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Abstract

AIM: To evaluate the effect of aclacinomycin A-loaded
magnetic polybutylcyanoacrylate nanoparticles on gastric
tumor growth in vivo and in vitro.

METHODS: Magnetic polybutylcyanoacrylate (PBCA)
nanospheres encapsulated with aclacinomycin A (MPNS-
ACM) were prepared by interfacial polymerization. Particle
size, shape and drug content were examined. Female
BABL/c nude mice were implanted with MKN-45 gastric
carcinoma tissues subcutaneously to establish human
gastric carcinoma model. The mice were randomly divided
into 5 groups of 6 each: ACM group (8 mg/kg bm); group
of high dosage of MPNS-ACM (8 mg/kg bm); group of
low dosage of MPNS-ACM (1.6 mg/kg bm); group of
magnetic PBCA nanosphere (MPNS) and control group
(normal saline). Magnets (2.5 T) were implanted into the
tumor masses in all of the mice one day before the therapy.
Above-mentioned drugs were administered intravenously
to the mice of every group on the first day and sixth day.
When the mice were sacrificed, tumor weight was
measured, and the assay of granulocyte- macrophage
colony forming-unit (CFU-GM) was performed on semi-
solid culture. White blood cell, alanine aminotransferase
and creatine were examined. 3-[4-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT) was used to
examine the viability of MKN-45 cells after incubation with
different concentrations of ACM, MPNS and MPNS-ACM
suspension respectively for 48 h.

RESULTS: Content of ACM in MPNS-ACM was 12.0% and
the average diameter of the particles was 210 nm. The
inhibitory rates of ACM (8 mg/kg bm), high dosage of MPNS-
ACM (8 mg/kg bm), low dosage of MPNS-ACM (1.6 mg/kg bm)
and MPNS on human gastric carcinoma in nude mice were
22.63%, 52.55%, 30.66% and 10.22%, respectively. There
was a significant decrease in the number of CFU-GM of
bone marrow in ACM group compared with control group,
whereas no obvious change was observed in that of the
nanosphere groups. The values of 50% inhibition
concentration (IC50) of ACM, MPNS and MPNS-ACM were
0.09, 97.78 and 1.07 ng/mL, respectively.

CONCLUSION: The tumor inhibitory rate of MPNS-ACM
was much higher than that of ACM under magnetic field
and the inhibition on bone marrow was alleviated
significantly compared with ACM group.
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INTRODUCTION

Cytotoxic medicine has extensively been employed in cancer
chemotherapy. However, the usage of these drugs has been
limited by the non-targeting towards cancer and serioustoxicity
to normal cellsin the body. To enhance the therapeutic efficacy
of anticancer drugs and reduce the toxicity to normal tissue of
the body, targeted drug delivery systems at solid tumors have
been developed.

Magnetic targeted drugs are the fourth generation of targeted
reagents. The advantage of the magnetic targeted drug delivery
systems over other drug targeting techniquesis their ability to
minimize the uptake by reticuloendothelial system (RES)™.
Some investigators have reported successful tumor remission
in animal experiments upon the use of magnetically responsive
anticancer drug carriers under magnetic fields, but in previous
studies the majority of magnetically responsive drug carriers,
which included magnetic a bumin microspheres and magnetic
liposomes had been administered intra-arterially to obtain highly
efficient localized targeting during thefirst circulation passing
through a strong magnetic field?3. However intra-arterial
administration of these carriersis not considered to be suitable
for the treatment of multiple systemic lesions and is
inconvenient to apply. Accordingly, the treatment of solid
tumors requires the development of magnetically responsive
carriersthat can be effectively delivered to any systemic site
viaintravenous administration. Yet the therapeutic efficacy of
intravenously administered magnetically responsive carriers
has not been estalished maturely to date.

