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1. INTRODUCTION 

The approval of low molecular weight MRI contrast agent by 

means of the FDA in 1988, show the way for the synthesis of 

hundreds of practicable new contrast agents and a few of them 

are currently used in medicine.[1] Most commercially reachable 

contrast agents are paramagnetic gadolinium complexes, which 

embellish the contrast of the MRI Image via shortening the 

magnetic relaxation time of the water protons in the surrounding 

tissues the vicinity they distribute. The effectivity of a 

paramagnetic relaxation rate enhancement of water proton nuclei 

is normally characterized in vitro by using the usage of its 

relaxivity, which normalizes the influence to a 1 mM 

concentration of the paramagnetic ion.[2−4] The design of new 

contras agents desires to fulfill some requirements such as (1) 

Thermodynamic and kinetic stability, a mainly quintessential 

challenge thinking about the documentation of nephrogenic 

systemic fibrosis (NSF), an illness detected in victims with renal 

impairment after administration of contrast agents; [5−8] (2) 

High relaxivity, which lets in the use of reduce doses of the big 

difference agent and the detection of low concentration targets; 

[9,10] (3) High solubility, as contrast agents are injected in as a 

substitute big doses due to the low sensitivity of the technique; 

(4) Speedy excretion to limit the chances of intricate dissociation 

and the consequent threat of deposition; and (5) Low osmolality 

and viscosity to hold away from adverse reactions and damage 

of the tissue.[11] Several methods have been developed to reap 

high relaxivities by optimizing the inner-sphere water molecule 

contribution to proton relaxivity.[12] The inner-sphere relaxivity 

is dominated at the magnetic fields used for scientific scanners 

(1.5 and 3 T) and biomedical search for (usually up to 9.4 T) 

three predominant parameters: the suggest residence time of 

coordinated water molecules in the Gd3+ coordination sphere 

(τM),[13] the rotational correlation time (τR),[14] and the large 

range of water molecules at as soon as coordinated to the metal 

Abstract: The elevated polar nature of the Hetero trinuclear Gd(III)-Pt(IV) complex due to the existence of hydrophilic coumarone –

phenyl amide pendant arm shows incredible enhancement in relaxivity (r1p = 77.68 mM-1 s-1 and r2p = 127.36 mM-1 s-1) when bonded with 

Human Serum Albumin in PBS buffer. The binding of the complex with HSA protein form an aduct and supports the relaxivity 

enhancement by reducing the molecular rotation correlation time due to the increase in molecular weight. The r2p/r1P ratio confirms that 

the complex is a T1-weighted contrast agent this is similar with that of the complex in neat aqueous solution. The complex also exhibits 

pH dependant relaxivity at different solution pH from 2.6 to 10.6. The pH dependence T1 and T2 values are in the range r1p= 85.36 to 

7.89, r2p = 143.18 to 28.45, respectively, which confirms the suitability of the complex for cancer tissue analysis. The MTT assay study 

on the complex confirms the excellent anticancer activity of the complex against HeLa cells. The IC50 value of the complex is 10.98 

μM, this higher value for the complex indicates the superior cytotoxic action against the HeLa cell lines. 
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ion (q).[3] This make huge enhancement in q and is often 

completed by using potential of lowering the denticity of the 

ligand, which may additionally give up end result in a reduced 

challenging stability. However, positive poly-hydrated 

complexes have been determined to contemporary proper 

steadiness profiles, each now and then equal or even greater than 

these of related q= 1 complexes.[15−20]  The attachment of Gd3+ 

chelates to macromolecules such as polymers and HSA proteins 

has effectually used to dramatically make better the relaxivity 

per Gd3+ ion. This can be describing in phrases of the rotational 

correlation time, which will extend when the molecule rotates 

slowly, predominant to accelerated relaxation rates. In addition, 

the accomplished of water protons modifications is due to the 

multimeric effect, which stems from the increased, localized 

distinction agent concentration.[21,22] Pioneering work has 

reported on the synthesis of molecular multimetallic gadolinium 

compounds, with every an natural or metal-based core. [23-31] 

