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Abstract: One of the main focuses in diagnostic medicine is molecular imaging. Nanoparticles allow 

us to image different components of a high-contrast molecule efficiently. In this study, various factors 

that should be considered when synthesizing contrast nanoparticles are discussed. Some of the most 

important examples are highlighted. This research has been done theoretically and in terms of content 

analysis method (Content Analysis) by searching for keywords nanotechnology, molecular imaging, 

drug delivery methods, gene therapy, and contrast nanoparticles in google, PubMed, Science direct, 

scholar, and Scopus websites. After the search, ten articles were selected from the obtained articles, and 

this article was written based on them. Most of the report’s nanoparticles produce new contrast agents, 

especially molecular imaging and cellular processes detection. Have been taken. The advantages of 

using these nanoparticles are the ability to produce high contrast, ease of integration of multiple 

properties, long circulation time in the blood, and the ability to carry high-volume materials (such as 

drugs). The basics and nanoparticle production methods have grown and expanded over the years, so 

more complex examples of nanoscale contrast agents such as paramagnetic particles, macrophages with 

quantum dots, quantum dots, machines that can make matter Atomic and molecular parts have been 

reported. MRI of microemulsions has also been used to examine blood vessels and deliver medication. 

The use of contrast nanoparticles provides more details about the processes of a disease and its effects. 

The fabrication of these materials has improved dramatically over the past decade by creating various 

functions in them. However, there are many areas for biocompatibility, efficacy, specificity, and 

diagnosis of further diseases. In general, contrast nanoparticles can be synthesized for a specific 

function, with specific properties to perform a specific program. 

Keywords: Nanotechnology; Molecular Imaging; Magnetic Resonance Imaging (MRI); Drug 
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1. Introduction 

The introduction deals with this issue. Molecular imaging can be one of the main areas 

of focus in diagnostic medicine, early detection imaging of diseases, early detection of 

molecular disease. As reference [1] provided, providing vital information about process 

pathology will help us. 

Imaging at the cellular, molecular level relies heavily on developing complex contrast 

agents required for the cell’s biological detection of processes [2]. Contrast nanoparticles have 

a significant advantage over molecular-based contrast agents, including creating very high 

contrast (such as quantum dots), integrating different properties such as different contrast types, 

https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC122.22512261
https://www.scopus.com/authid/detail.uri?authorId=57190046716
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-7583-8340


https://doi.org/10.33263/BRIAC122.22512261  

 https://biointerfaceresearch.com/ 2252 

longer blood circulation, and the ability to charge more material. Allow us to photograph 

different components of a high-contrast molecule efficiently [1, 2]. As a result, exciting results 

from reported molecular imaging include detecting specific cell types, factors that multiple 

imaging techniques can detect, and factors contributing to the advancement of imaging of new 

cellular systems. There are other studies on this subject; for example: In cardiovascular 

patients, nanoparticles have been used for molecular imaging [3]. 

The effective synthesis of contrast nanoparticles for molecular imaging requires close 

attention to the test sample’s required properties. Synthesis of nanoparticles with contrast 

application, treatment includes surface coating optimization, marking, appropriate size, and a 

high degree of improved biocompatibility [3, 4]. In this study, the current state of the synthesis 

of optimized contrast nanoparticles has been investigated, and some examples of factors that 

have been effective in their highly advanced synthesis have been pointed out [4-9]. 

2. Materials and Methods 

This research is of theoretical type and method by content analysis (Content Analysis) 

by searching for keywords nanotechnology, molecular imaging, drug delivery methods, gene 

therapy, and contrast nanoparticles in science, google scholar, PubMed, direct and Scopus is 

done. After searching, ten articles were selected from the obtained articles, and this article was 

written based on them. 

3. Results and Discussion 

The latest technologies in the design of contrast nanoparticles. The latest molecular 

imaging methods with contrast nanoparticles to produce suitable contrast using fluorescent, 

radioactive, paramagnetic, super-magnetic, or dense electron damping materials. Nanoparticles 

have been used for properties such as therapeutic [2]. Contrast enhancing or therapeutic 

compounds can be placed in the core of the particle, inside the coating, or attached to the 

nanoparticle’s surface. This flexibility in incorporating various types of contrast materials and 

Combining contrast and therapeutic materials in nanoparticles is very helpful in selecting 

clinical diagnosis cases. Detection of nanoparticles by imaging methods such as MRI and 

fluorescence allows them to be detected in the target tissue or cell types. A combination of 

contrast agents and therapeutic agents is known as prostatic and allows us to image drug, 

protein, or gene transfer. Several nanoparticles can have many properties and factors, such as 

contrast agents. Therapeutic agents, fluorescence, and heat He easily placed the targets in them. 