Polyalkylcyanoacrylates (PACAS) were not employed as
polymers until the early 1980s. However the corresponding
monomers, alkylcyanoacrylates, have been extensively used
as tissue adhesives for the closure of skin wounds“. More
recently, one application of the polymersisthe use of PACASs
as nanoparticulate drug carrierd>9. This very exciting area of
research has gained increasing interest in therapeutics,
especially for cancer treatments. Other molecules of interest,
including poorly stable compounds such as peptides and
nucleic acids, have been combined with PACAS nanoparticles
for targeting purposes!*®. Today, PACAs nanoparticles
are considered the most promising polymer colloidal for
drug delivery system and are aready in clinical development
for cancer therapy®**®, The main attraction of PACAs
nanoparticlesistheir ability of tissue targeting and enhanceing
intracellular penetration of drugsi*®l. Among the species,
polybutylcyanoacrylate (PBCA), as a polymer with medium-
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length alkyl side chain, is of lower toxicity, proper degradation
time. PBCA carrying drugs could increase the antibacterial
efficacy!, elevate the anti-cancer effect*®, enhance the
relative bioavailability of insulin*® etc. So PBCA hasrecently
been regarded as a kind of widely used, biocompatible,
degradable, low-toxic drug carrier.

Employing supermagnetic iron oxide as the ferromagnetic
material, aclacinomycin A (ACM) as the targeted fat soluble
model drug and PBCA asthe carrier, akind of magnetically
targeted polymer encapsulated with an anticancer drug,
magnetic PBCA nanospheres encapsulated with ACM were
designed and successfully prepared. The antiancer efficacy of
the magnetically targeted system was investigated on gastric
cancer in vivo and in vitro.

MATERIALS AND METHODS

Materials

Butylcyanoacrylate was supplied by Zhejiang Golden Roc.
Chemicals Co. Inc. ACM was obtained from Shenzhen Main
Luck Pharmaceutical s Inc. Human gastric cancer MKN-45 cell
lineand BALB/c nude mice (SPF, female) werekindly supplied
by Shanghai Cancer Institute. Column NdFeB permanent
magnets (surface field strength 2.5 T, diameter 1 mm, length
10 mm) were supplied by Shanghai Jieling Magnetic & Device
Co. Ltd. Semi-solid methylcellulose M3545 and Iscove’ s
Modified Dulbecco’ s Medium (IMDM) were purchased from
Stemcell Company, Canada.

Methods

Synthesis of magnetic colloidal nanoparticles Magnetic
colloidal iron oxide nanoparticleswere prepared with the method
of coprecipitation as described before®!. Briefly, 10 mol/L
sodium hydroxide was added into the mixture of solution of
FeCl, and FeCl; (Fe**/Fe* molar ratio 1/2) in a nitrogen
atmosphere. The solution was stirred for 1 hat 20 °C, and heated
at 90 °C for 1 h. The obtained iron oxide suspension was then
stirred for 30 minat 90 “C with the addition of 200 mL trisodium
citrate solution (0.3 mol/L). Subsequently, the iron oxide
dispersion was cooled down to room temperature with
continuous stir. The magnetic particles were washed with
double digtilled deionized water and collected with the help of
a magnet. Finally, the ultrafine magnetic particles were
redispersed in water and the suspensions were adjusted to
2.0% (w/w) for further use.

Preparation of ACM encapsulated magnetic PBCA
nanoparticles(MPNS-ACM) Interfacial polymerization was
applied to synthesize MPNS-ACM based on the methods used
beforel?22, Briefly, 20 mg ACM dispersed in diluted
hydrochloric acid and 2 mL magnetic fluid were mingled, then
the mixture was added to 100 g hexane including 2 g Span
80 and 0.6 g polysorbate 80 which was stirred at 600 r/min. The
fluid was stirred for 0.5-1 hto makeit uniform and emulsive.
Then 2 mL butylcyanoacrylate was added dropwise with
congtant stir at room temperature. After 6 h polymerization the
particles were separated with the help of a magnet and washed
with methanol for several times. Then the particleswerewashed
with deionized water for several times. The particles were
lyophilized and ®Co irradiation (15 kGy) was performed to
sterilize them. The preparation of magnetic PBCA nanoparticles
(MPNS) issimilar to the synthesis of MPNS-ACM except no
ACM in HCI solution.

