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Abstract This review presents a comprehensive analysis of current research on gold 

nanoparticles (GNPs), encompassing their synthesis, characterization and 

applications in cancer therapy. GNPs are synthesized through various chemical and 

biological methods, each contributing to their significance in diverse applications. 

Cytotoxicity plays a critical role in determining their practical utility, with distinct 

considerations depending on the context: in medical applications, high 

biocompatibility with living normal cells is essential, while in targeting pathogens 

and cancer cells, inducing apoptosis is desirable. Thus, optimizing the concentration 

of GNPs for each specific application is of paramount importance. Additionally, this 

review highlights the characterization techniques for GNPs, their functionalization 

using biomolecules, and their subsequent applications in cancer therapy, 

emphasizing their potential in advancing therapeutic strategies.  
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1. INTRODUCTION 

Nanoparticles ranging in size from 1 to 100 nm are primarily utilized for clinical and 

commercial purposes due to their extensive surface area and unique physicochemical, 

mechanical, and electrical properties [1,2]. Nanotechnology, the science focused on processes 

at the molecular scale, underpins these advancements [3-9]. It has rapidly integrated with 

disciplines such as physics and engineering [3], biomedicine [4-8], pharmaceutical sciences 

[7,8], and nanomedicine [9,10], with applications extending to molecular biology, biophysics, 

and bioengineering [9]. Additionally, the field of nanotoxicology examines the relationships 

between the physicochemical properties of engineered nanoparticles and their toxicological 

profiles [3,8,10]. Among nanoparticles, gold nanoparticles (GNPs) are particularly significant 

in biomedicine due to their distinctive optical and electronic properties [1-3,8,11,12]. 

The advantages of nanoparticles include reduced patient-to-patient variability, enhanced 

solubility, improved oral bioavailability, accelerated dissolution rates, increased surface area, 

reduced dosage requirements, and a faster onset of therapeutic effects [2,13-16]. As 

engineered nanoparticles become more ubiquitous, it is vital to study their physical and 

chemical properties [17-20], interactions with proteins [21,22], binding with anesthetic 

molecules [23], and interactions with amino acids [24-28]. These properties have paved the 

way for applications in chemical and biological sensing [29], biofunctionalization for 

nanomedicine [30], and interactions with biological structures [31,32], including antitumor 

efficacy against cancers such as breast, pancreatic, and prostate [33]. 

A key question arises: why is the interaction of GNPs with biological membranes so critical, 

compared to other cellular compartments? The answer lies in the protective role of cell 

membranes. Successful penetration of the membrane by nanoparticles can affect the internal 

cellular environment, a desirable outcome in specific cases such as drug delivery. To optimize 

these interactions, it is essential to understand the structure of each membrane type and their 

responses to various nanoparticles. 

Gold nanoparticles are among the most extensively studied metal nanoparticles, especially for 

their diverse medical applications [1,2,10,12,13-17]. While hydroxyapatite is well-known for 

its role in joint replacements, its susceptibility to infections has prompted efforts to combine it 

with antibacterial agents such as gold and silver nanoparticles [17-20]. In surgical 

applications, the interaction between nanoparticles and commonly used anesthetics has shown 

promising results [23]. Furthermore, GNPs are crucial in nanotechnology and nanoscience 

due to their ability to interact with amino acids [24], such as cysteine [25,26], lysine [27], and 

arginine [28], as well as biomolecules like proteins [20-22]. These properties underscore their 

broad potential in advancing both therapeutic and diagnostic modalities. 

2.GOLD NANOPARTICLES SYNTHESIS 

Gold nanoparticles (GNPs) can be synthesized through a variety of methods, which are 

broadly categorized into "bottom-up" and "top-down" approaches. This review highlights 

the most prominent methods within these categories. 

