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Abstract: X-ray imaging has been a clinical practice for more 

than half a century, and the hydrophilic iodinated-based 

molecules are universally and continuously employed as contrast 

agents. However, a renewed interest in nanoparticles-based 

contrast agents has emerged with the promise of detailed 

imaging, and potential for therapeutic applications. Preclinical 

and clinical applications of nanoparticles are identified for a 

broad spectrum of imaging applications, with commentaries on 

the future promise of these materials. However, these 

nanomaterials contrast agents are not without issues, as the 

method of synthesizing the nanomaterials limits their 

applications as clinical contrast agents. The physical and 

chemical methods of synthesizing nanoparticles have been proven 

successful but not biocompatible due to the use of toxic 

chemicals, but, with the biocompatibility of biological substances 

such as microorganisms and plants, nanoparticles can be 

synthesized for applications in x-ray imaging. 
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I. INTRODUCTION 

he use of ionizing radiation and the utilization of contrast 

agents in medical imaging has allowed for a more 

effective and timely diagnosis and treatment of patients. 

However, due to some limitations of the clinically approved 

iodinated contrast agents, nanoparticles, most especially, gold 

nanoparticles (AuNPs) have been studied and are reported to 

be candid replacements for clinical use as x-ray contrast 

agents. The nanoparticles promise improved abilities for in-

vivo applications and potentially enhanced targeting 

efficiencies through longer engineered circulation times, 

designed clearance pathways and binding capacities [1]. 

Hence, this paper takes a concise review on the concept of x-

ray imaging and the currently employed contrast agents, 

contribution of nanotechnology to medicine, different methods 

of synthesizing AuNPs and also call for the investigation and 

utilization of plants in synthesizing AuNPs for the purpose of 

x-ray imaging. 

II. CONCEPT OF X-RAY IMAGING 

In medical imaging, images of internal body structures require 

the transfer of energy from a source, which interacts with the 

human body and finally to an appropriate receptor for display 

[2], [3]. The source of energy employed may be different, but, 

the energy must be able to penetrate the human body, deposit 

certain portion of its energy in human tissue and interact with 

internal structures in a manner that will create image 

information (Figure 1). The use of ionizing radiation (IR) in 

medical imaging to accurately and timely diagnose health 

problems, has allowed for a more effective treatment of 

patients. This makes medical images, most especially x-ray 

imaging a window to the human body [2]. Reports also have it 

that over 90% of the population total exposure from man-

made sources of IR is from diagnostic use of x-rays, as the 

number of patients undergoing nuclear medicine and 

radiotherapy is much lower than the number undergoing 

diagnostic procedures [4].  

The purpose of x-ray imaging is to obtain images of internal 

tissues and organs suitable for diagnostic and therapeutic 

investigations. However, some anatomical features can be so 

similar in physical characteristics to their surroundings that 

they cannot be radiographically distinguished from the 

surrounding tissues and fluids. More so, radiation exposure 

through medical imaging is a variable factor and often has an 

effect on image quality. Improving the quality of x-ray images 

always implies increase in the radiation dose to the patient, 

which in turn increases the radiation risk (Figure 1). Thus, the 

increasing availability of imaging modalities that utilize x-rays 

owing to the technological advancement must be justified and 

optimized in order to keep radiation as low as reasonably 

achievable (ALARA). Hence, the purpose of x-ray imaging is 

not just to deliver the perfect image but one that is 

diagnostically adequate for the specific health problem, which 

is the essence of optimization, as this is necessary so as to 

balance image quality with radiation dose without 

compromising the diagnostic information being sought [5], 

[6]. 

 

Fig 1.  Concept of medical imaging (adapted from [2]) 

III. X-RAY İMAGING CONTRAST AGENTS 

In order to assist medical practitioners most especially 

radiographer and radiologist, to visualize abnormalities on 

T 
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radiographic image and to achieve efficient and high 

resolution images, contrast agents (CAs) are utilized in 

different modalities of x-ray imaging [7], [8]. The CAs are 

required purposely to enhance the visibility of internal 

structures such as tissues and organs, since soft biological 

tissues lack sufficient contrast [9]. The CAs are required to 

improve the contrast between tissues that attenuate x-rays 

similarly [10]. Some of the x-ray imaging modalities that 

employ CA are projection radiography, computed 

tomography, and fluoroscopy. Contrast agents are of great 

importance in x-ray imaging because they greatly increase the 

sensitivity of an imaging technique allowing the diagnosis of 

previously undetectable diseases. The CAs absorb external x-

rays, resulting in decreased exposure on the x-ray detector, 

they also make certain structures or tissues in the body appear 

different on the image than they would without the contrast 

material. However, the CA to be used must be of high atomic 

number (Z) to provide an adequate change in attenuation, it 

must also be economical, non-toxic and possess a viscosity 

suitable for either injection or ingestion [11]. 

