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Abstract

Non-invasive methods for breast cancer detectiaaity stages may help to increase the survivalghpatients. This
study aimed to evaluate the application of Anti-MU@ntibody-based iron oxide nanoparticle (SPIONS8}5vhich
was assessed in vivo as a molecular imaging probéreast cancer (MCF-7) detection using MRI. Ngneups of
female NRC NU/Nu mice (each group of 3), 6 to 8 keeeld were used and MCF-7 cells were injected staneously
into both flanks of nude mice. After two weeks thiee received an intravenous injection of differemhcentrations of
SPIONs-C595. The uptake ability of SPIONs-C595 loreeé-dimension (3D) macrostructure is exploited adifred
hanging drop method using Prussian blue for MCIellEcThe iron content was measured in liver, kidrspleen, and
tumor. The MR imaging features and biodistributddmanoprobe was also investigated. The MR imagésimed from
digested tumor after nanoprobe administration iffedint time-period revealed that enhancement ofamd T,
relaxation time. Moreover, the storage stabilitst twas shown great application and no sedimentatioranoparticles
within two months storage at 4°C. Additionally, grevalidation of SPIONs-C595 on the 3D spheroidM&@F-7 was
observed. The biodistribution analysis showed itlagit content of the spleen was more than the athelied organs.
These results highlighted the feasibility of arvime model for detection of breast cancer MUC1 esgion. Current
researches are ongoing to further enhancementlafateon times for classification of MUC1 statusingsclinical
specimens.
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Introduction

Magnetic resonance imaging has been useful to deted
distinguish various types of cancers [1-3]. Molacuimaging
has recently emerged enabling the discovery andtifaation
of new molecular pathways of living organisms innan-
invasive fashion and is useful for early detectidrcancer [4,
5]. In this regard, the accuracy and reliabilityMR imaging,
using contrast agents is significantly better imvem with high
risk for breast cancer, because the contrast ofspeific
region in the image will be enhanced due to theotfbf the
contrast agent [5,6].

MR imaging contrast agents are used primarilyniréase
the sensitivity of the MR imaging to detect and releterise
tumor at early stages [7-9]. In recent years, axliifs are
widely used in cancer diagnosis in vitro and inovi10-14].
One of the targets of breast cancer cells is tleadtrspecific

membrane antigen (MUC1). MUCL1 is an over-expressed
the majority of human epithelial cells of adenogamas
resulting in the exposure of new peptide epitopeaddition to
oligosaccharides, which are used as novel targdequles.
MUC1s exist in the ductal epithelial cells whictayd a major
role in the protection and lubrication of normalstie that has
identical amino acid sequences. Therefore, the Mldftigen
may be a useful diagnostic target to minimize thewgh of
incurable cancers [15,16].

In the past decades, significant approaches haga made
in the development and application of MR imaging &g role
in early stage detection of breast cancer [6,13jrddver, the
presence of any MUCL in most of the tumor cellassociated
with an improved prognosis. Shahbazi-Gahrouei ahdofahi
have been studied on developing ovarian cancer {@R&} by
C595 monoclonal antibody which was coupled with (34
[8,11]. They reported that the SPIONs-C595 mAb daitach
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to MUC1 which could detect ovarian cancer cellmgsMR
imaging.

C595 mAb contains immunogenicity due to its murnigin
in addition to poor tumor penetration charactersstiue to its
large molecular size (150 kDa). Superparamagnsiit dxide
nanoparticles (SPIONs) provide a strong contraitcein T,
and T-weighted MR images due to its different contragtin
mechanisms [17-19]. However, as a result of thenéredous
progress in nanotechnology, many scientists hawentsy
developed new nanoparticulate MR imaging contrasnes
that have further improved image contrast with tddal
functions [20-22]. Hence, the production and evduma of
magnetic nanoprobe (SPIONs-C595) and its applicad® an
MR imaging contrast agent for targeted moleculaagimg of
breast cancer cells was investigated. Although nianyivo
studies have been done, however, the investigatidamour
spheroid has attracted the attention of researdbestudy the
3D tumor model. It was revealed that the size dfespids is
200-500 mm in diameter [23,24].

