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Abstract: 

Nanomaterials' ability to modulate drug release rate and dosage in 

drug transport makes them useful in tumor-targeted therapy. Before 

the medicine reaches its intended target, they prevent it from 

degrading and allow for its regulated release in that setting. This 

literature review aims to analyse the efficacy of drug delivery systems 

based on nanoparticles for cancer treatment. Anticancer agents may 

be better delivered, systemic toxicity reduced, and therapy outcomes 

improved with the use of nanoparticles. Extensive research has 

demonstrated encouraging outcomes in both preclinical and clinical 

trials. To improve clinical translation, however, problems including 

unstable drug loading capacities, possible side effects, and other 

obstacles must be overcome. Improving drug loading capacity is a hot 

topic in the research community. Possible solutions include creating 

new drug encapsulating techniques or tweaking the surfaces of 

nanoparticles. The therapeutic effectiveness of these systems can be 

greatly improved by increasing drug loading. Another obstacle in 

clinical translation is stability concerns. Scientists are looking for 

ways to make nanoparticles more stable, like applying protective 

coatings or tweaking the composition, in order to solve stability 

problems. To further reduce the likelihood of adverse effects, 

researchers are taking great care to synthesise nanoparticles from 

biocompatible materials and are performing extensive toxicity tests 

prior to beginning clinical trials. 
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Introduction: 

Nanoparticles have the potential to treat a wide 

range of disorders, including cancer, and there has 

been a dramatic increase in research into this area 

throughout the last decade. The first step in 

making a therapeutic nanoparticle is making a 

nanoparticle with the exact characteristics (such as 

magnetic properties, optical absorption, etc.) that 

will provide the desired therapeutic effect. 

Successful delivery of the particle to the tumour 

site is the next step. In order to make them more 

suitable for intravenous distribution to tumour 

locations, the surfaces of most nanoparticle 

materials must be modified in some way. With the 

ever-growing field of nanoparticle-based 

therapeutics, it would be extremely challenging to 

provide a complete inventory of all the different 

combinations of nanoparticle production 

processes, nanoparticle materials, geometries, and 

features [1, 2]. We will go over how to make some 

of the most common nanoparticle systems, and 

then how to tweak them so that they may be 

delivered to tumours.  

Surface and Synthesis Elevated Metal Particle 

Functionalization Biologically active gold and 

silver nanoparticles have a long history of usage 

due to their low reactivity, low toxicity 

profiles[3,4], and relative ease of 

functionalization. These nanoparticles have also 

found utility in a number of therapeutic contexts. 

Particles of gold and silver can exhibit size-

dependent surface plasmon resonances, which 

give their suspensions their distinctively bright 

hues. Because of their powerful optical 

resonances, they have attracted attention as 

potential agents for surface-enhanced Raman 

scattering and fluorescence tests, as well as for use 

in thermal ablation [5-7]. They have also been 

utilised as contrast agents for electron microscopy 

[8, 9] and to improve the effectiveness of radiation 

therapy [10] due to their electron density. 

Synthetic methods for gold and silver 

nanoparticles have proliferated in recent years, 

resulting in a diverse range of sizes and forms, 

including spherical, rod-shaped, prismatic, and 

cube-shaped [11–13]. Silver particles have been 

used in wound dressings due to their intriguing 

antibacterial characteristics. 

Gold nanoparticles are the most used noble metal 

particle for many in vivo applications due to their 

low toxicity and enhanced durability. Particle 

sizes ranging from around 12 to 200 nm are ideal 

for therapeutic uses that aim to accumulate 

tumours. Particles smaller than 10 nanometers can 

be swiftly eliminated from the bloodstream by 

means of the kidneys. The interstitial region 

surrounding tumours may be inaccessible to large-

diameter particles (>250 nm) due to the tumours' 

leaky vasculature. In this section, we will 

concentrate on the manufacture of gold particles, 

which are commonly utilised in therapeutic 

applications, because there is insufficient room to 

discuss manufacturing procedures for all forms of 

metal nanoparticles. 

Golden Balls: 

Among metal nanoparticles, spherical gold is 

among the most common and ubiquitous. Since 

Faraday's seminal work in 1857 (Faraday 1857), 

spherical gold nanoparticles have been extensively 

studied and exploited. There are a lot of 

businesses offering gold particles of different sizes 

due to the growing interest in using gold 

nanoparticles in various biological applications. A 

few of the most common ways that gold colloid is 

prepared are going to be covered here. There may 

be a lot of synthetic methods for spherical 

particles out there, but the fundamentals are the 

same for the vast majority of them. A gold-

containing salt, often HAuCl4, is dissolved in 

water in these procedures [12]. A reducing 

substance is introduced to start the particle 

production process. You can regulate the size of 

the nanoparticles that come out by adjusting the 

concentration of salt in the solution and the 

strength of the reducing agent.  

An aqueous phase is used exclusively or primarily 

for the production of these particles. Nanoparticle 

preparation in a two-phase systems is a well-

established area, with studies by Goulet et al. 

(2010) and Li et al. 2011b describing how 

particles stabilised by monolayers of alkanethiols 

dissolved in the organic solvent make up the bulk 
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of the field. The utilisation of organic solvents 

may be off-putting to certain labs, despite the 

potential biological utility of these monolayer 

protected clusters. To avoid any potential toxicity, 

it is necessary to eliminate any leftover organic 

solvents before conducting in vivo experiments. 

Therefore, the preparations based on water will be 

the primary focus of this chapter. 

Citric acid, sodium: 

A widely used method for creating spherical gold 

colloid involves reducing the gold salt with 

sodium citrate. It is simple to adjust this recipe so 

that particles with a diameter between 12 and 50 

nm are produced. Most of the time, people follow 

the procedures laid out by Turkevich and Frens 

(1973) when they prepare. Usually, when working 

with particles smaller than 12 nm, a solution of 

HAuCl4 is heated to a boil and then vigorously 

stirred. Add sodium citrate quickly to start particle 

growth. Starting with the yellow HAuCl4 

solution, the colour will transition via a black 

intermediate and settle on a reddish-burgundy hue. 

To get particles with a narrow size distribution, 

keep mixing well when adding the reducing agent 

[13–16]. This kind of preparation usually results 

in a diameter size distribution of around 10%. By 

modifying the ratio of reducing agents to gold salt, 

the total particle diameter can be customised. 

Hyperthermia-Inducing Near-Infrared 

Absorbing Particles: 

While it has been demonstrated in certain studies 

that tumor-resident metal nanoparticles can 

improve radiation therapy, the majority of current 

efforts are devoted to direct thermal ablation of 

tumours and the generation of localised 

hyperthermia to boost radiation efficacy [17, 18]. 

Gold nanoshells and gold nanorods are the two 

most popular particles that absorb near-infrared 

light. In the near-infrared (NIR), both particle 

types exhibit robust, geometry-dependent optical 

resonances that can be tuned. 

Thin films of gold: 

It was Oldenburg et al. (1998, 1999) who first 

created the silica-gold nanoshell, which is 

composed of a core of silica and a thin layer of 

gold. The interaction between the outer and inner 

surface plasmons of the gold shell is responsible 

for the tunability of the optical resonance for these 

particles. By adjusting the thickness of the gold 

layer around the particle, one can adjust the 

optical resonance of the particle by plasmon 

hybridization [19–21]. A 120 nm silica core is 

suitable for near-infrared optical resonances, the 

most popular choice for hyperthermia 

applications. In the Stöber technique, tetraethyl 

orthosilicate is hydrolyzed by a base and 

subsequently condensed into SiO2 to form this 

core. Aminating the silica cores involves adding 

amino propyltriethoxysilane to a silica particle 

dispersion in order to enable the deposition of a 

gold layer on the silica surface. Centrifugation and 

resuspension in fresh ethanol are used to remove 

excess silane [22].  