Iodine- and barium-based molecules are the commonly used 

CA in x-ray imaging. The iodinated contrast agents (ICAs) 

may be administered intravenously, while the barium 

molecules may be taken orally. These agents produce contrast 

with respect to soft tissue because of their atomic number and 

densities, which increase the attenuation of the x-ray. The 

significance of their atomic numbers iodine (Z = 53) and 

barium (Z = 56) is that, they cause the k-absorption edge 

(iodine = 33 keV and barium = 37 keV) to be located at a very 

favourable energy relative to the typical x-ray energy 

spectrum. Interest in these agents has declined not only 

because of their atomic number but because of their low k-

shell binding energy [12], [13].  

This is because, the ICAs are small molecules that are based 

on a tri-iodinated benzene ring and the iodinated rings are 

typically functionalized with amides and alcohol groups to 

provide water solubility. The ICAs can be described in terms 

of viscosity; osmolality (high, low, or isotonic); ionicity (ionic 

or non-ionic) and the number of benzene rings (monomer or 

dimer), all of which yield different properties in terms of 

toxicity and clearance from the blood stream. Viscosity is the 

ability of the formulation to flow freely. This is strongly 

influenced by the concentration of the CA and the temperature 

of the solution [14]. It has been reported that highly viscous 

agents limit the rate of injection and might cause pain at the 

site of injection [15]. Osmolality is the molality of an ideal 

solution that would exert the same osmotic pressure as the 

solution being considered. It is important to decrease the 

viscosity and osmolality of CA so as to achieve a quality 

radiographic image suitable for diagnostic information. 

The ionic form has high osmolality in the order of 1500 mosm 

kg
-1

. Examples of ionic ICAs include diatrizoate (under the 

name Hypaque), metrizoate (Isopaque), iothalamate (Conray), 

and ioxaglate (Hexabrix; Mallinckrodt). The ionic form was 

found to be the source of chemotoxicity, such as renal toxicity 

causing nephrosis, vasodilation, pulmonary hypertension and 

many more [10], [16]. Pain, sensation of heat at the site of 

injection and metallic taste may also be experienced. A patient 

with history of allergy to iodine increases the risk for allergic 

reactions such as asthma. The risk of kidney damage from 

ionic form of CA is higher in patients with poor renal 

function, diabetes, dehydration, congestive heart failure, or 

age above seventy years [17].  

The non-ionic form has more advantage over the ionic type as 

they are less toxic and safer to use because they have a lower 

tendency to interact with cell membranes, peptides and other 

biological structures [17] - [19]. The non-ionic monomer form 

has low osmolality in the range of 600 – 700 mosm kg
-1

. 

Examples are iohexol (under the name Omnipaque; GE 

Healthcare), iopromide (Ultravist; Bayer Healthcare), and 

iopamidol (Isovue; Bracco Imaging). However, because the 

osmolality was still found to be excessive, non-ionic dimer 

was introduced. The dimer form has osmolality around 300 

mosm kg
-1

 and are thus isotonic [14]. An example of the dimer 

form is iodixanol (Visipaque; GE Healthcare).  

Non-ionic dimers show lower osmolalities than the non-ionic 

monomers, which reduces pain and sensation of heat at the site 

of injection [19], decreases the incidence of contrast induced 

nephrotoxicity (CIN), which is a common condition in patients 

with pre-existing renal impairment, cardiovascular 

complications such as heart rate and blood pressure 

irregularities and osmotic diuresis [14], [19]. Nevertheless, 

dimers tend to exhibit higher viscosities than monomers [18], 

which is something of concern. Additionally, slow excretion 

rates have been associated in preclinical studies with 

upregulation of markers for renal injury [20]. This situation 

usually limits the use of dimers in CT and angiography 

imaging, as these techniques require high injection rates [15]. 

Hence, a balance between osmolality and viscosity values 

must be found for each ICA. 