In many studies, Shahbazi-Gahrouei and co-workers
fabricated and designed the mentioned nanoprobe and
investigated its characterization, its dnd T, relaxation times
determination and its cytotoxicity effects under witro
conditions in breast cancer (MCF-7) cells [25-27].

The main scope of this study is to investigateCB¥-C595
as an MR imaging contrast agent for targeted mddecu
imaging of MUC1-expressing breast cancer cells (MCQF
under in vivo conditions. Consequently, it is testeith a
human breast (MCF-7) xenograft to investigate
pharmacokinetics, biological distribution; &nd T, relaxation
time measurements and signal enhancement at optiveak in
cancerous nude mice at post-injection.

its

Materials and methods

Chemicals

All chemicals were purchased from Sigma-AldrichnNaag-
D-spio 20 nm nanoparticles (surface COOH) were lmased
from Micromode Company (micromod Partikeltechnoéogi
GmbH, Rostock, Germany). MiniMACS separator in &ddi
to C595 mab was purchased from Miltenyi Biotech Ginb
Germany.

MCE-7 cells

MCF-7 cell was obtained from ATCC, USA and weretiaely
cultured in pre-warmed DMEM (37°C in water bath)
supplemented with 10% of fetal bovine serum (FBS),
antibiotics (100 1U/ml penicillin and 100 pg/ml efitomycin),
1% v/v essential amino acids and 2 mM L-glutamiFiee cells
were grown in culture flasks with media (15 ml n®dv5
cnt) and incubated at 37°C, in a humidified atmosphare
95%/5% air/CQ. Cells were harvested after reaching
approximately 80% confluence where the cells wessgnted
as a monolayer.

70

Animals

The animal studies were performed, using 27 fenNiRC
NU/NU mice, [5] 6 to 8 weeks old with the mean weig of
23.67 +1.40 g. Animals were randomly divided imine
groups of three. Each group was housed in a caparmdity
and temperature controlled isolated animal houskeaEMAN
laboratory, School of Pharmaceutical Sciences, UI¥e
sterilized standard mouse chow and water was pedviad
libitum to all mice. The experimental procedure &mel use of
animals were approved by the Animal Ethics Committe
(AECUSM) before the commencement of experimentd 420
(94) (653)].

Nanoprobe preparation

Shahbazi-Gahrouei and co-workers fabricated anigjicled the
mentioned nanoprobe and investigated its charaeatén, its
T, and T, relaxation times determination and its cytotoxicit
effects under in vitro conditions in breast can®4CF-7) cells.
Characterization of SPIONs-C595 nanoprobe was woafl
using of FT-IR, XRD, TEM, SEM-EDAX and Zetasizer5[2
26]. An MTT assay conducted to confirm that theraswo
cytotoxicity effect of nanoprobe. Prussian blue irsiey
confirmed that significant contrast enhancement bogast
cancer could still be clearly seen even 24 hr pgsttion, due
to the retention of SPIONs-C595 in the cytoplasmcaicer
cells. In vitro results showed good binding of 209 Fe/ml
nanoprobe towards MCF-7 breast cancer cells [27].

The schematic diagram of SPIONs-C595 preparat®n i
explained inFigure 1la In brief, A 500ul of the nanomag-D-
spio was mixed with a working solution, 0.6 mgy®ol) N-
ethyl-N-(3 dimethyl aminopropyl) carbodiimide hydfdoride
(EDC) and 1.2 mg (1@mol) N- hydroxyl succinimide (NHS)
in 125ul 0.5 M 2-(N-morpholino) ethanesulfonic acid (MES)
buffer. The suspension was mixed for 90 min at room
temperature by a shaker. Then, the suspension eaSed
twice with 1 ml PBS, pH=7.4 through MS column. To
activate the columns before adding the mixture, dblimns
were washed three times with PBS, pH = 7.4. A dlO®iUC1
(C595) mab was added for nanoparticles activatiod #he
suspension was shacked for 3 h. Finally, the 3@lycdine was
added for 30 min to quench the reaction of thel fmitures
and the suspension was washed two times with 1 B$ P
through MS column. By passing the external magniédic,
conjugated nanoparticles were retained in the ntagfield of
the separation column. Therefore, non-conjugated mas
washed out through the column as a negative fracEkmally,
by removing the column from the magnetic field, the
suspension was eluted as the enriched positivaidracOf
course, when the carboxyl groups of the SPIONsaatiwated
the C595 may become attached to the SPIONs surface.
Moreover, the storage stability test was also cotetlito show
the efficacy of the nanoprobe after long-time afraye period
before in vivo study.
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Figure 1. (a) Schematic diagram of SPIONs-C595 preypation and (b) in vivo study.

