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Abstract

AIM: To study the anti-hepatocarcinoma effects of 5-
fluorouracil (5-Fu) encapsulated by galactosylceramide
liposomes (5-Fu-GCL) in vivo and in vitro.

METHODS: Tumor-bearing animal model and HepA cell
line were respectively adopted to evaluate the anti-tumor
effects of 5-Fu-GCL in vivo and in vitro. Tumor cell growth
inhibition effects of 5-Fu-GCL in vitro were assessed by
cell viability assay and MTT assay. In vivo experiment,
the inhibitory effects on tumor growth were evaluated by
tumor inhibition rate and animal survival days. High
performance liquid chromatography was used to detect
the concentration-time course of 5-Fu-GCL in intracellular
fluid in vitro and the distribution of 5-Fu-GCL in liver tumor
tissues in vivo. Apoptosis and cell cycle of tumor cells
were demonstrated by flow cytometry.

RESULTS: In vitro experiment, 5-Fu-GCL (6.25-100 mol/L)
and free 5-Fu significantly inhibited HepA cell growth.
Furthermore, IC50 of 5-Fu-GCL (34.5 mol/L) was lower
than that of free 5-Fu (51.2 mol/L). In vivo experiment,
5-Fu-GCL (20, 40, 80 mg/kg) significantly suppressed the
tumor growth in HepA bearing mice model. Compared
with free 5-Fu, the area under curve of 5-Fu-GCL in
intracellular fluid increased 2.6 times. Similarly, the
distribution of 5-Fu-GCL in liver tumor tissues was
significantly higher than that of free 5-Fu. After being
treated with 5-Fu-GCL, the apoptotic rate and the proportion
of HepA cells in the S phase increased, while the proportion
in the G0/G1 and G2/M phases decreased.

CONCLUSION: 5-Fu-GCL appears to have anti-hepato-
carcinoma effects and its drug action is better than free
5-Fu. Its mechanism is partly related to increased drug
concentrations in intracellular fluid and liver tumor tissues,
enhanced tumor cell apoptotic rate and arrest of cell cycle
in S phase.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

5-Fluorouracil (5-Fu) is one of the broad-spectrum anti-
tumor drugs[1-4], which has been confirmed to be the major
therapeutic drug in liver carcinoma[5]. Despite many advantages,
its clinical application is greatly limited due to its short half-
life (T1/2Ke), wide distribution, low selectivity and various side
effects[6-10]. Previous strategies were designed to overcome
the following disadvantages such as in forms of  microsphere,
liposome, implants and nanoparticles[11-15]. In order to
increase its hepatic selectivity and decrease its toxicity,
galactosylceramide (GC) as a novel membrane material was
adopted to envelope 5-Fu to form 5-Fu-GCL (Figure 1). The
purpose of this study was to evaluate the anti-hepatocarcinoma
effects of 5-Fu-GCL.

Figure 1  5-Fu-GCL; TEM ×4 000.

MATERIALS AND METHODS

Materials
Cell line  Mouse hepatocellular carcinoma cell line HepA,
purchased from Shanghai Institute of  Cell Biology, Chinese
Academy of Sciences, was routinely maintained in
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RPMI1640 containing 10% fetal bovine serum (FBS),
100 U/mL penicillin, 100 U/mL streptomycin at 37 ℃ in
a humidified atmosphere containing 50 mL/L CO2.
Animals  Balb/c mice were purchased from the Experimental
Animal Center of Anhui Medical University. The animals
were maintained in a 12-h light/12-h dark cycle from
06:00 to 18:00 h under a regulated environment (20±1 ℃).
Animals were housed in plastic cages with free access to
food and water. All experimental protocols described in this
study were approved by the Ethics Review Committee for
Animal Experimentation of Anhui Medical University.
Reagents  5-Fu galactosylceramide liposomes (batch no.
20020318, enveloped rate: 52%) were made at the Institute
of  Clinical Pharmacology, Anhui Medical University. 5-Fu
(batch no. 20020318) was obtained from Jinan Pharmacy
Corporation. Other chemicals used in experiments were of
analytical grade from commercial sources.

