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Abstract

Background. Because ionizing radiation and radioactive materials are not used in MRI
images and their good spatial resolution, it has been widely used in the diagnosis of
diseases. But for a more accurate diagnosis of some diseases, it is necessary to inject
contrast material. Contrast materials are metal ions of paramagnetic elements such as
gadolinium (Gd) or superparamagnetic iron oxide nanoparticles (SPIONSs). This study
aims to investigate the effect of echo time (TE) on the signal intensity of PVP-grafted
iron oxide nanoparticles on spin echo T2-weighted images as a negative contrast
material (T2-contrast).

Methods. Prepared nanoparticles (SPIONSs grafted with PVVP) in different concentrations
(0-0.600 umol Fe/L) that were poured inside the test tubes were spin echo T2-weighted
imaged by an MRI scanner (1.5 T).

Results. The curves of nanoparticle concentration versus the signal intensity show that
with increasing nanoparticle concentration, the signal intensity decreases. Also, at a
constant TE, the higher nanoparticle concentration has lower signal intensity.
Conclusion. The produced nanoparticle (PVP-grafted iron oxide nanoparticles) can be
used in clinical work as a negative contrast material due to the behaviour it showed in
different concentrations and TE.

Practical Implications. Nanoparticles are used as a contrast agent in MRI imaging. The
results of this study show that the prepared contrast agent can be used as a negative
contrast agent in clinical imaging.

How to cite this article: Nazarpoor M, Fattahi H. Investigating TE effects on the relationship between signal intensity and
PVP-grafted SPION concentration in T2-weighted Spin Echo imaging. Med J Tabriz Uni Med Sciences. 2024;46(2):. doi:

10.34172/mj.2024.026. Persian.

Extended Abstract

Background
Because ionizing

more accurate diagnosis of some diseases, it is

radiation and radioactive necessary to inject contrast agents. Contrast agents

materials are not used in MRI images and because of  are metal ions of paramagnetic elements such as
their good spatial resolution, MRI has been widely  gadolinium or superparamagnetic iron oxide
used in the diagnosis of different diseases. But for a ~ nanoparticles (SPIONs). SPIONs are safer than
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gadolinium-based contrast agents and commonly
they are used as negative or T2 contrast agents. A
critical issue about these nanoparticles is stabilization
in agueous media by hydrophilic coatings. Previous
studies show that the image parameters, flow,
direction of flow, strength of MRI magnet, contrast
agent, and image sequences can affect the signal
intensity (SI). And this study aims to investigate the
effect of TE on the Sl of PVP-grafted iron oxide
nanoparticles on spin echo T2-weighted images as a
negative (T2) contrast agent.

Methods

Magnetite SPIONs were synthesized through the
co-precipitation of the Fe?* and Fe*" ions in alkaline
conditions under an inert gas atmosphere in which
the ratio of Fe?/Fe*" was 1:2. 3-(trimethoxysilyl)
propyl methacrylate (silane A) was used as the
coupling agent to introduce the reactive vinyl
functional groups onto the surface of the
nanoparticles. Then, N-vinyl pyrrolidine was
polymerized on the surface of nanoparticles via
radical polymerization at 70°C for six hours, and the
product was collected by magnetic separation.
Different characterization techniques including
FTIR, TEM, and VSM were used for the
characterization of nanoparticles. The PVP-grafted
SPIONs were suspended in water (10-ml tubes) with
various iron concentrations of 0, 25, 50, 75, 100, 200,
400, and 600 pumol Fe/L and then spin echo T2-
weighted images were recorded by a 1.5T MRI
scanner. To calculate the non-uniformity of the coil,
eight tubes with a constant concentration of 200
umol Fe/L were prepared. These tubes were placed
exactly in the place of the test tubes with variable
concentrations inside the phantom. To get the exact
value of the signal, the non-uniformity coefficient
obtained from equalizing the signal of all eight tubes
should be calculated and multiplied by the signals
obtained from variable concentrations to get the
exact value of the signal for these concentrations.
Phantoms with variable concentrations were placed
in the centre of the head clinical coil. Spin echo
sequence was applied with imaging parameters:
matrix size 512 x 512, slice thickness 10 mm, pixel
size 0.5 x 0.5 mm square, TR = 1600 ms, and TE

varying from 10 to 141 ms. Spin echo T2-weighted
MR images were transferred to a personal computer
and were analysed by IDL (Interactive Data
Language) software.

Results

The accurate SI measurement of an image in
MRI, the response of the RF coils should be uniform.
The coil non-uniformity correction factors which
were obtained from the phantom with constant
concentration are 1.044, 1.000, 1.037, 1.028, 0.977,
1.002, 0.993, 1.019 for concentrations 0, 25, 50, 75,
100, 200, 400 and 600 pumol Fe/L, respectively. This
correction factor has been applied to the signals
obtained from different concentrations to obtain the
real value of the signal (corrected signal). The curves
of nanoparticle concentration versus signal intensity
show that with increasing the nanoparticle
concentration, the signal intensity decreases at a
constant TE. Also, at a constant TE, the higher
nanoparticle concentration has lower signal intensity.
At TE = 85 ms, the signal intensity at concentrations
of 200, 400, and 600 umol Fe/L is 515.26 + 13.63,
345.85 + 11.94, and 203.77 + 8.27, respectively. The
vials contain 314 pixels. Standard deviation was
calculated from the 9 innermost pixels of vials.
Applying a radio frequency (RF) pulse with the same
Larmor frequency (precession frequency) of protons
causes them to flip or rotate and create a transverse
magnetization. After stopping the RF pulse at TE =0
ms, the transverse magnetization vector has its
maximum value. Due to the magnetic field of the
adjacent protons (which is another reason for the
non-uniformity of the main magnetic field By), they
become out of phase, and with the increase of TE
time, the transverse magnetization vector decreases
and tends to zero. The produced nanoparticle (PVP-
grafted iron oxide nanoparticles) can be used in
clinical work as a negative contrast material due to
the behaviour it showed in different concentrations
and TE. By confirming the applicability of these
nanoparticles in the early detection of diseases in the
human body, due to the relatively easy route for
synthesis and surface  modification, these
nanoparticles will have potential commercialization
capability.
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Conclusion

Superparamagnetic iron oxide nanoparticles were
synthesized by an economical method and
chemically modified by a biocompatible hydrophilic
polymer. According to the applied method for
surface modification and stabilization, the prepared

nanoparticles have very high stability in aqueous and
physiological media. The produced nanoparticles
(SPIONs modified with PVVP) can be used in clinical
work as a negative contrast material due to their
behaviour in different concentrations and TE.
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