Prussian blue histology staining for assessing of
MCF-7 spheroid

The novel development of iron staining method onAMIC3D
spheroid-based was done using the modificatiom@fmethod
of Jafari and colleges and the method which theyaoted on
2D cell monolayer of MCF-7 [27]. Briefly, MCF-7 dsl
(2.5x10 cells/ml) were cultured in DMEM. The confluent
cultures were trypsinized, subsequently washed ttmes in
phosphate buffered saline and resuspended in thlev&dium.
The cells were centrifuged for 3 minutes and 1G00.rThe
media was removed and 1 ml fresh DMEM, which corgdi
20% FBS and 0.25% methylcellulose was added. Thietpa
was mixed well with the medium to get the homogenoeill
suspension. Drops (20) of medium containing MCF-7 (5000
cells/ drop) were put on the cover of 96-well platdich were
inverted over a plate containing 10 ml DMEM mediumiotal
to maintain humidity [28]. Then, 96-well plate wacubated
overnight for sedimentation. After observing cellul
aggregates, the medium was removed carefully, @ngl 2f
two different concentrations of the SPION-C595 (Hp@ 200
ug Fe/mL) added to the MCF-7 spheroids. Then, ¢is were
incubated for 6 hours with the compounds. Afteritiwibation
time, the medium was removed carefully, and theesgtls
were washed 2 times with 20 of PBS. Then, 2Qu of 4%
PFAwas added and the spheroid was incubated overfog
fixation. Again, the fixed spheroids were washerk¢htimes
with 20 ul PBS, and 2Qul of working solution was added for
30 min at room temperature (25°C) in a darkroonmteAthe
incubation, the spheroids were washed two time$ WiBS,
and were examined under the inverted microscope.
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Storage stability test

To determine the colloidal stability and the stilof
conjugated SPION, The nanoprobe (SPION-C595) waredt
at 2 to 8°C. After defined time points (1 day, leke2 weeks,
1 month and 2 months) the iron staining was camigdat 2D-
monolayer cell culture MCF-7 [29,30].

MR signal intensity enhancement

MR signal intensity enhancement of prepared samplas
performed by Signa HDxt 1.5 T (GE Healthcare, Wistin,
USA). The image of the samples was obtained ugpimgecho
sequence. The subcutaneous injection method whzedtito
inject the breast cancer cells, MCF-7 (2.5x106, A0(n 1:1
matrigel) into both flanks of nude mice. Two toerweeks
after tumor implantation, when the tumor diametas\@ to 5
mm (mean weight of tumor was 50 mg), the mice raxki
intraperitoneally (i.p) injection of different cometrations of
SPIONs-C595.Figure 2 showed the size and location of
tumors in NRC NU/NU mice. Schematic diagram of imov
study is shown ifrigure 1b.

All concentrations were diluted in physiologicalise to a
final concentration as injected in bolus doses 10, and 200
ug Fel/g organ. The last group was a control groupe fotal
injected volume was 1.08 ml. The animals were §aed by
an overdose of pentobarbital sodium 2, 8, 24 h pgst
injection, followed by the removal of the criticalrgans
(tumor, kidney, liver, spleen).

MR image of the tumor was acquired before the
administration of different concentrations of SPKBE595, as
well as post i.p infusion. A Ffweighted imaging method was
conducted to obtain all of the images using mudtisecho
pulse sequence technique, with TE value of 11 risyalues
240, 500, 1000, 2000, 4000 ms. To evaluate theeighted
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Figure 2. 3D cultures of MCF-7 spheroids. (a) andb), are the images of MCF-7 spheroid after incubatin with 200 and 10@ig Fe/ml of the
compound after 6 h at 4 and 40x magnifications. (d¥ the control at 20x magnifications.

images, the values of echo times (TE = 12, 2448ans) and
repetition time (TR= 2000 ms) were used. All digelstumors
were imaged by a 1.5 T MRI system. The samples weten
the Eppendorf tube box holder and to avoid theentii® box
was filled with 1% agarose gel. Finally, sampleseyglaced at
the centre of the standard circular polarized hedld The field
of view of 20 mm and matrix size of 256x256 wasl&gp The
slice thickness or number of cuts was 3 mm. Tordetes the
slope of the regression line, the relaxation rates walculated

by plotting 1/T; and 1/T, values versus different concentrations

of nanoparticle and nanoprobe.