The top-down approach involves the decomposition of bulk materials into nanoparticles 

using physical techniques such as IR and UV irradiation, ion spraying, aerosol 
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technology, or laser ablation [5,7]. In contrast, the bottom-up approach starts at the 

atomic level, where gold atoms are chemically synthesized into nanoparticles of desired 

shapes and sizes. This process occurs in two key stages: reduction of a gold precursor and 

stabilization of the formed nanoparticles. Common reducing agents include trisodium 

citrate [34] and sodium borohydride [34,35], as well as organic molecules like trans-

resveratrol (R) [16]. Stabilization is achieved by coating the nanoparticles with organic 

molecules [16,36], a method favored for its enhanced control over the resulting 

nanoparticles' properties. 

Over the years, researchers have refined and improved GNPs synthesis methods, with 

three classic approaches credited to Turkevich, Brust, and Martin [34-36]. The 

Turkevich method, introduced in 1951, employs trisodium citrate to reduce gold ions 

(Au³⁺) to gold atoms (Au⁰), yielding spherical nanoparticles. In 1994, the Brust method 

enabled the synthesis of nanoparticles with small, well-controlled diameters (1.5–5.2 nm) 

using sodium borohydride and alkanethiol in a two-phase reaction. The Martin method 

further advanced the field by allowing the combination of GNPs with hydrophilic 

molecules through precise reactant ratio adjustments. 

 

 

Fig. 1. GNPs synthesis with trisodium citrate procedure  

 
In addition to chemical methods, recent years have seen a rise in eco-friendly synthesis 

techniques involving bacteria, plants, biomolecules, algae, and fungi. These methods 

offer economic and environmental advantages [37-44]. Notably, in 2015, our research 

group enhanced the trans-resveratrol reduction method to produce spherical nanoparticles 

approximately 20 nm in diameter [16].  
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Fig. 2. GNPs synthesis with resveratrol procedure  

 

Furthermore, GNPs synthesized through these methods exhibit unique and diverse 

properties, enabling functionalization with bioactive compounds such as resveratrol [45-

48], piperine [49-51], and icariin for medical applications [52-59]. Table 1 summarizes 

various synthesis methods and the specific characteristics of the resulting nanoparticles.  

Table 1. Methods of preparation of GNPs 

No. 

crt. 

Type of 

synthesis 

Reduction and 

capping agent 

NP diameter Observations References 

no. 

1 Biological plant extracts 4-8 nm -Reducing chloroauric acid 

(HAuCl4) with three different 

plant extracts (from Angelica, 

Hypericum and Hamamelis) 

-the Au (III) solution is 

reduced with a color change 

to black bluish 

[37] 

2 Cashew (A. 

occidentale) 

leaves extract 

Around 10 

to 40 nm 

- Au source: chloroauric acid 

- The color changes from 

yellow to ruby red 

[38] 

3 phytochemicals 

from fruit 

extract of 

Tribulus 

terrestris 

 

7nm and 

55nm 

reduction of chloroauric acid 

treated with the T. terrestris 

fruit extract 

[39] 



GOLD NANOPARTICLES:  

FROM SYNTHESIS THROUGH FUNCTIONALIZATION TO BIOMEDICAL APPLICATIONS 

REVIEW 

Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 13, No. 2, (2024) 149 

4 Salacia 

Chinensis (SC) 

extract 

Around 80 

nm 

Gold (III) chloride hydrate 

with extract 

[40] 

5 bacterium 

Rhodobacter 

sphaeroides 

 

5 to 8 nm Bioreduction of Au (III) from 

chloroauric acid 

[41] 

6 extract of 

Rhazya 

stricta decne 

Around 40 

nm 

color changes from light 

yellow to deep pink after the 

reaction between chloroauric 

acid and plant extract 

[42] 

7 Chemical Trisodium 

citrate 

Around 40 

nm 

citrate 

reduction of HAuCl4 

[43] 

8 Around 14 

nm 

Preparation of colloidal gold 

solution by hydrogen 

tetrachloroaurate (III), 

HAuCl4 

reduction with trisodium 

citrate 

[27] 

