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Introduction

Magnetic resonance imaging (MRI) using nanostructures is an 
efficient method used for different biomedical applications 
such as cancer imaging [1], inflammation detection [2] and 

perfusion imaging [3]. MRI-guided targeted drug delivery represents an-
other significant application of MRI, which has been important, recently 
[4]. A favorable procedure, which is useful for detection and treatment 
of cancers, includes combination of diagnostic and therapeutic features. 
The imaging methods are to detect tumor areas by improving the signal 
between the neoplasm and healthy tissues surrounding while the thera-
putic agents are released in the tumor site [5]. Magnetic nanoparticles 
are appropriate to be used in these procedures because of their ability 
to improve contrast in MRI as a medical diagnostic tool for therapeutic 
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ABSTRACT
Background: Magnetic resonance imaging (MRI) using nanostructures has been a 
proper method for tumor targeting purposes. Different MRI nanomaterials, targeting 
agents and anticancer drugs have been used for targeting of tumors. 
Objectives: This study aims to consider the MRI property of doxorubicin 
(DOX)-loaded gadolinium/13X zeolite/folic acid (Gd3+/13X/FA) nanocomposite.
Material and Methods: In this in vitro study, Gd3+/13X/FA/DOX nanocom-
posite was prepared and the X-ray diffraction, scanning electron microscopy and 
MTT assay were conducted to evaluate the physicochemical properties of the nano-
composite. MRI was performed at 25°C using a 1.5 T clinical system to determine 
the T1 relaxation times and subsequently, the T1 relaxivity. 
Results: The size of the nanocomposite was in the range of 80-200 nm. The 
nanocomposite without DOX loading (Gd3+/13X/FA) showed compatibility for A549 
cells for all concentrations while DOX-loaded nanocomposite was toxic for 62% of 
the cells at the concentration of 0.4 mg/ml. The T1 relaxivity of Gd3+/13X/FA/DOX 
nanocomposite was 4.0401 mM-1s-1. 
Conclusion: Gd3+/13X/FA/DOX nanocomposite shows a T1 relaxivity similar to 
the conventional gadolinium chelates, and a successful DOX loading.
Citation: Ghaderi S, Divband B, Gharehaghaji N. Magnetic Resonance Imaging Property of Doxorubicin-Loaded Gadolinium/13X Zeolite/
Folic Acid Nanocomposite. J Biomed Phys Eng. 2020;10(1):103-110. doi: 10.31661/jbpe.v0i0.1254.
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purposes such as hyperthermia and targeted 
drug delivery [6]. 

Among various contrast agents of MRI, 
gadolinium (Gd3+)-based materials have an 
optimal structure to produce positive signal 
in MRI due to a significant effect on the re-
duction of T1 relaxation time. They have 
been widely used in clinical MRI as chelate 
forms. However, gadolinium chelates have 
some disadvantages, including low detection 
sensitivity, toxicity attention and short blood 
circulation time [7]. On the other hand, Gd3+ 

nanoparticles have been used more recently 
due to their low toxicity, good solubility, ex-
cellent physicochemical properties and high 
relaxivity [8]. Recent advances in molecular 
imaging have produced an additional require-
ment for the use of targeted contrast materials 
and an increase in their sensitivity [9]. 

Folic acid (FA) is a vitamin with low mo-
lecular weight, which is used as a tumor-tar-
geting agent for various types of tumor cells 
[10]. Because of high binding affinity of folate 
receptor for folic acid, FA can move into the 
cancer cells via receptor-mediated endocyto-
sis [11, 12]. Therefore, anticancer drug can be 
imported to the cells. FA has also other advan-
tages such as non-immunogenic property, sta-
bility and low cost [11]. 