Following the procedure outlined by Duff and 

Baiker (1993), small gold colloid particles (1-3 

nm in diameter) are added to the surface of the 

silica particles. This is done by mixing 

approximately 3.5 mL of silanized silica particles 

with 1 L of a gold colloid solution. Afterwards, 

the nucleating sites on the surface of the silica 

core are occupied by the gold colloid, which can 

be transformed into a full-fledged gold shell by 

adding a gold plating solution (~400 Mm 

HAuCl4, 2 mM K2CO3 in water) while 

formaldehyde is present. You can regulate the 

ultimate thickness of the gold shell and the optical 

resonance that results by adjusting the 

concentration of the silica seed particles in the 

plating solution.  

Thin Films of Gold: 

Nonspherical metal particles have seen a surge in 

usage throughout the last ten years. The capacity 

to more easily alter the optical properties of 

nonspherical particles by manipulating their 

geometry is one of the key advantages of these 

particles. The gold nanorod is one of the most 

widely utilised non-spherical particles in modern 

times. The particles in question are solid gold 

rods. Modulating the aspect ratio, which is the 

ratio of the nanorod's diameter to its length, allows 

one to alter the nanorod's optical resonance [28-
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31]. By making some little adjustments to the 

synthetic procedures, these particles can be 

adjusted to absorb light in both the visible and 

near-infrared (NIR) sections of the spectrum. A 

seeded growth process is used to prepare most 

gold nanorods (Gole and Murphy 2004; Smith and 

Korgel 2008; Jana et al. 2001). The method begins 

with small, spherical gold particles. Particles 

typically need the surfactant 

cetyltrimethylammonium bromide (CTAB) to be 

grown into rod forms. If this surfactant is not 

present, increasing the concentration of the gold 

and reductant in the solution will result in 

spherical particles with bigger diameters. Particles 

become rod-shaped when the surfactant is present 

because they develop along certain crystal facets. 

The surfactant is essential for rod-shaped particle 

production, but also poses a problem for future 

applications, especially in laboratory settings and 

living organisms. There is strong evidence that 

CTAB is cytotoxic. It is also challenging to 

functionalize the gold nanorods further because 

they are coated with a bilayer of surfactant 

molecules [32]. It is necessary to extract the bulk 

of the CTAB solution before using the gold 

nanorods in biological contexts.  

Numerous synthetic variants have been published, 

just like spherical gold particles. Jana et al. (2001) 

created the first protocol for making nano-rods. 

This recipe calls for the unaltered, unprocessed 

use of HAuCl4•3H2O, CTAB, NaBH4, AgNO3, 

and ascorbic acid. The initial step in making the 

gold "seed" particles is to combine 100 mM of 

CTAB with HAuCl4•3H2O, stirring the mixture 

for a short time. After that, 600 μL of a recently 

made, ice-cold solution of 10 mM NaBH4 is 

added, and then the mixture is mixed for 2 

minutes. Add 40 mL of 100 mM CTAB, 1.7 mL 

of 10 mM HAuCl4•3H2O, 250 μL of 10 mM 

AgNO3, and then 270 μL of 100 mM ascorbic 

acid to make the nanorod growth solution. The 

seed solution was added to a solution that already 

included CTAB, HAuCl4•3H2O, AgNO3, and 

ascorbic acid in order to start the formation of the 

nanorods. After the solution has been carefully 

mixed, it is let to sit for 40 minutes. To stop the 

particles from "ageing," in which their sizes 

fluctuate over time, and the cytotoxicity caused by 

the CTAB, it is necessary to remove the excess 

reagents from the solution [33]. To remove any 

surplus of reagents, simply pellet the nanorods and 

resuspend them in fresh buffer. Additional 

methods for decreasing the CTAB concentration 

in the rod solution include dialysis, tangential 

flow filtration, and two-phase organic aqueous 

separations. It is important to avoid washing the 

nanorods too vigorously, as this could remove all 

of the CTAB [34]. The particles' surfactant 

coating stabilises the colloids and stops them from 

clumping together.  

Protein Adsorption on Gold Nanoparticles 

Directly: 

Proteins can be directly attached to gold 

nanoparticles using methods that have been 

available for quite some time. 

Immunohistochemistry has made considerable use 

of protein-labeled gold colloids as labels. Several 

vendors offer commercially available conjugates 

with common proteins, including 

avidin/streptavidin, albumin, protein A/G, and 

other antibodies [35, 36]. The effectiveness of 

protein attachment to the gold surface is pH-

dependent because it occurs as a result of charge 

interaction between the protein and the gold 

particle.  

When the solution pH is close to the protein's 

isoelectric point, protein attachment is most 

effective. When manipulating the pH of colloidal 

solutions, it is important to avoid adding too many 

ions, as this could lead to aggregation. A 

flocculation experiment can be run to find the best 

solution conditions for a protein's binding [37, 

38]. This test involves changing the pH of a 

colloid solution and then adding the same quantity 

of protein to each of the solutions. After a 

predetermined amount of time has passed, often 

30 to 60 minutes, the particles are centrifuged and 

resuspended in new buffer to eliminate any excess 

protein. Particles in the colloid solution that have 

weak surface-to-protein adhesion will clump 

together and precipitate out of the solution when 

sodium chloride is added.  
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This approach can be appealing for in vitro 

research when clearance by the immune system is 

not a concern, due to the relative ease of protein 

direct adsorption to the particles. In vivo 

circulation half-lives of particles generated using 

this technology are typically low because the 

particles are not "shielded" from the immune 

system. Verifying that the protein retains its 

biological activity following direct adsorption 

onto the surface of gold particles is essential [39–

41]. It is possible that some proteins are inactive 

due to the lack of control over surface protein 

orientation. Additionally, denaturation of certain 

more fragile proteins could occur as a result of 

limitations on solution ionic strength and pH in 

relation to colloid stability. 

Using adsorption to conjugate gold 

nanoparticles:  

The initial approach reported by Frens [42] for 

creating citrate stabilised gold particles in "water" 

is the basis for our in-house developed procedures 

that are utilised to manufacture AURION 

Conventional Gold Nanoparticles, sizes 6-10-15 

and 25nm. A negative surface charge is carried by 

these gold nanoparticles in a Frens goldsol 

because of surface plasmon resonance and the 

presence of citrate ions on their surface. Particles 

of colloidal gold also exhibit hydrophobic 

characteristics. When a macromolecule 

approaches its isoelectric point, its hydrophobic 

interactions become most apparent. The ideal pH 

for conjugation is typically around half a pH unit 

more than the molecule's IEP, which is the pH at 

which the molecule is expected to be adsorbed on 

the surface of the particle. This pH prevents 

clumping because the protein has a little negative 

overall charge. While the gold particles are 

negatively charged, the molecule will have 

enough positive charges (lysine and tryptophan 

rich regions) to encourage electrostatic contact. 