9 9-borabicyclo 

(3.3.1) nonane 

(9-BBN) 

Spherical 

Au-BSA 

bioconjugate 

of 7 nm 

average 

Mild reduction of the 

diazonium gold (III) salt 

[HOOC-4-C6H4N≡N]AuCl4 

conjugated with bovine 

serum albumin (BSA) 

[44] 

 

3.GOLD NANOPARTICLES FUNCTIONALIZATION 
 

Given the prominence of cancer as a major health challenge of the century, this section 

focuses on the anticancer properties of gold nanoparticles (GNPs). GNPs can be 

functionalized with various biomolecules to enhance their properties, with doxorubicin, 

piperine, resveratrol, and icariin being notable examples.  
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Fig. 3.  GNPs functionalized with resveratrol, doxorubicin, piperine and icariin   

3.1.Resveratrol 

Resveratrol, chemically known as 3,4',5-trihydroxystilbene, is a natural 

phytoalexin produced by spermatophytes such as grapevines, often in response to 

injury. It is particularly abundant in red wine, as it is found in the skin of grapes 

rather than the pulp. Resveratrol’s primary biological role is as an antioxidant, 

contributing to cardiovascular health by inhibiting platelet aggregation and the 

oxidation of low-density lipoproteins [45]. Beyond its antioxidant activity, 

resveratrol exhibits anticancer and anti-inflammatory properties, and it enhances 

the apoptotic effects of cytokines, γ-radiation, and chemotherapeutic agents [46]. 

Given these exceptional characteristics, functionalizing GNPs with resveratrol has 

garnered significant research interest. 

Resveratrol serves not only as a biofunctional agent but also as a reducing agent 

for GNP synthesis. By reducing chloroauric acid with resveratrol, spherical GNPs 

are obtained with diameters ranging from 20 to 35 nm. These nanoparticles 

demonstrate good stability in saline, aqueous, and ethanolic solutions, making 

them suitable for various biomedical applications. 

3.2.Piperine 
Piperine, an alkaloid extracted from Piper nigrum (black pepper) seeds, also offers 

notable therapeutic benefits. Piperine inhibits the production of reactive oxygen species 

(ROS) and reactive nitrogen species (RNS), reducing inflammatory mediators such as 

prostaglandins in microglial cells and tumor necrosis factors [49]. Its anticancer 

properties make it an excellent candidate for functionalizing GNPs, further enhancing 

their therapeutic efficacy. 
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Piperine-functionalized GNPs are synthesized by boiling a solution of piperine in 

potassium hydroxide and adding gold chloride to the mixture [31]. These nanoparticles 

exhibit superior anti-inflammatory, antibacterial, antifungal, and anticancer effects 

compared to either GNPs or piperine used alone [31,50]. 

The functionalization of GNPs with biomolecules such as resveratrol and piperine 

represents a promising strategy to enhance their anticancer and therapeutic potential, 

demonstrating the value of integrating natural compounds with nanotechnology in 

modern medicine. 

3.3.Icariin 
Icariin, an 8-prenyl derivative of 3,7-O-diglucoside kaempferol, is a flavonoid with well-

documented anticancer properties. It is a primary active component of the traditional 

Chinese medicinal herb Epimedium grandiflorum [51]. Icariin induces apoptosis in a 

variety of cancer cell types, including lung adenocarcinoma [52], ovarian cancer [53,54], 

pancreatic cancer [55], and cervical cancer [56,57]. One of its most significant advantages 

is its ability to induce the death of cancer cells at concentrations that are non-toxic to 

healthy cells. 

In addition to its anticancer effects, icariin plays a role in modulating anti-inflammatory 

and immune responses in diseases such as multiple sclerosis, asthma, atherosclerosis, 

lupus nephritis, inflammatory bowel disease, rheumatoid arthritis, and cancer [58]. These 

multifaceted properties make icariin a promising candidate for synergistic use with gold 

nanoparticles (GNPs). Although research into icariin-functionalized GNPs is currently 

limited, this avenue holds considerable potential for future exploration. 

