

medicines.  

The biomedical field including: Nano 

biotechnology, drug delivery, biosensors and 

tissue engineering is powered by 

nanoparticles. Since nanoparticles consist of 

materials designed at the atomic or molecular 

level, they are usually Nano spheres of small 

size. Hence, they can move more freely in the 

human body compared to larger materials. 

Nanoscale particles exhibit unique structural, 

chemical, mechanical, magnetic, electrical and 

biological properties [4].  

Nano medicines have been well received in 

recent times. Because nanostructures can be 

used as delivery agents by encapsulating drugs 

or attaching therapeutic agents and delivering 

drugs to target tissues with controlled release. 

The first generation of nanoparticle-based 

therapeutics included lipid systems such as 

liposomes and micelles, which are now FDA-

approved [4]. These liposomes and micelles 

can contain inorganic nanoparticles such as 

gold or magnetic nanoparticles. These features 

are increasing the use of inorganic 

nanoparticles with emphasis on drug delivery, 

imaging and therapeutic functions [5]. Nano 

drugs show higher oral bioavailability because 

they exhibit the typical absorption mechanisms 

of sorption endocytosis [6]. Nanostructures 

remain in the circulatory system for a long time 

and allow for the release of the incorporated 

drugs according to the dose. Therefore, they 

cause less plasma fluctuations and reduce 

adverse effects [7].  

These Nano-sized structures penetrate the 

tissue system, facilitate easy drug uptake by 

cells, allow efficient drug delivery and ensure 

action at the desired site. The uptake of 

nanostructures by cells is much higher than 

that of large particles with sizes between 1 and 

10 μm. Hence, they directly interact with 

diseased cells to treat diseased cells with 

improved efficacy and reduced or negligible 

side effects [8].  

Nanotechnology therefore offers numerous 

benefits in the treatment of chronic human 

diseases through the delivery of drugs in a 

specific and targeted manner. However, 

insufficient knowledge about the toxicity of 

nanostructures is a major concern and 

undoubtedly warrants further research to 

improve efficacy with higher safety to enable 

safer practical implementation of these drugs. 

Therefore, careful design of these 

nanoparticles can be helpful in overcoming the 

problems associated with their use [9]. 

 

Nano-based drug delivery systems 

Recently, there have been many advances in 

the field of delivery systems to deliver 

therapeutic agents or active pharmaceutical 

ingredients to the target site for the treatment 

of various diseases. A number of drug delivery 

systems have been successfully used in recent 

times. However, there are still certain 

challenges that need to be addressed and an 

advanced technology needs to be developed for 

the successful delivery of drugs to their target 

sites [10]. 

 

Nanoparticles used in drug delivery system 

There are several bio polymeric materials that 

are used in drug delivery systems. These 
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materials and their properties are discussed 

below [11]. 

1- Chitosan: Chitosan exhibits mucoadhesive 

properties and can be used to act at tight 

epithelial junctions (Figure 1). Therefore, 

chitosan-based nanomaterials are widely used 

for sustained drug delivery systems for various 

types of epithelium including intestinal, nasal, 

ocular, and pulmonary [12]. 

 
Figure 1.Nanoparticles used in drug delivery system 

 

2- Alginate: Another biopolymer material that 

has been used as a drug delivery agent is 

alginate. This biopolymer presents terminal 

carboxyl groups, which are classified as anionic 

copolymers and exhibit greater mucoadhesive 

strength compared to cationic and neutral 

polymers [13]. 

3- Xanthan Gum: Xanthan gum (XG) is a high 

molecular weight heteropolysaccharide 

produced by Xanthomonas campestris. It is a 

polynomic polysaccharide and has good bio 

adhesive properties. Because xanthan gum is 

considered non-toxic and non-irritating, it is 

widely used as a pharmaceutical supplement. 

4- Cellulose: Cellulose and its derivatives are 

widely used in drug delivery systems mainly to 

modify the solubility and gelation of drugs, 

which leads to the control of its release profile. 

The presence of hydrogen bonds between 

cellulose nanocrystals and the drug led to its 

sustained release and subsequently 

nanoparticles made with oxidized cellulose 

nanocrystals had lower release compared to 

nanoparticles made with cellulose 

nanocrystals [14]. 

5- Liposomes: They were discovered in 1960 

by Alec Bingham. Liposomes are used in the 

pharmaceutical and cosmetic industry to 

transport a variety of molecules and are among 

the carrier systems for drug delivery. 

Liposomes are a formulation strategy to 

improve drug delivery. They are spherical 

vesicles composed of phospholipids and 

steroids, usually in the size range of 50 to 450 

nm. Since their membrane structure is similar 

to that of cell membranes and since they 

facilitate the incorporation of drugs into them, 

they are considered better carriers for drug 

delivery [15]. They have also been shown to 

stabilize therapeutic compounds, improve 

their bio distribution, and are also 

biocompatible and biodegradable. 
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6- Polymeric micelles: Polymeric micelles are 

nanostructures made of amphiphilic block 

copolymers that self-assemble and form a core-

shell structure in aqueous solution. The 

hydrophobic core can be loaded with 

hydrophobic drugs such as camptothecin, 

docetaxel, paclitaxel [16].  

At the same time, the hydrophilic shell 

solubilizes the entire system in water and 

stabilizes the core. Polymeric micelles are less 

than 100 nm in size and usually have a narrow 

distribution, to prevent rapid renal excretion. 

Therefore, their accumulation in tumor tissues 

is possible through the EPR effect. In addition, 

their polymer shell inhibits non-specific 

interactions with biological components. These 

nanostructures have strong prospects for 

hydrophobic drug delivery. Because their inner 

core structure allows the adsorption of these 

types of drugs, leading to increased stability 

and bioavailability [17]. 

7- Dendrimers: Dendrimers are highly 

bifurcated, well-defined, three-dimensional 

structures. They are spherical in shape and 

their surface is easily functionalized in a 

controlled manner, making these structures 

excellent candidates as drug delivery agents. 

Dendrimers are limited in their clinical 

applications due to the presence of amine 

groups. These groups have a positive or 

cationic charge that makes them toxic. Hence, 

dendrimers are usually modified in order to 

reduce or eliminate this toxicity [18]. 

8- Inorganic nanoparticles: Inorganic 

nanoparticles include silver, gold, iron oxide, 

and silica nanoparticles. Only a few 

nanoparticles have been accepted for clinical 

use, while most of them are still in the clinical 

trial stage. Metal nanoparticles, silver and gold, 

have special properties such as SPR (surface 

plasmon resonance) that liposomes, 

dendrimers, micelles lack. They have shown 

several advantages such as good 

biocompatibility and versatility regarding 

surface functionalization. In vivo transport and 

absorption mechanism Drugs can be 

conjugated to the surfaces of gold 

nanoparticles (AuNPs) through ionic or 

covalent bonding and physical adsorption, and 

can be delivered and their release controlled 

through biological stimuli or photo activation. 

Silver nanoparticles have shown antimicrobial 

activity, but very few studies have been 

conducted on drug delivery [19]. 

9- Nanocrystals: Nanocrystals are pure drug 

solid particles in the range of 1000 nm. These 

are 100% drug without any carrier molecules 

attached to them and are usually stabilized 

using polymeric steric stabilizers or 

surfactants. Nanocrystals have special 

properties that allow them to overcome 

problems such as increased saturation 

solubility, increased dissolution rate and 

increased adhesion to the surface/cell 

membrane [20]. 

10- Metal nanoparticles: In recent years, 

there has been an increased interest in the use 

of metal nanoparticles in various medical 

applications such as bio imaging, biosensors, 

targeted/sustained drug delivery, 

hyperthermia and photo ablation therapy. 

Furthermore, modification and 

functionalization of these nanoparticles with 

specific functional groups allows them to be 

attached to antibodies, drugs and other ligands, 

making these systems more promising in 

biomedical applications [21]. 

11- Quantum dots: Quantum dots are known 

as semiconductor nanocrystals with a diameter 

range between 2 and 10 nm, and their optical 

properties such as absorption and 

luminescence are size-dependent. Quantum 

dots have attracted much attention in the field 

of Nano medicine [22].  

Because, unlike conventional organic dyes, 

quantum dots emit in the near-infrared region, 

which is a highly desirable property in the field 

of biomedical imaging due to their low 
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absorption by tissues and reduced light 

scattering. In addition, quantum dots of 

different sizes and compositions can be excited 

by the same light source, resulting in the 

emission of distinct colors over a wide spectral 

range. In this regard, quantum dots are very 

attractive for multispectral imaging. In the 

medical field, quantum dots have been widely 

studied as targeted drug delivery, sensors, and 

bio imaging [23]. 

 

Protein and Polysaccharide Nanoparticles 

Polysaccharides and proteins are collectively 

referred to as natural biopolymers and are 

extracted from biological sources such as 

plants, animals, microorganisms and marine 

sources. Protein-based nanoparticles are 

generally biodegradable, metabolizable and 

can be easily functionalized to bind specific 

drugs and other target ligands [24]. 

 

The Future of Nano medicine and Drug 

Delivery Systems 

The science of Nano medicine is currently one 

of the most exciting areas of research. By using 

a variety of nanoparticles to deliver precise 

amounts of drugs to damaged cells such as 

cancer cells without disrupting the physiology 

of normal cells, the use of Nano medicine and 

Nano drug delivery systems is certainly a 

growing trend [25].  

The examples of nanoparticles shown in this 

communication are not uniform in size. Some of 

them are truly measured in nanometers, while 

others are measured in sub-micrometers. The 

application of metallic nanoparticles, including 

gold and silver, in both diagnostics and therapy 

is an area of research that could potentially 

lead to a wider application of Nano medicines 

in the future. One of the main interests in this 

direction involves gold nanoparticles, which 

appear to be well absorbed into soft tumor 

tissues and render the tumor susceptible to 

radiation [26].  

Despite the widespread understanding of the 

future prospects of Nano medicine and Nano 

drug delivery systems, their actual impact on 

the healthcare system, even in cancer 

treatment/diagnosis, remains very limited. 

This is because this is a new field of science 

with only two decades of real research on the 

subject and many key fundamental properties 

are still unknown [27].  

Basic markers of diseased tissues, including 

key biological markers that allow absolute 

targeting without altering the natural cellular 

process, are a major area of future research. 

Ultimately, the application of Nano medicine 

will advance with our increasing knowledge of 

diseases at the molecular level or the 

identification of markers comparable to the 

size of subcellular nanomaterials to open 

avenues for new diagnosis/therapy [28].  

Hence, understanding the molecular signatures 

of disease will lead to future advances in Nano 

medicine applications. The concept of 

controlled release of specific drugs at confined 

sites, the technology to assess these events, the 

effect of the drug at the tissue/cellular level, as 

well as the theoretical mathematical models for 

prediction are still not complete. Several 

studies in the field of Nano medicine have 

focused on biomaterials and formulation 

studies, which seem to be the initial stages of 

biomedical applications [29].  