Doxorubicin (DOX) is an anticancer drug, 
which has been widely used for treatment of 
different types of cancer. Direct intravascu-
lar injection of DOX in chemotherapy pa-
tients has severe toxicity to normal cells and 
shows the side effects due to the low speci-
ficity of DOX to cancer cells [13]. The prob-
lem is solved by systems of tumor-targeted 
drug delivery [14]. One of these systems was 
DOX-loaded Gd-FA-Si nanoplatform, which 
was developed by Zhang et al. The nanosys-
tem also showed capability as a T1 contrast 
agent for MRI [15]. In another study with  
ZnO@Gd2O3 nanoparticles, attachment of 
DOX and FA to the surface of the nanoparticles 
was performed through amino groups. The 
resultant multimodal nanostructures were re-

ported as good T2 contrast agents for MRI 
[12]. 

Zeolites are microporous crystalline alumi-
nosilicate materials, which have the unique 
chemical structure, and consist of channels 
and holes [16]. They can act as a substitute 
for guest molecules like gadolinium ions 
[17]. Thus, different studies have been car-
ried out using various types of zeolites in 
MRI. In one study, the chemical stability of 
Gd3+-loaded NaY zeolite was investigated at 
low pH and in the presence of some cations 
with the concentrations similar to gastrointes-
tinal tract. Besides, the effect of Gd3+ loading 
on the relaxivity was studied [18]. In another 
study, Gd3+-loaded NaY or NaA zeolites were 
introduced as potential MRI contrast agents 
in the high field; in addition, the relationship 
between the structure of the zeolites and the 
relaxivities was investigated [19]. 

Although the different Gd3+-loaded zeolites 
have been investigated for MRI; in addition, 
DOX and FA have been used in the structure 
of the various targeted agents, to our knowl-
edge, the MRI property of Gd3+/13X/FA/DOX 
nanocomposite has not been investigated. This 
study aims to consider Gd3+/13X/FA/DOX 
nanocomposite potential as an MRI contrast 
agent with the ability of DOX loading.

Material and Methods

Preparation of Gd3+/13X/FA/DOX 
nanocomposite

In this in vitro study, the 13X zeolite was 
prepared based on the study carried out by 
Mesgari-Shadi et al [20]. It was dispersed in 2 
ml distilled water using an ultrasound device 
for 2 h. Then, gadolinium chloride solution 
with a ratio of 2.6 wt% zeolite was added to 
the suspension, stirred at room temperature for 
24 h with a magnetic stirrer and centrifuged. 
FA was added to the suspension containing 
5 g of the zeolite in 10 ml of distilled water. 
Then prepared Gd3+/13X/FA nanocomposite 
was dispersed in 5 ml of doxorubicin solution, 
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stirred for 12 h at 25 °C, centrifuged and dried 
under vacuum for 24 h. The final product was 
Gd3+/13X/FA/DOX.

Characterization
Several characterization tools were em-

ployed to identify the physicochemical prop-
erties of Gd3+/13X/FA/DOX nanocomposite. 
To collect X-ray diffraction patterns (XRD) at 
room temperature and record scanning elec-
tron microscope (SEM) images, a Philips dif-
fractometer and a Philips ES 30 kW device 
were used, respectively. MR imaging of the 
samples was carried out at 25 °C using a 1.5 
T horizontal bore MRI system (Magnetom 
Avanto, Siemens Healthcare, Erlangen, Ger-
many).

In vitro MTT assay
MTT (3-(4, 5-dimethylthiazol-2-yl)-2–5-di-

phenyltetrazolium bromide) assay is one of 
the routine methods to evaluate cytotoxicity or 
cell viability. In this study, A549 alveolar ad-
enocarcinoma cells were incubated in 96-well 
plates (8×103 cells for each well). Then, the 
cells were cultured at 5% CO2 and 37 °C. Dif-
ferent concentrations, including 0.05, 0.1, 0.2 
and 0.4 mg/ml of Gd3+/13X/FA or Gd3+/13X/
FA/DOX nanocomposites were added to the 
culture media and the A549 cells were incu-
bated for 24 h. Next steps were carried out as 
follow:

- Adding 50 μL of 2 mg/ml MTT solution 
and 150 μL culture medium to each well and 
incubating for 4 h at 37° C and 5% CO2.

- Washing wells with Phosphate-buffered so-
lution and removing the residual media. 

- Adding dimethyl sulfoxide and Sorenson 
buffer as solubilizer to each well. 