3.4.Resveratrol and piperine 
Building on the established bioactivities of resveratrol and piperine, a synergistic 

combination of these two biomolecules has been developed. Piperine has been shown to 

inhibit the glucuronidation of resveratrol, thereby slowing its metabolic elimination and 

enhancing its pharmacokinetic properties [59]. This combination produces improved 

therapeutic outcomes by sensitizing cancer cells and inducing apoptosis, representing a 

promising approach for cancer treatment [60]. 

The anticancer efficacy of the resveratrol-piperine complex has been particularly evident 

in studies on the breast cancer cell line MCF-7. This complex reduced the concentration 

of resveratrol required to achieve 50% cell death by 14-fold compared to resveratrol alone 

[61]. Additionally, in vivo studies on female mice with breast cancer demonstrated the 

therapeutic potential of this combination, though mild toxicity to healthy cells was 

observed as a limitation [62]. 

The synergistic effects of biomolecule-functionalized GNPs, such as those involving 

icariin, resveratrol, and piperine, underscore the immense potential of integrating 

traditional medicinal compounds with nanotechnology to create innovative and effective 

anticancer therapies. 
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3.5.Doxorubicin 
The chemotherapeutic agent doxorubicin, classified as an anthracycline, is widely utilized 

both as an anticancer drug and as a functionalization molecule in research to enhance the 

efficacy of other anticancer agents. Additionally, doxorubicin serves as a reference 

standard in cellular toxicity assays. Its anticancer activity is significantly enhanced when 

conjugated with hydrophilic nanoparticles, enabling deeper cellular penetration compared 

to the drug in its unbound form [63]. 

Functionalization of gold nanoparticles (GNPs) with doxorubicin has been successfully 

achieved, offering improved therapeutic potential. In 2011, Mirza demonstrated the 

conjugation of doxorubicin to gold nanoparticles through amino groups under slightly 

acidic conditions. The protonation of the amino groups facilitated the controlled binding 

of doxorubicin to the gold surface [64]. Four years later, this interaction was further 

elucidated, revealing a two-step binding mechanism. Initially, doxorubicin is attracted to 

the GNP surface through hydrophobic interactions. Subsequently, adsorption is stabilized 

through cation-π interactions and coordination between gold and carbonyl groups in the 

doxorubicin molecules [65]. 

These insights into the functionalization of GNPs with doxorubicin underscore the 

potential of nanoparticle-drug conjugates to enhance the efficacy and cellular uptake of 

established chemotherapeutic agents. 

4.Characterization of gold nanoparticles 
Characterization of gold nanoparticles (GNPs) employs a range of advanced 

physicochemical techniques to analyze their properties and structure. These methods 

include ultraviolet-visible spectroscopy (UV–Vis), X-ray diffraction (XRD) [66], energy-

dispersive X-ray spectroscopy (EDX), Fourier-transform infrared spectroscopy (FT-IR) 

[67], atomic force microscopy (AFM) [68–70], transmission electron microscopy (TEM) 

[71], dynamic light scattering (DLS), X-ray photoelectron spectroscopy (XPS), and 

scanning electron microscopy (SEM) [72–79]. 

These characterization techniques provide critical insights into the properties of GNPs. 

For example, UV–Vis analysis identifies the characteristic surface plasmon resonance 

peak, indicative of nanoparticle formation. XRD [80] and EDX data confirm the 

crystalline structure and elemental composition of the nanoparticles. AFM [81], TEM, 

and DLS techniques provide detailed information on morphology, size, and particle 

distribution [73,75,76]. Furthermore, FT-IR analysis enables the identification of 

potential biomolecules involved in the reduction and capping processes [76,83,84]. 

In addition to these traditional techniques, researchers have explored in vitro permeability 

using membrane models to assess nanoparticle interaction with biological barriers [72]. 