These assemblies have examined brilliant relaxivity in many 

cases. However, one pitfall common to all poly-gadolinium 

techniques is the problem in putting off inner rotation of the 

coordinated gadolinium chelates, which undermines the 

workable for excessive relaxivity enhancement. Ovarian 

carcinoma is the most deadly gynecological malignancy 

amongst girls worldwide, characterised with the useful resource 

of big morbidity and mortality. [32,33] Mostly ovarian cancers 

are undetectable at early stages, are commonly diagnose in the 

course of most fulfilling stage with malignant metastases to the 

pelvis, and belly. [34] The confined and intricate treatment is 

some different motive for the immoderate mortality charge of 

ovarian cancer. The complication in treating ovarian most 

cancers is due to the combination of immunogenic immune cells 

and a large vary of immune cells infiltrating the purpose tissue. 

CA-125 (MUC16), is ground glycoprotein like mucin, which is 

strongly overexpressed in stage III/IV epithelial ovarian most 

cancers (EOCs) and in ovarian tumours. CA-125 viewed 

assisting tumour immune get away in the tumour 

microenvironment (TME). In the case of ovarian cancer, the CA-

125 overexpression has related to microvascular density, a 

highest quality stage of the disease, a recurrence of the disease 

and a limit in the survival price of most cancers patients. 

Monitoring serum CA-125 degrees in the ovaries is a promising 

goal treatment for assessing response to typical chemotherapy 

and surgical therapies. 

  

2. MOTIVATION 

The article deals with the relaxivity measure of our newly reported 

Gadolinium (III) –Platinum (IV) metal complex in the presence of 

4.5 % HSA protein. Also, we report the anticancer effect of the 

complex with HeLa cells through Cell viability and cytotoxic 

study by MTT analyse. In addition to this, the binding efficiency 

of our complex with CA-125 target is analysed through Molecular 

docking studies. Our lipophilic phenyl substituted methyl 

coumarone, acridone fused biomolecules functionalized 

Gadolinium (III) –Platinum (IV) metal complex is highly water-

soluble and shows good binding towards CA125 protein. The 

complex is intended to improve the intracellular difference of 

ovarian disease cells, while ordinary Gd(III) contrast specialists are 

restricted to the extracellular space encompassing the tumors. This 

Gd(III)– Pt(IV) complex has a suspended coumarone arm which 

can be utilized to couple target bunches for ovarian tumor 

explicitness, medications to battle chemo-Resistance for 

multimodal imaging and approval. 

 

3. MATERIALS 

Human Serum Albumin, Phosphate Buffer Solution, Triple 

distilled water, 3-(4,5-dimethyl thiazol-2-yl) 2, 5-

diphenyltetrazolium bromide, HeLa cell lines, Xylenol orange 

indicator. 

4. PROCEDURES 

4.1 LONGITUDINAL RELAXIVITY (R1P) 

The longitudinal relaxivity of the target complex at 20 MHz (the 

frequency at which MRI scanning is carried out) will be 

determined from the spin lattice relaxation time, T1. The T1 

measurements will be made using the standard inversion 

recovery pulse sequence (180°-τ-90°) with phase sensitive 

detection [35] with τ values ranging from 50 ms to 6s for six 

different concentration of the complex. The slope of the plot 1/T1 

vs concentration of the complex gives the longitudinal relaxivity. 

The pH will be maintained by adding the TRIS or MES buffer.  

4.2 TRANSVERSE RELAXIVITY (R2P) 

The transverse relaxivity will be determined from the transverse 

relaxation time T2. A standard CPMG (Carr-Purcell-Meiboom-
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Gill) pulse sequence (90°-τ-180°) [36] with a τ value of 50 ms 

will be used to determine T2. The transverse relaxivity is 

calculated from the slope of the regression line, obtained by the 

plot of 1/T2 vs concentration of the complex by least squares 

fitting method.  

