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Abstract in this study, we tried to develop nanoprobe

for molecular magnetic resonance (MR) imaging using

magnetic nanoclusters (MNC). MNCs for magnetic

resonance imaging were synthesized by thermal
decomposition.

The size of the synthesized MNC was confirmed t@de
32.4 nm. Cytotoxicity test of the synthesized MNCs
showed that the cell state of about 80% or morendid
change in all the treatment ranges and cell survata was
high even though the MNCs were injected. MNC was

injected intravenously into the tail vein of nudee
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As a result, it was found that enhancement of th&rast
was confirmed in xenograft mice model using MNC. Séhe
results will contribute to clinical application ardlated

research through magnetic nanocluster in the future

Key-word : MR Molecular Imaging, magnetic,
(CEST),

Nanoclusters (MNC), Magnetic nanoparticles (MNPs)

Chemical exchange saturation transfer

1. INTRODUCTION

Molecular imaging is a technique for diagnosing
various changes at the cellular level. It is adfiel
where advanced imaging technology and molecular
cell biology are combined and has recently
developed rapidly through a fusion of medicine,
genetics, molecular biology, cytology, chemistry,
pharmacology, physics, biomedical engineering,
radiology, and nuclear medicine.

The imaging technologies and devices used in
molecular imaging are Single Photon Emission
Computed Tomography (SPECT), Positron Emission
Tomography (PET), Magnetic Resonance Imaging
(MRI),

Bioluminescence. Molecular imaging has used for

Ultrasonography,  Fluorescence, and

early diagnosis of cancer, new drug development,
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gene therapy, stem cell research and treatment, anderum and antibiotic antimycotic. Ultra pure
disease prognosis prediction[l]. MR molecular deionized water was used for all synthesis.

imaging can be performed noninvasively without

radiation exposure. In addition, MR molecular 2.2, Synthesis of Magnetic Nano Cluster

imaging has excellent safety and image quality.

Recently, chemical exchange saturation transferMNC was synthesized by the nanoemulsion method.
(CEST), magnetic nanoparticles (MNPs) and The nanoemulsion process was carried out by
magnetic nano clusters (MNCs) Research are beingollowing the two-step synthetic procedure. First,
actively carried out. monocrystalline manganese iron nanoparticles are
MNCs are structures in which nanoparticles of 1 to synthesized by pyrolysis from non-polar inorganic
100 nanometers (10 to - 9 meters) in diameterd) suCsolvent to metal-inorganic  precursors, and
as MNPs, gold nanoparticles, and quantum dots, argynthesized manganese iron is synthesized by seed-
assembled. This structure has unique collectivemediated growth method.

properties that are different from single nanopgéas.

The MNCs showed a.Trelaxation rate three times 23 MNC Cytotoxicity Test

higher than that of the conventional MR imaging

contrast agent Feridex and was well transferred torhe gastric cancer cell line was cultured under the
specific cells. conditions of RPMI medium and antibiotics, and
These results demonstrate that MNPs can be used iarious concentrations of MNCs were treated for 4
biomedical and medical applications such as MR phours. The cytotoxicity test of MNC on gastric
molecular imaging, fluorescence imaging, and drug cgncer cell line was performed by measuring 3-(4,5
delivery [2]. dimethyl-thiazole-2-yl) -2,5-diphenyltetrazolium
This study is to develop a novel nanoprobe for MR pomide (MTT) assay.
molecular imaging of gastric cancer using MNCs
based on MNPs which can be used for MR molecular2.4

Zenograft animal models and

Imaging. experimental procedures

2. EXPERIMENTAL METHODS All animal studies were approved and accredited by
2.1. Materials the Association for Assessment and Accreditation of
Laboratory Animal Care (AAALAC) International.
Polysorbate, ethylenediamine, 1,4-dioxane, 4-Six-week-old female nude mice were injected
dimethylamino-pyridine, triethylamine, and succinic intravenously with an anesthetic Zolethyl / Rompun
anhydride(SA) were purchased from Sigma Aldrich mixture. After anesthesia, 1.0 x "1 @astric cancer
Chemical Co. Phosphate buffered saline (PBS: 10cell lines were dispersed in 200 mL saline solution
mM, pH 7.4) were purchased from Roswell Park and injected into the thighs of mice. MR imagesever
Memorial Institute, and antibiotic-antimycotic obtained at 5th week after transplantation of gastr
solution Dialysis membrane was used. The gastriccancer cell line.
cancer cell line (American type culture collection)
was incubated in an incubator containing fetal bevi 2.3 MR Imaging

