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Abstract
The MRI contrast agents for tumour diagnosis are the main topic of this review. As longitudinal relaxation time 

(T1) and transverse relaxation time (T2) MRI contrast agents, several low molecular weights Gd3+-based complexes 
and dextran-coated super paramagnetic iron oxide (SPIO) nanoparticles have been employed to diagnose clinical 
tumours. New kinds of chelates for T1 MRI contrast agents and combinations of low molecular weight T1 MRI 
contrast agents with various kinds of carriers have been researched to further increase the sensitivity of MRI. The 
formation of secure coating layers of SPIO and unique super paramagnetic particles with greater relativity values 
have been investigated using a variety of materials. To enhance the capacity of both T1 and T2 contrast agents to 
target tumour, many types of ligands have been used. Furthermore, MRI contrast agents for tumour metabolism 
detection were investigated.
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Introduction
Noninvasive imaging techniques make it simple and relatively safe 

to diagnose diseases and characterise their underlying pathologies. 
Included in these methods are nuclear imaging modalities including 
positron emission tomography (PET), single photon emission 
computed tomography (SPECT), computed tomography (CT), optical 
imaging (OI), ultrasound (US), and magnetic resonance imaging 
(MRI). Each of them o�ers unique advantages on its own, as well as 
drawbacks that must be taken into account in the context of the study’s 
objectives. Because of its inherent high spatial resolution, deep tissue 
penetration, and three-dimensional anatomical information, MRI is 
frequently used. As a result, it is frequently used in clinics to determine 
the diagnosis and prognosis of a variety of medical situations.

Despite this, MRI has a limited sensitivity that must be addressed 
with the use of exogenous contrast agents that reduce the relaxation 
times of bulk water. Contrast agents facilitate multimodal imaging 
in addition to improving picture contrast. Based on the operational 
mode, they can be divided into two types. Shortening longitudinal 
relaxation times and brightening the accumulation region are two 
e�ects of T1, also known as positive contrast agents. In contrast, T2, or 
negative contrast agents, reduce transversal relaxation times and make 
the immediate and surrounding area darker. Several formulations, 
ranging from metal complexes to nanoparticles, have been used as MRI 
contrast agents. �e majority of these formulations are based on the 
usage of strongly paramagnetic ions like Gd3+, Mn2+, and Fe3+ [1].

To lessen the related toxicity of the free metal ion, they are typically 
used as coordination complexes with acyclic or cyclic chelate agents. 
Paramagnetic metallic complexes have issues because of their rapid 
excretion, despite the fact that these chemical agents have been used 
extensively. �e high synthesis demand and potential for unfavourable 
side reactions limit the utilisation of low molecular weight lanthanide 
complexes in terms of targeting and adding additional imaging 
modalities. �ese factors have caused research on paramagnetic 
contrast agents to concentrate on the creation of Nano particle forms 
over the past few years.

Compared to conventional coordination complexes, paramagnetic 
nanoparticles have a number of advantages. Size and form, as well 

as composition, are easily adjustable. Geometric local density e�ects 
produce signi�cantly greater T1 and/or T2 relax metric values 
than the comparable coordination complexes, which increase 
magnetic properties. �e accompanying pharmacokinetics may be 
controlled, which also allows for longer blood circulation times. �e 
reticuloendothelial system (RES), which is activated by macrophages 
like Kup�er cells and generates uptake from the bloodstream to the 
liver and spleen, is ultimately responsible for clearing most Nano 
particulate platforms. �e size of the nanoparticle and its chemical 
coating a�ect the rate of this opsonisation process [2].

Nanoparticles with a diameter of less than 5-7 nm can pass through 
the kidney glomerulus, causing rapid excretion through the urine. �e 
RES pathway allows for the excretion of larger particles with kinetics 
that are regulated by surface chemistry. �e protein corona that forms 
on these particles during circulation is crucial for this and can be 
managed, for instance, by pegylation or a polymer coating, to maximise 
blood circulation time. �is directly a�ects MRI acquisition, as a longer 
acquisition period improves “picture quality” by increasing the signal-
to-noise ratio. �e high surface-to-volume ratio of nanoparticles, which 
allows for a high ligand (protein, antibody, and peptide) payload as well 
as tuneable and possibly accessible internal volume, is another crucial 
aspect of their application. �ese characteristics allow for medication 
combinations that enable simultaneous theranostic therapy-targeted 
imaging-based diagnosis followed by treatment tailored to the patient’s 
condition [3].

A few of the numerous methods that have been employed 
to create paramagnetic nanoparticles for MRI will be discussed 
here. One of two synthetic approaches is typically used: either (1) 
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chemical diversity here is expected to have a signi�cant impact during 
the next ten years.
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