4.3 HUMAN SERUM ALBUMIN BINDING STUDIES 

The longitudinal and transverse relaxivities of the complexes in 

the presence of human serum albumin will be determined by 

treating the complexes with 4.5% human serum albumin in PBS 

buffer (the content of albumin in blood) till equilibrium is 

attained and by measuring the T1 and T2 for the different time 

intervals of 30 minuts to 2 days. All relaxivity measurements 

carried out in a physiological background in the presence of 

carbonate, lactate, and/or malonate. [37] 

4.4 PH-RESPONSIVE RELAXIVITY STUDIES. The pH 

dependent relaxivity of the complex at ten different pH, like 2.6, 

3.6, 4.6, 5.6, 7.2, 7.5, 8, 8.5, 9.6, and 10.6 was studied by using 

standard buffer solutions. The standard pulse sequences gives 

the r1p and r2p values for each pH. The pH will be maintained 

using the standard buffer solutions throughout the study.  

4.5 MOLECULAR DOCKING STUDY WITH CA125 

PROTEIN 

Molecular-docking studies on the complexes has been 

performed using HEX 5.0 software and Q-site finder, which is 

an interactive molecular graphics program for the interaction, 

docking calculations, and to identify possible binding sites of the  

biomolecules. The coordinates of the metal complex has been 

taken from the optimized structure as a .mol file and has be 

converted to .pdb format using PYMOL software. The crystal  

structure of CA125 has been retrieved from the protein data bank 

(http://www.rcsb.org/.pdb). Visualization of the docked systems 

has been performed using PYMOL Tool. Default parameters 

will be used for the docking calculations with correlation type 

shape and FFT mode at 3D level, grid dimension of 6 with 

receptor range 180, ligand range 180 with twist range 360, and 

distance range 40. 

 

5. RESULTS AND DISCUSSION 

A)  T1, T2 STUDY OF [Pr-(DO3-Ch-Ph-Am-

Gd(III))2Pt(IV)(H2O)2] IN 4.5 % HSA 

The longitudinal and transverse relaxation times for six different 

concentrations of the complex (Fig. 1) in the presence of 0.1 ml 

4.5 % HSA in PBS buffer are given in Table 1, and the plot of the 

concentration of the complex vs relaxivity (R) is shown in Fig 2. 

The complex exhibits r1p and r2p values of 77.68 and 127.36 mM-1 

s-1, respectively, in the presence of 4.5 % HSA. The “per Gd” 

value of the complex is found to be r1p = 38.84 and r2p = 63.68 

mM-1s-1, respectively, in the presence of 4.5 % HSA. The “per 

Gd” r1p and r2p values are 3.18 and 3.30 times higher than that in 

neat aqueous solution. T1 enhanced contrast arising from HSA 

targeting relies majorly on two different effects: limited probe 

gathering owed to HSA binding and a multifold amplification in 

relaxivity when the agent combine to HSA. This second effect is 

owed to the diminishing of the rotational diffusion rate of the Gd 

complex when it binds to the bulky HSA protein. This slower 

tumbling tempo of the paramagnetic Gd ion enhanced the proton 

Larmor frequency and consequences in increased relaxation.  

 

 

FIG. 1. STRUCTURE OF [PR-(DO3-CH-PH-AM-

Gd(III))2Pt(IV)(H2O)2] COMPLEX UNDER STUDY 

Table 1. Longitudinal and Transverse relaxation times of the 

complex in the presence of 0.1 ml 4.5% HSA. 
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FIG 2. PLOT OF THE CONCENTRATION OF COMPLEX  + 0.1 

ML OF 4.5 % HSA IN PBS BUFFER VERSUS 1/T1 AND 1/T2. 

 

 

B) PH DEPENDENT RELAXIVITY OF THE COMPLEX. 