S

ScholarGen



SIMI(2020) 01; 1-7 3

Animal solution MRI was performed with 3 T MNCs for MR contrast agents were synthesized by
Phillips clinical MRI equipment and ,Tweighted  thermal decomposition methods. The manganese iron
images were obtained using wrist coils. The in the inorganic state was combined with PLI (Poly-
conditions for obtaining Fweighted images were L-Lysine) by emulsion method, and the remaining
TR (repetition time): 700.85 ms, TE (echo time: PLI was removed using Centrifuge and MNCs were
100.65 ms), Slice thickness: 1.0 mm, and FOV read:synthesized with proper PLI ratio. As shown in
100 mm. [Figure 1], transmission electron microscope (TEM)
was used to confirm the size distribution and

3. RESULT & DISCUSSION morphology of MNCs. TEM confirmed that the size
of the MNCs was 73 + 32.4 nm.

3.1. MNCs Char acteristics

o T W W
'A/ ol &

(1) MNP (2) MNC

[Figure 1] TEM imaging of MNP and MNC

MRI was performed to confirm the characteristics of As shown in [Figure 2], I images according to
the synthesized cluster as a MRI contrast agentcluster concentration were confirmed through MRI,
Appropriate-sized clusters could adequately avoidand it was confirmed that the, Value was increased
the reticuloendothelial system (RES), allowing them with increasing concentration as shown in [Figure 3
to stay longer in the blood.
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Concentration
(mM)

- (@ @ @

[Figure 2] MNCs T2 imaging
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[Figure 3] R relaxation rate with increasing MNCs concentration

3.2. MNC cytotoxicity test In this study, cell growth retardation was examined

using animal experimental cell lines. We investghat

Cytotoxicity tests should be carried out to deteyeni normal cell damage and normal cell function after

the side effects of drugs intended to be injected i injection of MNCs contrast agent.
the living body including the contrast agent. To  evaluate  cytotoxicity, 3-(4,5-
Although there are objections to the sacrifice of dimethylthiazol-2-yl) -2,5-diphenyltetrazolium

animals, experiments through simulations have notbromide (MTT) test was performed on gastric cancer
been fully validated to date. Animal experiments ar Cell line. The gastric cancer cell line was treatétth
performed to reproduce the target concentrationNMCs synthesized in the range of 16 10" and
changes and effects of experimental cell linesrguri cultured for 24 hours.[Figure 4] shows the
ADME (administration, distribution, metabolism, appearance of particle-type MNPs contrast agent and
and emission) processes and processes in vivo witiglustered MNCs contrast agent.

high accuracy.
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[Figure 4] MNCs MNC-74 cells (scale bar: 100 nm) — TEM gea

In all treatments of synthesized NMCs, no more thanMNCs was injected. As a result, there was no
80% of the cell states were changed. As shown incytotoxicity of newly synthesized MNCs.

[Figure 5], cell survival rate was high even though

Survival rate
100 | ; T )
80 V
60
40 -
20 1
0 - . . . . . .
10¢ 10% 107 10% 10% 104 109
Concentration (ug/mL)

[Figure 5] Toxicity test results of MNC cells

[Figure 6] shows the evaluation of the degree of administration of the two contrast agents at thaesa
contrast enhancement by administering MNPs (blackconcentration showed that the enhanced contrast
graph) contrast agent and clustered MNCs (grayenhancement effect of the clustered MNCs contrast
graph) contrast agent to the cells, respectively. agent was greater.