A research [3] report on multifunctional nanoparticles for imaging macrophages in 

atherosclerosis, including micelles with quantum dots enclosed in the nucleus. The micelles 

are coated around the quantum dots with a composite film, polyethylene. Phospholipid-

modified glycol, Gadolinium-labeled lipid (for contrast MRI), and polyethylene phospholipid 

glycol have an active functional group. By controlling lipid / amphiphilic input, gadolinium’s 

ratio to fluorophore can be evenly controlled to mark. These properties are in the particle’s 

composition in two steps, which can be done only after the purification step. This method is 

simpler and more efficient than synthesizing several steps of a molecule, including the target 

group, contrast agent, and fluorophore. A team from the University of Washington [4, 5] 

extensively studied carbon fluorescence-based microemulsions as contrast agents targeting 

atherosclerotic plaque components such as integrin-3αv β, fibrin, or collagen III. The carbon 

fluorescence nucleus allows “Bright spots” in MRI imaging with 
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Use the drug inclusion system as hydrophobic in the core. In this example, the anti-

angiogenic drug fumagillin, composed of gadolinium with a phospholipid coating, was tested 

for contrast in MRI. Target particles use a specific peptide bond with β-ααβ integrin, which 

increases the contrast in the study of blood vessels. In the therapeutic approach, the authors 

twice injected atherosclerosis into the arterial wall of the model rabbit. MRI images obtained 

four hours after the first injection showed a significant volume of contrast material in the aorta, 

while after the second injection (one week later), the increase in contrast intensity in the aorta 

was low. See Figure 1. 

This effect is the lack of angiogenesis of fumagillin in the primary injection. Therefore 

the reduction of the density of small vessels and, as a result, the lack accumulation of the agent 

has occurred after applying secondary microemulsion [6]. 

αv and β3 marking 

without injection

αv and β3 marking 

with injectionGadolinium contains lipids

Normal phosphide lipids

Fumagillin, an inhibitor of angiogenesis

Peptide-dependent β3 and αv

Perfluorocarbon core

Drug-free markingDrug marking

 
Figure 1 . The volume of contrast material in the aorta after the first and second injections. 

Iron oxide nanoparticles are sensitive contrast agents for MRI. New iron oxide particles 

have been used for gene expression and gene therapy. Cross-sectional nanoparticles with 

dextran amine shells were first added to Cy5/5, a near-infrared drug. Transfer to the 

polymeristoylated membrane of arginine peptide (MPAP), and finally, siRNA was used to turn 

off the gene. 

The synthesis of new nanoparticles allows them to be detected by both MRI and 

fluorescence methods and is efficiently absorbed by the cell and capable of silencing certain 

genes. In initial experiments, siRNA binding to the green fluorescence protein was used to see 

Becomes. Mice were infected with two tumors, one expressing GFP and the other red 

fluorescent protein (RFP), and MRI and fluorescence examined the uptake of particles in these 

tumors in the laboratory and the body. Fluorescence imaging showed that GFP granite was 

reduced by up to 85% by siRNA iron oxide particles, while fluorescent protein expression 
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remained unchanged in red [6]. Besides, therapeutic versions of nanoparticles have been 

developed in which siRNA attached to survivin, an inhibitor of the apoptotic protein, has been 

observed. In this case, the adsorption of nanoparticles was assessed using MRI and 

fluorescence imaging 24 hours after injection. After four injections and after two weeks, the 

survivin level in these mice’s tumors decreased to 3% of the sample group level. It has arrived. 

Besides, apoptosis and necrosis, which was increased in the tumor, were reduced in treated 

mice [6]. These can be found through immunofluorescence and histology, so siRNA iron 

oxides are effective in treating cancer (see Figure 2). 

Iron oxide for greater clarity

cy5 / 5 A fluorescent drug

MPAP membrane peptide placement

Cross-links and amides covered by dextran

With Contrast
without Contrast

siRNA

 
Figure 2. SiRNA iron oxides in the treatment of cancer. 

Selection of nanoparticles: a wide range of nanoparticles used as contrast agents) [7-

10] For different imaging methods, the need for nanoparticles with different properties to 

produce contrast is appropriate. This section briefly describes the nanoparticles used for each 

method. Liposomes are adhesive gadolinium ions, microemulsion micelles, lipoproteins, 

viruses, and carbon nanotubes suitable for contrast-weighted MRI-T1 using the paramagnetic 

properties of these elements. 