The pH dependent relaxivity of our complex has been fit 

according to standard SBM theory [38] 

R1P = (N/55.5)q (T1M + τM)-1 + Rlp
os       (1) 

where, N, is the molar concentration of the complex, q, is the 

quantity of first sphere water atoms T1M, is the longitudinal 

relaxation time of the coordinated water protons and Rlp
os is the 

second sphere water proton relaxation rate. The complex shows 

relaxivity changes when the solution pH is changed Fig.3. The r1p 

values of the complex are 85.36, 75.61, 65.37, 55.34, 40.12, 36.23, 

27.41, 12.35, 8.23, and 7.89 mM-1 s-1 at pH 2.6, 3.6, 4.6, 5.6, 7.2, 

7.5, 8, 8.5, 9.6, and 10.6, respectively. The obtained altered 

relaxivity values are higher than that of the complex in aqueous 

solution (r1p = 24.43 mM-1 s-1, pH = 7). The r2p values the 

complex are of143.18, 125.34, 109.23, 93.26, 71.25, 67.23, 

61.25, 43.72, 31.21, and 28.45 mM-1 s-1 at pH 2.6, 3.6, 4.6, 5.6, 

7.2, 7.5, 8, 8.5, 9.6, 10.6, respectively. The relaxivity steadily 

diminishes on expanding the pH and arrives at the base of 7.89 

and 28.45 mM-1 s-1 at pH 10.6, respectively.  The elevated 

relaxivity at stumpy pH might be brought regarding by the 

protonation of the carboxylate oxygen, the nitrogen group of the 

ligand, and the water hydrogen attached to the second 

coordination sphere of the six coumarone –phenyl amide 

functionalized pendant arm.  

 

 

 

 

FIG. 3. T1 AND T2 RELAXIVITIES OF THE COMPLEX AT 

VARIOUS PH (2.6–10.6) 

 

C) CELL VIABILITY AND CYTOTOXIC STUDY BY 

MTT ANALYSE  

The cell culture and cell killing quality of our bio-molecule 

functionalized complex was performed utilizing (MTT =3-(4,5-

dimethyl thiazol-2-yl) 2, 5-diphenyltetrazolium bromide) 

colorimetric examine created by Mosmann.[39] It is a high-

throughput screening approaches in 96-well plates. Since MTT 

has lipophilic side groups and positive net charge it will pass the 

cell membrane and convert to needlelike crystal which obliterate 

the cell’s reliability and thus leads to cell casualty. This method 

detects living, but not dead cells and the absorbance of the colour 

generated (optical density) is dependent on the quantity of 

establishment of the cells and can, consequently, be used to 

assess cytotoxicity, proliferation, or activation. The intensity of 

development inhibitory speed of the treated cells was determined 

utilizing the subsequent correlation (Acontrol - Acompound/Acontrol - 

Acell free) x 100 (A, is the mean worth determined by utilizing the 

information from the triplicate tests). The MTT scrutinize was 

performed to evaluate the cytotoxic brunt of the complex against 

the HeLa cell lines. The HeLa cell lines were treated with 1, 2, 

5, 10, 15, 25, 50, 65, 85, and 100 μM solution of our complex 

for 50 h at 37 °C in PBS. The examination shows about 61.25, 

52.36, 41.22, 32.44, 27.31, 10.23, 5.11, 3.01, and 0.8 % 

cytotoxic movement, separately, though at 50 μM fixation the 
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cell reasonability is diminished to 5.11 % (Maximum cell death 

had occurred).  

Y = Min + [Max – Min/1 + (X / IC50) Hill coefficient] (2) 

Y = -5.2318+ (63.3718-5.2318) / (1+(x/10.9888)1.1261) 

IC50 = 10.9888 

The IC50 estimation of the complex (calculated by four 

parameter regression model Eq.2) has displayed at 10.98 μM, 

Fig.4. These outcomes demonstrates that the complex give 

indications of unrivalled cytotoxic action against the HeLa cell 

lines and have the credible to be examine as anticancer operators. 