Beyond immediate analysis, the long-term stability and properties of GNPs have also 

been evaluated, with some studies examining preparations stored for several months [85, 

86]. Inductively coupled plasma atomic emission spectrometry (ICP-AES) is another 

valuable tool, particularly for quantifying the concentration of metal ions in 

biosynthesized nanoparticles [76]. 
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These comprehensive characterization methods collectively enable the detailed analysis 

of GNPs, advancing their development for various biomedical and technological 

applications. 

 

 

Fig. 4.  The main characterization methods of GNPs  

5.GNPs: biological membrane interactions and cytotoxicity 

5.1.Biological membranes                    

All cellular membrane contains lipids and usually they are structured in two All cellular 

membranes are composed of lipids, typically arranged in a bilayer structure. A defining 

characteristic of these lipids is their amphipathic nature, consisting of a hydrophobic tail 

and a hydrophilic head group [86]. Cellular membranes play a crucial role in maintaining 

the cell integrity, providing both protection and facilitating essential cellular functions. 

[87] The interface between the cellular interior and the outer lipid layer serves as a 

dynamic site where lipids and proteins interact to drive various biochemical processes 

[88].  

   5.2.Langmuir monolayers                                

A Langmuir monolayer is a unique layer of atoms, molecules, or packed cells that 

is insoluble and typically forms a single-molecule-thick layer of an organic 
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material spread over an aqueous surface in a Langmuir-Blodgett trough. [89, 90, 

91] These monolayers are composed of amphiphilic materials, which feature a 

hydrophilic headgroup and a hydrophobic tail.  [92] Langmuir monolayers are 

formed at the air/water interface [93]. They can be made using L-α-dipalmitoyl 

phosphatidylcholine, either with or without procaine [91]. 

5.3.Liposomes 

Liposomes are bidimensional spherical supramolecular lipidic structures. These structures 

self-assemble to form closed aqueous compartments enclosed by a lipid bilayer 

membrane. Various techniques are employed to produce liposomes, including sonication, 

solvent injection, hydration of a thin lipid film, and membrane extrusion. Liposomes are 

typically characterized by two key parameters: diameter and bilayer thickness. Their 

diameters generally range from 20 nm to 10 µm, while the bilayer thickness is 

approximately 4–5 nm.  A notable advantage of this type of membrane is its capacity to 

allow precise control over composition, structure, and dynamic properties [94]. 

 5.4.Lipidic bilayers 

This type of membrane is similar with liposomes, but the difference is that if liposomes 

have spherical form, lipidic bilayers are planar. They are obtaining through deposition on 

solvents and with free solvent Langmuir based techniques [87].  

5.5.Model membranes 

Model membranes serve as simplified in vitro representations of biological membranes, 

offering the significant advantage of providing qualitative insights into the 

physicochemical properties of lipids. As such, they are invaluable tools in research [95-

98]. These membranes are typically fabricated on solid supports and can be monolayers 

or bilayers.  [99-102] They are usually flat bilayers but may also exist as suspended or 

deposited vesicular layers. Additional types include polymer-cushioned lipid bilayers, 

hybrid bilayers, and tethered lipid bilayers [93–103]. 

Various techniques are employed in the preparation of model membranes, including 

Langmuir-Blodgett and Langmuir-Schaefer methods, spin-coating, vesicle adsorption and 

fusion on support surfaces, direct spreading from water or organic solvents, self-

assembly, spray-coating, and dip-coating [104–119]. 

Lipid membranes play a crucial role in cellular processes, acting as barriers and 

facilitating communication through the exchange of ions and molecules. They also have 

significant applications in biotechnology, where model membranes can be created by 

incorporating phospholipids modified with membrane proteins, such as channels, 

receptors, and transmitters. A notable example of a model membrane is stearic acid [120, 

121]. 