Methods
Cell viability assay  HepA cells were seeded on 24-well
plates at a density of 5×104 cells/well for 24 h. On d 0, the
medium was changed and then incubations were continued
without or with increasing 5-Fu-GCL concentrations (0,
6.25, 12.5, 25, 50, 100 mol/L) for 48 h. Dead cells were
removed by gentle washing with PBS, and the number of
living cells after treatment was counted using a hemocytometer
by an experienced technologist who was unaware of the
treatment conditions.
MTT assay  Cells were seeded at a density of 5×104 cells/
well in 96-well plates into HepA containing 10% FBS. After
24 h, fresh medium containing 5-Fu-GCL or free 5-Fu at
concentrations (0, 6.25, 12.5, 25, 50, 100 mol/L) was added
for 48 h. Twenty microliters of  stock MTT (5 mg/L) was
added to each well. The absorbance was measured at a
wavelength of 570 nm using an ELISA reader. The rate of
cell growth inhibition was calculated by the formula: (the
absorbance of control group-the absorbance of experimental
group)/the absorbance of control group×100%.
Preparation of TB mice  On d 0 following laparotomy,
107 HepA cells of approximately 0.1 mL of cell suspension
were transplanted in the left lobe of the liver under slight
ketamine anesthesia.
5-Fu-GCL treatment  On d 4 after transplantation, tumor-
bearing (TB) mice were randomly assigned to seven groups
(20 mice/group) for treatment with 5-Fu-GCL at doses of
0, 20, 40, 80 mg/kg or free 5-Fu (40 mg/kg).
Tumor volume and survival days  On d 18, 10 mice
selected randomly from each group were killed, their solid
tumors were excised and weighed. The rate of tumor
inhibition was calculated by the formula: (the tumor volume
of control group-the tumor volume of experimental group)/
the tumor volume of control group×100%. The life span
of other mice was investigated.
HPLC assay  The concentration-time course of 5-Fu-GCL
in intracellular liquor of HepA cells in vitro and the distribution
of 5-Fu-GCL in liver tumor of TB mice in vivo were
analyzed by high-performance liquid chromatography
(HPLC). The mobile phase components were water and
acetonitrile (99:1). The ultraviolet wavelength was 205 nm.
The flow rate was 1 mL/min[16,17].

Flow cytometry  Cells were treated with 5-Fu-GCL and
free 5-Fu at various concentrations for 24 h. Cells were
harvested with trypsin (2.5 g/L), washed with 0.01 mol/L
PBS, fixed by cold alcohol at 4 ℃, stained with propidium
iodide (PI), and then analyzed by flow cytometry.

Statistical analysis
Statistical analysis of the data presented as mean±SD was
performed using the Student’s t test. P<0.05 was considered
statistically significant. IC50 was calculated by NDST program.
Area under curve (AUC) was calculated by 3p97 program.

RESULTS

Effect of 5-Fu-GCL on cell growth
Cell counts  The number of viable cells following incubation
with either 5-Fu-GCL or free 5-Fu control medium for 48 h
is shown in Figure 2. Cell growth was significantly inhibited
after being treated with 5-Fu-GCL (6.25-100 mol/L), and
displayed a dose-dependent reduction of viable cells.
MTT assay  In order to further investigate the growth
inhibition of 5-Fu-GCL on HepA cells, cell growth was
also determined by MTT assay. The rate of  cell growth
inhibition of 5-Fu-GCL is shown in Figure 3. The cell treated
with 5-Fu-GCL displayed a dose-dependent inhibition. IC50

of 5-Fu-GCL (34.5 mol/L) was lower than that of free
5-Fu (51.2 mol/L).

Figure 2  Effects of various concentrations of 5-Fu-GCL on the proliferation of
HepA cells analyzed by cell counts. aP<0.05, bP<0.01 vs control. cP<0.05 vs
free 5-Fu (mean±SD, n = 5).

Figure 3  Effects of various concentrations of 5-Fu-GCL on the rate of cell
growth inhibition of HepA cells analyzed by MTT assay (mean±SD, n = 5).
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Effect of 5-Fu-GCL on TB mice
The changes of  tumor volume and survival time in TB
mice treated with 5-Fu-GCL are shown in Table 1. One
mouse in 5-Fu-GCL (80 mg/kg) group survived till the
end of the experiment (50 d) and no viable tumor was
found. Tumor volumes of  TB mice treated with 5-Fu-GCL
(20-80 mg/kg) were remarkably reduced. The survival time
of TB mice treated with 5-Fu-GCL (40, 80 mg/kg) was
remarkably prolonged.

Effect of 5-Fu-GCL on drug distribution
Concentration-time course of 5-Fu-GCL in intracellular
fluid  Data are shown in Figure 4. AUC of  5-Fu-GCL
(21.5 mg·min/L) in intracellular fluid of HepA cells at
50 mol/L was 2.6 times higher than that of free 5-Fu

(8.2 mg·min/L).