Comparisons of contrast enhancement after
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[Figure 6] Contrast enhancement of MNP and MNC

3.3.InvivoMRI cell site was specifically stressed. As shown in
[Figure 7] and [Figure 8], non-MNCs images and
An animal model in which a gastric cancer cell line MNCs images of cancer were acquired over time.
was transplanted into the thigh of a nude mouse wagver time, it was confirmed that the blood vessels
established. MRI was acquired using a fulse the periphery of the gastric cancer cell line were
sequence after injecting the synthesized MNCs into€nhanced. As a result, it was found that the newly
the tail vein of a mouse. The intravenous injection synthesized NMCs were suitable for the role of the
into the tail vein of the nude mouse and obsermatio MR molecular imaging probe for the early diagnosis

of the passage of time showed that the graftedetanc of cancer.

(a) MNC-No injection (b) MNC-Immediately after injection () MNC-60 mimtes after injection

[Figure 7] Comparison of non-M NCsimage and MNCsimages

43 14 S

(a) MNC-No injection

(b) MNC-Immediately after injection (c) MNC-60 mimites after injection

[Figure 8] Comparison between non-M NCs and M NCsimages (ROI)
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4. CONCLUSION

In this study, we developed molecular MR imaging
nano cluster for early diagnosis of cancer.

We designed Magnetic Nanocluster is more
efficient than conventional Magnetic nanopartidles
contrast enhancement issue. In addition, since
magnetic nanocluster which consisting of humerous
magnetic nanoparticles was synthesized with a
biocompatible polymer, the toxicity issue was also
resolved. In our future studies, pathological
Also,

biocompatible Magnetic nanoclusters will be actyvel

confirmation will also be required.

developed in clinical applications and related

research.
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Abdgract In this study, the signal intensity of choroid piex
which is producing cerebrospinal fluid, is analyaedording to the
FLAIR diffusion-weighted imaging technique. In thg*-DW-EPI
diffusion-weighted image, the FLAIR-DW-EPI techréquwhich
suppressed the water signal, was additionally eeahfor subjects
with high choroid plexus signals and compared aradyzed the
signal intensity. As a result of the experimentyds confirmed that
the FLAIR-DW-EPI technique showed a signal stremgjiral to or
lower than that of the brain parenchyma, and thiesea difference in
signal strength between the two techniques. Asuit o this study, if
the choroidal plexus signal is high in the T2 * -EBNI diffusion-
weighted image, additional examination of the FLAIR/-EPI
technique is thought to be useful in distinguiskimgtional problems
of the choroid plexus. In conclusion, if the chdabiplexus signal is
high on the T2*-DW-EPI diffuse weighted imagesithought that
further examination of the FLAIR-DW-EPI techniquél se useful
in distinguishing functional problems of the chdabiplexus.

Key-word : Choroid plexuses, Diffusion weighted
image, FLAIR, Signal intensity
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L Introduction

The diffusion-weighted image is an image of the
degree of diffusion of water molecules in a tissue
using an MR devidd. The diffusion-weighted image
is an image of the degree of diffusion of water
molecules in a tissue using an MR device. In MR, t
diffusion of water molecules decreases the siglf
the diffusion is good, the signal is weak, andhié t
diffusion is not good, the signal is strong. Thiaichl
application of diffusion-weighted imaging is useat f
early diagnosis of acute cerebral infarction,
differentiation between brain tumors and abscesses,
and diagnosis of CJD (Creutzfeldt-Jakob Disédse)
Brain tissue is an aggregate of over 100 billionvae
cells, and the movement of water molecules is not
completely free and is limited by the charactecstf
the tissue. Isotropic diffusion refers to a caseekgh
water molecules can move in any direction, and
anisotropic diffusion refers to a case where water
molecules move in a specific direction only by
surrounding structur€& Water molecules in the
human brain tissue are not completely free, and in
addition to the diffusion movement of fine water
molecules, the movement of the brain tissue itself,

cardiac movement, blood flow in the micro-vessel,
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and movement of the patient are affected. The
diffusion coefficient measured during actual MRI
includes the effects of these various factors ad i
called the apparent diffusion coefficient (AD%) The
degree of diffusion can be qualitatively predicted
according to the signal intensity, and the diffusio
coefficient can be calculated and analyzed
quantitatively?’. The choroid plexus or plica choroidea, is a
plexus of cells that arises from the tela choroidegach of
the ventricles of the brain. The choroid plexusssis of
modified ependymal cells surrounding a core of lesips
and loose connective tissue. There are many cisilla the
choroid layer, and consists of a window-shapedaapand
one layer of polar epithelial cells surroundingatd is
directly involved in the production of cerebrospihad. The
choroid plexus produces most of the cerebrospind|(CSF)