5.6.Interactions and cytotoxicity 
Many researchers posit that non-specific interactions between lipid components of 

eukaryotic cell membranes and nanoparticles play a critical role in modulating membrane 
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activity. Key processes involved in these interactions include substrate adhesion, 

complete or partial encapsulation of nanoparticles by the membrane, and potential 

nanoparticle clustering on lipid membranes. By studying these interactions in systems 

such as lipid bilayers deposited on solid supports derived from fluid lipid mixtures, as 

well as in free-standing membranes devoid of transmembrane proteins or raft-like 

domains, it becomes possible to predict nanoparticle-induced membrane activity  

Metal nanoparticles interact with cells through multiple mechanisms to induce cytotoxic 

effects. They disrupt the integrity of the cell membrane, gaining entry via simple or 

facilitated diffusion or through active transport processes (Figure 5). Once inside the cell, 

these nanoparticles generate oxidative stress and impact various cellular compartments, 

leading to functional disruption and cellular damage (Figure 6). 

             

              Fig. 5.  Types of transportation of                    Fig. 6.  Nanoparticles interaction   

                        NP through the cell membrane                              with bacterial cell 

5.7.Gold particles – biological membranes interaction 

 

One of the notable properties of gold (Au) nanoparticles is their ability to target 

cancerous tissues through photothermal destruction. This effect arises from the thermal 

energy generated by light-absorbing structures within the nanoparticles [62]. Metallic 

nanoparticles, particularly gold-based ones, have gained significant attention in 

biomedicine for their applications in both therapeutics and diagnostics. Key features that 

make Au nanoparticles suitable for these purposes include their efficient conversion of 

light into heat, versatile surface chemistry, and, most importantly, their biocompatibility. 

Their optical properties are especially valuable in therapeutic interventions and biological 

detection, although these properties are highly sensitive to variations in nanoparticle 

structure and size [122, 123]. 

Au nanoparticles are typically stabilized by protected monolayers with well-defined 

molecular compositions. This structural stabilization is achieved through covalent 

bonding between the ligand shell and the nanoparticle surface via Au-S bonds [122, 124]. 

Due to their unique properties, gold nanoparticles are increasingly being applied in 

diverse fields, including dental implantology. Preliminary studies often focus on 
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assessing the biocompatibility of these nanoparticles with blood. Their excellent 

biocompatibility has also led to their use as drug carriers in treating various diseases, as 

illustrated in Figure 7. 

 

 

Fig. 7.  Nanoparticles interaction   

Gold nanoparticles (AuNPs) have demonstrated biocompatibility and are also reported to 

enhance cell viability, suggesting their osteo-inductive potential—a property that makes 

them suitable for use in dental implants [40]. Additionally, AuNPs serve as catalysts in 

the degradation of nitroaromatic compounds, extending their applications to 

environmental sustainability. Moreover, gold nanoparticles have been shown to prolong 

the lag phase during the growth of Rhodobacter sphaeroides, a gram-negative, purple 

bacterium known for its resistance to various environmental conditions and its reducing 

capabilities. This bacterium has been utilized for the ecological synthesis of gold 

nanoparticles via the reduction of Au(III) to Au(0) [41]. Its advantages include rapid 

growth, low cost, minimal safety requirements, and easily controlled growth conditions, 

making R. sphaeroides an excellent candidate for nanoparticle synthesis [41, 125–132]. 

One method for synthesizing gold nanoparticles involves the mild reduction of diazonium 

gold(III) salts. This approach has been employed to investigate interactions between gold-

aryl nanoparticles and bovine serum albumin complexes with red blood cells. 

Promising results, including negligible hemolysis and an absence of morphological 

deformations, suggest that this complex is a strong candidate for hemocompatible 

nanoparticles [44]. Green synthesis methods, such as the use of plant extracts (e.g., 

Rhazya stricta decne), have also been explored for producing gold nanoparticles (Table 

1). 
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Given the significance of nanoparticle effects, a key area of study is their antimicrobial 

activity against various microorganisms [42]. The versatility of AuNPs extends to 

oncology, where they are employed in the destruction of cancer cells. Complexes of gold 

nanoparticles with antibodies have been shown to significantly reduce the time and 

energy required for cancer cell eradication [43]. Additionally, AuNP-aptamer complexes 

offer a targeted approach to cancer treatment, as aptamers—short peptides or 

oligonucleotides—bind specifically to malignant cells, minimizing damage to healthy 

tissues. This therapeutic effect is primarily mediated by the energy generated when gold 

nanoparticles absorb light [122]. 

