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Abstract: It has been reported that adriamycin magnetic nanoparticles can accumulate in tumor sites. The present
study investigated the distribution of epirubicin poly (butyl cyanoacrylate) magnetic nanoparticles (EPI-PBCA-MNPS)
in rat livers and its targetability. This study also explored whether EPI-PBCA-MNPS could inhibit the growth of ortho-
topically transplanted tumors of human liver cancer in nude mice under an applied magnetic field. A total of 75 SD
rats in three groups were treated, respectively, with tail vein injections of EPI, EPI-PBCA-MNPS, and EPI-PBCA-MNPS,
combined with an applied magnetic field (MF). Concentrations of epirubicin in the plasma, livers, hearts, lungs,
spleens, and kidneys of SD rats in each group were measured. Results showed that the distribution of epirubicin
in liver tissue under the environment of EPI-PBCA-MNPS+MF was highest. Peak concentration of epirubicin was
advanced to 5 minutes after drug administration, indicating that EPI-PBCA-MNPS has a high targetability to the liver
and the magnetic field plays a role in the orientation distribution of nanoparticles. A total of 40 nude mice were
taken to be transplanted orthotopically with fresh human liver cancer in the liver parenchyma, establishing nude
mouse models of human liver cancer. They were randomly divided into 4 groups with 10 mice in each group. Mice
in the four groups were treated, respectively, with tail vein injections of normal saline (control group), EPI, EPI-PBCA-
MNPS, and EPI-PBCA-MNPS, combined with an applied magnetic field. Experimental results showed that EPI-PBCA-
MNPS can exert significant tumor inhibitory effects on orthotopically transplanted tumors of human liver cancer in
nude mice and expression of proliferating cell nuclear antigens under an external magnetic field. This proves that
EPI-PBCA-MNPS+MF can inhibit the cell cycle conversion of human liver cancer cells, in vivo, inhibiting the growth
of liver cancer cells.

Keywords: Epirubicin poly (butyl cyanoacrylate) magnetic nanoparticles, liver cancer, mouse model of human liver
cancer, target distribution

Introduction

Liver cancer is a common malignancy and liver-
targeted drugs are a research hotspot [1]. The
following two methods can be used to realize
the target distribution of drugs in the liver. One
method is that when the drug passes through
the liposome carriers and nanocarriers, the
phagocytosis in the reticular endothelial sys-
tem is used to achieve drug targeting to the
liver [2]. The second method is to link the drug
to the carrier molecule and use hepatocyte
receptor-mediated phagocytosis [3]. Epirubicin
has no cell targetability and has greater toxic

and side effects, thus its effects have been lim-
ited. However, epirubicin has better antitumor
activity, markedly reducing its toxicity to the
heart. To change the distribution of drugs in the
body, the carrier system and the diameter of
drug particles can be reduced to the nanometer
scale to achieve a passive liver targeting effect
[4]. Magnetic nanoparticles in targeted drug
delivery systems are characterized by the fact
that they can selectively arrive and locate in the
target tumor region through blood vessels
under guidance of an external magnetic field,
slowly releasing the targeted drug from the car-
rier in a controlled manner. If the surface-modi-
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fication of magnetic nanocarriers, such as link-
ing magnetic nanocarriers to monoclonal an-
tibodies, was conducted, the targetability of
the magnetic nanocarriers will be stronger [5].
Targeting nanoparticle delivery systems has
been extensively studied in the field of oncolo-
gy [6-8]. Some studies have shown that na-
noparticles have good passive targeting to the
liver, in the 100-200 nm range, with no signifi-
cant effects on drug loading capacity [9, 10].
In this study, the liver-targeting effects of epi-
rubicin poly (butyl cyanoacrylate) magnetic
nanoparticles (EPI-PBCA-MNPS, provided by
National Key Laboratory Nanobiological Tech-
nology, Chinese Ministry of Health, nanoparti-
cle size was 152.0+28.5 nm) were investigated
[11]. Rats were injected intravenously with EPI-
PBCA-MNPS through tail veins. In addition, an
external magnetic field was placed around the
liver tumors to observe the target distribution
of EPI-PBCA-MNPS in the magnetic field envi-
ronment. Nude mouse models bearing ortho-
topically transplanted tumors of human liver
cancer were established. The effects of EPI-
PBCA-MNPS on orthotopically transplanted tu-
mors of human liver cancer in nude mice were
observed. Related studies on anti-cancer me-
chanisms of epirubicin were carried out to pro-
vide a highly efficient new drug for targeted
drug therapy of liver cancer.

