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ABSTRACT 

Magnetic resonance imaging (MRI) contrast agents have been used routinely for more than 20 years in order to increase sensitiv ity and 

specificity of lesion detection. Gadolinium contrast media are chemical substances used in MRI scans. dimeglumine gadopente tate is one of the 

gadolinium-based MRI contrast agents. Gadolinium based Contrast agents (CAs) show significantly toxicity profiles. Recently, a delayed s erious 

adverse reaction known as nephrogenic systemic fibrosis (NSF) has been reported in patients, with a marked reduction in renal function after 

administration of gadolinium based CAs. For gadolinium based CAs, the emerging unexpected cytotoxicity has become a new conce rn. In this 

research, antitoxic biochemical and molecular potential basis of Chitosan coated on quantum carbon dot loaded on dimeglumine gadopentetate so 

as to reduce toxicity of dimeglumine gadopentetate was examined. To determine Chitosan loaded on quantum carbon dot AFM, FTIR and DLS were 

used. Also UV-Visible was used to prove Magnevist loaded on the new nanogel correctly. In order to evaluate the new nanogel- drug toxicity in 

coparson with the drug MTT was performed on, normal Kidney cell line, HEK-293 cell line. MTT, Flow cytometry and gene regulation assays were 

done to examine cytotoxic efficiency of new nanogel- drug compared to the drug alone when it exposed to, Brest cancer cell line, MCF7. As well as, 

cellular uptake of the new nanogel-drug was measured with ICP-Mass and compared with the free dug. Results showed, the new nanogel-drug was 

able to reduce toxicity of dimeglumine gadopentetate noticeably over HEK-293 cell line (P<0.05). Cytotoxic efficiency of new nanogel-drug showed 

it was a little more toxic than Magnevist when it exposed to MCF7 cell line. But this effect was negligible when it compared to anticancer drug 

Chlorambucil.Cellular uptake study was revealed the new nanogel-drug was able to enter cells five times more than Magnevist, however it was a 

little more in HEK-293 cell line. From our study, the new nanogel composed of quantum carbon dot and chitosan loaded on dimeglumine 

gadopentetate is a promising thranostic nanogel compared with the contrast agent and potentially suitable for MRI as a new contrast agent. 
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INTRODUCTION 

Contrast Agent is a substance that used as a factor in 

increasing the amount of contrast in radiation in the field of medical 
imaging as well as in medical physics. The contrast media used in MRI 
causes a change in T1 rest time and T2 are different tissues. In addition, 
making these materials, most efforts are focused on the injection of 
paramagnetic and ferromagnetic materials. Magnevist is one of the 
gadolinium-containing compounds used in medical imaging in 
MRI. Gadopentetate dimeglumine is known as the Magnevist brand [1, 2]. 
The accumulation and toxicity of gadolinium-based contrast agents: 
Gadolinium-based contrast agents (GBCAs) after the US Food and Drug 
Administration authorized gadolinium gadodentinate in 1988 have 
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found widespread use in MRI imaging studies. Different GBCAs are now 
available for clinical use in one or more regions of the world and it is 
estimated that more than 200 million doses of this substance are used 
worldwide [3, 4]. Gadolinium remains important in the body clinically 
important. Gadolinium is not found naturally in the body. When it enters 
the tissues of humans and animals, it remains for a long time. In 
addition, heavy metals are proven to be toxic. As a result, the risk of 
GBCAs injection into patients with severe renal impairment has been 
well documented and can lead to Nephrogenic Systemic Fibrosis (NSF) 
[5]. NSF is a rare, progressive, usually fatal disease characterized by skin 
thickening, painful joint contractions, and fibroids of multiple organs 
including the lungs, liver, muscles, and heart. Nearly all documented 
cases have occurred in patients with chronic severe renal insufficiency 
who has received gadolinium contrast. The association between 
gadolinium and NSF was first reported by Danish nephrologists in 2006. 
Between 2006 and 2010, several hundred cases were diagnosed 
worldwide .NSF usually develops clinically within days to months 
following gadolinium exposure, although rare cases have been reported 
years later. Nearly all patients have been in severe renal failure, and 
many were on dialysis [6]. Chitosan is a polysaccharide amino acid 
copolymer of 1, 4 D-glucosamine and N-acetyl-glucosamine [7]. Chitosan 
has a significant potential for tissue regeneration due to 
biocompatibility, biodegradability and re-absorption and reactivity, and 
has active amino and hydroxyl groups that can be chemically modified. 
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Chitosan is also capable of modeling into porous scaffolds with 
controllable properties. In addition, chitosan levels support the 
attachment and expansion afterwards and the growth of various types 
of cells, which is attributed to high cationic chitosan [9]. Two important 
factors that determine the physical properties of chitosan specific 
applications include the antioxidant activity of chitosan (due to the high 
hydrogenation ability of chitosan in this nanoparticle) and the low 
molecular weight of chitosan in terms of antioxidant properties [10]. It is 
proved that the antioxidant properties of chitosan oligosaccharide in the 
balance of the antioxidant mechanism of biological systems [11]. Studies 
have shown that chitosan nanoparticles can reduce the oxidative stress 
caused by H2O2 in cells [12]. Quantum Carbon Dot is a new generation of 
carbon-containing oxygen compounds that have spherical geometry of 
less than 10 nm in size and have received considerable attention in 
recent years due to their superior physical and chemical properties [13, 