Despite the efforts made to improve the physicochemical 

properties and molecular structure of existing CAs, the 

clinically approved ICAs suffer from rapid renal clearance 

from circulation after intravenous injection [20]. Given this 

rapid clearance, large amounts of contrast agents are often 

required for prolonged or multiple x-ray imaging, and 

injecting large volumes of ICA may trigger serious adverse 

reactions [21] – [24] and increase the chance of severe renal 

impairment.  It is thus evident that the currently employed 

CAs provide limited contrast, which can lead to inadequate 

diagnosis [9], [25]. The CAs also suffer from nonspecific 

biodistribution, short circulation half-lives, a requirement for 

catheterization. Moreover, one of the biggest concerns about 

the utilization of ICAs is related to the fact that they have a 

greater density than plasma, resulting in extreme 

hyperosmolarity [26], [27]. It is in view of all these limitations 

that researchers are looking for alternative means to develop a 

novel contrast agent that will be superior in terms of atomic 

number and absorption coefficient and perform better at 
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diagnostic energy level, that nanotechnology is making a 

significant impact to the field of medical imaging. 

IV. CONTRIBUTION OF NANOTECHNOLOGY TO 

MEDICINE 

The concept of nanotechnology presented by Richard 

Feynman in a presentation titled was described as a process of 

manipulating and controlling matter on a miniature scale, 

creating nanomaterials atom by atom or molecule by molecule 

[28]. Ever since then, nanotechnology has developed into an 

interdisciplinary field that involves the study and application 

of natural sciences and engineering to modify and develop 

tools at the nanoscale [27]. The field focuses on the design, 

development, characterization and the use of materials with at 

least one dimension less than 100 nm. Nanomaterials are 

broadly divided into various categories depending on their 

morphology, size and chemical properties.  

The tremendous growth of the field is turning the present 

world into a ―nanoworld‖ as the miniaturization of particles 

have been found applicable in a myriad of fields and 

disciplines. It is within this context that, nanomedicine, an 

indisputable research area has evolved. The integration of 

nanomaterials into medicine has led to the development of 

diagnostic devices, contrast agents, analytical tools, physical 

therapy applications, drug delivery vehicles and many more 

(Figure 2). Of utmost interest to researchers, is the call for the 

introduction of nanoparticles (NPs) as contrast agents in x-ray 

imaging to overcome the limitations of the clinically approved 

contrast agents and to aid in proper evaluation and 

understanding of disease diagnosis and treatment, at the same 

time justify and optimize the radiation doses that a patient 

receives as part of medical diagnosis and therapy [25].  

In order to determine whether or not the NPs are suitable for 

imaging and other medical applications, an accurate 

evaluation of the properties must be performed before safe 

administration into the body. This, however depends on the 

ability to synthesize particles with different physicochemical 

properties such as atomic number, size, shape, morphology, 

concentration and functional group, as these are the primary 

factors governing how nanomaterial agents interact with 

biological systems [1], [29]. Recently, metal NPs have gained 

pre-clinical interest for use as contrast agents in imaging, as 

some elements possess higher atomic number than iodine and 

barium, and these elements can further provide improved x-

ray attenuation at diagnostic energy ranges due to the higher 

k-edge energy levels compared to iodinated agents.  

 

Fig 2.  Potential applications of nanomaterials in medicine (adapted from [30]) 

Of the variety of elements with higher Z, for example, 

lanthanide (Z = 57), gadolinium (Z = 64), ytterbium (Z = 70), 

tantalum (Z = 73), gold (Z = 79) and bismuth (Z = 83), gold 

incorporated nanoparticles (AuNPs) have been studied 

extensively for use as a novel x-ray contrast agent. This is 

because, AuNPs possess excellent x-ray attenuation 

properties, unique optical properties, high electron 

conductivity and good biocompatibility, that make them 

applicable in many areas of life. More so, the synthesis of 

AuNPs allows for control of the physicochemical properties. 

The advantages of AuNPs in comparison to other formulated 

NPs-based imaging agents include their simple surface 

modification for achieving colloidal stability and enabling 

active targeting. Given the favourable x-ray attenuation results 

of Au, the toxicity of AuNPs has been evaluated in both in 

vitro and in vivo studies, showing that they can be modified 

with other molecules employed in biomedical applications.  

Hainfeld et al. [18] reported the production of 1.9 nm AuNPs 

from Nanoprobes Inc. USA, and intravenously injected into 

mice at a volume of 0.01 mLg
-1

. The mice were thereafter 

imaged using a clinical mammography unit and comparison of 

pre- and post- injection x-ray images revealed that the agent 

strongly opacified the blood vessels of the animal. No toxicity 

was observed from haematology and histology 11 days and 30 

days after injection. Encouraged by the results, several studies 

have been conducted using different reducing and capping 

agents to further modify the properties of AuNPs purposely 

for further biomedical applications [31], [32]. This has made 

AuNPs gain attention and are being considered as a suitable 

candidate for x-ray imaging to replace iodinated agents [33], 

[34].  