Materials and methods

Detection of epirubicin concentrations in vari-
ous organs

A total 75 SD rats were purchased and provid-
ed by the Animal Laboratory, Nanjing Biome-
dical Research Institute of Nanjing University
(certificate number: 201604238). They were
randomly divided into three groups. These in-
cluded the EPI group (control group), EPI-PBCA-
MNPS group, and EPI-PBCA-MNPS + magnetic
field (MF) group, with 25 rats in each group.
Tissue from the left lobe of the liver in rats of
the EPI-PBCA-MNPS+MF group was taken as
the tissue of target hepatic region and named
as the target hepatic region group. Tissue from
the right lobe of the liver in rats of the EPI-
PBCA-MNPS+MF group was taken as the tissue
of non-target hepatic region and named as
non-target hepatic region group. Rats in the
three groups were treated, respectively, with
tail vein injections of EPI, EPI-PBCA-MNPS, and
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EPI-PBCA-MNPS (epirubicin dose in each group
was 2.5 mg/kg), combined with an applied
magnetic field. After successful anesthesia,
the left lateral lobe of livers in rats of the EPI-
PBCA-MNPS+MF group was exposed. A multi-
functional vibrating sample magnetometer
(VersalLab system, Quantum Design Inc, U.S.A))
with preset about 5000 Gs strong NdFeB mag-
net was placed in the left lateral lobe of livers of
the rats. The linear regression equation was
obtained by referring to the operating proce-
dure described in the literature of Li et al. This
was to determine the linear relationship be-
tween epirubicin concentration and fluores-
cence intensity [11, 12]. Five rats in each group
were sacrificed by cervical spine fracture,
respectively, at 5, 15, 30, 60 and 120 minutes
after drug administration. Next, 2 mL blood was
collected from the heart of each rat and centri-
fuged (6000 r/min) after anticoagulation to
make plasma. In addition, organs such as
hearts, lungs, livers, spleens, and kidneys were
harvested. Blood on the organ surface was
washed with normal saline and organs were
then dried by filter papers. Subsequently, 1 g of
tissue was taken from each organ (1 g tissue
from left lobe of the liver in rats of EPI-PBCA-
MNPS+MF group was taken as the target
hepatic region group and 1 g tissue from the
right lobe of the liver in rats of EPI-PBCA-
MNPS+MF group was taken as the non-target
hepatic region group) was weighed accurately
to make the homogenate. Then, 6% hydrochlo-
ric acid alcohol was added to 1 mL plasma or 1
g homogenate to prepare the 5 mL solution.
The solution was kept overnight and then cen-
trifuged (16000 r/min) for 15 minutes to take |
mL of supernatant. Ultraviolet-visible spectro-
photometry (UV-5100) was used to detect fluo-
rescence intensity. Concentrations of epirubi-
cin in each organ were calculated according to
the linear regression equation.

Preparation of orthotopically transplanted
tumor of human liver cancer in nude mice

A total of 45 nude mice (male, animal laborato-
ry of Nanjing University, Nanjing Institute of
Biomedicine, certificate number: 201605762)
and HepG2 human liver cancer cells (provided
by Shanghai Institute of Biochemistry and Cell
Biology, Chinese Academy of Sciences) were
purchased. When HepG2 cells were cultured to
be in the logarithmic growth phase, cell sus-
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pension with a concentration of 5 x 107 cells/
mL was prepared and inoculated into subcuta-
neous tissue at the neck and thigh in 5 nude
mice, at a dose of 0.1 mL per site. When tumors
grew to 1.5 cm in diameter, the orthotopic
transplantation was performed [13]. Tumor tis-
sue was placed in RPMI 1640 medium (Gibco)
before inoculation and cut into approximately 1
mm x 1 mm tumor pieces for later use.

Establishment of nude mouse models of hu-
man liver cancer

Laparotomy was carried out in the remaining
40 nude mice after anesthesia. The left lobe of
the liver was exposed and freshly resected
human liver cancer was orthotopically trans-
planted into the liver parenchyma of the mouse
with an anesthetic trocar, using intrahepatic
tunnel implantation method. After hemostasis
and suturing were performed, measures were
taken to prevent incision infection.

