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Dextran-coated superparamagnetic nanoparticles as potential cancer
drug carriers in vivo
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Dextran-coated superparamagnetic iron oxide nanoparticles (DSPIONs) have gained considerable interest, because of their
biocompatibility and biosafety in clinics. Doxorubicin (Dox), a widely used chemotherapeutic drug, always has limited applications in
clinical therapy due to its serious side effects of dose-limiting irreversible cardiotoxicity and myelo suppression. Herein, DSPIONs were
synthesized and developed as magnetic carriers for doxorubicin. The Dox-DSPIONs conjugates were evaluated in in vitro test of Dox
release, which showed pH-dependence with the highest release percentage of 50.3% at pH 5.0 and lowest release percentage of 11.8% in
physiological environment. The cytotoxicity of DSPIONs and Dox-DSPIONSs evaluated by MTT assay indicated that DSPIONs had no
cytotoxicity and the conjugates had significantly reduced the toxicity (ICso=1.36 pg mL™") compared to free Dox (ICso=0.533 pg mL™).
Furthermore, confocal microscopic data of cell uptake suggest that the less cytotoxicity of Dox-DSPIONs may be attributed by the
cellular internalization of the conjugates and sustainable release of DOX from the formulation in the cytoplasm. More importantly, the
results from rabbit VX2 liver tumor model test under the external magnetic field showed that the conjugates had approximately twice
anti-tumor activity and two and half folds of animal survival rate, respectively, compared to free Dox. Collectively, our data have
demonstrated that Dox-DSPIONs have the less toxicity with better antitumor effectiveness in in vitro and in vivo application, suggesting
that the conjugates have potentials to be developed into chemo-therapeutic formulations.

already been developed into liposome formulations for clinical

Introduction application. However, such formulations cause anaphylactic

so shock in patients with a history of hypersensitivity reactions to

the components of liposomes.”> Special attention has also been

given to the risk of myocardial damage from cumulative doses of

the drug just as other commercial products. Furthermore, the

dermal toxicity for the lipsomes formulation is shown to be more

ss serious on patients.”® Thus, new formulations with Dox have to
be developed.

Given the outstanding characteristics of SPIONs, the
popularity of Dox in clinical settings, and yet the unavailability of
better Dox formulations, some studies combine the SPION and

60 DOX for the cancer therapy. However, lack of systematic
research, commercial availability of SPION and convenient
utility of Dox still remains. Targeted nanomecidine of Dox are
yet to be developed. Herein, we aimed to develope a magnetically
guided drug delivery formula to reduce the toxicity of Dox by

os adopting the dextran-coated superparamagnetic nanoparticles as
drug carriers. Firstly, DSPIONs and Dox-DSPIONs were
synthesized and characterized in aqueous solution based on our
previous studies of nanoparticles,” *. Then the cytotoxicity was

fact,. dextran-coated iron oxide nanoparticles, marketed as evaluated by MTT assay in vitro, for both DSPIONs and the
Ferridex 1.V. and Ferumoxytol, have been recently approved as 70 conjugates of Dox-DSPIONs. The advantages of less toxicity,

contrast agents for MRI and iron deficiency anemia.'®** In . . . . .
minimum release in physiological environment and good

addition  to these' applications, dextra.n-coated SPIONs magnetic behaviour make Dox-DSPIONSs ready to be applied in
(DSPIONS) also provide a powerful nanoparticle platform for the the in vivo animal model guided by an external magnetic field,

. : o 7.23,24
targeted del'lv'ery of therape.utlcs. . Our experimental data strongly suggest that Dox-DSPIONs could
Doxorubicin (Dox), a widely used chemotherapeutic drug, has 75 be a novel drug formulation in clinical cancer treatment.