Iron concentration measurements

The SPIONs-C595 content was measured by inductively

coupled plasma optical emission spectroscopy (IE&%)0in
sample solutions of harvested tissues which thepared by
acid digestion of Tamat et al. which described nesly [6].
Each ICP-OES experiment was performed at lease ttinges
after acid digestion procedure. The percentage roh i
concentration (mg/g organ) was obtained as biddigton of
the conjugate in the studied organs.

Biodistribution measurement

The SPION-C595 content in organs was measured en
solution obtained from acid digestion of the reqditissue by
ICP-OES. Briefly, a weighed sample of tissue (50-&) in a
polyethylene vial, 0.3 ml of 72% perchloric acidsaearefully
added and the contents swirled to mix. 0.6 ml &63®/drogen
peroxide was added and the clean glass vials platdte

shaking bath overnight at 25°C, the glass vial eotst were
clear and colourless. The samples were diluted tol ®f

distilled water and filtered through a 0.4 Millipore filter

before being introduced into the ICP-OES. The 23812m

atomic emission line of iron was chosen for the -QPS

analysis [6]. The percentage of iron concentratfory per
gram of organ) was obtained as biodistributiorhef ¢onjugate
in the studied organs.

th
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Statistical analysis

Data were analysed using IBM SPSS (IBM Crop. 20BM

statistics for windows, version 20.0. NY, EUA). Man
Whitney tests were performed to compare means leetweo
independent groups which did not follow normal rilttion.

Kruskal-Walllis tests were performed to determine thean
differences between more than two independent gravifh
non-normal distribution. P-values < 0.05 were digait.

Results

General Aspects

All animals tolerated the procedures well, inclugitumor
growth and response to nanoprobe. No adverse effeete
observed after i.p injection of nanoprobe and nionahdeath
was recorded during tumor growth or post-injection.

Prussian blue histology stanning for assessing of
MCF 7 spheroid

The hanging drop spheroid assay is a useful assdycan be
utilized to investigate cell-cell cohesion and lbstratum
adhesion throughout the generation of 3D spherdius
physiological situations. The spheroid aggregatenins the
biophysical aspect of a solid tumor and can provideful

information with respect to the ability of a padiar drug
molecule or drug formulation to penetrate into sléd tumor.
To overcome the loss of tissue-specific propelisesommon
for cells grown in two-dimensional monolayer cuésr
Therefore, this assay is required to assess theteffparticular
drug molecule or drug formulation on tissue in itstural,
three-dimensional structure. In the present stirdy, staining
was applied to the MCF-7 spheroid to confirm thespnce of
the contrast agent on the solid tumeigure 2 shows the iron
staining on the spheroids of MCF-7 cellular aggtegahat had
developed in vitro in the hanging drop assay. Attemplete
sedimentation, the cellular aggregates were cheakee@r the
microscope. At a high SPIONs-C595 concentration0(g20

Fe/ml), a high amount of attachment was observedthen
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MCF-7 spheroid, while at lower concentrations, é@ 25u9
Fe/ml), a lower amount of attachment was observgte
results show that with the nanoprobe at a concimtraf 200
ug Fe/ml, there was a greater labelling on SPIONSEC5
spheroids compared to the control spheroid.

Storage stability test

Figure 3 implies that the SPIONs-C595 has good dispersity
and stability under physiological conditions. Thanaprobe
reaming suspended in solution form at desired gtora
temperature up to two months. The biocompatibiliy
SPIONs-C595 on stained MCF-7 showed that the nabepr
was abled to attach onto the targeted MUC1. TheOSB!
C595 nanoprobe could be a great possible candidatsn MR
contrast agent for in vivo biomedical applications.