Growth situation of live tumors in nude mice

After the mouse models of human liver cancer
were established by surgery, the nude mice
were randomly divided into 4 groups, with 10
mice in each group. Mice in the four groups
were treated, respectively, with tail vein injec-
tions of normal saline (control group), EPI, EPI-
PBCA-MNPS, and EPI-PBCA-MNPS, combined
with an applied magnetic field. Except for the
normal saline (NS) group (control group), the
EPI dose for all mice in EPI group, EPI-PBCA-
MNPS group, and EPI-PBCA-MNPS+MF group
was 40 ug/mouse. The drug solution in three
groups was diluted 3 times with normal saline.
Mice were injected with 0.2 mL drug solution
each time, successively through the tail veins.
Then, a magnet (with diameter of 10 mm x 10
mm) was placed on the surface of tumors in
mice of the EPI-PBCA-MNPS+MF group. The
surface magnetic field strength was 5000 Gs
and the magnet was fixed with an adhesive
tape. The above operations were repeated
once every three days, a total of three times.
Growth of liver tumors in nude mice, before and
after drug administration, was monitored and
marked respectively by an ultrasonic disper-
sion instrument. Sizes, shapes, and metastasis
situations of tumors in each group were moni-
tored and measured by an ultrasonic disper-
sion instrument before the end of drug adminis-
tration. When tumors grew up to a volume of
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20-30 mm?, they were cut along the longest
axis, the growth of liver tumors and whether
there was metastasis were further determined
by the naked eye. The length (L) and width (w)
of the sections were measured and tumor vol-
ume (V/mm?3) was calculated according to the
following formula: W2 x L x 0.52; tumor inhibi-
tion rate% = (1-the tumor volume in the experi-
mental group/the tumor volume in the control
group) x 100% [14]. After 2 weeks of treatment,
the nude mice were dissected and the tumors
were stripped and numbered. Tumor sizes were
measured. Resected tumor specimens were
fixed and embedded in paraffin. The remaining
tumor specimens were cryopreserved in liquid
nitrogen for further detecting the expression
situation of tumors using Western blot and
immunohistochemistry [15].

Western blot

Total protein was extracted from tumor tissue
and protein concentrations were determined by
the Bradford colorimetric method. Cell lysates
with the same mass and an equal volume of 2
x electrophoresis loading buffer were added
into the test tube. The test tube was placed in a
boiling water bath for 3 minutes, followed by
sample loading, electrophoresis, and trans-
membrane using the electrophoretic transfer
apparatus. Membranes were then blocked with
5% skim milk for 1 hour at room temperature.
The membranes were added with mouse anti
human proliferating cell nuclear antigen (PCNA,
Santa Cruz, California USA) and incubated over-
night at 4°C. Subsequently, the membranes
were washed three times with TBST and the
solution was replaced once every 10 minutes.
The membranes were added with alkaline
phosphatase labeled secondary antibody and
incubated for 45 minutes at 37°C. They were
washed three times with TBST and the solution
was replaced once every 15 minutes. The film
was made in a dark room. Film development
and fixing were carried out, along with gray-
scale analysis using Image plus 5.0 software
[16].

Immunohistochemistry

Paraffin-embedded tumor tissues were cut into
sections at the same time. Each specimen wax
block was cut into 3 sections with a thickness
of 5 ym and tissue sections were dewaxed and
hydrated. The tissue sections were pretreated
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Figure 1. Concentrations of epirubicin in liver tissues
of SD rats in three groups after intravenous injec-
tions of epirubicin through the tail vein After rats in
three groups were treated respectively with tail vein
injections of EPI, EPI-PBCA-MNPS, and EPI-PBCA-
MNPS (the epirubicin dose in each group was 2.5
mg/kg), combined with applied magnetic field, peak
drug concentrations in liver tissues were advanced
to 5 minutes after tail vein drug administration. Con-
centrations of epirubicin in the liver tissue at differ-
ent time points in the target hepatic region group
were significantly higher than those in the non-target
hepatic region group, EPI group, and EPI-BCA-MNPS
group (P < 0.05), (*, p < 0.05) but there was no sta-
tistically significant difference between EPI-PSCA-
MNPS group and non-target hepatic region group.
Concentrations of epirubicin in the liver at different
time points in the target hepatic region group were
higher than those in non-target hepatic region group.
Moreover, the ranking of concentrations of epirubicin
in the liver at different time points in different groups
from highest to lowest was as follows: the target he-
patic region group > non-target hepatic region group
> EPI-PSCA-MNPS group > EPI group (*, p < 0.05).