Characterization and measurements Transmission electron
microscopy (TEM) wasperformed for MPNS (Hitachi HU-11B).
Scanning electron microscopy (SEM, Philips XL 30) was used
to determinethe size and morphology of MPNS. Dynamic light
scattering (DLS, Malvern 4700) was used to measure the

hydrodynamic diameter of nanoparticles. The particles were
treated with ammoniaand then ACM was extracted with ethyl
acetate. ACM concentration was determined with UV
spectrophotometer at 259 nm. And then drug contents were
calculated.

Human gastric car cinomamodel of nude mice Human gastric
carcinoma MKN-45 cells during exponential growth phase
were adjusted to 5x107 /mL with RPMI 1640. Then 0.2 mL
suspension of MKN-45 cells was inoculated subcutaneously
near right forefoot in female BAL B/c nude mice. Two weeks
later, the solid tumors were taken out from the mice in which
thetumorswere well growing without necrosis. Tumor masses
were cut into small pieces with the diameter of about 2 mm.
Onetiny piece wasimplanted into one mouse subcutaneoudly
near right forefoot with aneedle. The modelswere successfully
produced after about 2 wk when the tumor grew upto 1 cmin
diameter.

Tumor inhibition ratein vivo Thirty nude mice modelswere
randomly divided into 5 groups of six each: ACM group
(8 mg/kg bm), high dose of MPNS-ACM group (equivaent to
ACM 8 mg/kg bm), low dose of MPNS-ACM group (equivaent
to ACM 1.6 mg/kg bm), MPNS carrier group (equivalent to
MPNS-ACM loaded with ACM 8 mg/kg bm) and control group
(normal saline). Magnets (with surfacia field strength 2.5 T)
wereimplanted into the center of the tumors one day beforethe
administration. Above-mentioned agents were administrated
intravenoudy onthefirst day and sixth day. Thelargest diameter
(LD) anditsvertical diameter (VD) of thetumorswere measured
with calipersevery two daysafter the beginning of administration.
The volume of tumor was equal to LDxVD?%2. The mice were
sacrificed on the eleventh day after treatment. The tumorswere
taken out, weighed and the tumor inhibition rate (TIR) was
calculated withthefollowing formula: TIR(%)=(1-averagetumor
weight of experimental group/average tumor weight of control
group)x100%.

Stem cells colony-forming unit assay of bone marrow was
performed. White blood cell, serum alanine aminotransferase
(ALT) and creatine of the mice were examined.

Assay of granulocyte-macrophage colony-forming unit
(CFU-GM) of bone marrow The assay of CFU-GM was
performed with semi-solid methylcellulose culture. The
femoras of the mice were taken out under sterile condition.
Both extremities of them were cut and the boneswereimmersed
into Iscove’ smodified Dulbecco’ smedium (IMDM). Thebone
marrow was washed out and the concentration of the cells
with nuclei was adjusted with IMDM to 2x10%mL. Cell
suspension 0.2 mL wasadded to 2 mL M 3534 semi-solid culture.
Themixturewasadded to a 12-well cell culture plate. Thecells
wereculturedfor 7d a 37 “C with50mL/L CO,inar and >95%
humidity. The number of colonies (>30 cells) were counted
under inverted microscope®.
Anticarcinoma effect on gastric cancer cell linein vitro
Gastric cancer cell line MKN-45 cells were trypsinized and
suspended in RPMI 1640 with the concentration of 2x10%/mL.
The cells were seeded onto 96-well culture plates with 190 pL
per well and then were cultured at 37 “C with 50 ml/L CO,inair
and >95% humidity for 24 h. Different concentrationsof ACM,
MPNSand MPNS-ACM in RPMI 1640 were added to thewells
and the final concentrations were 0.001, 0.01, 0.1, 1.0, 10 and
100 pg/mL, respectively. The cells were cultured for another
48 h. Then, 10 pL of 5 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenylterazolium bromide (MTT) was added to each well
and the cellswere cultured for 4 h at 37 “C. Then the culture
mediumwasdiscarded, and 150 uL dimethylsulfoxidewasadded
to each well and the absorbance at 570 nm (As7) was measured
with microplate reader.