Recently, nanomedicine for the delivery of anticancer drugs to
tumors has gained considerable interest. It offers a possible way
to target drug-delivery to tumor site and to concentrate the
cytotoxicity on tumor cells. Ideally, anticancer nanomedicines
should: (i) be safe with nontoxic carriers; (ii) have a high drug-
loading efficiency; (iii) cause an improved therapeutic response;
(iv) lead to a decrease of undesirable toxicity on normal cells; (v)
be easy to prepare.*®

Among all drug carriers, hybrid magnetic naonoparticles,
especially superparamagnetic iron oxide nanoparticles (SPIONs),
have attracted significant attention due to their unique
characteristics,”"® including a fast response to an external
magnetic field. Also, many biocompatible polymers, such as
chitosan, PEG, dextran, PVA and PVP, have been utilized for the
development of SPIONSs in drug delivery systems. ™' 1417

Dextran, a polysaccharide, has been extensively and
successfully used for various in vivo applications. Dextran-coated
SPIONs provide desirable stability with no reported toxicity. In

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 1
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Materials and Methods
Materials

Dextran-40 purchased from  Shanghai Huamao
Pharmaceutical Co., Ltd. Iron salts were from Sigma-Aldrich
(China) Co., Ltd. NaOH was purchased from Xi’an Fuli
Chemical Reagents Co., Ltd. Cell culture media (RPMI 1640)
and fetal bovine serum (FBS) were obtained from Gibco Co., Ltd.
DMSO was obtained from Sigma-Aldrich (China) Co., Ltd. MTT
(3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide)
was purchased from Amresco Co., Ltd. Dimethylsulphoxide
(DMSO) and Doxorubicin (Dox) were purchased from Hisun Co.,
Ltd., China. Water used in the experiments was de-ionized, and
all organic solvents were of analytical reagent grade.

was

Nanoparticles preparation
Preparation of SPIONs

Iron oxide nanoparticles were synthesized by co-precipitation of
ferrous and ferric salts with excess NaOH.” Briefly, 3.48 g
ferrous and ferric salts were dissolved in water, and then 1 mol L~
' NaOH was added with vigorous stirring. The reaction was
allowed to proceed for 20 min at room temperature, and then the
temperature was raised up to 60-65 °C and kept for another 20
min. The formation of iron-oxide nanoparticles was indicated by
color change of the solution from yellow to light brown to black.
The resultant Fe;O,4 particles were collected and washed with
plenty of water in order to neutralize the pH of the samples. A
magnet was used in order to concentrate the particles. Finally, the
synthesized Fe;0, particles were re-suspended in water.

Preparation of DSPIONs

2 g of Dextran-40 was added into a 250 mL flask containing 20
mL 0.5 M NaOH solution. After the dextran was dissolved, 400
mg iron oxide magnetic particles were added into the flask. The
mixture was ultrasonicated for 5 h below 45 °C to composite and
iron oxide nano particles together.*® Then, the black suspension
was obtained. The dialysis treatment to remove the excess
dextran and inorganic salts was carried out by transferring
suspension to dialysis membranes with cutoff of 10 KDa till the
particles were brought to neutral pH. Then, DSPIONs were stored
at room temperature for further use and characterization.

Preparation of Dox-DSPIONs

The drug loading experiment was carried out as follows: 100
mg of Dox dissolved in water was added into a 100 mL flask
containing 1 g of DSPIONs under stirring (180 rpm). The
reaction was continued at 37 °C for at least 24 h. The
concentration of Dox in solution was monitored with UV-Vis
spectrometer at 480 nm. Then, the prepared Dox-loaded dextran-
coated SPIOs were stored at 4 °C for further use and
characterization.

Characterization of nanoparticles

The size distribution of DSPIONs was assessed by dynamic
light scattering (DLS) instrument (Malvern Mastersizer 2000,
Malvern Instrument, Worcestershire, UK). The shape and surface
morphology was investigated by transmission electron
microscope TEM (Hitachi H-600, Hitachi Corporation, Tokyo,

55
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105

Japan). Further, the particles were analyzed for phase
composition using X-ray diffraction (XRD) on a diffractometer
(Bruker Smart Apex II CCD; Cu Ko radiation, 1 = 1.5418 A,
Bruker AXS Inc., Karlsruhe, Germany). In order to confirm the
iron oxide phase, the nature of coating and its bonding on the
surface, Fourier transform infrared spectra (FTIR) was recorded
between 4000 and 400 cm™' on a Nicolet 5700 FTIR spectrometer
(Thermo Nicolet 5700, Thermo Nicolet Corporation, Wisconsin,
USA). Finally, vibrating sample magnetometry (VSM) was used
to measure the magnetic properties of SPIONs and DSPIONs
with a magnetometer (LakeShore-655, Lake Shore Inc., USA) at
room temperature.