14]. Compared to quantum dots of semiconducting and organic pigments, 
quantum carbon for high water solubility, biocompatibility and optimal 
bioavailability, chemical inactivity, ease of surface functionalization, 
high stability to fading and Low toxicity has a growing advantage [15, 16]. 
In this study, to increase the chitosan efficiency, it is loaded into a 
carbon-dot quantum, and then the Gadopentetate Dimeglumine 
(Magnevist) is made in a nanogel. Therefore, the toxicity of the magneto-
drug loaded in the system (Nanogel Chitosan-Carbon quantum dots) 
compared with free magnetism has been studied. 

MATERIAL AND METHODS 

HCl (Sigma)¸EDTA (Sigma) , Glucose (Sigma) , 

Glutaraldehyde (Sigma) , Magnevist )Bayer( , HEK-293 and MCF-7 cells) 
Pasteur Institute of Iran (IPI) , Flow Cytometry )Merck( , MTT (Merck) ,  
Powder DMEM medium. 

Magnevist loading in the Nanogel (carbon-quantum dots): 
The nanogel was first synthesized to load the drug. First, 2 g 

of glucose were dissolved in 10 ml of disintegrated water and after 
sonication, 30 ml of chloridric acid was added .Then the ultra-sonication 
solution was first and then autoclaved. Next, the solution was 
centrifuged and Carbon quantum dots separated  .Then, 10 ml of 
chitosan was added to the Carbon quantum dots containing OH and 
COOH surface groups .Then the solution was placed on a stirrer. In order 
to make the nanogel, 6 mg of EDTA was first added and then the ethanol 
drop was added .Then, 90 μL of glutaraldehyde was added to form a 
complex between quantum carbon and chitosan .In the final step, the 
complex was first centrifuged and washed three times with distilled 
water in order to increase the purity of the complex for 72 hours in the 
purified dialysis bag to remove EDTA, ethanol and free carbon-quantum 
dots.  

Determination of nanogel synthesis: 
At this stage, AFM (Atomic force microscopy), DLS (Dynamic 

light scattering), and FTIR (Fourier-transform infrared spectroscopy) 
tests have been performed to prove the formation of quantum carbon-
nanotubes in quantum dots. 

FTIR: 
In order to Solid sample preparation for spectroscopy ;at 

first, a small amount of nanoleg sample was selected. Then the resulting 
thin tablet was placed on a whole in an infrared spectrometer. The 
analyzes appear in many couriers on the machine's display screen, each 
courier representing the vibrational frequency of the atoms of a 
functional group in the structure of our desired molecule in the range of 
a particular wavelength . 

DLS: 
The DSL method is used to determine the particle size of this 

device. In this experiment, we transmitted the lyophilized nanogel 
content to the Pasteur Institute of Iran (IPI) of the Biotechnology Pilot 
Division, and after dispersing it in the aqueous phase using the Malvern 
U.S. Zeta Sizer device, the size and zeta potential of the sample It was 
measured at 25 ° C. 

 
 

AFM: 
At first dilute the sample to prevent particles from joining. 

Considering that the sample is organic. Here, with an organic solvent 
chloroform, the sample was diluted to about 0.001 mM or 5. 0 μM, and 
then placed 1 to 2 drops on the slurry. Then chloroform will dry. In the 
resulting images, we will have three-dimensional quality results of 
surface morphology, nanoparticle size, roughness and smoothness, and 
so forth.  

Determination of Magnevist loaded on nanogel: 
Although UV spectrometry could not use to approve synthesis 

and identification of unknown complex alone, UV spectrometry was 
carried out as auxiliary method to confirm Gd3+ loading on 
Glucosamine-dendrimer G2 conjugate. 