- Measuring the absorbance at 570 nm using 
an ELISA plate reader (BioTeck, Bad Fried-
richshall, Germany).

MRI and relaxivity measurement
Different concentrations of Gd3+/13X/FA/

DOX nanocomposite were prepared in the 

glass tubes and dispersed by ultrasound de-
vice (SOLTEC, Italy) for 30 minutes. Addition 
of 10 ml agar to the nanocomposite samples 
was carried out to prevent from precipitation 
and aggregation of the samples. For the MRI 
study, the glass tubes were placed in a water-
containing plastic phantom, which was adjust-
ed in the center of a quadrature head coil.

The T1 weighted images were prepared us-
ing a spin echo pulse sequence with different 
TRs (250, 450, 1000, 1800 and 2500 ms) and 
a constant TE of 11 ms, a matrix size of 384 × 
384 , a field of view (FOV) of 189 × 189 mm2 
and a slice thickness (ST) of 3 mm. The sig-
nal intensity values of the samples were mea-
sured using DicomWorks software. Plotting 
the curves of the T1 relaxation time and sub-
sequently calculating of the 1/T1 relaxation 
rates were carried out using MATLAB soft-
ware (r2018b). The 1/T1 values were used to 
plot the T1 relaxivity graph, which showed the 
relationship between the amounts of 1/T1 and 
the different Gd3+ concentrations of Gd3+/13X/
FA/DOX nanocomposite.

Results

Preparation and characterization 
of the nanocomposite 

Figure 1 shows the schematic illustration of 
the prepared Gd3+/13X/FA/DOX nanocom-
posite.

Figure 1: Schematic illustration of Gd3+/13X/
FA/DOX nanocomposite.
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XRD spectrum showed the peaks related to 
the 13X zeolite (Figure 2a). According to Fig-

Figure 2: a) XRD spectrum and b) SEM image of Gd3+/13X/FA/DOX nanocomposite.

ure 2b, the size of the nanocomposite was in 
the range of 80-200 nm.

In vitro MTT assay
Figure 3 illustrates the MTT assay results 

for A549 cells following 24 h incubation with 
various concentrations of Gd3+/13X/FA and 
Gd3+/13X/FA/DOX nanocomposites. The rel-
ative cell viability of Gd3+/13X/FA/DOX was 
lower than Gd3+/13X/FA nanocomposite for 
all concentrations. Gd3+/13X/FA showed the 

 

cell viability greater than 80% even for the 
concentration of 0.4 mg/ml as the highest con-
centration. On the other hand, for Gd3+/13X/
FA/DOX, the relative cell viability was less 
than 80% for all samples so that the cell killing 
at the concentration of 0.4 mg/ml was higher 
than 60%.
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MRI Study
Figure 4a shows a sample of the T1 weight-

ed image of Gd3+/13X/FA/DOX nanocompos-
ite with various Gd3+ concentrations, which 
was prepared with TR = 450 ms and TE = 11 

ms. Increasing of the samples’ brightness as a 
function of Gd3+ concentration is seen in the 
figure. Moreover, increasing of TR was led to 
the incremental signal intensity at the same 
concentrations.

Figure 3: Relative A549 cell viability following 24 h incubation with various concentrations of 
Gd3+/13X/FA and Gd3+/13X/FA/DOX nanocomposites. 

Figure 4: a) T1 weighted image of the various Gd3+ concentrations of Gd3+/13X/FA/DOX nano-
composite, b) T1 relaxivity graph of the nanocomposite
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According to Figure 4b, which shows the 
T1 relaxivity graph, the linear relationship 
between 1/T1 relaxation rates with Gd3+/13X/
FA/DOX nanocomposite concentrations is 
seen. The T1 relaxivity of Gd3+/13X/FA/DOX 
was calculated 4.0401 mM-1s-1.

Discussion

Characterization and in vitro MTT 
assay

In XRD spectrum, the peaks of 13X zeolite 
were seen; however, Gd3+ did not show any 
peaks because of its ionic form resulted from 
ion exchange synthesis method.