V. SYNTHESIS OF GOLD NANOPARTICLES 

The methods that have been developed to produced NPs, have 

been categorized into two approaches, namely: top-down or 

bottom-up [28], [35] - [38]. In the top-down approach, the 

synthesis follows a destructive process, in which the 
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preparation begins with the bulk material of interest, and later 

undergoes size reduction via either the physical or chemical 

process to produce NPs. This approach does not have good 

control of the particle size and structure. In the bottom-up 

approach, the synthesis follows a building up process, in 

which the NPs are prepared from the atomic or molecular 

level (Figure 3). 

The physical methods are based on the energy transfer that 

occurs in a material when irradiated by either ionizing or non-

ionizing radiation, which triggers the reduction reaction that 

leads to the nucleation of metallic particles. The physical 

methods include gamma irradiation, laser ablation, microwave 

irradiation, hydrothermal, ball milling, thermal evaporation, 

lithography and high energy irradiation and many more [39] –

[41]. Physical methods may involve the use of hazardous 

materials as reducing and stabilizing agents to prevent 

agglomeration, which may not be environmentally friendly. 

Also, the technologies involved are expensive and require high 

energy and space [42] – [44].  

 

Fig 3.  Different methods of synthesizing nanoparticles (adapted from [41] 

The chemical routes are the most common and require strong 

reducing agents to initiate the synthetic process and promote 

NPs nucleation. Most of the chemical routes include chemical 

precipitation, sol-gel method, solution-evaporation method, 

photochemical reduction, electrochemical, templating, and 

sonochemical techniques and many more [45] – [48]. 

Chemically prepared NPs have been reported to be 

inappropriate for medical applications due to the use of toxic 

solvents, contamination from precursor chemicals and 

production of hazardous chemicals binding on their surface 

[48].  

In synthesising AuNPs, Au precursor has been found to be 

unstable, therefore a suitable reducing agent is required to 

prevent aggregation. The synthesis method also plays a vital 

role in controlling the size and surface area of nanomaterials. 

It is evident that both chemical and physical routes have been 

successful in producing well-defined AuNPs, but these 

processes require the use of toxic chemicals, high energy and 

space, and often involve the use of expensive equipment and 

technologies.  Therefore, the chemically and physically 

prepared AuNPs are not useful in medical and biological 

applications [49]. The considerations of some of the 

challenges often encountered in both the chemical and 

physical methods of synthesizing NPs, have resulted in 

numerous studies that have suggested new routes of 

synthesising AuNPs. This new approach employs biological 

means as reduction and protection agents.  

The biological methods involve the use of microorganisms 

such as actinomycetes, bacteria, fungus, virus, algae, yeast and 

plants. Biological methods have been suggested as clean, 

reliable, biocompatible, benign and eco-friendly alternatives to 

chemical and physical methods [38], [50], [51]. Thus, 

biological synthesis has proven to be a better method due to 

slower kinetics, better manipulation and control over crystal 

growth and stabilization. However, there is still a considerable 

level of research that needs to be undertaken to assess and 

elucidate the differences in size, morphology and other 

features between NPs synthesized from biological sources. In 

view of the difficulties faced in microbe assisted synthesis 

[52], plant mediated synthesis is developing because of the 

ease of handling and controlling the size and shape of the NPs.  

The three main steps involved in the synthesis of NPs based 

on green chemistry perspectives are the selection of a 

biocompatible and nontoxic solvent medium; choosing of 

environmentally favourable reducing agents; and nontoxic 

substances for stabilization of the NPs. In the approach, 

HAuCl4 will be employed as a precursor and reduced by 

utilizing agents obtained from biological substances. The 

synthesis procedure involves mixing of metallic salt with 

extracts of the biological substances (Figure 4) for definite 

amount of time under varied reaction conditions such as pH, 

incubation time and temperature to obtain NPs of specific 

shapes and sizes. The formation of NPs is thereafter indicated 

by a change in colour of the reaction mixture. After which the 

synthesised solution will be characterized using different 

spectroscopy and microscopy thechniques to determine the 

nature, structure and composition of solution and truly confirm 

that synthesised solution is of nanoscale. 