To ensure their effective use, gold nanoparticles must be thoroughly characterized. 

Techniques such as transmission electron microscopy (TEM), atomic force microscopy 

(AFM), Fourier-transform infrared spectroscopy (FTIR), and UV-VIS spectroscopy are 

commonly employed for this purpose [16, 37]. 

5.8.Cytotoxicity 

Given their applications in the biomedical field, understanding the cytotoxicity of gold 

nanoparticles (AuNPs) is essential. This cytotoxicity can be advantageous, such as in 

targeting cancer cells, but undesirable for other uses. In terms of antibacterial activity, 

AuNPs have been shown to effectively destroy bacterial cells. For instance, studies by 

researchers from India and Korea demonstrated the efficacy of gold nanoparticles against 

Escherichia coli and Bacillus subtilis [38]. Furthermore, AuNPs with diameters of 7 nm 

and 55 nm have been found to exhibit activity against Heliobacter pylori [39]. 

In addition to their antibacterial properties, gold nanoparticles have potential as topical 

drug delivery agents due to their ability to penetrate the stratum corneum of the skin 

[133]. However, in some cases, gold nanoparticles require functionalization to enhance 

their transport capabilities. Functionalization with polyethylene glycol (PEG) has been 

explored to prevent the formation of a protein corona, thereby allowing the nanoparticle 

complex to evade detection by the immune system. 

In cancer therapy, gold nanoparticles have also shown promise as carriers for anticancer 

drugs, such as curcumin, a natural phenolic antioxidant. Studies have demonstrated that 

AuNPs enhance the cytotoxicity of curcumin against cancer cells while sparing healthy 

cells [134]. This dual functionality highlights the versatility and potential of gold 

nanoparticles in therapeutic applications. 
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6.GNPs applications in cancer 

 

Fig. 8.  Types of cancer that GNPs fight against 

Cancer affects nearly all parts of the human body, necessitating treatments that are both 

diverse in approach and minimally toxic to healthy cells. A significant body of scientific 

research highlights the beneficial effects of gold nanoparticles (AuNPs), either in their 

native form or functionalized. Among these studies, particular attention has been given to 

AuNPs synthesized using trisodium citrate as a reducing agent. Key findings from these 

works have been organized and summarized in the table below.  

  
Table 2. Citrate capped GNPs (GNP-Ci or GNP-C) effects on cells 

Cell line Cell line type Ref. 

GNPs 

size 

(nm) 

Apoptosis 

determination 

method 

Details 

HeLa Cervical cancer 

[135] 20  Alamar Blue 

- GNPs have a weak 

cytotoxic effect on healthy 

cells, compared to other 

sizes, but they have a good 

effect on cancer cells. 

- Most sensitive (IC50) at 

2.1µg/mL. 

[136] 12–14  MTT 
- IC50 at 34 µg/mL Cit 

AuNPs 

MDA-MB-

231 

 

Triple negative 

breast cancer 

[137] 
25-30  

 
MTT 

IC50 at 720 µg/mL. They 

attacked the cytoplasm and 

mitochondria 

[138] 
4-22  

 
MTT They produce apoptosis 

MDA-MB-

468 

 

Triple negative 

breast cancer 
[137] 25-30  MTT IC50 at 348,35µg/mL 
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MCF-10A 

Human 

mammary 

epithelium 

[137] 
25-30  

 
MTT 30% cell death at 1mg/mL 

SKOV-3 

 
Ovarian cancer [138] 4-22  MTT They produce apoptosis 

B16 

 
Melanoma [139] 