Gold particles bind most strongly and steadily to 

proteins through the chemisorption of thiol groups 

[43–46] from surface-exposed cysteines. In 1981, 

Goodman et al. proved that the most stable gold 

particles had just one layer of protein on their 

surface. Conjugates become less stable and more 

multi-layered when there is an excess of added 

protein. Modern extremely sensitive analytical 

methods like Differential Centrifugal 

Sedimentation and Dynamic Light Scattering have 

confirmed the existence of a hard corona and a 

soft-corona. Because of this, there are two 

important steps in the "classic" technique for 

conjugating gold nanoparticles: first, finding the 

minimum protective protein concentration that 

forms the hard corona; and second, purifying the 

soft corona to remove any immunoreactive 

molecules. To provide the best possible stability 

and activity of the conjugate, a combination of 

thiol group chemisorption, hydrophobic 

interaction, and electrostatic binding of a single 

layer of proteins on the surface of the gold 

nanoparticles is used. Both research and 

diagnostics can benefit from the use of such 

conjugates. Many of the commercially available 

tests rely on immunogold conjugates that are 

generated via adsorption; for example, pregnancy 

tests. 100 nm Prior to being subjected to 8M urea 

for 60 minutes, the particles of gold that were 

conjugated to F(ab')2 fragments of goat anti-rabbit 

IgG were treated. Urea has been utilised in affinity 

chromatography since the mid-sixties due to its 

ability to breakdown antibody clusters and 

dissociate high affinity antigen-antibody 

interactions. Not only does the absence of colour 

change or flocculation in the presence of 8M urea 

prove conjugate stability, but it also reveals that 

incubation in this solution has no effect on the 

reactivity of the gold reagent. A review by 

Bendayan in 1989 and a publication by Esbach et 

al. describe the binding and intracellular 

processing of Ultra Small gold nanoparticle (MD 

~ 0.8nm) conjugated acetylated low density 

lipoproteins (Ac-LDL-Au) in rat liver endothelial 

cells, which are two other instances of enzyme-

gold nanoparticle conjugates that retain bioactivity 

after conjugation using the adsorption method. 
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Figure 1: A Protein is shown schematically A conjugate of gold nanoparticles made by "classic" 

adsorption and covalent bonding. In the "classic" conjugate, the ligand-to-gold nanoparticle distance 

is the lowest. When it comes to resolution, this is helpful. Covalent conjugates with PEG chains of less 

length than the particles provide the ligand greater steric freedom, which might improve labelling 

density. 

Intratumorally Administered Gold 

Nanoparticles: Impact of Surface Protein 

Adsorption on Distribution and Retention: 

Innovative methods for non-invasively detecting 

and diagnosing the illness at its earliest 

premalignant stage and for providing targeted 

therapy against its progression and recurrence are 

available in theranostic nanomedicine for cancer 

management [48]. But the interaction between 

nanomaterial and tumour microenvironment is one 

of the biggest obstacles to bringing theranostic 

nanomedicine to the clinic. Specifically, protein 

corona adsorbed on nanoparticle surfaces can 

change their stability, dispersibility, 

biodistribution, pharmacokinetics [49], and 

toxicity profile as a result of interactions between 

nanoparticles and proteins in biological systems. 

Gold nanoparticles (GNPs) have shown promise 

in nanotheranostic cancer applications thanks to 

their distinctive optical features, excellent 

biocompatibility, and absence of toxicity. Various 

solid gold particles have been rationally created 

for use in cancer therapy, including nanobelts, 

nanowires, nanostars, and core-shell gold-coated 

particles [50]. The protein corona layer's 

interactions with the surrounding cells are crucial 

for the GNPs to have successful in vivo results 

[51]. In order to design, manufacture, and translate 

GNP-based nanotheranostics, it is essential to 

understand GNP-protein interactions. Extensive 

research has demonstrated that in order to govern 

opsonization on GNPs, the protein corona is 

affected by the surface chemistry and size of 

spherical GNPs. When given to living organisms, 

particles form a complex network of adsorbed 

proteins called a protein corona. This network 

includes albumin, immunoglobulin, glycoproteins, 

and apolipoproteins, which are abundant but have 

lower affinity proteins that bind at first. Later on, 

higher affinity proteins like fibrinogen or 

lysozyme replace apolipoproteins [52–55]. An 

inner layer of proteins known as the hard corona 

interacts directly with the surface of the GNP, and 

an outer layer of proteins known as the soft corona 

are connected through weak protein-protein 

interactions. These two layers of proteins are the 

main components of the GNP. A complicated, 

dynamic, and competitive mechanism stabilises 

https://doi.org/10.52845/CMRO/2024/7-6-9


Hussein Hassan Abdzaid et al. / Synthesis and Surface Modification of Nanomaterials for Tumor Targeting: Gold nanoparticle 

conjugation, Direct Adsorption of Proteins and Role of Free Thiol on Protein Adsorption to Gold Nanoparticles 

Current Medical Research and Opinion, Vol. 07, Issue. 06, Page no: 2790-2805 

DOI: https://doi.org/10.52845/CMRO/2024/7-6-9               Page | 2796 

the GNPs in a physiological environment by 

dislodging the hydration layer, which forms the 

overall particle corona. Because of this 

arrangement, GNPs can be recognised by 

phagocytes, leading to their quick clearance from 

plasma and accumulation in the liver and spleen, 

because epitopes that are typically buried in the 

interior sites of proteins can be exposed outwards 

from the soft corona layer of the particle [56]. The 

ability to regulate the physiological characteristics 

of GNPs is crucial for mediating a variety of 

functions, including cellular absorption [57], 

immunological response, toxicity, circulation 

time, transit between organs, and clearance. The 

protein content of blood and the enhanced 

permeability and retention effect (EPR) have been 

the subject of numerous studies regarding particle 

behaviour in relation to tumours and systemic 

administration. However, it is worth noting that 

other biological compartments, like tumour 

interstitial fluid, also contain a high protein 

content, which could influence particle behaviour 

when injected intratumorally. Thus, the processes 

investigated, which are associated with the 

hematic system's protein corona creation, are 

generalizable to other fluids. Cells from the 

stroma, including endothelial cells and fibroblasts, 

are present in solid tumours like lung 

malignancies. In addition, LLC tumours have 

subpopulations of cells with wildly varying 

metastatic potentials, which contributes to their 

very diverse nature [58–61]. Because drugs do not 

distribute uniformly throughout tumours, tumour 

heterogeneity is a major contributor to treatment 

resistance. We postulate that the tumor's particle 

zonal distribution can be controlled by regulating 

protein adsorption on the GNP surface. We have 

already shown that our spherical GNPs have great 

qualities as CT contrast agents in living organisms 

and a strong radio-sensitization property in 

laboratory settings, where they induce DNA 

damage in Lewis lung cancer (LLC) cells. 

Despite the fact that nanomaterial can be directly 

injected into the interstitium of malignant tissue 

through intratumoral injections, the interstitial 

tumoral pressure is significantly higher compared 

to healthy tissue. The injected formulation is 

typically pushed out of the tumour and more 

medication leaks into the surrounding tissue by 

this raised interstitial fluid pressure gradient. Due 

to its potential role as a physical mechanism of 

drug resistance and its clinical relevance in 

determining the efficacy of nanomedicine-based 

therapy, determining the intra-tumoral distribution 

of nanoparticles is an important goal in clinical 

research. Given the current understanding that 

physical processes are not the only ones involved 

in radiosensitization, but also chemical and 

biological ones [62], it stands to reason that the 

various distribution patterns found depending on 

particle functionalization would have an effect on 

radiosensitization. Possible factors contributing to 

these effects include the number and proximity of 

particles in the area, the percentage of uptake, and 

the precise placement of particles within or close 

to distinct cell types that are going through 

different stages of replication. Cells that are 

metabolically active and dividing rapidly, for 

instance, are known to be more radiosensitive. 

Hence, improving radiosensitization effects 

through protein surface modification that leads to 

greater particle distribution in high-turnover cells 

should be beneficial for future clinical 

applications. This study highlights the importance 

of surface passivation in the intratumoral 

biodistribution of GNPs, which can lead to 

substantial heterogeneity in the tumour 

microenvironment, as seen in vivo [63]. The 

majority of BSA-GNP perfusion happens around 

the tumor's periphery, with very little deposition 

occurring across the entire tumour. We believe 

that the aberrant and heterogeneous vascular 

structure of the LLC tumour, which indicates that 

perfusion, not the permeability of the GNPs, is the 

limiting factor for tumour accumulation, although 

off-center injection or tumour growth could also 

play a role. Even though BSA surface passivation 

causes perivascular accumulation, it can 

nevertheless influence the retention and 

distribution of GNPs within tumours. 