and rinsed in distilled water, then placed in
TBS. Blockade of endogenous peroxidases was
performed. Tissue sections were rinsed in dis-
tilled water and then placed in TBS for 10 min-
utes. Primary antibody was anti-PCNA antibody.
Tissue sections were incubated with primary
antibody for 10-30 minutes and then rinsed
with TBS for 10 minutes. Tissue sections were
incubated with EnVisionTM for 10-30 minutes
and then rinsed with TBS for 10 minutes. Tissue
sections were incubated with color-substrate
solution for 10 minutes and then rinsed in dis-
tilled water, then counterstained and mounted
[17]. Criteria for evaluation: percentage of posi-
tive cells with expression of PCNA in 50 high
magnification lenses was counted at random.
The number of positive cells less than 1% was
set as 0 point, 1%-30% as 1 points, 31%-75%
as 2 points, and more than 75% as 3 points;
0-3 points were recorded according to the
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depth of staining points, colorless specimens
were considered as O points, light yellow speci-
mens as 1 point, brown yellow specimens as 2
points, and brown specimens as 3 points. The
two indicators were multiplied to record and
evaluate results. A score of O points was record-
ed as (-), a score of <4 points was recorded as
(+). Both were considered as negative expres-
sion of PCNA proteins. A score of > 4 and < 6
was recorded as (++), a score of > 6 and <9
was recorded as (+++). Both were considered
as positive expression of PCNA proteins [18].

Statistical analysis

All data are reported as mean + standard error
of the mean (SEM). Group means were com-
pared by one-way ANOVA. Counting data were
analyzed by X2 test. All statistical analyses were
performed with Prism 5.0 (GraphPad Software
La Jolla, CA). A p value of less than 0.05 is con-
sidered statistically significant.

Results

Aggregation and target distribution of EPI-
PSCA-MNPS

After rats in the three groups were treated,
respectively, with tail vein injections of EPI, EPI-
PBCA-MNPS, and EPI-PBCA-MNPS (epirubicin
dose in each group was 2.5 mg/kg), combined
with an applied magnetic field, the peak drug
concentration in liver tissues was advanced to
5 minutes after drug administration and was
highest in the target hepatic region group
(15.70+1.56 pg/g). Concentrations of epirubi-
cinin liver tissues at different time points in the
target hepatic region group were significantly
higher than those in the non-target hepatic
region group, EPI group, and EPI-BCA-MNPS
group (p < 0.05). There were no statistically sig-
nificant differences between the EPI-PSCA-
MNPS group and non-target hepatic region
group. Concentrations of epirubicin at different
time points in the target hepatic region group
were higher than those in the non-target hepat-
ic region group. Moreover, ranking of concen-
trations of epirubicin at different time points in
the different groups, from highest to lowest,
was as follows: the target hepatic region group
> non-target hepatic region group > EPI-PSCA-
MNPS group > EPI group, indicating that EPI-
PBCA-MNPS had high drug targeting to the liver.
The magnetic environment played a guiding
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role in localization and distribution of nano-
particles (Figure 1). The distribution of epirubi-
cin in other extrahepatic organs, such as
hearts, kidneys, lungs, and spleens, was differ-
ent. Concentrations of epirubicin in various tis-
sues were lower than that in liver tissues. Con-
centrations of epirubicin in various tissues
were highest at 5 minutes after drug adminis-
tration. In each group, concentrations of epiru-
bicin in all tissues, except the spleen, at all
time points were lowest in EPI-BCA-MNPS+MF
group. Concentrations of epirubicin in the EPI-
PBCA-MNPS group and EPI-PBCA-MNPS+MF
group were significantly lower than that in EPI
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Figure 2. Concentrations of epirubicin in various or-
gans in rats of three groups after intravenous injec-
tions of epirubicin through the tail vein There were no
significant differences in concentrations of epirubicin
in plasma (A), hearts (B), kidneys (C), lungs (D), and
spleens (E) among the three groups such as EPI group,
EPI-PBCA-MNPS group and the EPI-PBCA-MNPS+MF
group (P > 0.05). However, the concentrations of epi-
rubicin in plasma, hearts, kidneys, and lungs in EPI-
PBCA-MNPS group were lower than those in EPI group,
and differences were statistically significant (*, p <
0.05). Concentrations of epirubicin in plasma, hearts,
kidneys, and lungs in EPI-PBCA-MNPS+MF group were
lower than those in EPI group. Differences were statis-
tically significant (*, p < 0.05).