MR imaging Figure 3. MCF-7 cells exposed to 200 pg Fe/ml SPIGNC595 for 6
Figure 4 showed T- and TL-weighted images of digested h after several periods of storage. (a), (b), (chnd (d) are the
breast tumors after administration of different e®sof images of MCF-7 cells after incubation with one daytwo weeks,
SPIONs-C595Table 1 and2 represents the change of and one month and two months, respectively. Iron contdnwas
T | fi .th dministrati f SPIONS-C59%50. 150 determined by the histological Prussian blue reaabin. Images are
2 values after the administration o : S- . at 10x magnification.
and 200 pg Fe/g organ, compared with the contraligr For
each concentration, three post-injection times veerssidered 200 pg Fe/ml 150 pg Fe/ml 100 pg Fe/ml Control

(2, 8, and 24 h). ) ) 3 - 3 3 ‘ :
B/ (R ) 7 o 3

Relaxation rates 2h 8h 24h 2h  8h 24h  2h  8h  24h

According toTable 3, the highest relaxation rate ratio (8.03) (@

was obtained from the SPIONs-C595 at a concentrati?00 200 pg Feml 150 pg Fe/ml 100 g Fo/ml control

ugFe/ml after 2 h post-injection. This value waghler than
other post-injection times at different concentrasi as well as

] 19991519 010)e;

the control (2.57). 2h sk
As can be seen frorfiable 3, the relaxation rate ratio of _ _ (b) _ _
SPIONs-C595 at all concentrations after all poftetion Figure 4. T;-weighted (a) and B-weighted (b) images of samples

which prepared by acid digestion method after admirstration of
different doses of 100, 150 and 200 pgFe/ml of SAIB-C595 and
2, 8 and 24 h post injection SPIONs-C595.

times were higher than the control. High relaxatiate ratios
were obtained at a concentration of 150 umol/g oraier 2
and 8 h post-injection.

Table 1. Spin-lattice (T,) relaxation times (Mean + SD) (ms) of differentdoses of SPIONs-C595 in breast tumors after differ¢ post-
injection times.

SPION-C959 dosage

(ugFe/g organ) Administration time (hour) Mean + SD? P-value® P-value®

2 1638.89 + 375.77 0.653

200 8 956.89 + 153.47 0.046 0.109
24 1555.55 £ 509.17 0.653
2 1202.11 £ 142.77 0.046

150 8 1638.89 + 375.77 0.653 0.188
24 1805.55 * 636.47 0.653
2 1163.23 £ 75.65 0.046

100 8 1559.52 + 391.77 0.817 0.353
24 2000.00 +1201.85 0.653

Control 1507.93 + 37.46

#Mean (standard deviation) of Tms) values.

P Using Mann-Whitney U test,; {ms) values of administration time versus congrolp.

¢ Using Kruskal-Wallis test, {{ms) values of SPION-C59&§Fe/g organ) among administration times (2, 8,24 h
*Statistically significant at level of 5%.
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Table 2. Spin-spin (T,) relaxation times (Mean = SD) (ms) of differendoses of SPIONs-C595 in the breast tumors after di#rent post-
injection times.

SP(L%NECE:/ZQ;SS:;‘ ge Incubation time (hour) Mean + SD? P-value® P-value®
2 203.53 £ 62.93 0.049

200 8 279.21 + 61.56 0.049 0.430
24 318.63 +50.12 0.049
2 241.42 +168.27 0.049

150 8 293.59 +171.16 0.049 0.113
24 578.41 + 193.15 0.827
2 299.82 +99.28 0.046

100 8 338.10 + 36.10 0.049 0.065
24 586.39 + 307.08 0.513

Control 569.67 + 175.42 - -

*Mean (standard deviation) of(ms) values.

P Using Mann-Whitney U test ,,Tms) values of administration time versus congrolup.

¢ Using Kruskal-Wallis test, ;{ms) values of SPION-C58¢ Fe/g organ) among administration times (2, 8)24h
*Statistically significant at level of 5%.

Heart Kidney Liver Spleen Tumor

Control

SPION-C595

Figure 5. Prussian blue staining of the differentissues before and after administration of SPIONs-C#b at 600 pg Fe/ml. The blue colours
show the iron content.

Table 3. The R, R, and relaxation rate ratio of different doses of Table 4. Iron content of extracted organs (n=3) (Mea+ SD) after
SPIONs-C595 in breast tumor after different post-ifection times. injected 200 (ugFe/g organ) doses of SPIONs-C595 different
post-injection times.