of the central nervous system. When the water [adilite
due to the difference in osmotic pressure of theroithel
plexus is significantly reduced, the production of
cerebrospinal fluid is significantly reduced. MRrain
diffusion imaging has been helpful in the diagnasisl
treatment of super-acute cerebral infarction imica
practic®. In addition, it has been usefully used to
differentiate between an arachnoid cyst and epimidroyst,
and to diagnose brain abs€sslowever, research on the
fact that the signal intensity varies dependintherdegree of
diffusion according to the inspection technique toé
diffusion-weighted image is not acfieln this study, the
signal intensity of choroid plexus, which is pradgc
cerebrospinal fluid, is analyzed according to théAIR

diffusion-weighted imaging technique.

II. Materialsand methods

1 Tland T2weghted image

When performing an actual MRI, 90-degree high-
frequency pulses usually have to be repeatedljedppl

=
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hundreds of times, so the time interval betweesegul
(repetition time, TR) has a great influence onhfei
signal. That is, if the TR is long, both tissueth ailong

T1 relaxation time or short tissues are subjettetnext
90-degree pulse while sufficiently recovering the
longitudinal magnetization, and a strong signal lsan
generated every 90-degree fiddowever, if the TR is
short, the fat tissue with a short T1 relaxatiore tcan
sufficiently recover the longitudinal magnetizatidmot
other tissues fail to recover sufficiently, and et 90-
degree pulse is applied. As a result, the MRI lsigna
reduced. Therefore, if the TR is shortened, andrtizay
reflects the difference in T1 relaxation time betwe
tissues as contrast can be created, and this isighted
imagé. In other words, the T1 weighted image uses a
short TR and a short TE, and a short TR enhances T1

contrast between tissues, and a short TE suppresses
contradf.

xy

RX

T, recovery
75 decay
0.63M,,

0.37M,

1 1 1 1
Tg T

1 Time

Figure 1. T1 relaxation and T2 defhy

The transverse magnetization created by the 90-
degree high-frequency pulse decays with time.
If a high-frequency pulse of 180 degrees is
applied at an appropriate time, the vector of the
transverse magnetization that is decaying is
changed 180 degrees in the opposite direction,
so that the transverse magnetization can be
refocused. The time interval between the 90-
degree pulse and the signal generation is called

the echo time (TE), and by adjusting this, an
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image reflecting the difference in T2 relaxation
time between tissues as a contrast, that is, a T2
weighted image can be obtained. When TE is
shortened and the transverse magnetization
decay of the tissue does not occur, a 180-degree
pulse is applied to obtain an image with low T2
contrast between tissues. On the other hand,
when TE is lengthened and a 180-degree pulse
is applied at a time when the T2 between tissues
is sufficiently different, a T2 weighted image
with high T2 contrast is obtaingd.

signal intensity

Short TE, signal differences
between tissuss are small

Long TE, sigral differences.
between tissues are larce

100 ms

Figure 2. Signal difference between fat and
water according to TE tinf&

2. FLAIR (fluid attenuated inversion

recovery)

The FLAIR technique is a technique that
suppresses the signals of the cerebrospinal fluid
as a kind of inversion recovery technifitle
The white matter-gray matter contrast is similar
to that of the T2-weighted image, except that the
signal of the cerebrospinal fluid is suppressed
black because the long TR and the long TE are
used. The sequence of pulses in the spin-echo
image starts with a 90-degree pulse, but the
inversion recovery technique applies a 180-