Superparamagnetic iron oxides are widely used to create contrast by MRI weight (* T2) 

[1]. Iron or gadolinium can be used as the contrast agent, which varies depending on the 

application. Although gadolinium nanoparticles’ detection sensitivity is generally lower than 

that of iron oxide nanoparticles, gadolinium creates positive contrast. It easily accumulates in 

specific tissues [11]. Iron oxides have negative contrast and poor signal, and because there are 

many cases of signal loss in MRI images, it reduces our confidence in materials with iron oxide 

accumulations. Creating an image with a new sequence to produce a positive contrast of iron 

oxide may alleviate this problem. Several factors in the image’s weight have led to the use of 
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iron oxide or gadolinium nanoparticles being investigated. For example, iron oxide sensitivity 

is very useful if the target is photographed at very low concentrations [12]. Iron oxides are also 

suitable for tissue imaging, producing homogeneous MRI signals with predictable structures, 

including the brain [13]. In areas of the body where structures are less predictable and signal 

vacuum is common (including the abdomen), the advantage of gadolinium-based agents has 

been used as a generator of positive contrast. [13] Quantum dots are excellent contrast 

materials. They are fluorescent for imaging; they have a wide excitation range and a narrow 

diffusion interval, they are highly efficient, are transparent, and do not fade [14]. Light in the 

near-infrared range (650 to 900 nm) and in which the tissue absorption range is low is 

defensible. For fluorescence tomography, light must pass through the thin tissue thickness, but 

it does not matter if the microscope Confocal, for example, is effective only to absorb a drop 

that is about ten μm thick [15]. 

In contrast, dense electron-based nanoparticles with high atomic numbers such as 

iodine, bismuth, or gold have been proposed for CT scans, and most researchers have examined 

their material in solid nanoparticles [15, 16]. Still, some have provided liposomes that Inside, 

a solution containing iodinated molecules is trapped. Gold nanoparticles have become a 

popular choice for CT scans, although it is unclear whether these materials are suitable for use. 

Research [17], based on solid nanoparticles iodine, has been reported to be specific to rabbit 

atherosclerosis by macrophages, suggesting the possibility of showing highly sensitive 

molecular imaging in vivo using CT scan [18]. CT scan is thought to be instrumental. 

Ultrasound requires contrast agents to create a secondary spectrum of sound waves to the 

marker head, typically using micron-sized water-insoluble gas bubbles such as perfluorobutane 

to stabilize the bubble. We need proper coverage, but coverage reduces flexibility and builds 

up. Better contrast is much needed. The result is that the coatings currently in use must have a 

combination of stability and flexibility. Multilayer vesicles are also used as contrast agents in 

ultrasound, although their echogenic response depends on the gas trapped in them. 

Microemulsions have also been used in sonography [19]. Conceptually, drugs and contrast 

agents can attach to nanoparticle surfaces, either embedded in the wall or loaded into the 

nucleus. 

Types of coatings: Most of the materials used to create contrast in molecular imaging 

are low biocompatibility, short half-life in the circulatory system, rapid excretion, reduced 

stability, and high toxicity. Therefore, many attempts have been made to provide suitable 

compounds [20]. Also, materials such as phospholipids, dextran, polyvinyl pyridine, 

polyethylene glycol, or silica have been used as coatings. At present, new nanoparticles are 

labeled. These coatings increase the water absorption of nanoparticles, reducing their 

aggregation, improving their physical properties and beneficial effects. Otherwise, the 

uncoated nanoparticles are known as foreign bodies. Therefore, by covering and deceiving the 

body’s defense mechanism and avoiding phagocytosis, their half-lives significantly increase in 

the blood. Regulation is widely used as a coating strategy in nanoparticles. It has been used to 

increase their half-life in blood circulation by preventing the rapid removal of nanoparticles by 

the reticuloendothelial system. High durability in the circulatory system helps nanoparticles 

remain in the body longer and reach and connect to the target organ. Silica is a delivery platform 

for nanoparticles for all types. Consignments such as drugs, genes, proteins, or contrast agents 

are used. Research [21, 22] show how silica particles containing quantum dot can be pegylated 

with a lipid coating to improve their biocompatibility compared to silica particles, unmodified 

surfaces, lipid-coated particles, and lipid paramagnetism. The nanoparticles have shown less 

https://doi.org/10.33263/BRIAC122.22512261
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC122.22512261  

 https://biointerfaceresearch.com/ 2256 

toxicity with their lipid coating, a tenfold increase in circulating half-life, and no lumps in the 

lungs [22]. 