The Effect of Free Thiol on the Adsorption of 

Proteins on Gold Nanodevices: 

There are numerous possible uses for protein-gold 

nanoparticle (AuNP) bioconjugates in the field of 
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nanomedicine. In order to construct these 

functional bioconjugates with desirable features, it 

is crucial to have a comprehensive understanding 

of the protein-AuNP interaction. Here, we study 

how the protein's free thiols affect the protein-

AuNP conjugate's stability. Three different forms 

of human serum albumin (HSA) were produced 

by varying the molar excess of the chemical 

modifier 2-iminothiolane (Traut's reagent), 

resulting in 1, 5, and 20 free thiols on the protein 

surface. Using this HSA species and an IgG 

antibody that displayed 10 free thiols, protein 

exchange assays on AuNPs were carried out. We 

prepared, purified, and dispersed antibody-AuNP 

conjugates in solutions containing all of the HSA 

species. Extensively thiolated HSA displaying 20 

free thiols displaced 85% of the antibody on the 

AuNP surface, but neither the HSA nor the 

modified HSA containing 5 thiols showed any 

evidence of protein exchange. In addition, we 

dispersed HSA species in an antibody solution and 

preadsorbed them onto AuNP to examine the 

effect of the protein adsorption [64] sequence. The 

antibody removed all traces of the HSA 

containing one thiol from the AuNP in three 

hours, but it took twenty-four hours to remove all 

traces of the modified HSA having five thiols, and 

it failed miserably when faced with an HSA 

containing twenty thiols. Based on these findings, 

the binding relationship between the protein and 

the AuNP is controlled by the number of Au-S 

contacts [65-67]. The binding mechanism between 

proteins and AuNPs is better understood thanks to 

this work, which also identifies key concepts for 

designing altered proteins to improve 

bioconjugates. 

Gold Surfaces Modified with Thiols: 

When it comes to attaching molecules to the 

surface of gold particles, thiol moieties are 

perhaps the most employed approach. Extensive 

research on planar gold surfaces and nanoparticles 

has established the robust connection between the 

sulphur atom in the thiol moiety and the gold 

surface. On crystalline gold surfaces, thiols self-

assemble form ordered monolayers. It is the 

characteristics of the thiol that determines the 

monolayer's order and the extent to which it 

covers the surface. A highly organised mono-layer 

of relatively tiny alkane thiols (e.g., 

mercaptoundecanol) [68] will develop on the 

surface of the gold. Monolayers formed by larger 

molecules, like thiol-modified polyethylene 

glycols, tend to be less organised than those 

formed by smaller, less rigid molecules.   

Thiols self-assemble onto gold surfaces, making 

them a potent tool for surface modification. The 

use of thiol attachment pro- vides a number of 

benefits over electrostatic interactions: (1) 

orientation control of the attached molecule, (2) 

capacity to build well-defined mixed monolayers, 

and (3) ability to attach a wide variety of 

molecules independent of charge, hydrophobicity, 

etc. Thiols will reassert themselves during self-

assembly, replacing other molecules like 

electrostatically adsorbed ions, due to the fact that 

the thiol-gold interaction is one of the strongest 

interactions that a gold surface can participate in 

[72-73]. One thiol-containing molecule can 

displace another on the surface of gold, despite the 

strength of the thiol-gold connection. Mixed 

monolayers for multifunctional surfaces (e.g., 

targeting and immune response protection) can be 

created by taking advantage of this lability. 

Gold nanoparticles treated with pegrylation: 

For biological applications requiring some type of 

protection from the immune system, coating gold 

surfaces with polyethylene glycol is quite 

prevalent. Past research on drug delivery systems 

based on liposomes has demonstrated that adding 

a PEG layer significantly increases the circulating 

half-life of nanoparticles in the bloodstream. The 

increase in circulation half-life is related to the 

capacity of the PEG layer to suppress 

opsonization by the body, which acts to hide 

nanoparticles from the reticuloendothelial system 

(RES) [73]. The inclusion of a PEG layer also 

considerably boosts colloid stability in high ionic 

strength conditions by providing steric 

stabilization of the particles to prevent 

aggregation. Because of the inherent “stickiness” 

of bare gold surfaces with respect to biomolecules, 

which was discussed in the section on attaching 

proteins directly to the surface of gold, opsonizing 
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proteins in the bloodstream will readily attach to 

the surface of a bare particle, and the circulating 

half-life of bare particles is measured in minutes.  

PEGylation of gold surfaces can be carried out 

using a thiol-modified PEG molecule of the type 

CH3O(CH2CH2O)n CH2CH2SH such as the 

commercially available mPEG-SH MW 5000 

(Laysan Bio). This molecule will self-assemble 

onto the bare gold surface through the thiol–gold 

interaction discussed earlier. After assembly, the 

molecule offers a nonreactive methoxy (CH3O–) 

group to the solvent. Particle size has a small but 

significant impact on the length of the PEG chain 

needed for (1) particle stabilisation and (2) RES 

activation prevention. For example, gold 

nanoshells (particle diameter ~150 nm) require a 

PEG molecule with an average MW of around 

5000 Da to provide stability and to hide the 

particles from the RES. The stability and 

circulating half-life of gold nanoshells synthesised 

with a 2000-MW mPEG-thiol coating are much 

lower than particles prepared with a 5000-MW 

mPEG-thiol [74-75].  Much smaller PEG chain 

lengths can be utilised to stabilize tiny colloid 

preparations, although care must be made to not 

use very small PEG molecules (<1500 MW), 

which have been demonstrated to have some level 

of toxicity in vivo.  

PEGylation of the naked gold particles can be 

carried out by adding an excess of mPEG-SH to 

the solution containing the bare gold particles [76-

80]]. Generally, a substantial excess of mPEG-SH 

is employed to stimulate the assembly of 

molecules on the surface. The amount of PEG 

excess required can be determined by the total 

surface area of the gold to be coated. Because of 

the flexibility in the PEG chain, the footprint—or 

the effective surface area—taken up by a 5000-

MW PEG molecule is relatively big. Brush 

(extended) or mushroom (compacted) 

configurations are possible for the PEG 

molecules. The anticipated footprint of 5000 MW 

PEG-SH, according to previous research, is 

around 20 nm2. This figure can be used to 

estimate the amount of PEG molecules required to 

cover one particle. In just two or three hours, you 

can get adequate PEG monolayer cover-age by 

using a 5- to 6-fold excess of mPEG-SH [81-83]. 

Longer periods of time in solution can cause 

mPEG-SH molecules to reorganise on the surface, 

leading to better packing and improved surface 

coverage.  

Gold surface PEGylation protects against the RES 

system and increases blood circulation half-life, 

but it does not target cancer cells specifically. The 

increased permeability and retention (EPR) effect 

causes PEG-coated particles to concentrate in 

tumours [84-86]. Gold particles can escape the 

bloodstream and collect around tumours due to 

their leaky vasculature. Drug delivery and 

photothermal therapy have both made use of this 

"passive" targeting of tumours to deliver particles. 

It might be useful to make the particles able to 

target cancer cells in particular, depending on the 

use case. Adding a targeting molecule (antibody, 

peptide, etc.) does not significantly change the 

amount of particles that collect in the tumour, but 

it significantly changes their distribution and 

localization inside the tumour, according to recent 

research. For some uses, like gene therapy and 

medication delivery, this enhanced absorption by 

cancer cells is crucial. Additionally, it may 

improve the effectiveness of photothermal 

treatments and radiation dose enhancement by 

dispersing the effects more uniformly across the 

tumour [87].  