   

FIG. 4. SCHEMATIC REPRESENTATION OF KEY DOSE-

INHIBITER PARAMETERS IC50, OF COMPLEX, 

CALCULATED BY CURVE FITTING TO THE CELL 

SURVIVAL DATA. 

 

D) MOLECULAR DOCKING STUDY WITH CA-125 

PROTEIN  

It is a wide-reaching search among researcher to find a molecule, 

[40] which can image the presence of CA125 protein in human 

tissues in early stage itself. CA125 contains ALA, ARG, ASN, 

ASP, CYS, GLN, GLU, GLY, HIS, ILE, LEU, LYS, MET, PHE, 

PRO, SER, THR, TYR, and VAL types of amino acid links in their 

skeleton which makes the molecule high polar. Here we observe the 

binding effectiveness of our complex with the amino acid sequence 

in CA125 protein. As it is imagine our high polar character of the 

complex binds through π – interaction with key amino acids 

similar to, ARG 105, ASP 63, ASN 86, GLU 102, GLY 110, 

LEU 104, SER 43, and VAL 66 in CA125 protein by means of 

a coupling energy of -526.28 kcal mol-1. The docking structure 

confirms that our complex easily binds with the main chain of 

the cancer creating CA125 protein and gives detail nature of the 

spot where it presents. The conceivable hydrogen bonding 

cooperation between the edifices with the receptor has given in 

Fig. 5. Targeted cancer therapies are drugs or other substances 

that block the growth and spread of cancer by interfering with 

specific molecules "molecular targets" that are involved in the 

growth, progression, and spread of cancer. Targeted therapies 

are currently the focus of much anti-ovarian cancer drug 

development. 

 

 

FIG.  5. MOLECULAR DOCKING IMAGES OF THE 

COMPLEX  WITH CA125 PROTEIN (PDB NO.: 1IVZ) 

 

6. ADVANTAGES 

The coordination sphere of each Gd(III) metal ion in [Pr-(DO3-

Ch-Ph-Am-Gd(III))2Pt(IV)(H2O)2] is similar to that of 

[Gd(DOTA)(H2O)] complex and the Pt metal in the centre is at 

(IV) oxidation state. The paramagnetic Gd(III) centre with 

crowded polar biomolecules, the complex will bind over the 

target CA-125 protein and excrete out through kidney after MRI 

analysis.  The acridone fused Pt(IV) moieties  at the centre 

makes the complex as an suitable anticancer agent for many 

general cancers. Subsequently, the low sensitivity of normal 

MRI will be enhanced both in terms of colour imaging and target 

specific accountability. Development of the new contrast agent 

will give good relaxivity lower dose. 

7. CONCLUSION 

Our Gd(III)-Pt(IV) complex shows remarkable relaxivity 

enhancement in the presence of HSA (r1p = 77.68 mM-1 s-1 and r2p 

= 127.36 mM-1 s-1)  and at different pH solutions (2.6-10.6). The 

r2p/r1P ratio confirms that the complex is a T1-weighted contrast 

agent this is similar with that of the complex in neat aqueous 
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solution. The high polar coumarone derivative at the periphery 

of the complex supports the binding with HSA macromolecule 

and helps in reducing the rotation correlation time and enhanced 

the relaxivity. The complex shows pH dependence T1 and T2 

values (r1p= 85.36 to 7.89, r2p = 143.18 to 28.45) which confirms 

the suitability of the complex for imaging cancer tissue. The 

MTT assay study confirms the anticancer property of the 

complex against HeLa cells. Further, the IC50 estimation of the 

complex gives an unexpected value of 10.988 μM, which shows 

that the complex give indications of unrivalled cytotoxic action 

against the HeLa cell lines. Since, coumarin and acridone has 

anticancer activity, our newly designed M-MRI CA will 

decrease the administered dose and increase the chance for the 

specific targeting of these compounds to suitable in vivo targets 
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