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INTRODUCTION
Adriamycin (ADM) is extensively used to treat patients 
with hepatocellular carcinoma (HCC). In vitro studies 
have verified that the cytocidal effect of  ADM depends 
on the concentration and duration of  exposure[1]. 
Unfortunately, intravenous administration (iv) of  a high-
dose ADM is often associated with acute toxicity, such 
as myelosuppression, immunosuppression, and dose-
cumulative cardiotoxicity. As a result, drug concentrations 
in hepatomas are limited. During the past few years, many 
researchers have reported on drug delivery systems for 
cancer chemotherapy that aim at the specific targeting 
of  antitumor agents to tumor cells or tumor tissues, thus 
enhancing the efficacy of  chemotherapy as well as reducing 
its toxicity[2]. Among them, liposomes have drawn much 
attention for their excellent bioavailability, biodegradability, 
and targeting, characteristically, to the reticuloendothelial 
system (RES), especially the liver and spleen[3]. 

On the other hand, liver primary tumors receive 
approximately 90% of  their blood supply from the hepatic 
artery. Therefore, transhepatic arterial chemotherapy 
(TAC) is now widely recognized as an effective means 
for the treatment of  HCC. With TAC, a much higher 
drug concentration in the tumor-residing zone can be 
achieved. It was reported that administration of  ADM 
via the hepatic artery (ia) was able to increase the tumor 
ADM concentration three-fold compared to intravenous 
(iv) administration[4]. In patients with cancers, the ia 
administration of  ADM reduced the plasma AUC by about 
30%[5]. On the basis of  these evidences, we hypothesized 
that a further significant therapeutic effect could be 
expected by combining TAC and liposome techniques. The 
current study was carried out to observe the therapeutic 
effects of  liposome-encapsulated adriamycin (LADM) on 
hepatoma in comparison with the treatment results of  
adriamycin solution (FADM) and adriamycin plus blank 
liposome (ADM + BL) administered into the hepatic 
artery in rats.
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Abstract
AIM: To observe the therapeutic effects of liposome-
encapsulated adriamycin (LADM) on hepatoma in 
comparison with adriamycin solution (FADM) and 
adriamycin plus blank liposome (ADM + BL) administered 
into the hepatic artery of rats.

METHODS: LADM was prepared by pH gradient-driven 
method. Normal saline, FADM (2 mg/kg), ADM+BL (2 
mg/kg), and LADM (2 mg/kg) were injected via  the he-
patic artery in rats bearing liver W256 carcinosarcoma, 
which were divided into four groups randomly. The ther-
apeutic effects were evaluated in terms of survival time, 
tumor enlargement ratio, and tumor necrosis degree. 
The difference was determined with ANOVA and Dunnett 
test and log rank test.

RESULTS: Compared to FADM or ADM + BL, LADM pro-
duced a more significant tumor inhibition (tumor volume 
ratio: 1.243 ± 0.523 vs  1.883 ± 0.708, 1.847 ± 0.661, 
P  < 0.01), and more extensive tumor necrosis. The in-
creased life span was prolonged significantly in rats re-
ceiving LADM compared with FADM or ADM+BL (231.48 
vs  74.66, 94.70) (P  < 0.05). 

CONCLUSION: The anticancer efficacies of adriamycin 
on hepatoma can be strongly improved by liposomal 
encapsulation through hepatic arterial administration.
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MATERIALS AND METHODS
Liposomal adr iamyc in (LADM) prepara t ion and 
characterization
Large unilamellar vesicles (LUVs) were prepared by the 
extrusion method described by Hope et al[6]. Appropriate 
amounts of  lipid mixtures (EPC/Chol, 55:45 mol/mol) 
in chloroform were dried under a stream of  nitrogen gas 
to form a homogeneous lipid film. The trace amount of  
solvent was then removed under vacuum overnight. The 
lipid film was hydrated in a low pH citrate buffer (pH 4.0, 
300 mmol/L) by vortex mixing. The resulting multilamel-
lar vesicles (MLVs) were frozen/thawed (liquid nitro-
gen/55℃) 5 times and extruded 10 times at 55℃ through 
two stacked 100 nm polycarbonate filters (Nuclepore) 
employing an extrusion device (Lipex Biomembranes, Inc., 
Vancouver, BC, Canada). ADM was then encapsulated by 
pH gradient-driven method as described previously[7]. 

The final product looked like a reddish, semitransparent, 
colloidal solution. Under electron microscope, LADM 
showed a global, regular contour with homogeneous 
size and distribution. The average 120 nm diameters 
of  the liposomes were determined by quasi-elastic light 
scattering (QELS) using a Nicmp 370 submicrom particle 
sizer (Sante Burbara, CA, USA) as shown in Figure 1. 
EPC and Chol were quantified by high performance 
liquid chromatography (HPLC) method (Table 1). HPLC 
analysis was performed using a Perkin Elemer HPLC with 
a PE 200 LC pump, a PE ISS 200 Advanced LC sample 
Processor, PE 900 Series Interface and an Evaporative 
Light Scattering Detector (ELSD, Shimadzu). A YMC, 
PVA 5 m normal phase column was used in this study. 
The chromatograph was run in a gradient mode at a flow 
rate of  1 mL/min with the following program, where 
solution A contained chloroform-isopropanol (50:50, v/v) 
and solution B contained chloroform-isopropanol-water 
(36:55:9, v/v).