group (p < 0.05). There were no differences in
concentrations of epirubicin in spleens among
the groups. There were no differences in con-
centrations of epirubicin in plasma, hearts, kid-
neys, lungs, and spleens between the EPI-
PBCA-MNPS group and EPI-PBCA-MNPS+MF
group (p > 0.05). Results analysis showed th-
at epirubicin concentrations in each tissue
peaked at about 5 minutes after drug adminis-
tration (Figure 2). This reflected the redistri-
bution of epirubicin in extrahepatic tissues,
indicating that phagocytes in extrahepatic tis-
sues could devour magnetic nanoparticles
and enter target liver tissues. Thus, epirubicin
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Figure 3. Growth situation of tumor cells in orthotopically transplanted tu-
mor in nude mice under the microscope after drug administration, A. After 2
weeks of treatment, tumor cells in the control group (NS group) still prolifer-
ated actively and no necrosis was observed; B. After 2 weeks of treatment,
partial necrosis was observed in the tumor cells in the EPI group; C. After 2
weeks of treatment, severe necrosis was seen in all tumor cells in the EPI-
PBCA-MNPS group a; D. After 2 weeks of treatment, significant necrosis was
seen in tumor cells in EPI-PBCA-MNPS+MF group and severe necrosis was
predominant. Moreover, necrosis was concentrated on the area wherein the
magnet was placed and mild necrosis was rare.

Figure 4. Liver tumor volume in nude mice of each group after drug adminis-
tration Tumor volume in control group (NS group, A) was largest, followed by
tumor volumes in EPI group (B) and EPI-PBCA-MNPS group (C), and the tumor
volume in EPI-PBCA-MNPS+MF group (D) was smallest.

concentrations in extrahepat-
ic tissues were significantly
reduced.

Establishment of mouse
model of human liver cancer
and inhibition of EPI-PBCA-
MNPS+MEF on growth of or-
thotopically implanted tumors

One mouse died during the
preparation of orthotopically
transplanted tumors of hu-
man liver cancer. One mouse
died in the culture process in
the EPI group. The animal
model was successfully es-
tablished in 39 mice. After 2
weeks of culturing, the nude
mice were sacrificed and dis-
sected. Tumor growth was
observed within the livers of
nude mice in all groups, ex-
cept for one mouse with lung
metastasis in the NS group.
No metastasis was observed
in the other groups. Gross
anatomy of liver tumors in
nude mice: the morphology of
liver tumors was regular and
tumors were enveloped and
lobulated, with a milky white
section. H & E staining of vari-
ous tissues after drug admin-
istration revealed that necro-
sis was seen in tumor tissues,
except those in the control
group (NS group). Partial ne-
crosis was seen in tumor ce-
lIs in the EPI group. Severe
necrosis was seen in tumor
cells in the EPI-PBCA-MNPS
group. Significant necrosis
was seen in tumor cells in EPI-
PBCA-MNPS+MF group and
severe necrosis was predo-
minant. Moreover, the necro-
sis was concentrated on the
side where the magnet was
placed. Mild necrosis was
rare (Figure 3).