25
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degree inversion pulse before the 90-degree
pulse. Immediately after the 180-degree reversal
pulse, the net magnetization of the tissue is
completely inverted toward the (-) side of the

longitudinal axis, and then T1 relaxation occurs

according to the characteristics of each tissue,
in the (+)

direction begins to occlif. In this process,

and magnetization longitudinal

there is a point in time when the net
magnetization of the vertical axis becomes zero,
and the time from the 180-degree pulse to this
point is called the inversion time (TI). Fat has a
reversal time of 150 ms, white matter 300-400
ms, gray matter 600-700 ms, and cerebrospinal
fluid 2000-2500 ms. Therefore, the 90-degree
pulse is applied after waiting for the inversion
time of the tissue to suppress the signal after the
180-degree inversion pufsd That is, applying

a 90-degree pulse after 150 ms becomes a STIR
(short TI inversion recovery) technique that
suppresses the fat signal, and applying a 90-
degree pulse after 2000 to 2500 ms results in a
FLAIR image that suppresses the cerebrospinal
fluid signal. It can be seen that the signal of the
desired tissue can be suppressed by adjusting
the inversion time using 180-degree pulses of
various inversion times while the TR and TE are
fixed. FLAIR images can easily detect small
lesions adjacent to the CSF space, and lesions

with slightly increased T2 sign&ig.
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Mz

- >
150ms

T Ty .

(sTIR)
180° 180° 180° 180° 180°
180°

]
Q

-
Ti : 220ms (FLAIR)

Figure 3. STIR and FLAIR according to"f}

Table 1. Comparison of T2 weighted images
and FLAIR images™

T2WI FLAIR

Nor mal

image

Embolic

infractions

Acute

infraction

[11. Experimental

1.5 Tesla superconducting magnetic resonance igagin
device and Head & Neck coil were used. We studiéd 1
patients (8 males and 9 females) with the higrabigtensity
of choroid plexus in diffuse-weighted imaging (TRW-EPI

SIMI(2020) 01; 9-15

technique). An image of a subject with high sigti@ngth
with choroid plexus was additionally obtained bylging
the FLAIR-DW-EPI technique. The signal intensitydan
difiusion coefficient of choroid plexus were obtinand
compared with the diffusion-weighted images obthibg
the two techniques. The parameters for obtainifigsel
weighted images were T2*DW-EPI and FLAIR-DW-EPI.
Images were obtained using the same section cfaime
patient with a field of view of 28 cm, a sectioitithess of 6
mm, and a spacing of 1 mm. The T2*-DW-EPI technigas
set to repetition time (TR) 12,000 ms, echo tinté) (160.0 ms,
and inspection time 30 sec. The FLAIR-DW-EPI teghai
used repetition time (TR) 12,000 ms, echo time)(T4D.0 ms,
inversion time (TI) 2,400 ms, and test time 80 keorder to
reduce magnetic susceptibility artifacts, the dhteentricle
posterior choroid plexus was observed from thélsase to the
vertex in parallel to the glabellomeatal line. Foage analysis,
the image data was transmitted to the Workstasiod, a
region of interest (ROI) at the center of the clibplexus
was designated as 2 to obtain signal intensity and
diffusion coefficient. To compare the differencénaen the
two techniques, the signal intensity and diffusioefficient
of acute cerebral infarction and intraventriculambrrhage

were calculated.

IV. Result and Discusson

In the T2*-DW-EPI technique, 19 patients showed the
high signal intensity of the choroidal plexus. Gége, 10
were male and 9 were female. The average ageaffttaim
was 61.3 years (33~89), the average age of meréWas
years, and the average age of women was 59.8 Yaes
comparing the images examined by applying the FEAIR
DW-EPI technique to those of the T2*-DW-EPI tecliaigjt
was found that there is a significant differencesignal

intensity.
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T2'-DW-EPI

FLAIR-DW-EPI

Figure 4. @oroid plexus

Quantitatively, in the T2*-DW-EPI technique, thersil

intensity of the choroid plexus was 25-ufi's and the

apparent diffusion coefficient (ADC) was 1.86x1a3's.

The FLAIR-DW-EPI technique was 61u8/s and the ADC
was 1.84x103im/s, which was similar to the brain cortex.
The difference in signal intensity between the teetiniques

was 191mm, which was highly observed in the T2*-DW-EPI

technique, and there was little difference in thertdiffusion
coefficient. In the case of acute cerebral infangtiboth
techniques showed high signal intensity and weteb2i/s
and 212.8nns, respectively, and ADCs were 0.81x1fd&

and 0.80x103u’s, respectively.