Valuable data in potential application as 

therapeutic and diagnostic drug studies are 

obtained from animal studies and 

multidisciplinary research, which requires 

significant research time and resources. With 

the growing global trend for drug discovery 

and more accurate diagnosis, the future looks 

bright for a more intelligent and multi-pronged 

approach of Nano medicine technology and 

Nano drug delivery [30].  

There is great enthusiasm with the view of 

simplifying the development of Nano robots 

that function in tissue recognition and repair 
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mechanisms with complete external control 

mechanisms [31].  

However, like their benefits, the potential risk 

of Nano medicines to both humans and the 

environment in general requires long-term 

study. Hence, the appropriate impact analysis 

of the possible acute or chronic toxic effects of 

new nanomaterials on humans and the 

environment needs to be analyzed. As Nano 

medicines gain popularity, their cost-

effectiveness is another area of research that 

requires further research input [32]. 

 

Discussion 

The discovery and production of drugs 

depends on new insights into a health area or 

information about a disease process. These can 

include testing a large number of molecular 

compounds to find beneficial effects on 

diseases, improving existing treatments that 

have adverse effects, or developing new 

technologies that may offer new and innovative 

ways to target specific areas of concern in the 

body [33].  

What is certain is that a large number of drug 

candidates are registered in the early stages, 

gradually reducing to a small number that 

actually have the potential to achieve FDA 

approval for a particular disease. Another 

challenge in this area is cost. Developing a new 

molecular entity such as a small compound or a 

new biological entity, such as antibodies or 

gene therapies, is expensive [34]. 

 The cost of developing these drugs to market 

is estimated to be around $2.6 billion. As 

expected, this is a major hurdle for many 

pharmaceutical companies, who may even 

underestimate the large amount of associated 

costs required to produce a new drug 

treatment during each stage of development. 

Increasingly, optimizing high-load drug 

formulations is also a challenge for researchers, 

to ensure that a significant amount of drug is 

available and well distributed at each dose. 

This is also related to the obstacle of properly 

optimizing the drug delivery system for each 

specific formulation [35]. 

 

Nano medicine and Drug Development 

These challenges are usually troublesome for 

researchers, but with the advancement of Nano 

medicine technology, promising solutions are 

likely to emerge for the pharmaceutical 

industry [36]. Enhancing the drug discovery 

process with Nano medicine technology, which 

uses particles and materials on the scale of 1 to 

100 nanometers, could play an important role 

in pharmaceuticals (Figure 2). These particles 

are smaller than typical drug molecules and 

allow them to enter through pathways that are 

considered biological barriers to conventional 

drugs.  

 
Figure 2. Nano medicine and Drug Development 
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Such sizes are crucial because crossing 

biological barriers, such as the blood-brain 

barrier, which prevents many conventional 

drugs from reaching the brain, could make it 

possible to treat a range of brain-related 

diseases and disorders [37].  

An example of this is brain cancer such as 

glioblastoma multiform, a common brain 

tumor with a poor prognosis. This brain cancer 

can be described as incurable, with a median 

survival of 15 months, and only 5.5 percent of 

patients survive five years after diagnosis. 

Increasing the ability to target brain-related 

diseases such as glioblastoma by incorporating 

Nano medicine into drug formulations could 

increase the number of drugs approved to treat 

intractable diseases [38].  

Drug discovery could be boosted through this 

innovative approach. Because it may enable 

precise targeting of receptors, proteins and 

other biological molecules, increasing the 

efficiency of drug development and delivery 

[39].  

This can also be enhanced due to the higher 

solubility and surface functionality of 

nanoparticles, which allow ligands to be 

attached to them, enabling higher levels of 

targeting. 

 

Future Outlook for Nano medicine and Drug 

Development 

Since the 1970s, there have been 

approximately 60+ pharmaceutical 

applications involving nanomaterials that have 

been approved and have continued to gain 

attention over the years [40].  

Nanomaterial-based drug formulations may 

involve different biological pathways than a 

conventional small molecule drug, and this may 

subsequently affect the safety, quality and even 

efficacy of the drug. This challenge requires 

further research into the intricacies of Nano 

formulations and how they affect the patient in 

vivo [41].  

These challenges led to the use of the Medical 

Nanotechnology Risk Assessment Task Force 

to assess the potential impact of 

nanotechnology on drugs in 2014, with 

expertise from the FDA’s Center for Drug 

Evaluation and Research (CDER). Such an 

expansion has allowed for the expansion of 

drug standards, with CDER introducing 

guidance for drugs and biologics that contain 

nanomaterials in 2017 [42]. Guidance for this 

innovative category could enable the 

production of higher volumes of drugs for 

diseases and disorders that have previously 

been challenging to treat, such as brain cancer. 

 

Nanotechnology for HIV Prevention 

According to the National Nanotechnology 

Initiative, nanotechnology is recognized as a 

promising tool in the prevention and treatment 

of HIV. This technology can help improve the 

delivery of antiviral drugs [43], increase the 

effectiveness of treatment, and reduce toxicity. 

In recent years, various studies have focused 

primarily on the use of nanotechnology to 

improve therapeutic efficacy and target 

antiviral methods. 

1- The role of nanotechnology in improving 

the delivery of anti-HIV drugs: Their ability 

to incorporate, protect, and absorb non-oral 

anti-HIV drugs, namely oligonucleotides, 

significantly improves the bioavailability of 

various molecules. The use of nanoparticle 

systems for the delivery of antiretroviral drugs 

can be particularly useful for targeted delivery, 

especially to cells directly involved in human 

immunodeficiency virus (HIV) [44]. 

2- Novel applications of nanotechnology in 

the treatment of HIV infection: The 

application of nanotechnology in medicine 

provides many possibilities and facilities in the 

treatment of HIV. Nanotechnology-based 

systems can influence drug delivery systems 

and improve drug properties. They can also 
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increase the efficacy of treatment and reduce 

drug toxicity [45]. 

3- Nanoparticle systems as a tool for 

targeting CD4+ T cells: In HIV infection, CD4+ 

T cells are important targets for the virus. This 

has stimulated a number of nanoparticle-based 

strategies to deliver modifying factors, such as 

antiviral siRNA or antiretroviral drugs, to CD4+ 

T cells to inhibit HIV replication. Lipid 

nanoparticles encapsulating the antiretroviral 

drug indinavir were targeted to CD4+ T cells 

using peptides that recognize the CD4 co-

receptor. Pretreatment of CD4+ T cells with 

targeted lipid nanoparticles resulted in a 

reduction in the number of cells infected with 

non-targeted lipid nanoparticles in vitro [46]. 

4- Nanotechnology and Gene Therapy: 

Nanotechnology-based gene therapy is a 

method of treating HIV by introducing a gene 

into a cell that is associated with viral infection 

or replication. Other nucleic acid-based 

compounds can be used to interfere with viral 

replication [47]. 

5- Effect of dendrimer siRNA on 

suppression of HIV virus replication: The 

dendrimer siRNA complex showed the best 

efficiency in HIV-infected peripheral blood 

mononuclear cells without any cytotoxicity and 

protected the siRNA from degradation in RNase 

presentation [48]. 

6- Safe gene transfer in HIV therapy: 

Dendrimers were studied in mice and efficient 

transfer of siRNA across the blood-brain 

barrier was observed. Scientists at the 

University of California, Los Angeles have 

shown that cell-derived gene transfer is safe 

and active in HIV-infected individuals [49]. 

7- Novel techniques in HIV gene therapy 

from siRNA to Zinc Finger Nucleases: 

Specific delivery of 4 CD siRNAs results in RNA 

responses without side effects such as cell 

toxicity or immune stimulation. Antibody-

based siRNA delivery has been shown to 

suppress HIV replication in primary T cells. 

Another gene therapy approach is the 

persistent inactivation of 5CCR by zinc finger 

nucleases [50]. 

 

Nanotechnology and Vaccines 

Nanoparticles not only provide improved 

antigen delivery but also play a significant role 

in primary immunity [51]. The use of 

nanoparticles in vaccine formulation has the 

following advantages: 

1- Role of nanoparticles in antigen 

amplification: Nanoparticles can amplify 

adsorbed antigens and act as an antigen 

themselves. They can also mimic the properties 

of pathogens such as viruses and induce 

adaptive and innate immune responses [52]. 

 

Advantages of nanoparticles in vaccines 

Due to their specific surface area and high 

performance, they are used as antigen carriers 

to enhance antigen processing and 

presentation [53]. These characteristics of 

nanoparticles have led to effective cell 

targeting and controlled release of antigens. 

Nanoparticles can increase the half-life of most 

vaccines [54]. 

 

History of HIV vaccine research with 

nanoparticles 

The first attempt to deliver HIV antigens using 

liposomes was reported nearly two decades 

ago. Since then, the influence of various 

features including liposome components, 

fabrication methods, HIV antigen, route of 

administration, and type of adjuvant has been 

investigated for the development of liposomal 

HIV vaccines, and research is still ongoing [55]. 

 

Polymeric nanoparticles, an option for 

vaccine delivery 

Polymeric nanoparticles have attracted much 

attention in vaccine delivery due to some 

attractive features including biocompatibility, 

predictability, biodegradability, stability, easy 
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modification, and surface and safety [56]. 

Polymer-based delivery systems have shown 

some advantages such as sustained release, 

protection of the encapsulated antigen from 

enzymatic degradation [57], targeted delivery, 

and adjuvant effects. Some polymer 

nanoparticles have been pursued for the 

production of mucosal vaccines for antigen 

delivery. Carbon nanoparticles are used as 

another compound for drugs and vaccines due 

to their high biocompatibility. They can also 

increase the level of IgG response [58]. 

 

Nanomaterials for HIV Prevention and 

Treatment 

1- Liposomes: 

A) Nano vesicular carriers: Liposomes are 

vesicle carriers consisting of two phospholipid 

bilayers and an aqueous core. They are suitable 

as drug carriers [59]. 

B) Structure and function of liposomes: It is 

worth noting that the aqueous core is better for 

retaining hydrophilic drugs, while the two 

phospholipid bilayers retain hydrophobic and 

amphiphilic drugs. In addition, they are very 

useful for antiviral agents. Because it is taken 

up by the reticuloendothelial system and is 

rapidly removed from the bloodstream [60]. 

C) History and research on liposomes: 

Liposomes were the first to be developed and 

also have the longest research history among 

commercial Nano carriers. The size of 

liposomes can range from 80 nm to 10 μm, 

depending on the preparation and composition 

[61]. 

D) Properties and applications of 

liposomes: Many studies provide a detailed 

description of liposome compositions, 

manufacturing methods, types of liposomes, 

their biophysical properties, properties and 

applications. The characteristic of liposomes 

for rapid identification of phagocytic cells of the 

liver and spleen and their accumulation in 

lysosomes has been used to enhance the 

prevention and treatment of various infectious 

diseases [62]. 