Distribution of 5-Fu-GCL in liver tumor
Data are shown in Table 2. The concentration of  5-Fu-
GCL was increased in a dose-dependent manner, and higher
than that of free 5-Fu at 40 mg/kg.

Apoptosis of HepA cells induced by 5-Fu-GCL
HepA cells were treated with various concentrations of
5-Fu-GCL for 48 h. DNA content of cells was measured
by PI staining and flow cytometry analysis was made to
detect apoptotic cells. The apoptotic cells could be observed
on a DNA histogram as subdiploid or pre-G1 peak, the
percentage of apoptotic cells treated with 5-Fu-GCL
increased 4.5-30.7% of the total cell population (Figure 5).

Effect of 5-Fu-GCL on cell cycle phase distribution
We assessed the effect of  5-Fu-GCL on cell cycle phase
distribution of HepA cells using flow cytometry analysis.
The HepA cells incubated for 48 h in control or 5-Fu-GCL
or free 5-Fu medium are shown in Figure 6. The results
showed that the proportion of HepA cells in the S phase
increased, while the proportion in the G0/G1 and G2/M
phases decreased.

DISCUSSION

As drug delivers[18-20], liposome could congregate drugs in
certain tissues, decrease poisonous effects and increase the
curative effects. Lecithoid material was the most primary
liposome commonly used.

Figure 4  Concentration-time course of 5-Fu-GCL in intracellular fluid of HepA
cells analyzed by HPLC assay (mean±SD, n = 5).

Figure 5  Results of flow cytometry analysis of HepA cells treated with Fu-GCL
for 48 h and DNA content was determined by flow cytometry (mean±SD, n = 5).

Figure 6  Effects of 5-Fu-GCL on cell cycle phase distribution (mean±SD, n = 5).
aP<0.05, bP<0.01 vs control. cP<0.05 vs free 5-Fu. A: G0/G1 phase; B: S phase;

C: G2/M phase.
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Since GC is a cerebroside containing galactose, liposome
made of GC also possesses galactose. As a result, this kind
of liposomes have a special binding ability to salivate acid
protein receptors located on the membrane of mammals[21].
Compared with lecithoid, GC has several advantages such
as stable chemical characteristics, long retention in blood,
anti-oxide ability and unique directional trait. It may be
developed into a new kind of medicine carriers.

5-Fu is a dissoluble chemical with a small molecule and
confines it to be made into liposome with a higher enveloped
rate[12]. In a recent study, we used calcium-induced fusion
in combination with reverse evaporation to envelop Fu,
and the enveloped rate reached 52%.

In our study, 5-Fu-GCL significantly inhibited not only
the growth of HepA cells, but also tumor volume of TB
mice. IC50 of 5-Fu-GCL was lower than that of free 5-Fu.
The AUC of  5-Fu-GCL in intracellular fluid and the
distribution of 5-Fu-GCL in liver tumor were significantly
higher than those of free 5-Fu. 5-Fu-GCL induced apoptosis
of HepA cells and increased the proportion of cells in the
S phase of cell cycle and decreased the proportion of cells
in the G0/G1 and G2/M phases of cell cycle, indicating
that 5-Fu-GCL has anti-hepatocarcinoma effects, and the
action of 5-Fu-GCL is stronger than that of free 5-Fu. It
could partly increase drug concentrations in intracellular
fluid and liver tumor, and enhance induction of apoptosis
and cell cycle arrest in S phase.

In summary, the toxicity of 5-Fu-GCL is lower than
that of free 5-Fu. 5-Fu-GCL can be developed into a novel
preparation for liver cancer therapy.
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Table 2  Distribution of 5-Fu-GCL in liver tumor (mean±SD, n = 10)

Groups Doses (mg/kg)             Content (g/g)

Control             –        –

5-Fu-GCL               20 16.3±3.5

              40 22.9±4.7a

              80 28.3±5.9

Free 5-Fu               40 18.3±3.2

aP<0.05 vs 5-F-Fu.

Table 1  Changes of tumor volume and survival time in TB mice
(mean±SD, n = 10)

Groups                Doses Tumor volume  Tumor inhibition         Survival
             (mg/kg)             (cm3)              rate (%)          time (d)

Control  –        0.45±0.17  –          26.3±3.2

5-Fu-GCL 20        0.30±0.10a                  33.3          29.5±4.2

40        0.19±0.07b,c                  57.7          35.9±5.8b

80        0.12±0.05b                  73.3          42.7±6.3b

Free-5-Fu 40        0.27±0.08b                  40.0          32.9±5.7a

aP<0.05, bP<0.01 vs control; cP<0.05 vs free 5-Fu.
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