T2'-DW-EPI

FLAIR-DW-EPI

Figure 5. Aute cerebral infarction

Table 2. Signal intensity analysis

Signal
Label DW-EPI| | ADC(X10%
intensity
_ T2 1161 108
Brain
FLAR 1131 123
Choroid | T2* 2508 187
plexus [ FLAR 608 185

13
Acute | T2* 2505 082
infraction | FLAIR 2126 080
Acute | T2* 3394 084
hemorrhage A AR 376 076

In the case of a lateral ventricular cerebral hdmage,
both techniques showed high signal intensity, 388§ and
337.8mni/s, respectively, and ADCs were 0.83x4@# and

0.77x103mmi/s, respectively.

T2'-DW-EPI

FLAIR-DW-EPI

Figure 6. lateral ventricular cerebral hemorrhage

The degree of signal attenuation by diffusion @pprtional
to the moving size of the molecule and the interfitthe
diffusion-enhanced gradient magnetic field. Therisity of the
diffusion-enhanced gradient magnetic field is datiesalue (s/
mm), which is related to the intensity of the gratiieagnetic
field, the time applied to the gradient magnetitdfiand the
time interval between the front and rear gradiexgmatic fields.
In general, diffuse-enhanced images can be sofficie
visualized by applying a b value of about 1,00thdrdiffusion-
weighted image, the signal intensity is determibgdthe
combination of the overt diffusion coefficient attte T2
component, which indicates the degree of diffusibmater
molecules in the tissue. If the b value is 8, the T2 weighted
image is displayed, and you can increase the B t@lteduce

the T2 effect or suppress the water stjhal

In this study, the diffusion gradient magneticdiglas

applied in the selection direction of the sectiba,frequency

S
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coding direction, and the phase coding directict-0OW-
EPI technique with b-value @) of 1,000 and the resonant
frequency is applied by setting the null pointresibversion
time when the water molecule signal reaches thglane A
FLAIR-DW-EPI technique was used to obtain the tesafl
the spread and signal intensity of choroid pleidsst of
choroid plexus did not show high signal intengityT2*-
DW-EPI testers, but showed the same or low sigtersity
as the brain parenchyma. The subjects of this siete
tested with subjects with high signal strengthaAesult of
comparing the signal and diffusion degree of clioptexus
between the two techniques, the T2*-DW-EPI tectaiqu
showed high signal strength. On the other handltidR-

SIMI(2020) 01; 9-15

images, and the overt diffusivity (ADC) was obsgtaee low,
confirming that it is an excellent technique fagriosing acute
cerebral infarction. In the T2*DW-EPI diffusion-ighted
image, the FLAIR-DW-EPI technique, which suppressed
water signal, was additionally examined for subjadth high
choroid plexus signals and compared and analyeesighal
intensity. As a result, it was confirmed that th&IR-DW-EPI
technique showed a signal intensity equal to aitvan that of
the brain parenchyma, and there was a differensigyrial
intensity between the two techniques. The redultssostudy
are that in patients with high choroid plexus $goa T2*
DW-EPI diffusion-weighted images, the FLAIR-DW-EPI
technique was additionally examined. It is thotmjite useful

DW-EPI technique, which suppressed the water signal for the discrimination of cystic structures.

showed the same or low signal intensity as th#teobrain

parenchyma and was compared. However, there was no

difference in the overt diffusion coefficient. Chiol plexus is
considered to exhibit high signal strength as tAeeffect
remains in the T2*-DW-EPI technique. Due to thacttre
of the choroid plexus, the process of generatirgpoaspinal
fluid in countless capillaries was partially tramsfied into a
sponge-type cystic structure, and it is believeat the
diffusion of water molecules was slower than tfiatagnant
or normal people, resulting in high signal intgdt In the
results of the FLAIR-DW-EPI test, which suppressiael
water signal, the sponge-type cystic structure stansignal
similar to or lower than that of the brain parembyas the
water signal was suppressed. On the other haiind, gase of
acute cerebral infarction and acute cerebral héxage; both

techniques showed high signal intensity

V.Conduson

In this study, the signal intensity of the chorpldxus
generating cerebrospinal fluid was analyzed byiraagisignals
using the T2*DW-EPI technique and the FLAIR-DW-EPI
technique. Acute cerebral infarction and acute biadre
hemorrhage on diffuse-weighted images were obsgvitled
higher signal intensity compared to normal brairdiffuse
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