E) Liposomal formulations and 

pharmaceutical applications: The first 

liposomal formulation introduced to the world 

pharmaceutical market was a liposome 

containing doxorubicin called RDoxil. The 

presence of polyethylene glycol (PEG) on the 

surface of this liposome increases the half-life 

of doxorubicin. Overall, it has been shown that 

fluorescently labeled cardiolipin liposomes are 

retained in the vaginal cavity of mice for 

approximately 24 hours after intrauterine 

administration, and the liposomal formulation 

has no adverse effects [63]. 

 

Advantages of Nanotechnology in Anti-HIV 

Drug Delivery 

In general, nanotechnology has many 

advantages in anti-HIV drug delivery. Some 

Nano medicine approaches are being used to 

treat patients with a wide range of conditions. 

 

The impact of nanoparticles in HIV 

treatment and prevention 

According to published results from clinical 

and animal models, the impact of nanoparticles 

in HIV treatment and prevention can be 

understood with approaches such as drug 

delivery, gene therapy, and vaccines. The use of 

nanoparticles in HIV treatment and prevention 

can be likened to a double-edged sword [64]. 

 

Challenges and limitations 

In the future, clinical research based on 

nanoparticles should consider various issues, 

including the development of 

pharmacodynamics and pharmacokinetic 

models in different situations, the stability of 

nanoparticles, and the interaction with tissues 

and cells [65].  

The use of this technology in the treatment 

process has limitations and challenges that 

need to be overcome, and further research is 
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needed in this area. Nanoparticles can also be 

used to treat AIDS-related diseases such as 

Burkitt syndrome. Finally, nanotechnology 

provides interesting opportunities for 

advanced therapeutic fields and HIV 

prevention [65]. 

 

Conclusion 

Initially, the use of nanotechnology was mainly 

based on increasing the solubility, absorption, 

bioavailability, and controlled release of drugs. 

Good examples of therapeutic application of 

nanotechnology are bebeerine, curcumin, 

ellagic acid, resveratrol, curcumin and 

quercetin. The efficacy of these natural 

products has been greatly improved through 

the use of Nano carriers formulated with 

polymeric nanoparticles of gold, silver, 

cadmium sulfide and titanium dioxide along 

with solid lipid nanoparticles, crystal 

nanoparticles, liposomes, micelles, 

superparamagnetic iron oxides and iron 

nanoparticles.  

There has been a continuous demand for new 

natural biomaterials due to their 

biodegradable, biocompatible, readily 

available, renewable and low toxicity qualities. 

One of the great interests in the development of 

Nano medicine in recent years is related to the 

integration of therapy and diagnosis, an 

example of which is cancer as a disease model. 

Good examples are iron oxide nanoparticles 

encapsulated with oleic acid for diagnostic 

applications via near infrared. Since the 1990s, 

the list of nanotechnology-based products and 

clinical trials approved by the FDA has grown 

dramatically, including synthetic polymeric 

particles.  

Liposome formulations, micellar nanoparticles, 

protein nanoparticles, nanocrystals, and many 

others are often combined with drugs or 

biologics. Although regulatory mechanisms for 

Nano drugs along with safety/toxicity 

assessment will be the subject of further 

development in the future, Nano medicine has 

already revolutionized the way drugs are 

discovered and administered in biological 

systems.  

In the last few decades, the vast potential of 

nanomaterials for biomedical and healthcare 

applications has been widely explored. Several 

case studies have shown that nanomaterials 

can offer solutions to current raw material 

challenges in the medical and health fields. This 

review describes different approaches to the 

synthesis of nanoparticles and nanostructured 

materials, and presents some emerging 

applications in biomedicine, healthcare, and 

agriculture and food.  

This review focuses on types of nanomaterials 

such as spheres, Nano rods, nanotubes, Nano 

sheets, nanofibers, core-shell and mesoporous, 

which can be synthesized from various raw 

materials and their emerging applications in 

bio imaging, drug delivery and agro-foods. 

Depending on their morphology, 

nanomaterials can be used as formulation 

modifiers, humectants, Nano fillers, additives, 

membranes and films. Since toxicological 

evaluation depends on sizes and morphologies, 

precise regulation of dosage tests of efficient 

nanomaterials is required.  

Challenges and prospects for industrial 

advancement of nanomaterials are related to 

the optimization of production and processing 

conditions. Nanotechnology, as a novel 

approach in HIV treatment, offers significant 

opportunities to improve the quality of life of 

patients and increase the efficacy of 

treatments. However, there are many 

challenges that need to be addressed, including 

nanoparticle stability, safety and production 

costs. With more investment in research and 

development, the potential of this technology 

can be effectively utilized and HIV treatment 

can be pushed to a new and more successful 

stage. Ultimately, combining nanotechnology 

with existing therapies could open up new 
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horizons in the fight against HIV and improve 

public health. 

 

References 

[1] Maichin P., Jitsangiam P., Nongnuang T., 

Boonserm K., Nusit K., Pra-Ai S., Binaree T., 

Aryupong C., Stabilized high clay content 

lateritic soil using cement-fgd gypsum 

mixtures for road subbase applications, 

Materials, 2021, 14:1858 [Crossref], [Google 

Scholar], [Publisher]  

[2] Ghobashy M.M., Elbarbary A.M., Hegazy D.E., 

Maziad N.A., Radiation synthesis of pH-

sensitive 2-(dimethylamino) ethyl 

methacrylate/polyethylene oxide/ZnS 

nanocomposite hydrogel membrane for wound 

dressing application, Journal of Drug Delivery 

Science and Technology, 2022, 73:103399 

[Crossref], [Google Scholar], [Publisher]  

[3] Moraes V., Brito O., Fioretto R., Moreira A., 

Changes in chemical properties of an oxisol due 

to gypsum application, Communications in Soil 

Science and Plant Analysis, 2016, 47:571 

[Crossref], [Google Scholar], [Publisher]  

[4] Tadayon N., Ramazani A., In silico Analysis 

of Sars-CoV-2 Main Protease Interactions with 

Selected Hyoscyamus Niger and Datura 

Stramonium Compounds for Finding New 

Antiviral Agents, Chemical Methodologies, 

2023, 7:613 [Crossref], [Google Scholar], 

[Publisher]  

[5] Bachu R.D., Chowdhury P., Al-Saedi Z.H., 

Karla P.K., Boddu S.H., Ocular drug delivery 

barriers—role of nanocarriers in the treatment 

of anterior segment ocular diseases, 

Pharmaceutics, 2018, 10:28 [Crossref], [Google 

Scholar], [Publisher]  

[6] Joshi S.N., Murphy E.A., Olaniyi P., Bryant 

R.J., The multiple effects of aspirin in prostate 

cancer patients, Cancer Treatment and 

Research Communications, 2021, 26:100267 

[Crossref], [Google Scholar], [Publisher]  

[7] Kanwal F., Ma M., Rehman M.F.U., Khan F.U., 

Elizur S.E., Batool A.I., Wang C.C., Tabassum, T., 

Lu C., Wang Y., Aspirin repurposing in folate-

decorated nanoparticles: another way to target 

breast cancer, Frontiers in Molecular 

Biosciences, 2022, 8:788279 [Crossref], 

[Google Scholar], [Publisher]  

[8]  Premkumar R., Premkumar S., Rekha T.N., 

Parameswari A., Mathavan T., Benial A.M.F., 

Surface enhanced Raman spectroscopic studies 

on aspirin: An experimental and theoretical 

approach, In AIP Conference Proceedings, 

2016, 1728:020613 [Crossref], [Google 

Scholar], [Publisher]  

[9] Obinu A., Rassu G., Corona P., Maestri M., 

Riva F., Miele D., Giunchedi P., Gavini E., Poly 

(ethyl 2 cyanoacrylate) nanoparticles (PECA-

NPs) as possible agents in tumor treatment, 

Colloids Surf. B Biointerfaces, 2019, 177:520 

[Crossref], [Google Scholar], [Publisher]  

[10] Obinu A., Gavini E., Rassu G., Riva F., 

Calligaro A., Bonferoni, M.C., Maestri M., 

Giunchedi, P., Indocyanine green loaded 

polymeric nanoparticles: Physicochemical 

characterization and interaction studies with 

Caco-2 cell line by light and transmission 

electron microscopy, Nanomaterials, 2020, 

10:133 [Crossref], [Google Scholar], 

[Publisher]  

[11] Ju-Nam Y., W Abdussalam-Mohammed, J 

Ojeda., Highly stable noble metal nanoparticles 

dispersible in biocompatible solvents: 

synthesis of cationic phosphonium gold 

nanoparticles in water and DMSO, Faraday 

Discussions, 2016, 186:77 [Crossref], [Google 

Scholar], [Publisher]  

[12] Al Saqr A., Khafagy E.S., Alalaiwe A., 

Aldawsari M.F., Alshahrani S.M., Anwer M.K., 

Khan S., Lila A.S.A., Arab H.H., Hegazy W.A., 

Synthesis of gold nanoparticles by using green 

machinery: Characterization and in vitro 

toxicity, Nanomaterials, 2021, 11:808 

[Crossref], [Google Scholar], [Publisher]  