Dose (umol/gbw mouse)/ Relaxation rate

1UT2(sY UTL(SY

Post-injection time (hour) ratio i on ti
200, 2 0.0049 0.00061 8.03 Organ Admml(sr:gﬁlr()m e Mean + SD* P-value”
200, 8 0.0035 0.00100 3.50 2 0.14 £0.07
200, 24 0.0031 0.00064 4.84 Tumour 8 0.11+£0.01 0.066
150, 2 0.0041 0.00083 4.93 24 0.28 £ 0.01
150, 8 0.0034 0.00061 5.57 2 2.77+0.35
150, 24 0.0017 0.00055 3.09 Spleen 8 2.61+0.73 0.118
100, 2 0.0033 0.00085 3.88 24 1.59 +0.39
100, 8 0.0029 0.00064 4.53 2 0.71 £0.06
100, 24 0.0017 0.00050 3.40 Liver 8 0.83+0.05 0.027°
Control 0.0017 0.00066 2.57 24 1.00 +0.03
2 0.70 £0.10
. Lo Kidney 8 0.46 +0.10 0.027
Figure 5 and Table 4, showed SPIONs-C595 bindings to the 24 0.84 +0.07
breast (MCF-7) cancer cells and other harvestednstgThe @Mean (standard deviation) of % Iron content (ppefgForgan).
iron contents of the breast cancer cells at 2 ahtrg post- ~ Using Kruskal Wallis H test, % Iron content (ppeig-organ)among
S . administration times (2, 8, 24 h).
injection were almost the same, but at 8 hr pgsttion, the *Statistically significant at level of 5%.

iron content slightly dropped due to the size of tamors.
Fewer nanoprobes could be detected on smaller sumor
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Discussion

The cellular uptake of SPIONs-C595 was assessetCBy
OES and Prussian blue staining, followed by the suesment
of iron uptake by the cells. The results reportgdKbaniabadi
et al., showed that there was great cellular imatiézation of
200pg Fe/ml dose of nanoprobe on the MCF-7 cells [26,27

To estimate the efficacy of any negative conteagnt, it is
essential to calculate the,/R; ratio which is called the
relaxation rate ratio. According fBable 1, the relaxation rate
ratio of SPIONs-C595 at all concentrations aftestpnjection
times was higher than the control. High relaxatiate ratios
were obtained at a concentrations 150 pmol/g oadien 2 and
8 h post-injection, with the highest being obtairetda 200
pmol/g organ after 2 h of post-i.p. injection ofISRs-C595
into the mice. This result showed that the SPION8%Chad a
greater influence on water protons as the condémtra
increased. Also, this phenomena is in agreement wie
physics theory of contrast agents as the high atilax rate of
the contrast agent is critical for effective coastranhanced MR
imaging [29]. For this reason, higher concentraticas used
for further procedure of the study.

The effect on magnetic relaxation can also be gbdrby
increasing the particle size. Functionalize SPIGiIiples can
be linked to the MUC1 antigen of breast cancerscelith their
binding to the target causing the self-assemblyhefparticle
and resulting in changes of relaxation times [30].

From MR images of prepared organs using acid tages
technique,[6] it can be seen that the rélaxation time was
reduced at all doses, even at different post-igadimes. For
example, the Trelaxation times of treated tumors at nanoprobe
doses of 100 and 150 pg Fe/g organ significantigrefesed
23% and 20%, respectively, a two hours post-inpeciiP <
0.05). In addition, a 37% reduction of Falue was obtained in
mice which were injected with 200 pg Fe/g organ of
nanoprobe, then sacrificed after 8 h<(B.05).

The MR imaging of harvested organs results rede#at
2 h following the i.p injection of SPIONs-C595, @%, 58%,
and 64% decrease of, Telaxation times was observed for
tumors injected with a SPIONs-C595 concentratiohd @),
150, 200ugFe/g organs, respectively £P0.05) as indicated in
Table 3. Moreover, 8 h of post-injection, the measurenant
T, relaxation showed that a 41%, 48%, and 51% recluaif
T, values at doses of 100, 150, and 200, respectifely
0.05). Finally, there were no significant reductioates
obtained for lower doses, however, Talue of highest dose
was decreased by 44% €F0.05).