In summary, the lipid coating improves biocompatibility. However, it still needs to be 

further explored how silica is metabolized and excreted from the body. An alternative strategy 

to synthetic coatings using natural nanoparticles such as viruses or lipoproteins has been 

explored to prevent recognition by the body’s defense system. For this purpose, two methods 

have been proposed: in the lipid ion/surface phase, natural particles can be modified and 

surrounded by contrast ions and drugs [9, 23]. The second method is a new combination of 

organic and unnatural materials, including inorganic nanoparticles. The nucleus is a virus or 

lipoprotein. The second method by research [23] is Iron oxide, quantum dots, or gold 

nanoparticles were incorporated into high-density lipoprotein and shown by negative staining 

and electron microscopy. Iron oxide, quantum dots, and high-density lipoprotein nanoparticles 

are called QD-HDL, FeO-HDL, and AU-HDL. Paramagnetic phospholipids or fluorescent 

phospholipids combined with particles so that each MRI and fluorescence technique and CT 

scan by AU-HDL have created a contrast. Atherosclerosis in mice is shown by MRI, 

fluorescence imaging, and computed tomography (see Figure 3). 

Marking strategy: There are several methods for marking nanoparticles. There are 

significant blood vessels in the tissues and cancerous tissues and inflammatory diseases such 

as atherosclerosis. Vessels with large and dense nodes increase nanoparticles’ accumulation 

due to the long half-life of blood due to the magnetic resonance’s permeability and stability of 

ma In cases where the examination of damaged tissue vessels without any target ligand is 

required, nanoparticle coverage and increased circulatory system stability should be ensured. 

Another inactive method is to mark the use of dextran as nanoparticle coating [8, 24]. 

Macrophages target Dextran-coated iron oxide nanoparticles. Various molecules, including 

antibodies, antibody fragments, proteins, peptides, peptide bonds, aptamers, sugars, and small 

molecules, can be labeled. Active is attached to the nanoparticle. Marking the above with a 

ligand is important; besides these, other factors must also be considered; specific antibodies 

are expensive. After Binding to particles up to 10 nm in diameter, the antibody to certain 

species may trigger an immune response. Smaller antibodies, although cheaper, may not be 

used for labeling. As a result, short peptide sequence strands are used to identify a specific 

target [25]. Methods developed by Weislider et al. [26], a large collection of target molecule 

nanoparticles that have been labeled with cheap and simple ligands against various cells and, 

after identifying the appropriate ligand, have considered its association with nanoparticles. The 

biotin-streptavidin linkage has often been considered but has evoked an immune response in 

the patient, so ligands have been attached to nanoparticles using various methods, and covalent 

bonding prevents an immune response [27]. 

Effects of size: The size of nanoparticles plays an essential role in various cases, 

including the types of cells targeted, material load, oscillation, material repellency, and quality 

in contrast. The size of nanoparticles has a significant impact on the biological distribution of 

those particles and thus show The pathology of inflamed tissues of the body with highly 

permeable vessels such as tumors or atherosclerotic plaques can be examined by the penetration 

of nanoparticles, which is an acceptable result if the nanoparticles of the face are small. The 

size range of nanoparticles is determined by their synthesis method. Considerable efforts have 

been made to develop specific particle production by various methods, resulting in mineral 

nanocrystals’ size and shapes, such as iron oxide, gold nanoparticles, silica, or quantum dots. 

Lipid-based nanoparticles can be precisely controlled. However, the particle diameter with the 

https://doi.org/10.33263/BRIAC122.22512261
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC122.22512261  

 https://biointerfaceresearch.com/ 2257 

same nuclei will vary depending on the coating type [28, 29]. The size of the nanoparticles is 

very important in their excretion from the body. Research [30] has shown the decomposition 

and clearance of nanoparticles in the kidney. The fluorescence excretion of nanoparticles from 

the kidneys is shown to be equal to or less than 5.5 nm, while particles larger than that are 

mainly shown by the reticuloendothelial system and finally where the nanoparticles are trapped 

in the liver and spleen and where They are metabolized and excreted. 

On the one hand, if nanoparticles accumulate in the body, toxicity occurs. On the other 

hand, if the nanoparticles are small enough, they are excreted by the renal system. Their half-

life is reduced [30]. Changes in the size of nanoparticles change their contrast. For example, in 

the propagation of fluorescent quantum dots, the nanoparticles’ wavelength also increases with 

increasing wavelength. 