UV spectrometry: 
UV ultraviolet spectrometer test was used to confirm the 

loading of magnesium in the nanoparticle and the formation of the 
system. It is also determined by the intensity of absorption, the 
concentration of the material in a sample. One of the main ways to study 
and determine the specification of nanoparticles is to use spectroscopy 
methods. 

In vitro cell culture: 
MCF-7 and HEK-293 cell lines were delivered from the 

Pasteur Institute of Iran in a flask. After incubation, in an incubator 
containing CO2 for 2 days, cells were passaged in two 75 ml flasks. For 
this purpose, the previous cell culture media was discarded. Then, the 
cells were rinsed with PBS. With adding 5 ml Trypsin, the cells were 
separated with a 5-minute incubation in 370C. The residual cells were 
completely separated with pipetting as well, after adding 10 ml cell 
culture media containing FBS, cells were poured into a 15-ml falcon to 
neutralize Trypsin, 4 ml RPMI cell media containing FBS %10 and p/s 
%1 were added to the cells and it was completely mixed. Then, 2 ml of 
the cell suspension and 8 ml of the cell media was poured into two 75 ml 
flasks, and was left in the CO2 incubator. 

In-vitro cellular uptake of nanogel-Magnevist Coupled Plasma-
Mass Spectroscopy (ICP-MS): 

Evaluating nanogel-Magnevist ICP-MS was done using HEK-
293 and MCF-7 cell lines. In brief, after incubating nanogel-Magnevist 
and magnevist (200 μg/mL) with MCF-7 and HEK-293 cells (25,000 
cells/well) into six-well plates for 60 min at 37 0C and 5% CO2, the cells 
were washed using 100 μL of phosphate-buffered saline and 
subsequently centrifuged at 1000 rpm (The step repeated for three 
times). After diluting samples in100 ml deionized water, they were 
ready to be analyzed with ICP-MS. 

In vitro apoptosis necrosis assay: 
An Annexin V-Propidium iodide staining kit was consumed to 

assess apoptosis according to the manufacturer’s instruction. MCF-7 cell 
line (5000 cells/well) was used for the cell viability test. The cells were 
incubated with different amount of nanogel-drug and same amount of 
the drug for 48 hours with untreated cells as a positive control. Each 
concentration was tested in duplicate.  

Real-Time PCR with SYBR Green. A SYBR Green Real time: 
To investigate the expression of Bax and Bcl-2 gene in MCF-7 

cell line quantitative PCR was done. RN easy Plus Mini Kit (Qiagen) was 
used in order to extract Total cellular RNA from the treated and 
untreated cells based on the manufacturer’s protocol. Quanti-Tect 
Reverse Transcription Kit (Qiagen) was applied to isolate High quality of 
RNA for cDNA synthesis based on the manufacturer’s instructions. 
BLAST program (https://blast.ncbi.nlm.nih.gov/blast) was performed to 
examine Primer specificity for real-time PCR. Total volume of 20 �l 
reaction mixture based to the protocol of DNA master SYBR Green mix 
(Roche Applied Sciences) was consumed for each real-time PCR 
reaction. The primer concentrations were selected 0.4 �M for genes. 
PCR cycling condition consists of 10min at 95∘C, 5mins at 95∘C for 
cycling parameters. Melting stage: at 95∘C for 20s, 60∘C for 60s, and 
95∘C for 20s in an ABI 7300 real-time PCR system (Applied Biosystems, 
USA) were adjusted as an Amplification stage. Comparative threshold 
cycle (Ct) was used to evaluate the gene expression. To provide ΔCt and 
ΔΔCt mean, threshold cycle (mCt) value of internal housekeeping gene 
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(GAPDH) was taken off from mCt value of the target genes. Following Ct 
values were calculated as Values of each sample. The mRNA level 
obtained from each sample was adapted to human glyceraldehydes-3- 
phosphate dehydrogenase (GAPDH) mRNA level. Finally, the ratio 
formula (Ratio = 2−ΔΔCt) was considered to evaluate target/control 
gene expression ratio. 

Statistical Analysis: 
Statistical data analysis was performed using Prism5 and 

excels software (Microsoft Office 2013). For quantitative data analysis, 
One Way ANOVA in case of cluster comparison was applied. P <0.05 was 
considered statistically significant. 