Inhibition rate=(1-As; in treatment group/Asy in control
group) x100%.
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Statistical analysis

The data were presented as mean+SD. One-Way ANOVA
analysis was used to perform single factor multiple
comparison in animal tests. The level of significance was
set at P<0.05. Logistic regression was applied to analyze the
inhibition rate of ACM, MPNS and MPNS-ACM in thein
vitro study.

RESULTS

Characteristics of MPNS-ACM

The average particle size was 210 nm and the size distribution
rangewas 100-400 nm with the most frequent sizearound 210 nm
(Figure1). A typical core-shell structure is shown under TEM
(Figure 2), it indicated black Fe;O, was surrounded by white
polymer. SEM photograph shows uniform sphere. The drug
content of MPNS-ACM was 12.0%.
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Figure 1 Size distribution of MPNS -ACM.
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Figure 2 TEM photograph of MPNS-ACM.

Antitumor effect on human gastric carcinoma model of nude mice
The tumor mass and volume were significantly decreased in
both ACM group and MPNS-ACM group than control group
at the end of the therapy (P<0.05). The anti-tumor activity of
high dosage of MPNS-ACM was higher than those of the other
agents (Table 1).

Table 1 Tumor mass on the 11th day and TIR of the five
groups (n=6, meanSD)

Group Tumor mass (g) TIR (%)

ACM 1.06+0.272 22.63
High dosage of MPNS-ACM 0.65+0.263¢ 52.55

Low dosage of MPNS-ACM 0.95+0.15% 30.66
MPNS 1.23%0.25 10.22
Control 1.37+0.21 //

3P<0.05 vs control group; °P<0.05 vs ACM group; ¢P<0.05 vs
group of low dosage MPNS-ACM,; 9P<0.05 vs MPNS group.

The TIR of ACM was 22.63%. The tumor mass of ACM
group on the eleventh day (1.06+0.27 g) was much lower than
that of control group (1.37+0.21 g) (P<0.05).

The TIR of high dosage of MPNS-ACM was 52.55%. The
tumor mass on the eleventh day (0.65+0.26 g) was much lower
than those of the same dosage of ACM group, low dosage of
MPNS-ACM group(0.95+0.15g), MPNScarrier group (1.23+0.25 g)
and control group.

The TIR of low dosage of MPNS-ACM (1.6 mg/kg bm)
group was 30.66%, which was higher than that of ACM group
(8 mg/kg bm), but there was no statistical difference asto the
tumor mass between thetwo groups (P>0.05). The tumor weight
of low dosage of MPNS-ACM group was lower than those of
MPNS group, and control group (P<0.05).

The TIR of MPNS carrier was 10.22%. The tumor weight
(1.23+0.25g) wassmilar tothat of control group (1.37+0.21, P>0.05).

Side effects of the agents

The white blood cell counts, serum ALT and creatine of the
mice in all the groups were similar (P<0.05) (Table 2). The
number of CFU-GM of ACM group was much lower than those
of the other four groups (P<0.001). The white blood cell counts
in ACM group was lower than that in control group, yet the
onesin MNPS carrier and MNPS-ACM groupswere similar to
that in control group (P>0.05, Table 2).

Anti-tumor effect on gastric cancer cell line in vitro
ThelC50 of ACM, MPNSand MPNS-ACM was0.09, 97.78 and
1.07 (Table3).