The signal intensity enhancement indicated sigaift
binding of functionalized SPIONs on the breast eanamors
compared to the untreated tumors. StatisticallyniSant
changes in the ;lvalues were observed in the breast tumsrs (
5 mm) for all post-injection times of SPIONs-C595 all
concentrations (R 0.05). The meanlvalue for the untreated
nude mice was 596.67 + 175.42 ms. Moreover, #fer24 h
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post-injection, there was no significant reductiohthe T,
value observed in the breast cancer cells withd@D 150 pg
Fel/g organ of SPIONs-C595 injected. Due to the flaat the
number of targeted nanoparticle might be less at tfiven
concentration, the probability of the accumulatioof
nanoprobe decreased due to the long circulationthef
nanoparticles which caused their agglomeratiorrémsing the
size) in the body. However, the significant deceeamly
occurred at post-injection of 200 pg Fe/ml of SPH3B595
after post-injectionsHigure 5) due to the existence of more
targeted nanopatrticles and less agglomeration ltigsi

The results of iron content histology showed thmt
increasing the concentration of the compound, thssipility
of attachment of the nanoprobe to the 3D spherodFM
(breast cancer) cells was increased compared tmaiarells
(Figure 2). As results demonstrated spleen has the highest
amount and the breast tumor have the lowest amdinare
was no significant change of iron content obser2ed 24 h
post-injection for tumor and spleen. This phenonmenaght
be due to the existence of unconjugated iron oxigésgch
easily agglomerate in bloodstreams. The agglonmeratauses
a decrease in the size of the nanoparticle, andpzaticles
larger than 100 nm could be caught by the macroghagthe
spleen [31,32]. Thus, the iron content in the liwdightly
increased as the post-injection time increasederAlfte spleen,
the liver had the highest amount of iron which was
significantly increased 2 to 24 h post-injectiofifie amount
was about half of that of the spleen. Finally, lggest amount of
iron was detected in kidneys, with the iron contientreased
significantly 2 to 4 h post-injection. The iron ¢ent in the
spleen showed the same results for all the growh, the
highest amount of detected iron compared to othsués [10].
The final iron content was quite less comparedh® iron
content found in the spleens. A little amount dodnirwas
detected in kidneys. In can be concluded that xiceeéion rout
of suggested nanoprobe is through the kidneys asirtn
contents in the liver, the iron content of the ldga was
slightly increased 2 to 24 h post-injection. Rodeg E et al.
[33] studied an iron-based; Tcontrast agent made of iron-
phosphate complexes under in vitro and in vivo @ios.
They reported that ;fweighted images in mice have shown
positive contrast enhancement of iron compoundshvhre in
good agreement with the results of this study.

Today, the synthetic quantitative MR imaging thgbu
relaxometry (T and T, relaxation times measurements)
modelling is desirable to distinguish more abnorties], in
particular using T -weighted images [34]. In this study, using
T, and T, relaxation times and signal intensity measurements
revealed that MR imaging contrast enhancement @& th
SPIONs-C595 may be attributed to targeting breaister cells
(MCF-7) which apparently increases the nanoproliakepby
the tumor. In addition, the results of the stapiltest are
confirmed that the nanoprobe is detecting signifilya the
cancer cells up to two months. Further work mustbee to
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the determination of ;Tand T, values in the live animal and  contrast potential and may be applied as a breastec
also it is recommended that the MR imaging be cotetlwith detection agent at an early stage.

animal MR machines. This fact is the limitationstlodé present

work which should be a highlight. Of course, to @eene this Compliance with ethical standards

problem dissected tissue samples were sent for M&ying.
For in vivo MR imaging only the tumors were exantinéut
for biodistribution of nanoprobe measurements tyrspteen,
kidneys and liver were also analyzed.

In this study, the use of animals was approvedhieyAnimal
Ethics Committee (AECUSM) before the commencemédnt o
experiments [Reference number: 2014/ (94) (653)].
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It is concluded that with the satisfactory low Iesvef SPIONs

in the liver, kidney, and spleen, as well as sigaiit tumor
uptake, SPIONs-C595 has shown considerable proffoise
further diagnostic applications in MR imaging. The
observations of this study indicated that nanopiadi
conjugated with C595 exhibit high dual ;(and T) MR
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