In vitro release of Dox from Dox-DSPIONs

The release studies were carried out as follows. Dox-DSPIONs
were added into a tube with 15 mL water at pH values of 5.0, 6.0,
and 7.0. The mixture was stirred at 180 rpm, at 37 °C. 5 mL of
sample solutions were taken for detection at specific time
intervals and the same volume of water was supplemented. The
release experiment lasted over 7 days. The concentration of Dox
was determined by measuring UV-vis absorbance of the solutions
at 480 nm (Agelient Uv-vis Spectrophotometer).

Cell lines and cell culture

Human hepatocellular carcinoma (HepG2) cells and normal
cells (LO2) were obtained from the Fourth Military Medical
University. LO2 and HepG2 cells were cultured in 100 mL
culture flasks using RPMI-1640 medium supplemented with 10%
FBS and 1% penicillin, streptomysin (1x104 units mL"). The
cultures were maintained at 37 °C in an atmosphere of 5% CO,
and 95% relative humidity.

Cytotoxicity assays

MTT assays were carried out to evaluate the potential
cytotoxicity of DSPIONs. LO2 and HepG2 cells were seeded into
96 well plates at 200 pl/well with density of 5 x 10* cells mL™!
and incubated for 24 h. Then, the medium was removed, and the
suspensions of DSPIONs with concentrations ranging from 0 pg
mL" to 2000 pg mL" were added to the wells. The cells were
incubated at 37 °C for 24 h. 20 uL of MTT (5 mg mL™' in PBS
pH 7.4) was added to each well. After incubation for 4 h, 150 pL
DMSO was added, and the solution was vigorously mixed and
transferred to centrifuge tubes by each well and centrifuged at
13000 rpm for 10 min to eliminate the interference of
spectrophotometry readings from the high concentration of
DSPIONs.*' The supernatant was then transferred to a fresh 96
wells plate. The absorbance of each well was read on an ELx-800
Universal Microplate Reader (BIOTEK Instruments, Vermont,
USA) at 570 nm. The relative cell viability (%) related to the
control wells containing cell culture medium was calculated by
the following Equation:

Cell Vlablll[_y (%) = (ATest sample /ACantml ) x 1 OO%

where Ate, sample is the absorbance of the test sample and
Acontrol 18 the absorbance of the control.

Cellular uptake of Dox-DSPIONs

Uptake and intracellular distribution of Dox-DSPIONs
nanocomposite were evaluated by confocal laser scanning
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microscopy (CLSM, TCS SP5, Leica Microsystems, Germany).
HepG2 cells were cultured in dishes with a cover slip at the
density of 1 X 10° cell/dish. After 24 h, cells were exposed to 5
pg mL™! Dox-DSPIONs nanoparticles and incubated at 37 °C.
Cells cultured with DMEM medium were used as the control
group. At different time points after incubation, cells were
washed 3 times with PBS and fixed with a 4% paraformaldehyde
solution, and cellular nuclei were stained with 4,6-diamidino-2-
phenyindole (DAPI, Sigma, USA). The confocal microscope was
equipped with DAPI filters, and images were captured with oil-
immersion objectives.

Animals and cell lines

New Zealand white rabbits (weight, 2.0-2.5 kg) selected
randomly from Shandong Academy of Agricultural Sciences,
were used for in vivo anti-tumor activity studies. The Animal
Research Committee of the Medical Research Institution
approved all experiments and surgical procedures. At first, the
animals were acclimatized at a temperature of 25 + 2 °C and a
relative humidity of 70 + 5% under natural light/dark conditions
for 1 week and were fed with food and water ad libitum. Prior to
the experiments the animals were kept under fasting overnight.
VX2 hepatocarcinoma cells were obtained from the Fourth
Military Medical University and were maintained as tumor lines
in the laboratory.