Liver tumors in nude mice
were dissected, except for
those in the NS group (contr-
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Figure 5. Status on increase and inhibition of liver tumor volume in nude mice after drug administration. A. Statuses
on net increase in tumor volume. Increase in tumor volume in EPI group was largest and the increase in tumor
volume in EPI-PBCA-MNPS group was larger, while the increase in tumor volume in EPI-PBCA-MNPS+MF group was
smallest. B. Status on tumor inhibition rate Compared to the NS group, the tumor inhibition rate was lowest in EPI
group, slightly higher in EPI-PBCA-MNPS group, and highest in EPI-PBCA-MNPS+MF group (*, p < 0.05).
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Figure 6. Western-blot detection of expression levels of PCNA protein in orthotopically transplanted tumors in each
group. A. Qualitative comparison showed that compared with the NS group, expression of PCNA protein was de-
creased in EPI group, obviously decreased in the EPI-PBCA-MNPS group, and lowest in EPI-PBCA-MNPS+MF group.
Differences in positive PCNA protein rates were statistically significant among the four groups; B. Grayscale analysis
showed that the development gradually decreased and was worst in EPI-PBCA -MNPS+MF group. (*, p<0.05).

ol group). All transplanted tumors of human Tumor volume in the EPI-PBCA-MNPS group
liver cancer in nude mice in the other groups was smallerthanthatin EPIgroup (25.58+8.64).
were inhibited to varying degrees. Of which, the Inhibition rate in the EPI-PBCA-MNPS group
lengths of tumors were measured and com- was slightly higher than that in EPI group
pared among groups with a Vernier caliper. (88.95+£3.73). Increase in tumor volume
Lengths of tumors were greatest in the EPI (6.66+2.80) was smallest and inhibition rate
group and smallest in EPI-PBCA-MNPS+MF was highest (97.12+1.21) in the EPI-PBCA-
group (Figure 4). Increase in tumor volume in MNPS+MF group. There were statistically sig-
the EPI group (137.40+£22.41) was greatest and nificant differences among the four groups (p <
the inhibition rate was lowest (40.64+9.68). 0.05) (Figure 5).
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Figure 7. Inmunohistochemistry detection of expres-
sion of PCNA in liver tumor tissue of nude mice. More
than 50% tumor cells in NS group (70%) and EPI
group (55.56%) had positive PCNA protein expres-
sion. Positive expression of PCNA protein was 20%
in the EPI-PBCA-MNPS group; while the positive cells
with expression of PCNA protein in the EPI-PBCA-
MNPS+MF group (10%) was decreased significantly,
there was a statistically significant difference among
four groups (*, p < 0.05).

Inhibition of EPI-PBCA-MNPS+MF on expres-
sion of PCNA in nude mouse liver tumors

B-actin was taken as an internal reference.
Expression of PCNA protein in the EPI group
(66.67%) was significantly lower than that in NS
group (control group, 90%). Expression of PCNA
protein in the EPI-PBCA-MNPS group (40%) and
EPI-PBCA-MNPS+MF group (10%) decreased
gradually, but expression of PCNA protein in the
latter was lower. Differences were statistically
significant among the four groups (X2 = 35.482,
p < 0.01) (Figure 6).

Immunohistochemical results (magnification
400x%) revealed that more than 50% of tumor
cells in the NS group (70%) and EPI group
(55.56%) had positive PCNA protein expres-
sion. Positive expression of PCNA protein was
20% in the EPI-PBCA-MNPS group, while posi-
tive cells with expression of PCNA protein in
the EPI-PBCA-MNPS+MF group (10%) was de-
creased significantly. There were statistically
significant differences among the four groups
(p < 0.05) (Figure 7). PCNA protein was highly
expressed in liver tumors of nude mice in the
NS (control) group and more scattered signifi-
cant hyperchromatic nuclei were observed.
PCNA protein was also highly expressed in liver
tumors of nude mice in the EPI group, lower

7687

than that in control group. More scattered sig-
nificant hyperchromatic nuclei were also
observed. Expression of PCNA protein was sig-
nificantly decreased in liver tumors of nude
mice and less scattered significant hyperch-
romatic nuclei were observed. Expression of
PCNA protein was lowest in liver tumors of nude
mice in the EPI-PBCA-MNPS+MF group and
least hyperchromatic nuclei were concentrated
on the side where the magnet was placed
(Figure 8).