Table 3 Inhibition concentration of the drugs (ug/mL)

Group IC10 IC50 1C90
ACM 0.006 0.09 1.53
MPNS 10.34 97.8 925
MPNS-ACM 0.19 1.07 6.03
DISCUSSION

Selective targeting agents are the trend of antineoplastic
chemotherapy. However the production of the biodegradable
agents of proper size, high targeting ability and good

Table 2 White blood cells, marrow CFU-GM, serum ALT and creatine(n=6, meanzSD)

Group White blood cells (x10°/L) CFU-GM number (/10%) ALT (U/L) Creatine (nmmol/L)
ACM 76.67+17.32 74.75+21.91° 30.67+16.51 12.17+1.17
High dosage of MPNS-ACM 70.00+8.74 107.83114.75 29.17+14.36 12.50+1.05
Low dosage of MPNS-ACM 74.67+9.71 115.25+12.53 23.83+3.55 13.00£2.19
MPNS 79.00+11.23 117.50£12.75 20.83+4.71 12.00+£1.55
Control 74.83+6.08 117.00£12.48 37.83+35.13 12.67+1.51

5P<0.001 vs control group.
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bioconsistency is an ongoing challenge. Small-sized magnetic
particles(<400 nm) can be extravasated into the tumor
interstitium and retained there, owing to the enhanced
permeability and retention effect of the tumort?!. Polymer
carriers encapsulated with magnetite are difficult to prepare
because of the different solubility of magnetite and polymers.
Here, akind of modified superparamagneticiron oxide particles
was introduced to prepare the magnetic targeting agents and
the particle size could be controlled to 210 nm also, which was
very important for the tolerance and efficacy of the agents.
There were two steps for preparation of MPNS-ACM: the
preparation and modification of superparamagnetic iron oxide
nanoparticles and the synthesis of magnetic polymer loaded with
drug. Chemical coprecipitation was applied to synthesize theiron
oxide nanoparticles. After modification with acid, well-suspended
and stable magnetite fluid was successfully made. It can be stored
assuspensonfor over oneyear a roomtemperature. Themagnetite
can be localized under magnetic field and redispersed when the
magnetic force disappears. Interfacial polymerization was applied
tothe sacond step wherethe biodegradable macromol ecular materia
butylcyanoacrylate reacted at the interface between oil and water.
Magnetic nanoparticlesand fat soluble ACM were encapsul ated
during the polymerization. Theencapsulated ACM wasmorestable
than the one by attachment. Thelyophilization agent can be stored
long-term at room temperature. After complete ultrasonication,
the nanoparticles intravenoudy administered could locate at the
tumor by magnetic force. ACM was dowly released to produce
high efficacy and low toxicity with the degradation of ploymer.
The results showed that the anti-tumor effect of MPNS-
ACM in vitro without magnetic field was similar to that of
MPNS carrier group (considering the drug content was 12%
approximately ), yet the anti-tumor test in vivo showed higher
inhibitory efficacy of themagnetic carrier encapsulated with ACM
on the gastric cancer model under magnetic field, which was
based on the high targeting capacity of the system. TIR of
targeted agent was higher than that of five-fold dosage of non-
targeted drug. On the other hand, no toxicity to marrow, liver
function and kidney function was found from targeted agents.
The results show the high therapeutic efficacy on the tumor and
the low toxicity to other organs of the magnetic targeted drug
delivery system. It isakind of safe chemotherapeutic agent.
Due to the difference between fat soluble drugs and water
soluble drugs, different methods have been applied to
encapsul ate the drugs to the biopolymer carrier system with or
without magnetite. The attempt to load ACM in to the carrier
benefits the studies on other drugs including fat soluble drugs
and water soluble drugs.
In conclusion, the magnetic targeted chemotherapy using
MPNS-ACM has better tumor targeting, therapeutic efficacy
and lower toxicity.
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