To make PEGylated particles more selective for 

cancer cells while still providing some protection 

from RES and making the particles more stable, 

there are a number of ways to attach a targeting 

agent to them [89]. Two of the most common 

methods for functionalizing surfaces in this way 

are(1) functionalizing the PEG molecules and(2) 

mixed surface preparation. As mentioned 

previously in this chapter, the targeting moiety—

typically a protein—is first physically bonded to 

the surface of the gold particles during mixed 

surface preparation. To finish filling the gaps 

between the proteins, mPEG-SH is applied to the 

surface of the particles. There are a number of 

major problems with this approach. The same 

orientation problems that were discussed before 

are still relevant here, and the PEG layer can act 

as a steric "shield" to reduce the protein's 
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functionality in living organisms. One potential 

cost consideration while making the conjugated 

particles is the amount of protein needed for 

functionalization; this method's main benefit is the 

low amount of protein needed. The second 

approach, which involves incorporating targeting 

moieties into the PEG molecules [90–92], is a 

little more reliable. It makes use of a polyethylene 

glycol (PEG) molecule that is bifunctional, 

meaning it has a thiol group as well as another 

chemically reactive group. The molecules are 

attached to the gold surface via the thiol group, 

and the targeting moiety can be connected to the 

other reactive group. 

Conclusion: 

Through quantitative CT and ICP-OES analysis, 

we were able to demonstrate that regulating 

protein absorption on the GNP surface resulted in 

a considerable variation in the intratumoral 

distribution and retention of the particles. In 

addition, our research showed that the process of 

cellular uptake in vitro is controlled by the surface 

passivation of GNPs. Additional research will 

help us understand how to regulate the surface 

passivation of GNPs, which is important for 

translating nanoparticle-based treatments into the 

clinic. Using high-resolution preclinical CT 

imaging, protein surface adsorption can impact 

GNP biodistribution in an animal model of 

NSCLC. Through quantitative CT and ICP-OES 

analysis, we were able to demonstrate that 

regulating protein absorption on the GNP surface 

resulted in a considerable variation in the 

intratumoral distribution and retention of the 

particles. In addition, our research showed that the 

process of cellular uptake in vitro is controlled by 

the surface passivation of GNPs. Additional 

research will help us understand how to regulate 

the surface passivation of GNPs, which is 

important for translating nanoparticle-based 

treatments into the clinic. 

References: 

1. Vasti, C.; Bedoya, D.A.; Rojas, R.; 

Giacomelli, C.E. Effect of the Protein 

Corona on the Colloidal Stability and 

Reactivity of LDH-Based Nanocarriers. J. 

Mater. Chem. B 2016, 4, 2008–2016.  

2. Gebauer, J.S.; Malissek, M.; Simon, S.; 

Knauer, S.K.; Maskos, M.; Stauber, R.H.; 

Peukert, W.; Treuel, L. Impact of the 

Nanoparticle– Protein Corona on Colloidal 

Stability and Protein Structure. Langmuir 

2012, 28, 9673–9679.  

3. Strojan, K.; Leonardi, A.; Bregar, V.B.; 

Križaj, I.; Svete, J.; Pavlin, M. Dispersion 

of Nanoparticles in Different Media 

Importantly Determines the Composition 

of Their Protein Corona. PLoS ONE 2017, 

12, e0169552.  

4. Métraux, G. S., Y. C. Cao, R. Jin, and C. 

A. Mirkin. 2003. Triangular nanoframes 

made of gold and silver. Nano Letters 

3(4):519–522. 

5. Milla, P., F. Dosio, and L. Cattel. 2011. 

PEGylation of proteins and liposomes: A 

powerful and flexible strategy to improve 

the drug delivery. Current Drug 

Metabolism 13(1):105–119. 

6. Momekova, D., S. Rangelov, and N. 

Lambov. 2010 Long- circulating, pH-

sensitive liposomes. Methods in Molecular 

Biology (Clifton, N.J.) 605:527–544.  

7. Murphy, C. J., L. B. Thompson, A. M. 

Alkilany, P. N. Sisco, S. P. Boulos, S. T. 

Sivapalan, J. A. Yang, D. J. Chernak, and 

J. Huang. 2010. The many faces of gold 

nanorods. Journal of Physical Chemistry 

Letters 1(19):2867–2875. 

8. Nah, S., L. Li, and J. T. Fourkas. 2009. 

Field-enhanced phenomena of gold 

nanoparticles. Journal of Physical 

Chemistry A. 113(16):4416–4422. 

9. Kumagai, M., Y. Imai, T. Nakamura, Y. 

Yamasaki, M. Sekino, S. Ueno, K. 

Hanaoka, K. Kikuchi, T. Nagano, E. 

Kaneko, K. Shimokado, and K. Kataoka. 

2007. Iron hydroxide nanoparticles coated 

with poly(ethylene glycol)–poly(aspartic 

acid) block copolymer as novel magnetic 

https://doi.org/10.52845/CMRO/2024/7-6-9


Hussein Hassan Abdzaid et al. / Synthesis and Surface Modification of Nanomaterials for Tumor Targeting: Gold nanoparticle 

conjugation, Direct Adsorption of Proteins and Role of Free Thiol on Protein Adsorption to Gold Nanoparticles 

Current Medical Research and Opinion, Vol. 07, Issue. 06, Page no: 2790-2805 

DOI: https://doi.org/10.52845/CMRO/2024/7-6-9               Page | 2800 

resonance contrast agents for in vivo 

cancer imaging. Colloids and Surfaces B: 

Biointerfaces 56(1-2):174–181.  

10. Laibinis, P. E., G. M. Whitesides, D. L. 

Allara, Y. T. Tao, A. N. Parikh, and R. G. 

Nuzzo. 1991. Comparison of the structures 

and wetting properties of self-assembled 

monolayers of n-alkanethiols on the 

coinage metal surfaces, copper, silver, and 

gold. Journal of the American Chemical 

Society. 113(19):7152–7167. 

11. Nuzzo, R. G., L. H. Dubois, and D. L. 

Allara. 1990. Fundamental studies of 

microscopic wetting on organic surfaces: 

Formation and structural characterization 

of a self-consistent series of polyfunctional 

organic monolayers. Journal of the 

American Chemical Society 112(2):558–

569. 

12. Oldenburg, S. J., R. D. Averitt, S. L. 

Westcott, and N. J. Halas. 1998. 

Nanoengineering of optical resonances. 

Chemical Physics Letters 288:243–247.  

13. Oldenburg, S. J., J. B. Jackson, S. L. 

Westcott, and N. J. Halas. 1999. Infrared 

extinction properties of gold nanoshells. 

Applied Physics Letters 75(19):2897–2899 

14. Parab, H. J., H. M. Chen, T.-C. Lai, J. H. 

Huang, P. H. Chen, R.-S. Liu, M. Hsiao, 

C.-H. Chen, D.-P. Tsai, and Y.-K. Hwu. 

2009. Biosensing, cytotoxicity, and 

cellular uptake studies of surface-modified 

gold nanorods. Journal of Physical 

Chemistry C 113(18):7574–7578.  

15. Di Fellice R and Selloni A (2004) 

Adsorption modes of cysteine on Au(111): 

thiolate, amino-thiolate disulfde. J Chem 

Phys 120(10): 4906-4914  

16. Esbach S, Stins MF, Brouwer A, Roholl 

PJM, Van Berkel TJC, Knook DL (1994) 

Morphological characterization of 

scavenger receptor-mediated processing of 

modifed lipoproteins by rat liver 

endothelial cells. Experimental Cell 

Research 10(1): 62-70  

17. Frens G (1973) Controlled nucleation for 

the regulation of the particle size in 

monodisperse gold suspensions. Nature 

Physical Sciences 241: 20-22  

18. Gittins DI and Caruso F (2002) Biological 

and physical applications of water-based 

metal nanoparticles synthesized in organic 

solution. Chem Phys Chem 3: 110-113  

19. Goodman SL, Hodges GM, Trejdosiewicz 

LK, Livingstone DC (1981) Colloidal gold 

markers and gold probes for routine 

application in microscopy. J Microscopy 

123: 201-213 Prodan, E., C. Radloff, and 

N. J. Halas, and P. Nordlander. 2003. A 

hybridization model for the plasmon 

response of complex nanostructures. 