Anti-tumor activity of Dox-DSPIONs in a rabbit VX2
hepatoma model

Inoculation of VX2 carcinoma fragment was performed in 50
New Zealand white rabbits. The rabbits were anesthetized and the
hairs over the abdominal region of the rabbits were shaved, and
the region was then cleaned with saline water. 1-2 mm® fragments
of VX2 tumor tissues were implanted into the liver. The wound
was kept sterile, and antibiotics (80 million IU of penicillin) were
injected into the muscles after the implantation. The animals were
observed by CT (64-Slice CT, Siemens, Germany). Based on the
CT scan results, 36 rabbits with a tumor diameter of 13.15 +0.17
mm were randomly divided into 3 groups (each n=12) and were
given intra-arterial injections of 5% glucose, free Dox (0.5 mg kg
") and Dox-DSPIONs (0.5 mg kg). The Dox-DSPIONs group
was then treated with a magnetic field (3,000 GS) for 2h after
injection.

An incision was made in the anesthetized rabbits to expose the
right femoral artery. A micro-catheter was then inserted into the
femoral artery with its tip remaining in the hepatic artery. Digital
subtraction angiography (DSA) was used to confirm the location
and morphology of the VX2 hepatoma. Then, the preparation was
gradually injected into the hepatic artery, with great care taken to
avoid an efflux of the preparation out of the artery. After intra-
arterial injection, digital substraction angiography was performed
again, followed by removal of the catheter, ligation of the femoral
artery, and closure of the operative wound to complete the
operative procedure. After the operation, the behavior, appetite
and vital signs, especially the rate of respiration were closely
monitored in all rabbits. CT examinations were performed on
rabbits of 3 groups before surgery and on 10 d and 20 d after
surgery and the tumor diameters were measured so as to calculate
the tumor growth ratio. 8 weeks after surgery, the rabbits were
sacrificed and hepatic tumors were collected for pathological
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examinations.
Statistical analysis

All values are expressed as the mean + SD. The data were
analyzed using the Student’s t test or the ANOVA test. A P value
of <0.05 was considered statistically significant. GraphPad Prism
(GraphPad Software Inc., San Diego, California, USA) was used
for these analyses.

Results and discussion
Physicochemical properties of DSPIONs

To initiate this study, first, we synthesized DSPIONs. The size
of DSPIONs was then characterized by TEM and DLS (Fig. 1A
and 1B). The data showed that the diameter of DSPIONs was
about 10 nm, which is in accordance with the size of iron oxide
particles obtained by co-precipitation methods as previously
described.?”’ The hydrodynamic diameter of DSPIONs was 168.6
+ 27.8 nm with desirable size distribution and stability in
suspension, while the diameter of the commercial SPIO MRI
contrast agent Ferridex 1.V was between 80 and 150 nm with the
average size of 112 nm.”? The diameter of DSPIONS is larger
than the commercial particles but still in the appropriate range for
a drug carrier notably between 100-200 nm.’

To further characterize DSPIONs, the components of
DSPIONs were analyzed by FT-IR. The spectra for Fe;O,,
dextran and DSPIONs were shown in Fig. 1C. The characteristic
absorption bands of the magnetite at 583 cm™ are attributed to
Fe-O bond (Fig. 1C-a).** The typical stretching of O-H, C-O-C at
3600-3200 cm™' and 1150-1085 cm™ of dextran-40 were evident
(Fig. 1C-b). The spectrum of DSPIONs showed both absorptions
of magnetite at 588 cm’ and dextran at 1150-1085 cm’
exhibiting the contents of dextran-40 and Fe;O, nanoparticles
(Fig. 1C-c). The contents of magnetite and dextran in DSPIONs
magnetic particles as determined by ICP-AAS and the anthrone
colorimetric method, are 28% and 72%, respectively (Fig. 1D).*
The X-ray diffraction pattern of the DSPIONSs is shown in Fig.
1E-b. All of the characteristic peaks in the pattern can be easily
indexed for Fe;O4 (220), (311), (422), (511) and (440) (JCPDS
card No. 85-1436), suggesting that DSPIONs keep the crystal
structure of magnetite (Fig. 1E-a) and that the preparation process
does not affect the crystalline structure of Fe;0,.%*