[13] Abraham M.K., Madanan A.S., Varghese S., 

Shkhair A.I., Indongo G., Rajeevan G., Vijila N.S., 

George S., NaYF 4: Yb/Ho upconversion 

https://doi.org/10.3390/ma14081858
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D+Maichin%2C+P.%3B+Jitsangiam%2C+P.%3B+Nongnuang%2C+T.%3B+Boonserm%2C+K.%3B+Nusit%2C+K.%3B+Pra-Ai%2C+S.%3B+Binaree%2C+T.%3B+Aryupong%2C+C.%2C+Materials%2C+2021%2C+14%2C+1858.+https%3A%2F%2Fdoi.org%2F10.3390%2Fma14081858&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D+Maichin%2C+P.%3B+Jitsangiam%2C+P.%3B+Nongnuang%2C+T.%3B+Boonserm%2C+K.%3B+Nusit%2C+K.%3B+Pra-Ai%2C+S.%3B+Binaree%2C+T.%3B+Aryupong%2C+C.%2C+Materials%2C+2021%2C+14%2C+1858.+https%3A%2F%2Fdoi.org%2F10.3390%2Fma14081858&btnG=
https://www.mdpi.com/1996-1944/14/8/1858
https://doi.org/10.1016/j.jddst.2022.103399
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B31%5D+Ghobashy%2C+M.M.%3B+Elbarbary%2C+A.M.%3B+Hegazy%2C+D.E.%3B+Maziad%2C+N.A.%2C+Journal+of+Drug+Delivery+Science+and+Technology%2C+2022%2C+73%2C+103399.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.jddst.2022.103399&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1773224722003094
https://doi.org/10.1080/00103624.2016.1141929
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B32%5D+Moraes%2C+V.%3B+Brito%2C+O.%3B+Fioretto%2C+R.%3B+Moreira%2C+A.%2C+Communications+in+Soil+Science+and+Plant+Analysis%2C+2016%2C+47%2C+571%E2%80%93580.+https%3A%2F%2Fdoi.org%2F10.1080%2F00103624.2016.1141929&btnG=
https://www.tandfonline.com/doi/abs/10.1080/00103624.2016.1141929
https://doi.org/10.48309/chemm.2023.407403.1691
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Tadayon+N.%2C+Ramazani+A.%2C+In+silico+Analysis+of+Sars-CoV-2+Main+Protease+Interactions+with+Selected+Hyoscyamus+Niger+and+Datura+Stramonium+Compounds+for+Finding+New+Antiviral+Agents%2C+Chemical+Methodologies%2C+2023%2C+7%3A613+&btnG=
https://www.chemmethod.com/article_178141.html
https://doi.org/10.3390/pharmaceutics10010028
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D.+Bachu+R.D.%2C+Chowdhury+P.%2C+Al-Saedi+Z.H.%2C+Karla+P.K.%2C+Boddu%2C+S.H.%2COcular+drug+delivery+barriers%E2%80%94role+of+nanocarriers+in+the+treatment+of+anterior+segment+ocular+diseases%2C+Pharmaceutics%2C+2018%2C+10%3A1%2C+28%2C+%5Bhttps%3A%2F%2Fdoi.10.3390%2Fpharmaceutics10010028%5D+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D.+Bachu+R.D.%2C+Chowdhury+P.%2C+Al-Saedi+Z.H.%2C+Karla+P.K.%2C+Boddu%2C+S.H.%2COcular+drug+delivery+barriers%E2%80%94role+of+nanocarriers+in+the+treatment+of+anterior+segment+ocular+diseases%2C+Pharmaceutics%2C+2018%2C+10%3A1%2C+28%2C+%5Bhttps%3A%2F%2Fdoi.10.3390%2Fpharmaceutics10010028%5D+&btnG=
https://www.mdpi.com/1999-4923/10/1/28
https://doi.org/10.1016/j.ctarc.2020.100267
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B6%5D.+Joshi+S.N.%2C+Murphy+E.A.%2C+Olaniyi+P.%2C+Bryant+R.J.%2C+The+multiple+effects+of+aspirin+in+prostate+cancer+patients.+Cancer+Treatment+and+Research+Communications%2C+2021%2C+26%2C+100267+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.1016%2Fj.ctarc.2020.100267%5D&btnG=
https://www.sciencedirect.com/science/article/pii/S2468294220301027
https://doi.org/10.3389/fmolb.2021.788279
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B7%5D.+Kanwal+F.%2C+Ma+M.%2C+Rehman+M.F.U.%2C+Khan+F.U.%2C+Elizur+S.E.%2C+Batool+A.I.%2C+Wang+C.C.%2C+Tabassum%2C+T.%2C+Lu+C.%2C+Wang+Y.%2C+Aspirin+repurposing+in+folate-decorated+nanoparticles%3A+another+way+to+target+breast+cancer%2C+Frontiers+in+Molecular+Biosciences%2C+2022%2C+8%2C+788279+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.3389%2Ffmolb.2021.788279%5D&btnG=
https://www.frontiersin.org/journals/molecular-biosciences/articles/10.3389/fmolb.2021.788279/full
https://doi.org/10.1063/1.4946664
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D.+Premkumar+R.%2C+Premkumar+S.%2C+Rekha+T.N.%2C+Parameswari+A.%2C+Mathavan+T.%2C+Benial+A.M.F.%2C+Surface+enhanced+Raman+spectroscopic+studies+on+aspirin%3A+An+experimental+and+theoretical+approach.+In+AIP+Conference+Proceedings%2C+2016%2C+1728%3A020613+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.1063%2F1.4946664%5D+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D.+Premkumar+R.%2C+Premkumar+S.%2C+Rekha+T.N.%2C+Parameswari+A.%2C+Mathavan+T.%2C+Benial+A.M.F.%2C+Surface+enhanced+Raman+spectroscopic+studies+on+aspirin%3A+An+experimental+and+theoretical+approach.+In+AIP+Conference+Proceedings%2C+2016%2C+1728%3A020613+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.1063%2F1.4946664%5D+&btnG=
https://pubs.aip.org/aip/acp/article-abstract/1728/1/020613/1019912/Surface-enhanced-Raman-spectroscopic-studies-on
https://doi.org/10.1016/j.colsurfb.2019.02.036
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B14%5D.+Obinu+A.%2C+Rassu+G.%2C+Corona+P.%2C+Maestri+M.%2C+Riva+F.%2C+Miele+D.%2C+Giunchedi+P.%2C+Gavini+E.%2C+Poly+%28ethyl+2+cyanoacrylate%29+nanoparticles+%28PECA-NPs%29+as+possible+agents+in+tumor+treatment.+Colloids+Surf.+B+Biointerfaces%2C+2019%2C+177%2C+520+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.1016%2Fj.colsurfb.2019.02.036%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0927776519301183
https://doi.org/10.3390/nano10010133
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D.+Obinu+A.%2C+Gavini+E.%2C+Rassu+G.%2C+Riva+F.%2C+Calligaro+A.%2C+Bonferoni%2C+M.C.%2C+Maestri+M.%2C+Giunchedi%2C+P.%2C+Indocyanine+green+loaded+polymeric+nanoparticles%3A+Physicochemical+characterization+and+interaction+studies+with+Caco-2+cell+line+by+light+and+transmission+electron+microscopy%2C+Nanomaterials%2C+2020%2C+10%3A1%2C+133%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.3390%2Fnano10010133%5D&btnG=
https://www.mdpi.com/2079-4991/10/1/133
https://doi.org/10.1039/C5FD00131E
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D.+Ju-Nam+Y.%2C+W+Abdussalam-Mohammed%2C+J+Ojeda.%2C+Highly+stable+noble+metal+nanoparticles+dispersible+in+biocompatible+solvents%3A+synthesis+of+cationic+phosphonium+gold+nanoparticles+in+water+and+DMSO%2C+Faraday+Discussions%2C+2016%2C+186%3A77+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.1039%2FC5FD00131E%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D.+Ju-Nam+Y.%2C+W+Abdussalam-Mohammed%2C+J+Ojeda.%2C+Highly+stable+noble+metal+nanoparticles+dispersible+in+biocompatible+solvents%3A+synthesis+of+cationic+phosphonium+gold+nanoparticles+in+water+and+DMSO%2C+Faraday+Discussions%2C+2016%2C+186%3A77+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.1039%2FC5FD00131E%5D&btnG=
https://pubs.rsc.org/en/content/articlelanding/2016/fd/c5fd00131e/unauth
https://doi.org/10.3390/nano11030808
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B17%5D.+Al+Saqr+A.%2C+Khafagy+E.S.%2C+Alalaiwe+A.%2C+Aldawsari+M.F.%2C+Alshahrani+S.M.%2C+Anwer+M.K.%2C+Khan+S.%2C+Lila+A.S.A.%2C+Arab+H.H.%2C+Hegazy+W.A.%2C+Synthesis+of+gold+nanoparticles+by+using+green+machinery%3A+Characterization+and+in+vitro+toxicity%2C+Nanomaterials%2C+2021%2C+11%3A3%2C+808+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.3390%2Fnano11030808%5D&btnG=
https://www.mdpi.com/2079-4991/11/3/808


 

 
 

59 

 

2025, Volume 4, Issue 1 

 

 

 

 

 

nanoprobe incorporated gold nanoparticle 

(AuNP) based FRET immunosensor for the 

“turn-on” detection of cardiac troponin I, 

Analyst, 2024, 149:231 [Crossref], [Google 

Scholar], [Publisher]  

[14] Vityuk N.V., Eremenko A.M., Rusinchuk N. 

М., Lozovski V.Z., Lokshyn M.М., Lysenko V.S., 

Mukha I. P., Formation and stability of gold 

nanoparticles in colloids prepared by citrate 

method, Chemistry, Physics & Technology of 

Surface/Khimiya, Fizyka ta Tekhnologiya 

Poverhni, 2023, 14:3 [Crossref], [Google 

Scholar], [Publisher]  

[15] Shiraishi Y., Tanaka H., Sakamoto H., 

Hayashi N., Kofuji Y., Ichikawa S., Hirai T., 

Synthesis of Au nanoparticles with benzoic acid 

as reductant and surface stabilizer promoted 

solely by UV light, Langmuir, 2017, 33:13797 

[Crossref], [Google Scholar], [Publisher]  

[16] Lim S. H., Wong T. W., Tay W. X., 

Overcoming colloidal nanoparticle aggregation 

in biological milieu for cancer therapeutic 

delivery: Perspectives of materials and particle 

design, Advances in Colloid and Interface 

Science, 2024, 325:103094 [Crossref], [Google 

Scholar], [Publisher]  

[17]  Aji A., Kunarti E.S., Santosa S.J., Synthesis 

of gold nanoparticles using p-aminobenzoic 

acid and p-aminosalicylic acid as reducing 

agent, Indonesian Journal of Chemistry, 2019, 

19:68 [Crossref], [Google Scholar], [Publisher]  

[18]  Santhosh P.B., Genova J., Chamati H., 

Green synthesis of gold nanoparticles: An eco-

friendly approach, Chemistry, 2022, 4:345 

[Crossref], [Google Scholar], [Publisher]  

[19]  Khashayar P., Amoabediny G., Larijani B., 

Hosseini M., Vanfleteren J., Fabrication and 

verification of conjugated AuNP-antibody 

nanoprobe for sensitivity improvement in 

electrochemical biosensors, Scientific Reports, 

2017, 7:16070 [Crossref], [Google Scholar], 

[Publisher]  

[20]  Lee J.W., Choi S.R., Heo J.H., Simultaneous 

stabilization and functionalization of gold 

nanoparticles via biomolecule conjugation: 

Progress and perspectives, ACS Applied 

Materials & Interfaces, 2021, 13:42311 

[Crossref], [Google Scholar], [Publisher]  

[21]  Barnawi N., Allehyani, S., Seoudi R., 

Biosynthesis and characterization of gold 

nanoparticles and its application in eliminating 

nickel from water, Journal of Materials 

Research and Technology, 2022, 17:537 

[Crossref], [Google Scholar], [Publisher]  

[22] Ikeuba A.I., John O.B., Bassey V.M., Louis 

H., Agobi A.U., Ntibi, J.E., Asogwa F.C., 

Experimental and theoretical evaluation of 

aspirin as a green corrosion inhibitor for mild 

steel in acidic medium, Results in Chemistry, 

2022, 4:100543 [Crossref], [Google Scholar], 

[Publisher]  

[23] Ariski R T., Lee K.K., Kim Y., Lee C.S., The 

impact of pH and temperature on the green 

gold nanoparticles preparation using Jeju 

Hallabong peel extract for biomedical 

applications, RSC Advances, 2024, 14:14582 

[Crossref], [Google Scholar], [Publisher]  

[24] Park S., Lee W.J., Park S., Choi D., Kim S., 

Park N., Reversibly pH-responsive gold 

nanoparticles and their applications for 

photothermal cancer therapy, Scientific 

Reports, 2019, 9:20180 [Crossref], [Google 

Scholar], [Publisher]  