Phospholipid layers include 

fluorophores

Nanocrystalline core contrast, gold, 

iron oxide or quantum dot

ApoA-I, an apolipoprotein

 
Figure 3. Particles in vitro in MRI atherosclerosis 

Therefore, the desired and appropriate wavelength can be achieved by adjusting the 

appropriate sizes for the propagation of these particles. Iron oxide particles in the range 

between one nm and one μm have excellent contrast in magnetic imaging particles, but these 

particles are helpful to us in the emerging technique of magnetic imaging particles when they 

are larger than 20 nm. The size of nanoparticles affects the biological distribution, material 

loading capacity, and contrast. Therefore, how to determine particle size is an essential question 

that scientists face. Many different methods are currently available, but choosing a suitable 

method is essential because each technique gives us specific information. Electron microscopy, 

for example, provides the diameter of inorganic nuclei but often does not specify the size and 

diameter of the coating. However, the hydrodynamic diameter varies depending on the sample 

concentration and buffer type [23]. 
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Effect of nanoparticle concentration: Scientifically, there is a relationship between the 

size of nanoparticles and their surface density, that the smaller the size of nanoparticles, the 

higher their surface density. According to research on nanoparticle concentrations, it has been 

concluded that surface nanoparticle concentrations directly affect the probability of the target 

cell’s chance so that by increasing the surface concentration, the probability of detecting and 

targeting target cells increases. This, in turn, reduces time and increases accuracy [23-25]. 

Other effects of concentration include the attachment of target cells to the target material, which 

can be a drug or imaging material that a specific receptor of the target cell can be placed on the 

target material most inclined with the target cell and causes a targeted and strong connection. 

The higher the concentration of material on the surface, the stronger the connection with the 

target cell, and its sensitivity increases [24, 26-28]. 

It is best to coat the nanoparticles with biocompatible materials to obtain the Food and 

Drug Administration’s approval when synthesizing nanoparticles. For this purpose, a water-

soluble polymer is naturally used for coating [28, 29]. Nanoparticles such as liposomes or 

micelles do not need to be coated, as they are highly biocompatible. The structural synthesis of 

solid nanoparticles makes this possible. The nanoparticles synthesized in the organic phase are 

usually insoluble in water and require a second coating to produce biological properties[30-

34]. Fortunately, there are several efficient ways to do this. This is typically done using dual or 

molecular polymers such as phospholipids [22, 30]. Another vital issue before nanoparticle 

synthesis is how to add properties such as target groups or fluorophores to the nanoparticle 

surface. The dextran-coated iron and crosslinked with the modified amine group can be coupled 

to target groups, fluorophores, and metal ions [34-39]. To label using this approach, a small 

amount of phospholipid reactivity was included. In this particular example, maleimide was 

used, including amines, carboxylic acids, pyridyl dithiopropionite, and biotin, are also 

available. 

The nanoparticles used to increase and improve the contrast should not be structurally 

toxic [22]. Finally, there may be more restrictions on their use, and larger particles should not 

remain in the liver and spleen. It also determines how the body reacts to nanoparticles and how 

they break down. Can these nanoparticles be used in humans? The US Food and Drug 

Administration will ultimately determine whether nanoparticles can be used in humans. It is a 

fact that there are still no standard guidelines for the use of nanoparticles, which has 

complicated the roadmap for the future. However, many efforts have been made to produce 

bioparticles that are compatible with the body. For example, research [29] has done extensive 

laboratory assays to explain nanoparticles’ effect on various cellular processes. 

On the other hand, some nanoparticles that decompose into non-toxic substances in this 

way can be considered safe. If iron oxide particles are used as free ions (injected) because of 

Restriction of the body occurs in the decomposition of iron toxicity. However, suppose iron 

oxide enters the body in a crystalline state. In that case, it decomposes slowly and under control 

into finer particles of iron. As another option, completely inert materials such as gold can be 

used [1]. If nanoparticles after decomposition into components. Toxic (such as quantum dots) 

converted to cadmium fragments (care should be taken when using them for clinical use. 

However, these nanoparticles are very common in clinical applications). 

4. Conclusions 

By synthesizing nanoparticles while considering the conditions and properties of use, 

they can be used as a basis for the production of high-impact contrast materials. The fabrication 

https://doi.org/10.33263/BRIAC122.22512261
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC122.22512261  

 https://biointerfaceresearch.com/ 2259 

of these materials has improved dramatically over the past decade by creating various functions 

in them, such as more efficient labeling, biocompatibility, and the achievement of appropriate 

imaging enhancements. In general, contrast nanoparticles can be synthesized for a specific 

function at this stage of development, with specific properties to perform a specific program. 

However, there are many areas for biocompatibility, effectiveness, specificity, and diagnosis 

of more diseases. The standardization of the structure of clinical/paraclinical research needs 

further development. Finally, nanotechnology will continue producing and exploiting new 

nanoparticles in medical imaging with better properties and have become a will to develop 

medical imaging that requires new nanoparticle formulations as contrast agents. 
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