The magnetic behavior of obtained particles was investigated
by VSM. All particles showed superparamagnetic properties at
room temperature (Fig. 1F, Fe;O, (a), DSPIONs (b)). Fe;04
nanoparticles gave a saturated magnetization of 61.2 emu g,
while DSPIONs showed a value of 15.2 emu g' at room
temperature. The decrease of the saturated magnetization could
be ascribed to the magnetite fraction decrease to 28% in
DSPIONSs particles.®® This is in accordance with the results of
ICP-AAS of DSPIONs. The fast response to the external
magnetic field, the stable composition and the desirable stability
of DSPIONS in solution make the particles ideal nanocarriers.

Both the commercial dextran coated SPIO MRI contrast agent
Ferridex 1.V. and DSPIONs are comparable with regard to the
composition of the nanoparticles with dextran and
superparamagnetic iron oxide. However, the differences are 1) the
core sizes of SPIONs and ii) the size distribution and iii) the
surface charges. The Ferridex 1.V. nanoparticles contain SPIONs

This journal is © The Royal Society of Chemistry [year]
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that are approximately 5 nm in diameter and are embedded in a
meshwork of linear dextran, while DSPIONs have the core size
of about 10 nm. The twice-larger core size of SPIONs with high
crystallinity in DSPIONs would lead to a better response in an
s external magnetic field, which suggest that the nanoparticles
could be guided magnetically during the drug delivery.*® The
hydrodiameter of DSPIONSs is larger, but they are still in the
appropriate range for a drug carrier of 100-200 nm.” *and they

have a more negative surface charge (-16.2 + 0.7 mV) than the

10 commercial particles (-13 mV). The more negative surface charge
would absorb more of the positively charged anticancer drugs
such as doxrubicin hydrochloride and cisplatin. Thus, the fast
response to an external magnetic field, the stable composition and
the appropriate size distribution and more negative surface charge

15 of DSPIONSs in solution make this system a good candidate for
being an ideal nanocarrier for doxorubicin.
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Fig. 1 The characterization of Dextran-coated superparamagnetic iron oxide nanoparticles (DSPIONs); A: TEM image of DSPIONs

20 (scale bar, 50 nm); B: The size distribution of DSPIONs in water measured by dynamic light scattering. C: FTIR spectrum of Fe;0, (a),
Dextran (b) and DSPIONSs (c); D: The mass percentage of Fe;0, and Dextran in DSPIONS; E: X-ray diffraction pattern of Fe;O, (a) and
DSPIONS (b); F: Magnetization curves of Fe;O,4 (a) and DSPIONS (b).

Physicochemical properties of Dox-DSPIONs

I
S

In order to synthesize and characterize Dox-DSPION:S, firstly, the
Dox and DSPIONs were mixed with a mass ratio of 1:10 and
incubated for 6 h to form Dox-DSPIONs conjugates. The
capacity of DSPIONs nanoparticles for Dox was 98.3 pg mg’
'with high loading efficiency (Fig. 2A). The hydrodynamic
30 diameter of Dox-DSPIONs (266.7 + 49.0 nm) was larger than
that of unloaded DSPIONs (Fig. 2B) and the zeta potential of
Dox-DSPIONSs turned into a positive charge (21.3 + 3.8 mV, Fig.
2C-b), while before Dox was loaded, DSPIONs nanoparticles
were negatively charged (-16.2 £ 0.7 mV, Fig. 2C-a) due to the
35 dextran coating.**” Dox loading onto DSPIONS largely depends
on the chemical and physical properties of the nanoparticles
surfaces and coating. In our case, the desirable loading is likely
due to the following reasons, a) by adsorption on the magnetic
core of SPIONs, where the iron cation on the iron oxide particle
surface can promote the deprotonation of the phenolic groups and
form a complex to the particle surface, b) by diffusion in the
coating materials of dextran, and c) by electrostatic interaction
between particles and Dox. Dox is positively charged at pH 7.4,
and can be adsorbed onto the particles surface, stabilized by
ss negatively charged dextran."
Next, the drug release from Dox-DSPIONs conjugates was