Science 302(5644):419–422. 

20. Böhmert, L.; Voß, L.; Stock, V.; 

Braeuning, A.; Lampen, A.; Sieg, H. 

Isolation Methods for Particle Protein 

Corona Complexes from Protein-Rich 

Matrices. Nanoscale Adv. 2020, 2, 563–

582.  

21. Barbir, R.; Goessler, W.; Curlin, M.; 

Micek, V.; Protein ´ Corona Modulates 

Distribution and Toxicological Effects of 

Silver Nanoparticles In Vivo. Part. Part. 

Syst. Charact. 2019, 36, 1900174.  

22. Bertrand, N.; Grenier, P.; Mahmoudi, M.; 

Lima, E.M.; Appel, E.A.; Dormont, F.; 

Lim, J.-M.; Karnik, R.; Langer, R.; 

Farokhzad, O.C. Mechanistic 

Understanding of in Vivo Protein Corona 

Formation on Polymeric Nanoparticles and 

Impact on Pharmacokinetics. Nat. 

Commun. 2017, 8, 777.  

23. Hauck, T. S., A. A. Ghazani, and W. C. 

2008. Assessing the effect of surface 

chemistry on gold nanorod uptake, 

toxicity, and gene expression in 

mammalian cells. Small 4(1):153–159.  

24. Hainfeld JF and Furuya FR (1992) A 1.4-

nm gold cluster covalently attached to 

antibodies improves immunolabeling. J 

Histochem Cytochem 40: 177-184  

https://doi.org/10.52845/CMRO/2024/7-6-9


Hussein Hassan Abdzaid et al. / Synthesis and Surface Modification of Nanomaterials for Tumor Targeting: Gold nanoparticle 

conjugation, Direct Adsorption of Proteins and Role of Free Thiol on Protein Adsorption to Gold Nanoparticles 

Current Medical Research and Opinion, Vol. 07, Issue. 06, Page no: 2790-2805 

DOI: https://doi.org/10.52845/CMRO/2024/7-6-9               Page | 2801 

25. Hostetler MJ, Templeton AC, Murray RW 

(1999) Dynamics of place-exchange 

reactions on monolayer-protected gold 

cluster molecules. Langmuir 15: 3782-

3789  

26. Leunissen JLM and Van de Plas PFEM 

(1993) Ultra Small gold probes in cryo-

ultramicrotomy. In: Eaton B and Hyatt A 

(eds) Immunoelectron microscopy in virus 

diagnosis and research, pp 327-348, CRC 

Press, Boca Raton, Florida  

27. Leunissen JLM, Van de Plas PFEM, 

Borghgraef PEJ (1989) Auroprobe One: A 

new and universal ultra small gold particle 

based (immuno)detection system for high 

sensitivity and improved penetration. In: 

Aurofle 2, pp3-4. 

28. Li F, Zhang H, Dever B, Li X-F, Le XS 

(2013) Thermal stability of DNA 

functionalized gold nanoparticles. 

Bioconjugate Chem 24: 1790-1797 

29.  Loussert Fonta C, Leis A, Mathisen C, 

Bouvier DS, Blanchard W, Volterra A, 

Lich B, Humbel BM (2015) Analysis of 

acute brain slices by electron microscopy: 

A correlative light-electron microscopy 

workfow based on Tokuyasu cryo-

sectioning 189: 53-61  

30. Orlov I, Schertel A, Zuber G, Klaholz B, 

Drillien R, Weiss E, Schultz P, Spehner D 

(2015) Live cell immunogold labeling of 

polymerase II. Scientifc Reports 8324-

8328  

31.  Slobin L and Sela M (1965) Use of urea 

in the purifcation of antibodies. 

Biochimica Biophysica Acta 107: 593-596 

[22] Xue Y, Li X, Li H, Zhang W (2014) 

Quantifying thiol-gold interactions 

towards the effcient strength control. 

Nature Commun 5:4348-4357  

32. Chithrani, D. B., S. Jelveh, F. Jalali, M. 

van Prooijen, C. Allen, R. G. Bristow, R. 

P. Hill, and D. A. Jaffray. 2010. Gold 

nanoparticles as radiation sensitizers in 

cancer therapy. Radiation Research 

173(6):719–728.  

33. Connor, E. E., J. Mwamuka, A. Gole, C. J. 

Murphy, and M. D. Wyatt. 2005. Gold 

nanoparticles are taken up by human cells 

but do not cause acute cytotoxicity. Small 

1(3): 325–327.  

34. Bain, C. D., J. Evall, and G. M. 

Whitesides. 1989b. Formation of 

monolayers by the coadsorption of thiols 

on gold: Variation in the head group, tail 

group, and solvent. Journal of the 

American Chemical Society 

111(18):7155–7164.  

35. Davis, P. H., C. P. Morrisey, S. M. V. 

Tuley, and C. I. Bingham, 2008. Synthesis 

and stabilization of colloidal gold 

nanoparticle suspensions for SERS. In 

Nanoparticles: Synthesis, Stabilization, 

Passivation, and Functionalization, vol. 

996, pp. 16–30. American Chemical 

Society, Washington DC.  

36. Yi H, Leunissen JLM, Shi GM, Gutekunst 

CA, Hersch SM (2001) A novel procedure 

for pre-embedding double immunogold-

silver labeling at the ultrastructural level. J 

of Histochem Cytochem 49 (3): 279-283  

37. Zeuschner D, Geerts WJC, Van Donselaar 

E, Humbel BM, Slot JW, Koster AJ, 

Klumperman J (2006) Immuno-electron 

tomography of ER exit sites reveals the 

existence of free COPII coated transport 

carriers Nature Cell Biology 8: 377-

383Hu, M., J. Chen, Z. Y. Li, L. Au, G. V. 

Hartland, X. Li, M. Marquez, and Y. Xia. 

2006. Gold nanostructures: Engineering 

their plasmonic properties for biomedical 

applications. Chemical Society Reviews 

35(11):1084–1094.  

38. Huff, T. B., M. N. Hansen, Y. Zhao, J. X. 

Cheng, and A. Wei. 2007. Controlling the 

cellular uptake of gold nanorods. 

Langmuir 23(4):1596–1599.  

39. Immordino, M. L., F. Dosio, and L. Cattel. 

2006. Stealth liposomes: Review of the 

https://doi.org/10.52845/CMRO/2024/7-6-9


Hussein Hassan Abdzaid et al. / Synthesis and Surface Modification of Nanomaterials for Tumor Targeting: Gold nanoparticle 

conjugation, Direct Adsorption of Proteins and Role of Free Thiol on Protein Adsorption to Gold Nanoparticles 

Current Medical Research and Opinion, Vol. 07, Issue. 06, Page no: 2790-2805 

DOI: https://doi.org/10.52845/CMRO/2024/7-6-9               Page | 2802 

basic science, rationale, and clinical 

applications, existing and potential. 

International Journal of Nanomedicine 

1(3):297–315.  

40. Jain, J., S. Arora, J. M. Rajwade, P. 

Omray, S. Khandelwal, and K. M. 

Paknikar. 2009. Silver nanoparticles in 

therapeutics: Development of an 

antimicrobial gel formulation for topical 

use. Molecular Pharmaceutics 6(5):1388–

1401.  

41. Jana, N. R., L. Gearheart, and C. J. 

Murphy. 2001. Wet chemical synthesis of 

high aspect ratio cylindrical gold nanorods. 

Journal of Physical Chemistry B 105: 

4065–4067.  

42. Khalavka, Y., J. Becker, and C. 

Sönnichsen. 2009. Synthesis of rod- 

shaped gold nanorattles with improved 

plasmon sensitivity and catalytic activity. 

Journal of the American Chemical Society 

131(5):1871–1875.  