 

Fig 4. Biological methods (a) plant based (b) microbial synthesis of 
nanoparticles (adapted from [53]) 
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Plants mediated synthesis of NPs have been reported to have 

various advantages in comparison to the microorganisms due 

to their availability, faster, being relatively easy, low cost, and 

non-toxic behaviour [54]. It has long been known that plants 

have the potential to hyper-accumulate and biologically reduce 

metallic ions [55]. Furthermore, using plants and plant 

materials in synthesizing NPs is advantageous over other 

biological processes since it eliminates the elaborate process 

of maintaining bacterial and fungal cultures. Also plants do 

not need multi-step procedures such as isolation, culture 

preparation and maintenance [50], [56] – [59], therefore the 

process can be easily scaled up for large scale production of 

beneficial NPs [60]. Thus, plants have been proven to be 

excellent reducing and stabilizing agents for the biosynthesis 

of AuNPs in a clean, reliable and biofriendly way [61].   

Reviewing through literature, it can be established that, 

AuNPs have been successfully synthesized using different 

plants and most of which have been investigated and reported 

for different biological applications such as antiparasitic [62], 

[63], anticancer [64], [65], antioxidant [66], [67], antibacterial 

[67] and still counting. However, the potential application of 

plant mediated AuNPs as x-ray contrast agents has not been 

reported in literature. Thus, with diverse bioactive components 

present in plants, the synthesis of AuNPs using plants extract 

can reposition the utilization of nanoparticles as contrast agent 

in x-ray imaging over other methods and further optimize the 

use of ionizing radiation in medical imaging. 

VI. FUTURE PROSPECTIVE 

It is evident that nanomedicine is developing at a rapid rate, 

while human understanding of the physicochemical properties, 

efficiency and toxicity of x-ray contrast agents is also 

improving. This understanding can be used to develop a novel 

NP-based contrast agent that will provide higher resolution at 

lower concentration and, thus reduce the adverse effects and 

costs associated with imaging procedures and at the same time 

enhance patient welfare during diagnoses. The design and 

evaluation of NP-based x-ray contrast agents have been 

proven effective to replace the clinically approved iodinated x-

ray contrast agents and, thus improve x-ray imaging. Of the 

several elements that possess higher atomic number than 

iodine and barium, gold became one of the first prospects to 

prepare iodine-free NP based x-ray contrast agents because it 

possesses a high biotolerability and a low cytotoxicity, these 

characteristics make it suitable for use for biological 

applications. Several studies have also demonstrated that 

AuNPs exhibit longer blood circulation times, lower toxicity 

and, most importantly, enhanced x-ray attenuation capabilities.  

Although significant progress has been made in preparing NP 

based x-ray contrast agents from elements with higher atomic 

number and better x-ray attenuation properties than iodine, 

still, it is necessary to conduct more research regarding the 

effect of the size and distribution of the NPs on x-ray 

absorption capabilities. It is clear that both the chemical and 

physical routes of synthesizing AuNPs are successful in 

producing well-defined AuNPs, some of which are undergoing 

series of trials for use as x-ray imaging contrast agents. More 

so, different plants have been used to synthesis AuNPs for 

diverse purposes, with little or no study reporting the imaging 

applications. However, the synthesis of AuNPs using plant 

extracts has advantages over the other methods as it is safe, 

eco-friendly and simple to use. The approach can also be used 

to produce large quantities of NPs. Hence, a detailed study is 

needed to give a clear understanding of the green synthesis of 

AuNPs using biomolecules present in plants which will be 

valuable to improve AuNPs properties and further enhance the 

imaging application.  

VII. CONCLUSION 

The use of ionizing radiation in medical imaging has come to 

stay, and iodinated based molecules are continuously 

employed as contrast agents in x-ray imaging. As useful as the 

existing contrast agents are, they pose challenges to human 

health, thereby limiting their imaging applications. With the 

introduction of nanoparticles into medicine, a renewed interest 

in nanoparticles-based contrast agents has emerged with the 

promise of detailed imaging, and potential for therapeutic 

applications. Gold nanoparticles are one of the most promising 

nanomaterials for various applications especially for use as 

contrast agents in x-ray imaging. It is evident that lots of 

scientific studies have been carried out on synthesising AuNPs 

through physical and chemical means, yet a lot still needs to 

be done regarding the biological means most especially the 

use of plants based nanomaterials. Plants have been proven to 

possess high efficiency as reducing and stabilizing agents for 

the synthesis of controlled materials in terms of sizes, shapes, 

structures, and other features. More so, as the paradigm of 

environmental protection is swinging toward green 

environment, plant based nanoparticles really requires to be 

fully explored in view of their being environmentally friendly. 

Thus, the present review calls for the utilization of plants in 

the synthesis of AuNPs and since preliminary investigations 

support the potential for AuNPs in biomedical applications, 

efforts should be made to investigate the suitability of plant 

synthesized AuNPs as contrast agents in x-ray imaging and 

thereby validate the biosafety of the nanomaterials. 
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