Discussion

The present study demonstrated that EPI-
PBCA-MNPS had the best liver targeting ability
under an applied magnetic field. Its concentra-
tion in the hepatic region was higher than the
concentration of epirubicin in non-target hepat-
ic region (p < 0.05). Epirubicin can be slowly
released in the liver after being encapsulated
in the nanoparticles. The drug concentration
and half-life period in the liver are further pro-
longed. Therefore, dosages of epirubicin can be
decreased for patients with liver cancer that
are undergoing chemotherapy, reducing side
effects. In addition, concentrations of epirubi-
cin in the plasma were decreased after drug
administration through tail veins, indicating
that phagocytes in the plasma engulfed the
magnetic nanoparticles and entered the targ-
et organ (liver). In the EPI-PBCA-MNPS group,
concentrations of epirubicin in the liver were
significantly increased. Peak drug concentra-
tion was advanced to 5 minutes after drug
administration and concentrations of epirubi-
cin in etrahepatic organs such as hearts, lungs,
spleens, and kidneys were further decreased.
Examination of tumor volume in nude mice
showed that tumor volume in the NS group was
largest, while tumor volume in the EPI-PBCA-
MNPS+MF group was smallest (p < 0.05). Di-
fferences among the groups were statistically
significant (p < 0.05), indicating that EPI-PBCA-
MNPS has significant inhibitory effects on
tumor growth and can inhibit further tumor
growth under an external magnetic field. These
results are completely consistent with the
result that tumor volume inhibition rate of EPI-
PBCA-MNPS under an external magnetic field
was highest, indicating that EPI-PBCA-MNPS
has good magnetic inductive capacity. Drug
retention in the capillaries is very important. In
the magnetic field, the capillary blood flow
velocity of the target region can be slowed
down or even stopped, hence EPI concentra-
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Figure 8. PCNA expression revealed by immunohistochemistry staining (mag-
nification 400 x). A. PCNA protein was highly expressed in liver tumors of
nude mice in NS (control) group and more scattered significant hyperchro-
matic nuclei were observed; B. PCNA protein was also highly expressed in
liver tumors of nude mice in EPI group, which was lower than that in control
group, and more scattered significant hyperchromatic nuclei were also ob-
served; C. Expression of PCNA protein was significantly decreased in liver
tumors of nude mice in EPI-PBCA-MNPS group, and less scattered significant
hyperchromatic nuclei were observed; D. Expression of PCNA protein was
lowest in liver tumor of nude mice in EPI-PBCA-MNPS+MF group, and least
hyperchromatic nuclei were concentrated on the side where the magnet was

placed.

tions around tumor tissues are increased. This
indicates that the magnetic field is necessary
for maintaining high drug concentrations in
local tumor tissues, effectively extending the
duration of effects of drugs on tumor cells [19].
In addition, EPI-PBCA-MNPS can effectively
increase the concentration of drugs in the tar-
get hepatic region and decrease the concentra-
tion of drugs in extrahepatic tissue in a mag-
netic field environment. Moreover, drugs can be
released slowly and exert effects continuously.
Additionally, it can cause capillary embolisms
around tumors in the magnetic field environ-
ment. This, in turn, causes tumor necrosis and
necrosis, thereby increasing the duration of
effects of chemotherapeutic drugs on tumor
tissues and drug sensitivity [20, 21]. Therefore,
liver targeted EPI-PBCA-MNPS, synthesized by
modern targeting drug preparation technology,
was used to increase the drug concentration in
target livers and significantly reduce the drug
concentration in extrahepatic organs under the
action of an applied magnetic field. In addition,
drugs can be slowly released to exert a sus-
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tained effect, reducing side
effects.

Many transplanted tumor
models are currently used in
research. These models pro-
vide an ideal tool for tumor
growth and screening of anti-
tumor drugs. The more classic
model is the subcutaneously
transplanted tumor animal
model. This kind of model still
has many problems due to
lack of a microenvironment
that simulates the microenvi-
ronment for real tumor gr-
owth. Based on abovemen-
tioned studies, the nude mo-
use models bearing orthoto-
pically transplanted tumors
of human liver cancer were
established in this study. This
model not only retained the
biological features of the origi-
nal tumors but also displayed
malignant biological behav-
iors and characteristics simi-
lar to those of in vivo human
tumors. Du et al. used lipo-
somes composed of phos-
phatidylcholine to encapsu-
late the adriamycin. When concentrations of
HepG2 cells in liver cancer are four times the
drug concentration, adriamycin magnetic na-
noparticles can accumulate at the tumor site
under the action of a magnetic field [22].
Mancarella et al. also injected Fe O, magnetic
nanoparticles loaded with antibodies into mice
with colon cancers. They found that more mag-
netic nanoparticles accumulated in the tumor
site, while small amounts of magnetic nanopar-
ticles accumulated in other sites [23]. Li et al.
analyzed the original expression of tumor cell
surface antigens by binding antibodies to Fe, O,
magnetic nanoparticles, further indicating that
the method has potential application prospect
in quantitative detection and analysis of sur-
face antigens [24].