[25]  Wang J., Li J., Li Y., Zhang Z., Wang L., 

Wang D., Su L., Zhang X., Tang B.Z., pH-

Responsive Au (I)-disulfide nanoparticles with 

tunable aggregation-induced emission for 

monitoring intragastric acidity, Chemical 

Science, 2020, 11:6472 [Crossref], [Google 

Scholar], [Publisher]  

[26]  Natarajan B., Kannan P., Guo L., Metallic 

nanoparticles-based multicolor visual 

detection of biomolecules-Sensing mechanism-

based on the change in various colors, Chinese 

Journal of Structural Chemistry, 2024, 100349 

[Crossref], [Google Scholar], [Publisher]  

[27] Pamies R., Zhu K., Kjøniksen A.L., 

Nyström B., Temperature effects on the 

https://doi.org/10.1039/D3AN01405C
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B18%5D.+Abraham+M.K.%2C+Madanan+A.S.%2C+Varghese+S.%2C+Shkhair+A.I.%2C+Indongo+G.%2C+Rajeevan+G.%2C+Vijila+N.S.%2C+George+S.%2C+NaYF+4%3A+Yb%2FHo+upconversion+nanoprobe+incorporated+gold+nanoparticle+%28AuNP%29+based+FRET+immunosensor+for+the+%E2%80%9Cturn-on%E2%80%9D+detection+of+cardiac+troponin+I.+Analyst%2C+2024%2C+149%3A1%2C+231+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttp%2F%2Fdoi.org%2F10.1039%2FD3AN01405C%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B18%5D.+Abraham+M.K.%2C+Madanan+A.S.%2C+Varghese+S.%2C+Shkhair+A.I.%2C+Indongo+G.%2C+Rajeevan+G.%2C+Vijila+N.S.%2C+George+S.%2C+NaYF+4%3A+Yb%2FHo+upconversion+nanoprobe+incorporated+gold+nanoparticle+%28AuNP%29+based+FRET+immunosensor+for+the+%E2%80%9Cturn-on%E2%80%9D+detection+of+cardiac+troponin+I.+Analyst%2C+2024%2C+149%3A1%2C+231+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttp%2F%2Fdoi.org%2F10.1039%2FD3AN01405C%5D&btnG=
https://pubs.rsc.org/en/content/articlelanding/2024/an/d3an01405c
https://doi.org/10.15407/hftp14.03.310
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B19%5D.+Vityuk+N.+V.%2C+Eremenko+A.+M.%2C+Rusinchuk+N.+%D0%9C.%2C+Lozovski+V.+Z.%2C+Lokshyn+M.+%D0%9C.%2C+Lysenko+V.+S.%2C+Mukha+I.+P.%2C+FORMATION+AND+STABILITY+OF+GOLD+NANOPARTICLES+IN+COLLOIDS+PREPARED+BY+CITRATE+METHOD.+Chemistry%2C+Physics+%26+Technology+of+Surface%2FKhimiya%2C+Fizyka+ta+Tekhnologiya+Poverhni%2C+2023%2C+14%3A3+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.15407%2Fhftp14.03.310%5D+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B19%5D.+Vityuk+N.+V.%2C+Eremenko+A.+M.%2C+Rusinchuk+N.+%D0%9C.%2C+Lozovski+V.+Z.%2C+Lokshyn+M.+%D0%9C.%2C+Lysenko+V.+S.%2C+Mukha+I.+P.%2C+FORMATION+AND+STABILITY+OF+GOLD+NANOPARTICLES+IN+COLLOIDS+PREPARED+BY+CITRATE+METHOD.+Chemistry%2C+Physics+%26+Technology+of+Surface%2FKhimiya%2C+Fizyka+ta+Tekhnologiya+Poverhni%2C+2023%2C+14%3A3+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.15407%2Fhftp14.03.310%5D+&btnG=
http://www.cpts.com.ua/index.php/cpts/article/view/682
https://doi.org/10.1021/acs.langmuir.7b03192
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D.+Shiraishi+Y.%2C+Tanaka+H.%2C+Sakamoto+H.%2C+Hayashi+N.%2C+Kofuji+Y.%2C+Ichikawa+S.%2C+Hirai+T.%2C+Synthesis+of+Au+nanoparticles+with+benzoic+acid+as+reductant+and+surface+stabilizer+promoted+solely+by+UV+light.+Langmuir%2C+2017%2C+33%3A48%2C+13797+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.1021%2Facs.langmuir.7b03192%5D&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.langmuir.7b03192
https://doi.org/10.1016/j.cis.2024.103094
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B21%5D.+Lim+S.+H.%2C+Wong+T.+W.%2C+Tay+W.+X.%2C+Overcoming+colloidal+nanoparticle+aggregation+in+biological+milieu+for+cancer+therapeutic+delivery%3A+Perspectives+of+materials+and+particle+design.+Advances+in+colloid+and+interface+science%2C+2024%2C+325%2C+103094+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.1016%2Fj.cis.2024.103094%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B21%5D.+Lim+S.+H.%2C+Wong+T.+W.%2C+Tay+W.+X.%2C+Overcoming+colloidal+nanoparticle+aggregation+in+biological+milieu+for+cancer+therapeutic+delivery%3A+Perspectives+of+materials+and+particle+design.+Advances+in+colloid+and+interface+science%2C+2024%2C+325%2C+103094+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.1016%2Fj.cis.2024.103094%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0001868624000174
https://doi.org/10.22146/ijc.26839
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B23%5D.+Aji+A.%2C+Kunarti+E.S.%2C+Santosa+S.J.%2C+Synthesis+of+gold+nanoparticles+using+p-aminobenzoic+acid+and+p-aminosalicylic+acid+as+reducing+agent%2C+Indonesian+Journal+of+Chemistry%2C+2019%2C+19%3A1%2C+68+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+%5Bhttps%3A%2F%2Fdoi.org%2F10.22146%2Fijc.26839%5D&btnG=
https://journal.ugm.ac.id/ijc/article/view/26839
https://doi.org/10.3390/chemistry4020026
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B25%5D.+Santhosh+P.B.%2C+Genova+J.%2C+Chamati+H.%2C+Green+synthesis+of+gold+nanoparticles%3A+An+eco-friendly+approach%2C+Chemistry%2C+2022%2C+4%3A2%2C+345%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.3390%2Fchemistry4020026%5D&btnG=
https://www.mdpi.com/2624-8549/4/2/26
https://doi.org/10.1038/s41598-017-12677-w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B27%5D.+Khashayar+P.%2C+Amoabediny+G.%2C+Larijani+B.%2C+Hosseini+M.%2C+Vanfleteren+J.%2C+Fabrication+and+verification+of+conjugated+AuNP-antibody+nanoprobe+for+sensitivity+improvement+in+electrochemical+biosensors%2C+Scientific+Reports%2C+2017%2C+7%3A1%2C+16070%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-017-12677-w%5D&btnG=
https://www.nature.com/articles/s41598-017-12677-w
https://doi.org/10.1021/acsami.1c10436
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B29%5D.+Lee+J.W.%2C+Choi+S.R.%2C+Heo+J.H.%2C+Simultaneous+stabilization+and+functionalization+of+gold+nanoparticles+via+biomolecule+conjugation%3A+Progress+and+perspectives.+ACS+Applied+Materials+%26+Interfaces%2C+2021%2C+13%2836%29%2C+pp.42311-42328%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1021%2Facsami.1c10436%5D&btnG=
https://pubs.acs.org/doi/abs/10.1021/acsami.1c10436
https://doi.org/10.1016/j.jmrt.2021.12.013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B31%5D.+Barnawi+N.%2C+Allehyani%2C+S.%2C+Seoudi+R.%2C+Biosynthesis+and+characterization+of+gold+nanoparticles+and+its+application+in+eliminating+nickel+from+water%2C+journal+of+materials+research+and+technology%2C+2022%2C+17%2C+537%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1016%2Fj.jmrt.2021.12.013%5D&btnG=
https://www.sciencedirect.com/science/article/pii/S2238785421014563
https://doi.org/10.1016/j.rechem.2022.100543
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B32%5D.+Ikeuba+A.I.%2C+John+O.B.%2C+Bassey+V.M.%2C+Louis+H.%2C+Agobi+A.U.%2C+Ntibi%2C+J.E.%2C+Asogwa+F.C.%2C+Experimental+and+theoretical+evaluation+of+aspirin+as+a+green+corrosion+inhibitor+for+mild+steel+in+acidic+medium%2C+Results+in+Chemistry%2C+2022%2C+4%2C+100543%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1016%2Fj.rechem.2022.100543%5D&btnG=
https://www.sciencedirect.com/science/article/pii/S2211715622002624
https://doi.org/10.1039/D4RA00614C
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B33%5D+Ariski+R+T.%2C+Lee+K.K.%2C+Kim+Y.%2C+Lee+C.S.%2C+The+impact+of+pH+and+temperature+on+the+green+gold+nanoparticles+preparation+using+Jeju+Hallabong+peel+extract+for+biomedical+applications%2C+RSC+advances%2C+2024%2C+14%3A21%2C+14582%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1039%2FD4RA00614C%5D&btnG=
https://pubs.rsc.org/en/content/articlelanding/2024/ra/d4ra00614c
https://doi.org/10.1038/s41598-019-56754-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B34%5D.+Park+S.%2C+Lee+W.J.%2C+Park+S.%2C+Choi+D.%2C+Kim+S.%2C+Park+N.%2C+Reversibly+pH-responsive+gold+nanoparticles+and+their+applications+for+photothermal+cancer+therapy%2C+Scientific+reports%2C+2019%2C+9%3A1%2C+20180%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-019-56754-8%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B34%5D.+Park+S.%2C+Lee+W.J.%2C+Park+S.%2C+Choi+D.%2C+Kim+S.%2C+Park+N.%2C+Reversibly+pH-responsive+gold+nanoparticles+and+their+applications+for+photothermal+cancer+therapy%2C+Scientific+reports%2C+2019%2C+9%3A1%2C+20180%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-019-56754-8%5D&btnG=
https://www.nature.com/articles/s41598-019-56754-8
https://doi.org/10.1039/D0SC01843K
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B36%5D+Wang+J.%2C+Li+J.%2C+Li+Y.%2C+Zhang+Z.%2C+Wang+L.%2C+Wang+D.%2C+Su+L.%2C+Zhang+X.%2C+Tang+B.Z.%2C+pH-Responsive+Au+%28I%29-disulfide+nanoparticles+with+tunable+aggregation-induced+emission+for+monitoring+intragastric+acidity%2C+Chemical+Science%2C+2020%2C+11%3A25%2C+6472%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1039%2FD0SC01843K%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B36%5D+Wang+J.%2C+Li+J.%2C+Li+Y.%2C+Zhang+Z.%2C+Wang+L.%2C+Wang+D.%2C+Su+L.%2C+Zhang+X.%2C+Tang+B.Z.%2C+pH-Responsive+Au+%28I%29-disulfide+nanoparticles+with+tunable+aggregation-induced+emission+for+monitoring+intragastric+acidity%2C+Chemical+Science%2C+2020%2C+11%3A25%2C+6472%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1039%2FD0SC01843K%5D&btnG=
https://pubs.rsc.org/en/content/articlelanding/2020/sc/d0sc01843k
https://doi.org/10.1016/j.cjsc.2024.100349
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B39%5D.+Natarajan+B.%2C+Kannan+P.%2C+Guo+L.%2C+Metallic+nanoparticles-based+multicolor+visual+detection+of+biomolecules-Sensing+mechanism-based+on+the+change+in+various+colors.+Chinese+Journal+of+Structural+Chemistry%2C+2024%2C+100349%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1016%2Fj.cjsc.2024.100349%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0254586124001831