According to the MTT assay results (Figure 
3), Gd3+/13X/FA indicated high compatibil-
ity with the cells for all concentrations while 
Gd3+/13X/FA/DOX showed cell-killing ef-
fect for all concentrations. This finding indi-
cates the high ability of Gd3+/13X/FA/DOX 
to kill A549 alveolar adenocarcinoma cells 
confirming the successful loading of DOX to 
Gd3+/13X/FA nanocomposite.

MRI
As seen in Figure 4a, increasing the con-

centration of Gd3+/13X/FA/DOX nanocom-
posite results in a more pronounced effect on 
the T1 relaxation time shortening. Gd3+ is a 
paramagnetic ion, which can affect both T1 
and T2 relaxation times. In the low concen-
trations of gadolinium ions, the T1 shortening 
effect is dominant leading to the signal inten-
sity increasing, and consequently, the posi-
tive contrast enhancement of the T1 weighted 
MR images. The TR amount controls the T1 
weighting of the image. Therefore, difference 
for TR has a major effect on the image con-
trast. 

T1 relaxivity shows the relationship between 
1/T1 relaxation rate and Gd3+ concentrations. 
Based on Figure 4b, this relationship is lin-
ear for Gd3+/13X/FA/DOX nanocomposite. 
The linear dependence of 1/T1 to gadolinium 
ion concentration is necessary for each MRI 

contrast agent. The relaxivity of the nanocom-
posite is affected by the quantity of the gado-
linium ions and the number of the available 
water protons for the Gd3+ magnetic centers. 
13X zeolite is an X type zeolite with a high 
capacity for ion exchange, and Si/Al ratio of 
1-1.5 [21]. Due to the low ratio of Si to Al, 
it shows hydrophilic property. The gadolini-
um ions as magnetic centers are encapsulated 
in the supercages, pores and channels of the 
zeolite. Because of the large size of the su-
percage cavity, the number of the Gd3+ in the 
supercages is higher than those of the pores 
and channels. Therefore, it is expected that 
the gadolinium ions have the highest access to 
the water protons through the supercages, and 
enough access via the pores and channels of 
the zeolite. In Gd3+/13X/FA/DOX nanocom-
posite, FA as targeted agent and DOX as anti-
cancer agent are present. Since FA can bind to 
the OH groups of the zeolite, it occupies some 
of the pores and channels. Thus, the access of 
the gadolinium ions to the water protons via 
the pores and channels is limited. Although 
DOX cannot occupy the pores and channels 
of the zeolite due to the large size, it can be 
placed in the mouth of the pores and channels, 
and prevent from the access of the Gd3+ to the 
bulk water. Both of these situations lead to the 
lowering of the T1 relaxivity for Gd3+/13X/
FA/DOX nanocomposite. 

Although presence of FA and DOX reduces 
the T1 relaxivity value of Gd3+/13X/FA/DOX 
nanocomposite, its relaxivity is similar to the 
conventional gadolinium chelates. Addition-
ally, the nanocomposite shows good ability 
for DOX loading. Comparing to other targeted 
porous nanocomposites, the T1 relaxivity of 
Gd3+/13X/FA/DOX is slightly lower than Gd-
FA-Si nanoplatform [15]. It should be noted 
that the magnetic field strength was different 
in the studies.

Conclusion
In the present study, Gd3+/13X/FA/DOX 

nanocomposite was successfully prepared, 
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and the MRI property of the nanocompos-
ite was investigated. The in vitro MTT as-
say results confirmed the cytocompatibility 
of the Gd3+/13X/FA nanocomposite and the 
appropriate cell-killing effect of Gd3+/13X/
FA/DOX, showing the successful loading of 
DOX. The MRI study revealed the capabil-
ity of the nanocomposite to produce positive 
contrast in the T1 weighted images. Gd3+/13X/
FA/DOX nanocomposite shows potential for 
using as T1 contrast material with successful 
loading of the anticancer drug. The investiga-
tion of the nanocomposite potential for tumor 
targeting in animal model can be done as a fu-
ture work.
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