4

S

studied. In vitro assays were performed at pH values of 5.0, 6.0,
and 7.0 to simulate the lysosomal, the endosomal and the
extracellular matrix components of the tumor cellular
so microenvironment, respectively. As shown in Fig. 2D, the
amount of Dox released into a simulated physiological
environment (pH 7.0) was relatively low, with only 11.8% of
Dox being released within 120 h. These findings suggest that the
release of Dox under neutral conditions such as blood plasma and
ss normal liver tissue would be minimum, thereby reducing the
systemic distribution of Dox during drug delivery. However, the
Dox release rate from Dox-DSPIONSs into the medium simulating
the acidic tumor extracellular pH (pH 5.0) was significantly
higher (50.3%). This increase in Dox release may be due to the
0 degradation of dextran at acidic pH buffer solution. These results
further suggest that the Dox release rate from Dox-DSPIONSs is
pH-dependent. This drug release behavior has been observed in
Dox-nanomedicine  of  PEGylated  nanoparticles®  and
glycyrrhetinic acid-modified alginate nanoparticles.”

s Cytotoxicity assays and cellular uptake of Dox-DSPIONs

To evaluate the cytotoxicity of DSPIONs or Dox-DSPIONS, the
MTT assay was used in LO2 and HepG2 cells. The results
showed that DSPIONs (50-2000 pg mL"') had no obvious
cytotoxicity on LO2 (Fig. 3A) and HepG2 cells (Fig. 3B). Dox-

4 | Journal Name, [year], [vol], 00—00
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DSPIONSs show the inhibited ability of HepG2 cells as well as the in the cytoplasm and the nuclei within 3 hours. The results
free Dox . However, the ICs, values of Dox-DSPIONs were 1.36 suggest that Dox is released from Dox-DSPIONs after the
ng mL 'are 2.5 times larger than that of free Dox(0.533 pg mL™), nanocomposite penetrates into the cytoplasm. With incubation
indicating that the Dox-DSPIONs have significantly reduced the time increasing from 24 to 48 hours, a large amount of

@

s cytotoxicity of Dox (Fig. 3C). fluorescence of Dox was visible in the cytoplasm and in the
We then investigated the mechanism involved in the above nuclei of the Dox-DSPIONs treated cells. This result suggests
process by cell culture and confocal microscopy. The data that Dox is released from conjugates with high efficiency after
showed that only small amounts of Dox were observed in the being taken up by the cells. The  cellular

cells within 3 hours of treatment. 12 hours later, Dox was
10 detectable in the cytoplasm but not in the nuclei (Fig. 3D). While
in the case of free Dox, the florescence was clearly observed both

)

o internalization of Dox-DSPIONSs likely occurs via endocytosis
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Fig. 2 The characterization of Dox-DSPIONSs; A: Kinetic adsorption of Dox on the DSPIONSs, B: The size distribution of Dox-loaded
DSPIONSs in water measured by DLS; C: The zeta potential of DSPIONs(a) and Dox-loaded DSPIONs (b); D:The kinetics release of
25 Doxorubicin from the DSPIONS at different pH value.
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Fig. 3 Cytotoxicity evaluation of DSPIONs by MTT assay with 24 h incubations with different cell lines (A: Normal human liver cells
LO2, B: Human hepatocellular carcinoma cells HepG2); the cytotoxicity evaluation of free Dox and Dox-DSPIONs with HepG2 cells
(C); and confocal laser scanning fluorescent microscopy image (D) of HepG2 cells incubated with free Dox (1 pg mL™') and Dox-

s DSPIONs (1 pg mL™") for 3, 12, 24 h. Red fluoresce is from Dox and blue fluorescence is from the DAPI. In contrast to free Dox, the
fluorescence of the Dox in the conjugate is only detected when they are released.