43. Kimling, J., M. Maier, B. Okenve, V. 

Kotaidis, H. Ballot, and A. Plech. 2006. 

Turkevich method for gold nanoparticle 

synthesis revisited. Journal of Physical 

Chemistry B 110(32):15700–15707.  

44. Kou, X., S. Zhang, C.-K. Tsung, M.-H. 

Yeung, Q. Shi, G. D. Stucky, L. Sun, J. 

Wang, and C. Yan. 2006. Growth of gold 

nano- rods and bipyramids using CTEAB 

surfactant. Journal of Physical Chemistry 

B 110(33):16377–16383.  

45. Laibinis, P. E., R. G. Nuzzo, and G. M. 

Whitesides. 1992. Structure of monolayers 

formed by coadsorption of two n-

alkanethiols of different chain lengths on 

gold and its relation to wetting. Journal of 

Physical Chemistry 96(12):5097–5105. 

46. Laurent, S., C. Nicotra, Y. Gossuin, A. 

Roch, A. Ouakssim, L. Vander Elst, M. 

Cornant, P. Soleil, and R. N. Muller. 2004. 

Influence of the length of the coating 

molecules on the nuclear magnetic 

relaxivity of superparamagnetic colloids. 

Physica Status Solidi C 1(12):3644–3650.  

47. Laurent, S., D. Forge, M. Port, A. Roch, C. 

Robic, L. Vander Elst, and R. N. Muller. 

2008. Magnetic iron oxide nanoparticles: 

Synthesis, stabilization, vectorization, 

physicochemical characterizations, and 

biological applications. Chemical Reviews 

108(6):2064–2110.  

48. Lee, J. S., M. Ankone, E. Pieters, R. M. 

Schiffelers, W. E. Hennink, and J. Feijen. 

2011. Circulation kinetics and 

biodistribution of dual-labeled 

polymersomes with modulated surface 

charge in tumor-bearing mice: Comparison 

with stealth liposomes. Journal of 

Controlled Release 155(2):282–288. 

49. Kho, K. W., Z. X. Shen, H. C. Zeng, K. 

Soo, and M. Olivo. 2005. Deposition 

method for preparing SERS-active gold 

nanoparticle substrates. Analytical 

Chemistry 77(22):7462–747  

50. Kim, J. Y., J. Kim, J. S., Park, Y. Byun, 

and C. K. Kim. 2009. The use of 

PEGylated liposomes to prolong 

circulation lifetimes of tissue plasminogen 

activator. Biomaterials 30(29):5751–5756.  

51. Giri, K.; Kuschnerus, I.; Ruan, J.; Garcia-

Bennett, A.E. Influence of a Protein 

Corona on the Oral Pharmacokinetics of 

Testosterone Released from Mesoporous 

Silica. Adv. Ther. 2020, 3, 1900110.  

52. Leonov, A. P., J. Zheng, J. D. Clogston, S. 

T. Stern, A. K. Patri, and A. Wei. 2008. 

Detoxification of gold nanorods by 

treatment with polystyrenesulfonate. ACS 

Nano 2(12):2481–2488. 

53. Leontidis, E., K. Kleitou, T. Kyprianidou-

Leodidou, V. Bekiari, and P. Lianos. 2002. 

Gold colloids from cationic surfactant 

solutions: 1. Mechanisms that control 

particle morphology. Langmuir 

18(9):3659–3668.  

https://doi.org/10.52845/CMRO/2024/7-6-9


Hussein Hassan Abdzaid et al. / Synthesis and Surface Modification of Nanomaterials for Tumor Targeting: Gold nanoparticle 

conjugation, Direct Adsorption of Proteins and Role of Free Thiol on Protein Adsorption to Gold Nanoparticles 

Current Medical Research and Opinion, Vol. 07, Issue. 06, Page no: 2790-2805 

DOI: https://doi.org/10.52845/CMRO/2024/7-6-9               Page | 2803 

54. Maeda, H. 2001. The enhanced 

permeability and retention (EPR) effect in 

tumor vasculature: The key role of tumor-

selective macromolecular drug targeting. 

Advances in Enzyme Regulation 41:189–

207. 

55. Maeda, H., T. Sawa, and T. Konno. 2001. 

Mechanism of tumor- targeted delivery of 

macromolecular drugs, including the EPR 

effect in solid tumor and clinical overview 

of the prototype polymeric drug 

SMANCS. Journal of ControlledRelease 

74(1–3):47–61. 

56. Maeda, H., J. Fang, T. Inutsuka, and Y. 

Kitamoto. 2003. Vascular permeability 

enhancement in solid tumor: Various 

factors, mechanisms involved and its 

implications. International 

Immunopharmacology 3(3):319–328. 

57. Tavakoli, S.; Kari, O.K.; Turunen, T.; 

Lajunen, T.; Schmitt, M.; Lehtinen, J.; 

Tasaka, F.; Parkkila, P.; Ndika, J.; Viitala, 

T.; et al. Diffusion and Protein Corona 

Formation of Lipid-Based Nanoparticles in 

the Vitreous Humor: Profiling and 

Pharmacokinetic Considerations. Mol. 

Pharm. 2020.  

58. Corbo, C.; Molinaro, R.; Parodi, A.; 

Toledano Furman, N.E.; Salvatore, F.; 

Tasciotti, E. The Impact of Nanoparticle 

Protein Corona on Cytotoxicity, 

Immunotoxicity and Target Drug Delivery. 

Nanomedicine 2016, 11, 81–100.  

59. Mohammad-Beigi, H.; Hayashi, Y.; 

Zeuthen, C.M.; Eskandari, H.; Scavenius, 

C.; Juul-Madsen, K.; Vorup-Jensen, T.; 

Enghild, J.J.; Sutherland, D.S. Mapping 

and Identification of Soft Corona Proteins 

at Nanoparticles and Their Impact on 

Cellular Association. Nat. Commun. 2020, 

11, 4535.  

60. Westmeier, D.; Chen, C.; Stauber, R.H.; 

Docter, D. The Bio-Corona and Its Impact 

on Nanomaterial Toxicity. Eur. 

J.Nanomed. 2015, 7, 153–168. [CrossRef] 

16. Huang, X.; El-Sayed, M.A. Gold 

Nanoparticles: Optical Properties and 

Implementations in Cancer Diagnosis and 

Photothermal Therapy. J. Adv. Res. 2010, 

1, 13–28.  

61. Huang, X.; Jain, P.K.; El-Sayed, I.H.; El-

Sayed, M.A. Gold Nanoparticles: 

Interesting Optical Properties and Recent 

Applications in Cancer Diagnostics and 

Therapy. Nanomedicine 2007, 2, 681–693.  

62. Stetsenko, M.O.; Rudenko, S.P.; 

Maksimenko, L.S.; Serdega, B.K.; 

Pluchery, O.; Snegir, S.V. Optical 

Properties of Gold Nanoparticle 

Assemblies on a Glass Surface. Nanoscale 

Res. Lett. 2017, 12, 348.  

63. Atkinson, R. L., M. Zhang, P. 

Diagaradjane, S. Peddibhotla, A. 

Contreras, S. G. Hilsenbeck, W. A. 

Woodward, S. Krishnan, J. C. Chang, and 

J. M. Rosen. 2010. Thermal enhancement 

with optically activated gold nanoshells 

sensitizes breast cancer stem cells to 

radiation therapy. Science Translational 

Medicine 55:55–79. 

64. Bain, C. D., H. A. Biebuyck, and G. M. 

Whitesides. 1989a. Comparison of self-

assembled monolayers on gold: Coad- 

sorption of thiols and disulfides. Langmuir 

5(3): 723–727.  

65. Bartneck, M., H. A. Keul, S. Singh, K. 

Czaja, J. R. Bornemann, M. Bockstaller, 

M. Moeller, G. Zwadlo-Klarwasser, J. R. 

Groll. 2010. Rapid uptake of gold 

nanorods by primary human blood 

phagocytes and immunomodulatory effects 

of surface chemistry. ACS Nano 4(6): 

3073–3086.  