 

 

60 

2025, Volume 4, Issue 1 

 

 

 

 

 

stability of gold nanoparticles in the presence 

of a cationic thermoresponsive copolymer, 

Journal of Nanoparticle Research, 2016, 18:1 

[Crossref], [Google Scholar], [Publisher]  

[28] Oster J., Frenkel H., The chemistry of the 

reclamation of sodic soils with gypsum and 

lime, Soil Science Society of America Journal, 

1980, 44:41 [Crossref], [Google Scholar], 

[Publisher]  

[29]  Ibrahim F.T., Shahoodh M.A., Guermazi 

S., Studying the structural and optical 

properties of thin compound oxide films based 

on TiO2: NiO: in2O3 nanostructure. Chemical 

Methodologies, 2023, 7:871 [Crossref], 

[Google Scholar], [Publisher]  

[30]  Malik S., Chaudhary K., Malik A., Punia H., 

Sewhag M., Berkesia N., Nagora M., Kalia S., 

Malik K., Kumar D., Superabsorbent polymers 

as a soil amendment for increasing agriculture 

production with reducing water losses under 

water stress condition, Polymers, 2022, 15:161 

[Crossref], [Google Scholar], [Publisher]  

[31] Tiamwong S., Yukhajon P., Noisong P., 

Subsadsana M., Sansuk S., Eco-friendly starch 

composite supramolecular alginate–Ca2+ 

Hydrogel as controlled-release P fertilizer with 

low responsiveness to multiple environmental 

stimuli, Gels, 2023, 9:204 [Crossref], [Google 

Scholar], [Publisher]  

[32] Pimsen R., Porrawatkul P., Nuengmatcha 

P., Ramasoot S., Chanthai S., Efficiency 

enhancement of slow release of fertilizer using 

nanozeolite–chitosan/sago starch-based 

biopolymer composite, Journal of Coatings 

Technology and Research, 2021, 18:1321 

[Crossref], [Google Scholar], [Publisher]  

[33] Hassan N.S., Mahdi W.K., Spectroscopic 

and Antimicrobial Studies of Some Metal 

Complexes of Furfural Schiff Base Derivative 

Ligand, Chemical Methodologies, 2023, 7:419 

[Crossref], [Google Scholar], [Publisher]  

[34]  Alkhasha A., Al-Omran A., Aly A., Effects 

of biochar and synthetic polymer on the hydro-

physical properties of sandy soils, 

Sustainability, 2018, 10:4642 [Crossref], 

[Google Scholar], [Publisher]  

[35]  Krasnopeeva E.L., Panova G.G., 

Yakimansky A.V., Agricultural applications of 

superabsorbent polymer hydrogels, 

International Journal of Molecular Sciences, 

2022, 23:15134 [Crossref], [Google Scholar], 

[Publisher]  

[36] Misiewicz J., Datta S.S., Lejcuś K., Marczak 

D., The characteristics of time-dependent 

changes of coefficient of permeability for 

superabsorbent polymer-soil mixtures, 

Materials, 2022, 15:4465 [Crossref], [Google 

Scholar], [Publisher]  

[37] Ghobashy M.M., Mousaa I., El-Sayyad G.S., 

Radiation synthesis of urea/hydrogel core 

shells coated with three different natural oils 

via a layer-by-layer approach: An investigation 

of their slow release and effects on plant 

growth-promoting rhizobacteria, Progress in 

Organic Coatings, 2021, 151:106022 

[Crossref], [Google Scholar], [Publisher]  

[38] Tally M., Atassi Y., Synthesis and 

characterization of pH-sensitive 

superabsorbent hydrogels based on sodium 

alginate-g-poly (acrylic acid-co-acrylamide) 

obtained via an anionic surfactant micelle 

templating under microwave irradiation, 

Polymer Bulletin, 2016, 73:3183 [Crossref], 

[Google Scholar], [Publisher]  

[39]  Watanabe K., Saensupo S., Na-iam Y., 

Klomsa-ard P., Sriroth K., Effects of 

superabsorbent polymer on soil water content 

and sugarcane germination and early growth in 

sandy soil conditions, Sugar Tech, 2019, 

21:444 [Crossref], [Google Scholar], 

[Publisher]  

[40] Misiewicz J., Głogowski A., Lejcuś K., 

Marczak D., The characteristics of swelling 

pressure for superabsorbent polymer and soil 

mixtures, Materials, 2020, 13:5071 [Crossref], 

[Google Scholar], [Publisher]  

[41] Ime E., Ajor E., Ekpan F., Samuel H., 

Egwuatu O., Electrical Applications of Clay-

https://doi.org/10.1007/s11051-016-3627-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B40%5D.+Pamies+R.%2C+Zhu+K.%2C+Kj%C3%B8niksen+A.L.%2C+Nystr%C3%B6m+B.%2C+Temperature+effects+on+the+stability+of+gold+nanoparticles+in+the+presence+of+a+cationic+thermoresponsive+copolymer.+Journal+of+Nanoparticle+Research%2C+2016%2C+18%2C+1%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1007%2Fs11051-016-3627-3%5D&btnG=
https://link.springer.com/article/10.1007/s11051-016-3627-3
https://doi.org/10.2136/sssaj1980.03615995004400010010x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B37%5D+Oster%2C+J.%3B+Frenkel%2C+H.%2C+Soil+Science+Society+of+America+Journal%2C+1980%2C+44%2C+41%E2%80%9345.+https%3A%2F%2Fdoi.org%2F10.2136%2Fsssaj1980.03615995004400010010x&btnG=
https://ui.adsabs.harvard.edu/abs/1980SSASJ..44...41O
https://doi.org/10.48309/chemm.2023.409731.1693
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ibrahim%2C+F.+..%2C+Shahoodh%2C+M.+A.%2C+Guermazi%2C+S.+%282023%29.+%27Studying+the+Structural+and+Optical+Properties+of+Thin+Compound+Oxide+Films+Based+on+TiO2%3A+NiO%3A+In2O3+Nanostructure%27%2C+Chemical+Methodologies%2C+7%2811%29%2C+pp.+871-882.+doi%3A+10.48309%2Fchemm.2023.409731.1693&btnG=#d=gs_cit&t=1734548465270&u=%2Fscholar%3Fq%3Dinfo%3AYdvgP-p05nEJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://www.chemmethod.com/article_183275.html
https://doi.org/10.3390/polym15010161
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B40%5D+Malik%2C+S.%3B+Chaudhary%2C+K.%3B+Malik%2C+A.%3B+Punia%2C+H.%3B+Sewhag%2C+M.%3B+Berkesia%2C+N.%3B+Nagora%2C+M.%3B+Kalia%2C+S.%3B+Malik%2C+K.%3B+Kumar%2C+D.%3B+Polymers%2C+2022%2C+15%2C+161.+https%3A%2F%2Fdoi.org%2F10.3390%2Fpolym15010161&btnG=
https://www.mdpi.com/2073-4360/15/1/161
https://doi.org/10.3390/gels9030204
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B41%5D+Tiamwong%2C+S.%3B+Yukhajon%2C+P.%3B+Noisong%2C+P.%3B+Subsadsana%2C+M.%3B+Sansuk%2C+S.%2C+Gels%2C+2023%2C+9%2C+204.+https%3A%2F%2Fdoi.org%2F10.3390%2Fgels9030204&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B41%5D+Tiamwong%2C+S.%3B+Yukhajon%2C+P.%3B+Noisong%2C+P.%3B+Subsadsana%2C+M.%3B+Sansuk%2C+S.%2C+Gels%2C+2023%2C+9%2C+204.+https%3A%2F%2Fdoi.org%2F10.3390%2Fgels9030204&btnG=
https://www.mdpi.com/2310-2861/9/3/204
https://doi.org/10.1007/s11998-021-00495-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B42%5D+Pimsen%2C+R.%3B+Porrawatkul%2C+P.%3B+Nuengmatcha%2C+P.%3B+Ramasoot%2C+S.%3B+Chanthai%2C+S.%2C+Journal+of+Coatings+Technology+and+Research%2C+2021%2C+18%2C+1321%E2%80%931332.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs11998-021-00495-9&btnG=
https://link.springer.com/article/10.1007/s11998-021-00495-9
https://doi.org/10.22034/chemm.2023.385342.1652
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hassan%2C+N.+S.%2C+K.+Mahdi%2C+W.+%282023%29.+%27Spectroscopic+and+Antimicrobial+Studies+of+Some+Metal+Complexes+of+Furfural+Schiff+Base+Derivative+Ligand%27%2C+Chemical+Methodologies%2C+7%286%29%2C+pp.+419-434.+doi%3A+10.22034%2Fchemm.2023.385342.1652&btnG=#d=gs_cit&t=1734548963442&u=%2Fscholar%3Fq%3Dinfo%3AcTnera32H1sJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://www.chemmethod.com/article_169114.html
https://doi.org/10.3390/su10124642
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B45%5D+Alkhasha%2C+A.%3B+Al-Omran%2C+A.%3B+Aly%2C+A.%2C+Sustainability%2C+2018%2C+10%2C+4642.+https%3A%2F%2Fdoi.org%2F10.3390%2Fsu10124642&btnG=
https://www.mdpi.com/2071-1050/10/12/4642
https://doi.org/10.3390/ijms232315134
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B47%5D+Krasnopeeva%2C+E.L.%3B+Panova%2C+G.G.%3B+Yakimansky%2C+A.V.%2C+International+Journal+of+Molecular+Sciences%2C+2022%2C+23%2C+15134.+https%3A%2F%2Fdoi.org%2F10.3390%2Fijms232315134&btnG=
https://www.mdpi.com/1422-0067/23/23/15134
https://doi.org/10.3390/ma15134465
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B48%5D+Misiewicz%2C+J.%3B+Datta%2C+S.S.%3B+Lejcus%C2%B4%2C+K.%3B+Marczak%2C+D.+The+characteristics+of+time-dependent+changes+of+coef%EF%AC%81cient+of+permeability+for+superabsorbent+polymer-soil+mixtures.+Materials+2022%2C+15%2C+4465.+https%3A%2F%2Fdoi.org%2F10.3390%2Fma15134465&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B48%5D+Misiewicz%2C+J.%3B+Datta%2C+S.S.%3B+Lejcus%C2%B4%2C+K.%3B+Marczak%2C+D.+The+characteristics+of+time-dependent+changes+of+coef%EF%AC%81cient+of+permeability+for+superabsorbent+polymer-soil+mixtures.+Materials+2022%2C+15%2C+4465.+https%3A%2F%2Fdoi.org%2F10.3390%2Fma15134465&btnG=
https://www.mdpi.com/1996-1944/15/13/4465
https://doi.org/10.1016/j.porgcoat.2020.106022
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B49%5D+Ghobashy%2C+M.M.%3B+Mousaa%2C+I.%3B+El-Sayyad%2C+G.S.%2C+Progress+in+Organic+Coatings%2C+2021%2C+151%2C+106022.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.porgcoat.2020.106022&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0300944020312339
https://doi.org/10.1007/s00289-016-1649-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B50%5D+Tally%2C+M.%3B+Atassi%2C+Y.%2C+Polymer+Bulletin%2C+2016%2C+73%2C+3183%E2%80%933208.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs00289-016-1649-8&btnG=
https://link.springer.com/article/10.1007/s00289-016-1649-8
https://doi.org/10.1007/s12355-018-0672-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B55%5D+Watanabe%2C+K.%3B+Saensupo%2C+S.%3B+Na-iam%2C+Y.%3B+Klomsa-ard%2C+P.%3B+Sriroth%2C+K.%2C+Sugar+Tech%2C+2019%2C+21%2C+444%E2%80%93450.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs12355-018-0672-5&btnG=
https://link.springer.com/article/10.1007/s12355-018-0672-5
https://doi.org/10.3390/ma13225071
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B56%5D+Misiewicz%2C+J.%3B+G%C5%82ogowski%2C+A.%3B+Lejcus%C2%B4%2C+K.%3B+Marczak%2C+D.%2C+Materials%2C+2020%2C+13%2C+5071.+https%3A%2F%2Fdoi.org%2F10.3390%2Fma13225071&btnG=
https://www.mdpi.com/1996-1944/13/22/5071