and the conjugates may be enzymatically degraded in the acidic 0 model was established as previously described.** *' Under CT

environment of lysosomes.'® Subsequently, Dox is released from evaluation, the arterial catheterization process was successfully
10 DSPIONs nanocarriers in the cytoplasm and enters into the performed and the external magnet was fixed on the tumor
nuclei. Those released Dox molecules thereafter permeate position as shown in Fig. 4A. It was observed that the Dox-
through the intracellular milieu, eventually reaching and DSPIONSs were injected into the catheter and most of them rapid
penetrating the cell nuclei where they intercalate between DNA 25 moved to location with magnetic field during the administration.
base pairs.* This unique mechanism will contribute greatly to the We also found no significant differences in the original tumor
1s maintenance of the concentration of the drug in the tumor cells. diameter among the groups of control, free Dox and Dox-

DSPIONS before the injection (P>0.05). As shown in Fig. 4B, ten
days after surgery, the average tumor diameter was significantly
Based on the low in vitro CytOtOXiC activity of Dox-DSPIONs 3, smaller in Dox-DSPIONs group than in the other

against hepatic carcinoma cells, the anti-tumor activity in the

VX2 hepatoma model in vivo was also evaluated. The anti-tumor

Anti-tumor activity of Dox-DSPIONS in vivo

6 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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Fig. 4 The in vivo antitumor effects in the rabbit VX2 liver tumor model. Rabbits were implanted fragments of VX2 tumor tissues into
the liver. When the tumor diameter reached ca. 1.3 cm, rabbits were given intra-arterial injections of 5% glucose injection, free Dox (0.5
mg kg™') and Dox-DSPIONs (0.5 mg kg™"). The Dox-DSPIONS group was then treated with a magnetic field (3,000 GS) for 2h after
s injection. A: the photographs of DSA image and the tumors; B: the tumor diameter of the three groups at 0, 10, 20 days; C: the

photographs of the tumors; D: the survival curves of three groups.

two groups. 20 days after surgery, tumors treated with 5%
glucose injection and free Dox showed continuous growth with
10 similar tendency at a relatively high rate. The average tumor
diameter in these groups reached 80.2 mm and 31.5 mm, in
accordance with the tumor growth rate which was 595% and
302%, respectively. For the Dox-DSPIONs group, the average
tumor diameter and tumor growth rate was 13.7 mm and 104%,
15 which indicates that the tumors grew steadily with a lower rate
than the other two groups. This result strongly suggests that free
Dox and Dox-DSPIONs can inhibit the growth of tumor, but
Dox-DSPIONSs have a much better efficacy (Fig. 4B). The tumors
from the three groups were also observed by macroscopic
20 examination. The tumors showed invasive growth and no
discernable normal lobular architecture (Fig. 4C). None of the
rabbits died of complications related to the implantation, the
arterial catheterization, or the drug injection process during this
experiment. The animal survival rate 55 days after surgery in the
25 Dox-DSPIONS group was 83.3% , much higher than that in 5%
glucose injection group (0%) and free Dox group (33.3%), which
further signify that free Dox and Dox-DSPIONs can effectively
prolong the survival period in the rabbit VX2 transplanted tumor

model, and Dox-DSPIONs have a better efficacy (Fig. 4C). The

30 superior anti-tumor effect of Dox-DSPIONs might be attributed
to the less leak of Dox to normal tissues, magnetically guided
delivery of the drug to the tumor site and the sustained release of
Dox after efficient cellular uptake in the tumor tissue.*> +*

Conclusion

35 In conclusion, our data have clearly demonstrated that Dox-
DSPIONs have potential as a novel delivery system for Dox in
anticancer therapy. In this conjugate, SPIONs and dextran act as
core nanoparticles for efficient drug loading. The complexes
between DSPIONs and Dox are high efficiency with pH-

40 dependent drug release. The conjugate acts as a new Dox drug
magnetic delivery platform, with much lower systemic toxicity
both in vitro and in vivo. Dox-DSPIONs present a desirable anti-
tumor efficacy suprior to free Dox in rabbit animal model. We
thus contend that Dox-DSPIONSs could be developed into a novel

4s formulation for use in clinical treatment of cancer in the future.
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