In the present study, EPI injections were taken
as a control. It was found that EPI-PBCA-MNPS
had obvious anti-tumor effects on orthotopi-
cally transplanted liver cancer in nude mice.
Because expression of PCNA is related to
changes in cell cycles, the activity of cell prolif-
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eration can be estimated according to the
expression level of PCNA. In this study, both im-
munohistochemistry and Western blotting
showed that the EPI-PBCA-MNPS+MF group
had lowest expression of PCNA protein in trans-
planted liver cancer in nude mice (p < 0.05),
confirming that EPI-PBCA-MNPS+MF can inhibit
cell cycle transformation of liver cancer cells in
vivo, thus inhibiting the growth of liver cancer
cells. Additionally, it was suggested that EPI in-
jections had no significant effects on growth of
transplanted tumors. The possible reason is
that it is degraded and metabolized in vivo in
the transportational process. EPI-PBCA-MNPS
has liver targetability and can reach the liver
tissue and is less degraded. Also, it can inhibit
proliferation of malignant tumor cells in the
magnetic field environment, change the func-
tion of tumor cell membrane, affect cell mem-
brane permeability, and enhance the cytotoxic
effects of anti-cancer drugs [25]. Therefore, it
was speculated that EPI-PBCA-MNPS can inhib-
it the malignant proliferation of liver cancer
cells in vivo. This may be one of the mecha-
nisms for inhibiting tumor growth.

In tumor chemotherapy, to minimize the toxic
and side effects of chemotherapeutic drugs,
it is required that drugs can not only accumu-
late in the target organs but also around the
tumor. This helps to achieve the maximum
effects of chemotherapeutic drugs. This experi-
mental study showed that, after the use of
magnetic nanoparticles plus magnetic field,
epirubicin concentrations in livers were further
increased, higher than that in the non-target
hepatic region and those in other two groups (p
< 0.05). This indicates that the applied mag-
netic field is effective in improving the target
distribution of magnetic drugs in the liver. The
prepared EPI-PBCA-MNPS had good magnetic
induction ability. Drug retention in the capillar-
ies is very important. Magnetic nanoparticl-
es retained in the capillaries can aggregate
with each other under the influence of applied
magnetic fields [26, 27]. In the magnetic field,
the capillary blood flow velocity of the target
region can be slowed down or even stopped,
hence the EPI concentration around the tumor
tissue is increased, indicating that the external
magnetic field is necessary for maintaining
high drug concentrations in local tumor tissu-
es. This can effectively extend the duration of
effects of drugs on tumor cells and is very
important for effective killing of tumor cells [28,
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29]. Therefore, EPI-PBCA-MNPS can increase
drug concentrations in target livers and signifi-
cantly reduce the drug concentrations in extra-
hepatic organs under the action of applied
magnetic field. In addition, this drug can be
slowly released to exert a sustained effect.
Consequently, this distribution mode can not
only maintain high drug concentrations in areas
of primary tumors but also maintain relatively
high drug concentrations in areas of other
metastases within the liver to achieve the best
anticancer effects.

In summary, EPI-PBCA-MNPS has good mag-
netic induction and liver targeting. EPI-PBCA-
MNPS intravenously injected in rats in the mag-
netic field environment can significantly in-
crease concentrations of epirubicin in target
hepatic regions and further reduce concen-
trations of epirubicin in other non-target he-
patic regions. In a magnetic field environment,
EPI-PBCA-MNPS can significantly inhibit trans-
planted tumors of human liver cancers in ani-
mal models. Additionally, it has highly target-
ed treatment effects and low toxicity. It can
improve the survival rates and survival times of
tumor-bearing animals, thus providing new che-
motherapeutic agents and treatment methods
for clinical treatment of unresectable liver can-
cers and metastases.
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