66. Bastus, N. G., J. Comenge, and V. Puntes. 

2011. Kinetically con- trolled seeded 

growth synthesis of citrate-stabilized gold 

nanoparticles of up to 200 nm: Size 

focusing versus Ostwald ripening. 

Langmuir 27(17):11098 –11105.  

https://doi.org/10.52845/CMRO/2024/7-6-9


Hussein Hassan Abdzaid et al. / Synthesis and Surface Modification of Nanomaterials for Tumor Targeting: Gold nanoparticle 

conjugation, Direct Adsorption of Proteins and Role of Free Thiol on Protein Adsorption to Gold Nanoparticles 

Current Medical Research and Opinion, Vol. 07, Issue. 06, Page no: 2790-2805 

DOI: https://doi.org/10.52845/CMRO/2024/7-6-9               Page | 2804 

67. Cai, W., and J. Wang. 2007. Facile 

synthesis of superparamagnetic magnetite 

nanoparticles in liquid polyols. Journal of 

Colloid and Interface Science, 305(2):366-

370.  

68. Duff, D. G., and A. Baiker. 1993. A new 

hydrosol of gold clusters: 1. Formation and 

particle size variation. Langmuir 9:2301–

2309.  

69. Eby, D. M., H. R. Luckarift, and G. R. 

Johnson. 2009. Hybrid antimicrobial 

enzyme and silver nanoparticle coatings 

for medical instruments. ACS Applied 

Materials & Interfaces 1(7):1553–1560.  

70. Fan, F.-R. F., and A. J. Bard. 2001. 

Chemical, electrochemical, gravimetric, 

and microscopic studies on antimicrobial 

silver films. Journal of Physical Chemistry 

B 106(2):279–287.  

71. Faraday, M. 1857. The Bakerian lecture: 

Experimental relations of gold (and other 

metals) to light. Philosphical Transactions 

of the Royal Society London 147:145–

181.  

72. Frens, G. 1973. Controlled nucleation for 

the regulation of the particle size in 

monodisperse gold suspensions. Nature 

Physical Science 241:20–22.  

73. Gole, A., and C. J. Murphy. 2004. Seed-

mediated synthesis of gold nanorods: Role 

of the size and nature of the seed. 

Chemistry of Materials 16(19):3633–3640.  

74. Alkilany, A. M., P. N. Sisco, S. P. Boulos, 

S. T. Sivapalan, J. A. Yang, D. J. Chernak, 

and J. Huang. 2010. The many faces of 

gold nanorods. Journal of Physical 

Chemistry Letters 1(19):2867–2875  

75. Goulet, P. J. G., and R. B. Lennox. 2010. 

New insights into Brust−Schiffrin metal 

nanoparticle synthesis. Journal of the 

American Chemical Society 

132(28):9582–9584.  

76. Hashizume, K., Y. Hatanaka, Y. 

Kamihara, and Y. Tani. 2001. Automated 

immunohistochemical staining of 

formalin-fixed and paraffin-embedded 

tissues using a catalyzed signal 

amplification method. Applied 

Immunohistochemistry & Molecular 

Morphology 9(1):54–60.  

77. Massart, R. 1981. Preparation of aqueous 

magnetic liquids in alkaline and acidic 

media. IEEE Transactions on Magnetics. 

28(3):1247–1248. 

78. Mayer, G., and M. Bendayan. 1999. 

Immunogold signal amplification: 

Application of the CARD approach to 

electron microscopy. Journal of 

Histochemistry and Cytochemistry 

47(4):421–430. 

79. Stöber, W., A. Fink, and E. Bohn. 1968. 

Controlled growth of monodisperse silica 

spheres in the micron size range. Journal 

of Colloid and Interface Science 26(1):62–

69.  

80. Smith, D. K., and B. A. Korgel. 2008. The 

importance of the CTAB surfactant on the 

colloidal seed-mediated synthesis of gold 

nanorods. Langmuir 24(3):644–649.  

81. Sugiyama, I., T. Sonobe, and Y. Sadzuka. 

2009. Effect of hybridized liposome by 

novel modification with some 

polyethyleneglycol-lipids. International 

Journal of Pharmaceutics 372(1–2):177–

183. 

82. Thakor, A. S., J. Jokerst, C. Zavaleta, T. F. 

Massoud, and S. S. Gambhir. 2011. Gold 

nanoparticles: A revival in precious metal 

administration to patients. Nano Letters 

11(10):4029–4036. 

83. Thomas, K. G., and P. V. Kamat. 2003. 

Chromophore-functionalized gold 

nanoparticles. Accounts of Chemical 

Research 36(12): 888–898. 

84. Turkevich, J., P. C. Stevenson, and J. 

Hillier. 1951. A study of the nucleation 

and growth processes in the synthesis of 

https://doi.org/10.52845/CMRO/2024/7-6-9


Hussein Hassan Abdzaid et al. / Synthesis and Surface Modification of Nanomaterials for Tumor Targeting: Gold nanoparticle 

conjugation, Direct Adsorption of Proteins and Role of Free Thiol on Protein Adsorption to Gold Nanoparticles 

Current Medical Research and Opinion, Vol. 07, Issue. 06, Page no: 2790-2805 

DOI: https://doi.org/10.52845/CMRO/2024/7-6-9               Page | 2805 

colloidal gold. Discussions of the Faraday 

Society 11:55–75.  

85. Yamamoto, M., Y. Kashiwagi, T. Sakata, 

H. Mori, and M. Nakamoto. 2005. 

Synthesis and morphology of star-shaped 

gold nanoplates protected by poly(N-vinyl-

2-pyrrolidone). Chemistry of Materials 

17(22):5391–5393.  

86. Yoon, K. Y., J. H. Byeon, C. W. Park, and 

J. Hwang. 2008. Antimicrobial effect of 

silver particles on bacterial contamination 

of activated carbon fibers. Environmental 

Science & Technology 42(4):1251–1255.  

87. Yoshizawa, Y., Y. Kono, K. Ogawara, T. 

Kimura, and K. Higaki. 2011. PEG 

liposomalization of paclitaxel improved its 

in vivo disposition and anti-tumor 

efficacy. International Journal of 

Pharmaceutics 412(1–2):132–141.  

88. Zou, J., Q. Dai, R. Guda, X. Liu, G. 

Worden James, T. Goodson, and Q. Huo. 

2008. Controlled chemical 

functionalization of gold nanoparticles. In 

Nanoparticles: Synthesis, Stabilization, 

Passivation, and Functionalization, Vol. 

996, pp. 31–40. American Chemical 

Society, Washington DC 

89. Yuan, W., G. Jiang, J. Che, X. Qi, R. Xu, 

M. W. Chang, Y. Chen, S. Y. Lim, J. Dai, 

and M. B. Chan-Park. 2008. Deposition of 

silver nanoparticles on multiwalled carbon 

nanotubes grafted with hyperbranched 

poly(amidoamine) and their antimicrobial 

effects. Journal of Physical Chemistry C 

112(48):18754–18759.  

90. Zhang, J. Z. 2010. Biomedical applications 

of shape-controlled plasmonic 

nanostructures: A case study of hollow 

gold nanospheres for photothermal 

ablation therapy of cancer. Journal of 

Physical Chemistry Letters 1(4):686–695.  

91. Shukla, R.; Bansal, V.; Chaudhary, M.; 

Basu, A.; Bhonde, R.R.; Sastry, M. 

Biocompatibility of Gold Nanoparticles 

and Their Endocytotic Fate inside the 

Cellular Compartment: A Microscopic 

Overview. Langmuir 2005, 21, 10644–

10654. 

 

 

 

 

 

 

https://doi.org/10.52845/CMRO/2024/7-6-9