 

 
 

61 

 

2025, Volume 4, Issue 1 

 

 

 

 

 

Reinforced Recycled Plastic 

Composites, Eurasian Journal of Science and 

Technology, 2024, 4:165 [Crossref], [Google 

Scholar], [Publisher]  

[42]  Huang W., Ratkowsky D.A., Hui C., Wang 

P., Su J., Shi P., Leaf fresh weight versus dry 

weight: which is better for describing the 

scaling relationship between leaf biomass and 

leaf area for broad-leaved plants?, Forests, 

2019, 10:256 [Crossref], [Google Scholar], 

[Publisher]  

[43]  Doklega S.M., Saudy H.S., El-Sherpiny M., 

El-Yazied A.A., Abd El-Gawad H.G., Ibrahim 

M.F., Abd El-Hady M.A., Omar M.M., Metwally 

A.A., Rhizospheric addition of hydrogel 

polymer and zeolite plus glutathione mitigate 

the hazard effects of water deficiency on 

common bean plants through enhancing the 

defensive antioxidants, Journal of Crop Health, 

2024, 76:235 [Crossref], [Google Scholar], 

[Publisher]  

[44] Agnihotri S., Singhal R., Synthesis and 

characterization of novel poly (acrylic 

acid/sodium alginate/sodium humate) 

superabsorbent hydrogels. Part II: The effect of 

SH variation on Cu 2+, Pb 2+, Fe 2+ metal ions, MB, 

CV dye adsorption study, Journal of Polymers 

and the Environment, 2018, 26:383 [Crossref], 

[Google Scholar]  

[45] Kowalski G., Witczak M., Kuterasiński Ł., 

Structure effects on swelling properties of 

hydrogels based on sodium alginate and acrylic 

polymers, Molecules, 2024, 29:1937 

[Crossref], [Google Scholar], [Publisher]  

[46]  Mohammad N., Atassi Y., Tally M., 

Synthesis and swelling behavior of metal-

chelating superabsorbent hydrogels based on 

sodium alginate-g-poly (AMPS-co-AA-co-AM) 

obtained under microwave irradiation, 

Polymer Bulletin, 2017, 74:4453 [Crossref], 

[Google Scholar], [Publisher]  

[47] Hosseini S.H., Niyungeko C., Khan S., 

Liang X., Effects of superabsorbent 

polyacrylamide hydrogel and gypsum 

applications on colloidal phosphorus release 

from agricultural soils, Journal of Soils and 

Sediments, 2021, 21:925 [Crossref], [Google 

Scholar], [Publisher]  

[48] Nassaj-Bokharaei S., Motesharezedeh B., 

Etesami H., Motamedi E., Effect of hydrogel 

composite reinforced with natural char 

nanoparticles on improvement of soil 

biological properties and the growth of water 

deficit-stressed tomato plant, Ecotoxicology 

and Environmental Safety, 2021, 223:112576 

[Crossref], [Google Scholar], [Publisher]  

[49]  Ghobashy M.M., Amin M.A., Nady N., 

Meganid A.S., Alkhursani S.A., Alshangiti D.M., 

Madani M., Al-Gahtany S.A., Zaher A.A., 

Improving impact of poly (starch/acrylic acid) 

superabsorbent hydrogel on growth and 

biochemical traits of sunflower under drought 

stress, Journal of Polymers and the 

Environment, 2022, 1 [Crossref], [Google 

Scholar], [Publisher] 

[50]  Chen, A.; Qu, C.; Shi, Y.; Shi, F. 

Manufacturing Strategies for Solid Electrolyte 

in Batteries. Front. Energy Res. 2020, 8, 226. 

[Google Scholar] [CrossRef] 

[51] R Baradaran Bagheri, Managing Brain 

Tumors in In Vitro Fertilization Pregnancy: 

Systematic Review, Eurasian Journal of 

Chemical, Medicinal and Petroleum Research, 

2022,  1 (4), 223-236 [Google Scholar], 

[Publisher] 

[52] S Yasrebi, R Baradaran Bagheri, Effect of 

Enoxaparin's Ability to success and Neonatal 

out Come of In Vitro Fertilization, Eurasian 

Journal of Chemical, Medicinal and Petroleum 

Research, 2022,  1 (5), 140-152 [Google 

Scholar], [Publisher] 

[53] R Baradaran Bagheri, Oxytocin During 

Elective Caesarean Section and Risk of Severe 

Postpartum Haemorrhage, Eurasian Journal of 

Chemical, Medicinal and Petroleum Research, 

2022,  1 (5), 126-139 [Google Scholar], 

[Publisher] 

https://doi.org/10.48309/ejst.2024.423583.1110
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ime%2C+E.%2C+Ajor%2C+E.%2C+Ekpan%2C+F.%2C+Samuel%2C+H.%2C+Egwuatu%2C+O.+%282024%29.+%27Electrical+Applications+of+Clay-Reinforced+Recycled+Plastic+Composites%27%2C+Eurasian+Journal+of+Science+and+Technology%2C+4%283%29%2C+pp.+165-178.+doi%3A+10.48309%2Fejst.2024.423583.1110&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ime%2C+E.%2C+Ajor%2C+E.%2C+Ekpan%2C+F.%2C+Samuel%2C+H.%2C+Egwuatu%2C+O.+%282024%29.+%27Electrical+Applications+of+Clay-Reinforced+Recycled+Plastic+Composites%27%2C+Eurasian+Journal+of+Science+and+Technology%2C+4%283%29%2C+pp.+165-178.+doi%3A+10.48309%2Fejst.2024.423583.1110&btnG=
https://ejst.samipubco.com/article_188627.html
https://doi.org/10.3390/f10030256
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B64%5D+Huang%2C+W.%3B+Ratkowsky%2C+D.A.%3B+Hui%2C+C.%3B+Wang%2C+P.%3B+Su%2C+J.%3B+Shi%2C+P.%2C+Forests%2C+2019%2C+10%2C+256.+https%3A%2F%2Fdoi.org%2F10.3390%2Ff10030256&btnG=
https://www.mdpi.com/1999-4907/10/3/256
https://doi.org/10.1007/s10343-023-00947-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B66%5D+Doklega%2C+S.M.%3B+Saudy%2C+H.S.%3B+El-Sherpiny%2C+M.%3B+El-Yazied%2C+A.A.%3B+Abd+El-Gawad%2C+H.G.%3B+Ibrahim%2C+M.F.%3BAbd+El-Hady%2C+M.A.%3B+Omar%2C+M.M.%3B+Metwally%2C+A.A.%2C+Journal+of+Crop+Health%2C+2024%2C+76%2C+235%E2%80%93249.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs10343-023-00947-9&btnG=
https://link.springer.com/article/10.1007/s10343-023-00947-9
https://doi.org/10.1007/s10924-017-0956-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B67%5D+Agnihotri%2C+S.%3B+Singhal%2C+R.%2C+Journal+of+Polymers+and+the+Environment%2C+2018%2C+26%2C+383%E2%80%93395.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs10924-017-0956-y&btnG=
https://doi.org/10.3390/molecules29091937
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B68%5D+Kowalski%2C+G.%3B+Witczak%2C+M.%3B+Kuterasin%C2%B4+ski%2C+%C5%81.%2C+Molecules%2C+2024%2C+29%2C+1937.+https%3A%2F%2Fdoi.org%2F10.3390%2Fmolecules29091937&btnG=
https://www.mdpi.com/1420-3049/29/9/1937
https://doi.org/10.1007/s00289-017-1967-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B72%5D+Mohammad%2C+N.%3B+Atassi%2C+Y.%3B+Tally%2C+M.%2C+Polymer+Bulletin%2C+2017%2C+74%2C+4453%E2%80%934481.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs00289-017-1967-5&btnG=
https://link.springer.com/article/10.1007/s00289-017-1967-5
https://doi.org/10.1007/s11368-020-02819-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B73%5D+Hosseini%2C+S.H.%3B+Niyungeko%2C+C.%3B+Khan%2C+S.%3B+Liang%2C+X.%2C+Journal+of+Soils+and+Sediments%2C+2021%2C+21%2C+925%E2%80%93935.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs11368-020-02819-5&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B73%5D+Hosseini%2C+S.H.%3B+Niyungeko%2C+C.%3B+Khan%2C+S.%3B+Liang%2C+X.%2C+Journal+of+Soils+and+Sediments%2C+2021%2C+21%2C+925%E2%80%93935.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs11368-020-02819-5&btnG=
https://link.springer.com/article/10.1007/s11368-020-02819-5
https://doi.org/10.1016/j.ecoenv.2021.112576
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B76%5D+Nassaj-Bokharaei%2C+S.%3B+Motesharezedeh%2C+B.%3B+Etesami%2C+H.%3B+Motamedi%2C+E.%2C+Ecotoxicology+and+Environmental+Safety%2C+2021%2C+223%2C+112576.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.ecoenv.2021.112576&btnG=
https://www.sciencedirect.com/science/article/pii/S0147651321006886
https://doi.org/10.1007/s10924-021-02322-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B84%5D+Ghobashy%2C+M.M.%3B+Amin%2C+M.A.%3B+Nady%2C+N.%3B+Meganid%2C+A.S.%3B+Alkhursani%2C+S.A.%3B+Alshangiti%2C+D.M.%3B+Madani%2C+M.%3B+Al-Gahtany%2C+S.A.%3B+Zaher%2C+A.A.%2C+Journal+of+Polymers+and+the+Environment%2C+2022%2C+1%E2%80%9311.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs10924-021-02322-z&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B84%5D+Ghobashy%2C+M.M.%3B+Amin%2C+M.A.%3B+Nady%2C+N.%3B+Meganid%2C+A.S.%3B+Alkhursani%2C+S.A.%3B+Alshangiti%2C+D.M.%3B+Madani%2C+M.%3B+Al-Gahtany%2C+S.A.%3B+Zaher%2C+A.A.%2C+Journal+of+Polymers+and+the+Environment%2C+2022%2C+1%E2%80%9311.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs10924-021-02322-z&btnG=
https://link.springer.com/article/10.1007/s10924-021-02322-z
https://scholar.google.com/scholar_lookup?title=Manufacturing+Strategies+for+Solid+Electrolyte+in+Batteries&author=Chen,+A.&author=Qu,+C.&author=Shi,+Y.&author=Shi,+F.&publication_year=2020&journal=Front.+Energy+Res.&volume=8&pages=226&doi=10.3389/fenrg.2020.571440
https://doi.org/10.3389/fenrg.2020.571440
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://www.ejcmpr.com/
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://www.ejcmpr.com/
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://www.ejcmpr.com/