9-18  

 
MTS 

<10µg/mL nontoxic 

>10µg/mL have a slight 

effect 

L929 

 

Mouse 

fibroblasts 
[139] 

9-18  

 
MTS 

<10µg/mL non-toxic 

>10µg/mL have a slight 

effect 

L02 

 

Normal human 

liver cells 
[140] 

56.2 

33.3  

15.5  

MTT 
It does not affect them, so 

they are safe to use 

A431 

 

Epidermoid 

carcinoma 

model cells 

[141] 15  

LDH 

cytotoxicity 

assay kit 

Ci-AuNPs conjugated with 

cancer-specific anti-EGFR 

antibody, destroyed cancer 

cells through ROS-

mediated apoptosis by 

intensifying caspase-3 

activity 

CF-31 
Human dermal 

fibroblasts 
[142] 14 

 

Microscopy 

They can cross the cell 

membrane and accumulate 

in vacuoles. 

It affects the actin filaments 

and the extracellular 

matrix. 

They reduce cell 

proliferation, adhesion and 

motility. 

A549 

 

Human lung 

carcinoma cells 
[143] 5–10 MTT It induces apoptosis 

HDMEC 

 

Human dermal 

microvascular 

endothelial 

cells 

[144] 

10  

11 

25  

MTS 

The higher amount of Ci on 

the surface of the particles 

resulted in a greater 

impairment of cell viability hCMEC-D3 

 

Human 

cerebral 

microvascular 

endothelial 

cells 

Human 

erythrocytes 

Human red 

blood cells 

[135] 

20  Alamar Blue Toxic 

NIH3T3 

 

Murine 

fibroblasts 
20  Alamar Blue Toxic 

B16F10 

 
Melanoma 10 Alamar Blue Produce apoptosis 

BHK 
Normal 

fibroblasts 
[136] 12–14  MTT IC50 at 45 µg/ml 
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Gold nanoparticles (AuNPs) are promising nanocarriers for cancer treatment and 

diagnosis due to their effective biocompatibility [145, 146], ease of surface modification 

with various agents [147, 148], and strong light-scattering properties [149, 150]. One 

notable application of AuNPs is in prostate cancer treatment, where studies have shown 

complete tumor regression with minimal cytotoxic effects on healthy prostate cells [151]. 

Similarly, AuNPs have demonstrated the ability to induce apoptosis in breast tumor cell 

lines, such as MCF-7 [152, 153]. 

Cervical cancer cell lines, including HeLa and CaSki, are also of significant interest as 

model systems for studying the effects of gold nanoparticle-based compounds [16]. 

Beyond their role as anticancer agents, AuNPs have been employed in the detection of 

physiological functions, including antigen-antibody interactions and blood glucose 

monitoring [154,155]. 

Conclusions 

The concept of "nano" has become increasingly prominent, serving as a "gateway" to future 

advancements. This literature review addresses the topic of metallic nanoparticles, with a 

particular focus on gold nanoparticles (AuNPs). These particles, which may originate from 

atmospheric dispersion or be synthesized chemically or via biogenic methods, are poised to 

play a significant role in various fields. Their importance lies in their unique properties at the 

nanoscale, making them highly versatile for applications in medicine, technology, biology, 

and beyond. 

For their effective use, it is essential to understand methods of synthesis and characterization, 

as well as to determine the specific properties of each nanoparticle type. These properties 

directly influence their potential applications. With the recent integration of AuNPs into 

medical preparations and devices, cytotoxicity studies have become crucial. Such studies aim 

to clarify how these nanoparticles interact with cellular membranes, both in model systems 

and in vivo. Investigating their interactions with cell membranes is particularly important, as 

membranes regulate the substances entering cells and play a critical role in cellular function. 

Currently, metallic nanoparticles represent a significant area of interest, with extensive 

research aimed at transitioning them from experimental to practical applications. Given this 

trajectory, nanoparticles are expected to achieve even greater prominence in nanoscience and 

everyday life in the near future. 
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