RESULTS AND DISCUSSION 

According to the obtained results from the FTIR test for 

chitosan and quantum dot and the comparison of these two 
combinations, the synergy of the spectra is observable .Meanwhile, the 
expansion of O-H group peak represents the formation of a nanogel (Fig. 
1).In addition, due to the increased size of carbon quantum dot after 
loading chitosan (from 7.5 nm to 140nm), these changes represent the 
formation of a nanogel [Fig.2 (a and b].On the other hand, the chitosan 
zeta potential chart is due to the positive shift of NH2 (+31 mv) and the 
quantum dot Zeta potential due to the presence of a COOH (-16.3 mv) 
negative shift .However, when these two graphs were compared with 
the final plot of the nanogel formation, the nanogel plot was set to near 
zero inclined to negative point, which indicates the formation of a 
nanogel [Fig. 3 (a, b and c)]. The AFM image also confirmed the size of 
the dendrimer G2 conjugated to glucosamine and its morphology (Fig. 
4). After confirming the formation of the nanogel by previous tests, 
ultraviolet spectroscopy was used to confirm the loading of Magnevist in 
the nanogel and determine the final structure. Also, it is observed in the 
ultraviolet peak field that the peak of the nanogel in the specified region 
has occurred, absorption that does not exist in the ultraviolet spectrum 

of chitosan. In other words, this peak represents the loading of 
Magnevist on the nanogel (Fig. 5). In Figures 6 and 7 the concentration 
of Magnevist in HEK-293 and MCF-7 cells are shown recpectively in 
comparison between Magnevist and Magnevist –Nanogel.The results 
clearly indicate that the new version of the nanogel-drug compared to 
its drug alone is close to 5 times more likely to enter the cell, which is 
slightly higher in healthy cells than cancer cells. According to the MTT 
Assay results derived from Magnevist –Nanogel and free Magnevist, the 
toxicity of Magnevist –Nanogel on HEK-293 cells is less than the drug 
alone. Especially in a dose of 400 μg / ml, which showed a significant 
difference between free drug and nanogel-drug (P <0.05) (Fig.8).As 
shown in the MTT Assay results over MCF-7 cell line with comparing 
these compounds ,it is observed that both compounds exhibit some 
degree of anticancer activity although this difference is not significant. 
When it comes to comparing Chlorambucil as standard anticancer drug 
control in this study with both compounds there is a significant 
difference between  Chlorambucil with both compounds (P <0.05) (Fig. 
9) . Results of the apoptosis- necrosis test also confirmed the data 
obtained from the MTT test. It is indicates a little improvement in the 
anticancer effect of nanogel-drug compared to Magnevist  yeht nehw    

-FCM ot desopxe7enil llec  (Fig. 10). Results of the gene expression in 
MCF-7 cell line also confirmed the data obtained from the MTT and 
Flowcytometry tests. As a result, the increase of BCl2 expression 
followed by decrease in BAX expression when MCF-7 cell line exposed to  
drug-nanogel compared to free drug indicate more apoptosis originated 
from drug-nanogel compared to drug alone (Fig. 11). The results of 
loading Magnevist contrast agent in the new system of Quantum Carbon 
Dot -chitosan in reducing the magnitude of toxicity in the HEK-293 cell 
line with promising and impressive results in this study have been 
proven .As a result of the confirmation of results in reducing the toxicity 
of the cell line, it is suggested that animal studies of the pathology of this 
compound be tested in human clinical phases .If confirmed by the 
results of human clinical phases, this product can enter the 
pharmaceutical market. 

 

 

Fig. 1: Frequency vibration curve for functional groups of Chitosan-quantum carbon dots in the spectral range 

 

Fig. 2 (a): Size of quantum carbon dots 
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Fig. 2 (b): The size of the nanogel 

 

Fig. 3 (a): Chitosan zeta potential 

 

Fig. 3 (b): Carbon - Carbon Dot Zeta Potential 

 

 Fig. 3 (c): Nanogel Zeta Potential  
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                                               A                                                                                              B                                                                                            C  

Fig. 4: Atomic Force Microscopic images (A. Chitosan; B. Carbon quantom dot; C. Nanog 

 

Fig. 5: The UV spectrum of the drug loaded on nanogel - a: Quantum dot + Chitosan, b: Quantum dot, c: Chitosan, 
d: Quantum dot + Chitosan + Magnevist 

 
 

Fig. 6: In Vitro cellular upteke in HEK-293 cell line 

 

Fig. 7: In Vitro cellular upteke in MCF-7 cell line 
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Fig. 8: MTT assay- HEK293 cells line were exposed to the samples for 48 hour 

 

Fig. 9: MTT assay- MCF-7 cells line were exposed to the samples for 48 hour 

 

Fig. 10: Flowcytometry assay on MCF7 cell line incubated with A: Control B: Magnevist C: Nanogel-Magnevist 

 

Fig. 11: The effect of samples on Bax and Bcl-2 gene expression 
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