 

 

62 

2025, Volume 4, Issue 1 

 

 

 

 

 

[54] A Moradi, N Abedini, Effect of 

Dministration of Tranexamic Acid in Total 

Knee Arthroplasty, Eurasian Journal of 

Chemical, Medicinal and Petroleum Research, 

2022, 1, 111-125 [Google Scholar], [Publisher] 

[55] V Fattah, M Irajian, Investigating the 

Effect of Hyaluronic Acid on Pain Control in 

Total Ankle Arthroplasty: A systematic review, 

Eurasian Journal of Chemical, Medicinal and 

Petroleum Research, 2022, 1 (5), 23-40 

[Google Scholar], [Publisher] 

[56] M Dehdilan, K Hashemzadeh, Length 

of stay in the hospital and intensive care unit in 

patients after heart valve surgeries, Eurasian 

Journal of Chemical, Medicinal and Petroleum 

Research, 2022, 1 (4), 198-209 [Google 

Scholar], [Publisher] 

[57] M Irajian, V Fattahi, Investigating the 

Effect of Tranexamic Acid on Reducing 

Bleeding in Knee Arthroplasty and Improving 

Joint Function: A systematic review, Eurasian 

Journal of Chemical, Medicinal and Petroleum 

Research, 2022, 1 (4), 210-222 [Google 

Scholar], [Publisher] 

[58] K Hashemzadeh, M Dehdilan, Results 

of Cardiac Surgeries in Pediatric Requiring 

Cardiac Surgery Hospitalized in the Intensive 

Care Unit, Eurasian Journal of Chemical, 

Medicinal and Petroleum Research, 2022, 1 

(4), 189-197 [Google Scholar], [Publisher] 

[59] Park S., Lee W.J., Park S., Choi D., Kim 

S., Park N., Reversibly pH-responsive gold 

nanoparticles and their applications for 

photothermal cancer therapy, Scientific 

Reports, 2019, 9:20180 [Crossref], [Google 

Scholar], [Publisher]  

[60] Diegoli S., Manciulea A.L., Begum S., 

Jones I.P., Lead J.R., Preece J.A., Interaction 

between manufactured gold nanoparticles and 

naturally occurring organic macromolecules, 

Science of the Total Environment, 2008, 402:51 

[Crossref], [Google Scholar], [Publisher]  

[61] Wang J., Li J., Li Y., Zhang Z., Wang L., 

Wang D., Su L., Zhang X., Tang B.Z., pH-

Responsive Au (I)-disulfide nanoparticles with 

tunable aggregation-induced emission for 

monitoring intragastric acidity, Chemical 

Science, 2020, 11:6472 [Crossref], [Google 

Scholar], [Publisher]  

[62] Nam J., Won N., Jin H., Chung H., Kim 

S., pH-induced aggregation of gold 

nanoparticles for photothermal cancer 

therapy, Journal of the American Chemical 

Society, 2009, 131:13639 [Crossref], [Google 

Scholar], [Publisher]  

[63] Tran M., DePenning R., Turner M., 

Padalkar S., Effect of citrate ratio and 

temperature on gold nanoparticle size and 

morphology, Materials Research Express, 2016, 

3:105027 [Crossref], [Google Scholar], 

[Publisher]  

[64] Natarajan B., Kannan P., Guo L., 

Metallic nanoparticles-based multicolor visual 

detection of biomolecules-Sensing mechanism-

based on the change in various colors, Chinese 

Journal of Structural Chemistry, 2024, 100349 

[Crossref], [Google Scholar], [Publisher]  

[65]  Pamies R., Zhu K., Kjøniksen A.L., 

Nyström B., Temperature effects on the 

stability of gold nanoparticles in the presence 

of a cationic thermoresponsive copolymer, 

Journal of Nanoparticle Research, 2016, 18:1 

[Crossref], [Google Scholar], [Publisher]  

 

 

This journal is a double-blind peer-reviewed journal covering all areas in Chemistry, Medicinal and 

Petroleum.  EJCMPR is published quarterly (4 issues per year) online and in print. Copyright © 2025 by ASC which 

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://www.ejcmpr.com/
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://www.ejcmpr.com/
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://www.ejcmpr.com/
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://www.ejcmpr.com/
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://www.ejcmpr.com/
https://doi.org/10.1038/s41598-019-56754-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B34%5D.+Park+S.%2C+Lee+W.J.%2C+Park+S.%2C+Choi+D.%2C+Kim+S.%2C+Park+N.%2C+Reversibly+pH-responsive+gold+nanoparticles+and+their+applications+for+photothermal+cancer+therapy%2C+Scientific+reports%2C+2019%2C+9%3A1%2C+20180%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-019-56754-8%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B34%5D.+Park+S.%2C+Lee+W.J.%2C+Park+S.%2C+Choi+D.%2C+Kim+S.%2C+Park+N.%2C+Reversibly+pH-responsive+gold+nanoparticles+and+their+applications+for+photothermal+cancer+therapy%2C+Scientific+reports%2C+2019%2C+9%3A1%2C+20180%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-019-56754-8%5D&btnG=
https://www.nature.com/articles/s41598-019-56754-8
https://doi.org/10.1016/j.scitotenv.2008.04.023
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B35%5D.+Diegoli+S.%2C+Manciulea+A.L.%2C+Begum+S.%2C+Jones+I.P.%2C+Lead+J.R.%2C+Preece+J.A.%2C+Interaction+between+manufactured+gold+nanoparticles+and+naturally+occurring+organic+macromolecules%2C+Science+of+the+Total+Environment%2C+2008%2C+402%3A1%2C+51%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1016%2Fj.scitotenv.2008.04.023%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0048969708004567
https://doi.org/10.1039/D0SC01843K
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B36%5D+Wang+J.%2C+Li+J.%2C+Li+Y.%2C+Zhang+Z.%2C+Wang+L.%2C+Wang+D.%2C+Su+L.%2C+Zhang+X.%2C+Tang+B.Z.%2C+pH-Responsive+Au+%28I%29-disulfide+nanoparticles+with+tunable+aggregation-induced+emission+for+monitoring+intragastric+acidity%2C+Chemical+Science%2C+2020%2C+11%3A25%2C+6472%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1039%2FD0SC01843K%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B36%5D+Wang+J.%2C+Li+J.%2C+Li+Y.%2C+Zhang+Z.%2C+Wang+L.%2C+Wang+D.%2C+Su+L.%2C+Zhang+X.%2C+Tang+B.Z.%2C+pH-Responsive+Au+%28I%29-disulfide+nanoparticles+with+tunable+aggregation-induced+emission+for+monitoring+intragastric+acidity%2C+Chemical+Science%2C+2020%2C+11%3A25%2C+6472%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1039%2FD0SC01843K%5D&btnG=
https://pubs.rsc.org/en/content/articlelanding/2020/sc/d0sc01843k
https://doi.org/10.1021/ja902062j
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B37%5D.+Nam+J.%2C+Won+N.%2C+Jin+H.%2C+Chung+H.%2C+Kim+S.%2C+pH-induced+aggregation+of+gold+nanoparticles+for+photothermal+cancer+therapy%2C+Journal+of+the+American+Chemical+Society%2C+2009%2C+131%3A38%2C+13639%2C+%5Bhttps%3A%2F%2F+doi.org%2F10.1021%2Fja902062j%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B37%5D.+Nam+J.%2C+Won+N.%2C+Jin+H.%2C+Chung+H.%2C+Kim+S.%2C+pH-induced+aggregation+of+gold+nanoparticles+for+photothermal+cancer+therapy%2C+Journal+of+the+American+Chemical+Society%2C+2009%2C+131%3A38%2C+13639%2C+%5Bhttps%3A%2F%2F+doi.org%2F10.1021%2Fja902062j%5D&btnG=
https://pubs.acs.org/doi/abs/10.1021/ja902062j
https://doi.org/10.1088/2053-1591/3/10/105027
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B38%5D.+Tran+M.%2C+DePenning+R.%2C+Turner+M.+and+Padalkar+S.%2C+Effect+of+citrate+ratio+and+temperature+on+gold+nanoparticle+size+and+morphology.+Materials+Research+Express%2C+2016%2C+3%2810%29%2C+p.105027.+%5Bhttps%3A%2F%2F+doi.org%2F10.1088%2F2053-1591%2F3%2F10%2F105027%5D&btnG=
https://iopscience.iop.org/article/10.1088/2053-1591/3/10/105027/meta
https://doi.org/10.1016/j.cjsc.2024.100349
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B39%5D.+Natarajan+B.%2C+Kannan+P.%2C+Guo+L.%2C+Metallic+nanoparticles-based+multicolor+visual+detection+of+biomolecules-Sensing+mechanism-based+on+the+change+in+various+colors.+Chinese+Journal+of+Structural+Chemistry%2C+2024%2C+100349%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1016%2Fj.cjsc.2024.100349%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0254586124001831
https://doi.org/10.1007/s11051-016-3627-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B40%5D.+Pamies+R.%2C+Zhu+K.%2C+Kj%C3%B8niksen+A.L.%2C+Nystr%C3%B6m+B.%2C+Temperature+effects+on+the+stability+of+gold+nanoparticles+in+the+presence+of+a+cationic+thermoresponsive+copolymer.+Journal+of+Nanoparticle+Research%2C+2016%2C+18%2C+1%2C+%5Bhttps%3A%2F%2Fdoi.org%2F10.1007%2Fs11051-016-3627-3%5D&btnG=
https://link.springer.com/article/10.1007/s11051-016-3627-3
https://www.ejcmpr.com/