The drug-to-lipid ratio was 0.25. The drug-embedding 
ratio was more than 98%. Encapsulation efficiency was 
calculated as the percentage of  ADM incorporated into 
liposomes relative to the initial amount of  ADM in 
solution as shown in the equation below. The free ADM 
was separated by elution over a Sephadex G-50 column. 
Then the free ADM and liposomal ADM were determined 
by HPLC.

	                                   (adriamycin/lipid)Encapsulated 
Encapsulation efficiency (%) =			   × 100
			            (adriamycin/lipid)total

The liposomal particle sizes were identical before and 
after drug loading, and ADM encapsulated liposomes 
were very stable at room temperature for three days. There 
was no significant leakage of  ADM from liposomes. Just 
before use, normal saline was added to adjust the final 
concentration of  total ADM to 1.0 mg/mL. Free ADM 
(FADM) was prepared by dissolution of  ADM in normal 
saline at the same concentration.

Animals and anesthesia
Sixty male Wistar rats weighing 230-270 g (mean, 250 g) 
were provided by Laboratory Animal Center of  Fourth 

Military Medical University and randomly divided into 4 
groups, 15 in each. Sumianxin (Changchun Agricultural 
Pastoral University) was used as anesthetic. 

Establishment of hepatoma model
One milliliter of  suspension containing 107 Walker-256 
(W256) carcinosarcoma cells (Shanghai Medical Industrial 
Institution) was injected into the thigh muscle of  a 
carrier rat (not included in experimental rats). One week 
after inoculation, a palpable tumor was found at the 
injection site. Viable tumor tissue was excised under sterile 
conditions and soaked in 20 mL of  Hanks balanced salt 
solution. Tissue was cut into approximately 1 mm × 1 mm
× 1 mm fragments. Experimental rats were anesthetized 
with intramuscular injection of  Sumianxin at 0.2 mL/kg. 
Median incision beneath the metasternum was made and 
the liver was exposed. The tumor fragment was implanted 
into the left liver lobe. 

Administration through hepatic artery
On the 7th d after tumor implantation, all animals 
received laparotomy again. The longest (a) and shortest (b) 
diameters of  the tumor were measured. The tumor volume 
was calculated as

a × b2

    2
By cannulation method described previously[8], normal 

saline (NS), FADM, LADM, or ADM mixed with blank 
liposomes (ADM+BL) were injected into the hepatic 
artery of  rats in groups 1-4 respectively. The dose of  
ADM in each formulation was 2.0 mg/kg body weight. 
The concentration of  ADM was 1.0 mg/mL. 

Table 1  Detailed solvent gradient program for analysis of EPC 
and Chol by HPLC

Time (min) 0-3 3-11 11-11.5 11.5-30

A% 100    0    0 100
B%     0 100 100     0

Solution A: Chloroform-isopropanol (50:50, v/v); Solution B: Chloroform-
isopropanol-water (36:55:9, v/v). EPC: egg phosphatidyl choline; Chol: Cho 
lesterol.
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Figure 1  The particle size of prepared liposome with EPC/Chol at 55:45 molar 
ratio by the extrusion method. The average diameters were determined by QELS.



Assessment of therapeutic effect 
Tumor growth inhibition: Seven days later, all rats 
received the third laparotomy. The longest (a) and shortest 
(b) diameters of  the tumor were measured again and the 
tumor volume after drug administration was calculated. 
The tumor volume ratio (TVR) was calculated as 

	  Tumor volume after administration
TVR =  	                                                          	 Tumor volume before administration

Tumor necrosis degree: Seven random rats in each 
group were killed and anatomized. Hepatoma was re-
moved completely and fixed in 10% formalin. Three 5 μm 
thick sections from each tumor were sliced on the maximal 
transverse plane and mounted on glass slides overnight at 
room temperature. After HE staining, the sections were 
examined under microscope. According to the percentage 
of  necrosis area, tumors were graded according to the fol-
lowing criteria: Ⅰ, 0%-30%; Ⅱ, 30%-70%; Ⅲ, 70%-100%.
Increased life span: Survival time of  the remaining 8 rats 
in each group was recorded. The mean survival time of  
NS group was reckoned as control. Increased life span (% 
ILS) was calculated as

	    Mean survival of  treated group%ILS = (                                                     - 1) × 100%
	    Mean survival of  control group

Statistical analysis
SPSS 10.0 for windows was used for statistical analysis. 
Statistical significance was tested by ANOVA and Dunnett 
test for tumor growth inhibition, log rank test for survival 
time. P < 0.05 was considered statistically significant.

RESULTS
Tumor growth inhibition 
No difference in tumor volume was found among the 
four groups before treatment (P > 0.05, Table 2). After 
treatment, the tumor grew rapidly in rats which received 
NS. The mean tumor volume was 31.55 times greater than 
that before treatment. Metastases were observed in about 
half  of  these rats. In contrast, the rate of  tumor growth 
lowered apparently in rats which received FADM or ADM 
+ BL (P < 0.01). No difference between FADM and 
ADM + BL was observed (P > 0.05). The slowest tumor 
growth was found in rats which received ia administration 
of  LADM. The mean tumor volume ratio on the 7th day 
after LADM infusion was 1.243. Statistics indicated that 
LADM produced a further significant tumor inhibition, 
as compared with FADM or ADM + BL (P < 0.01). In 
addition, no metastasis was found in rats receiving LADM.

Tumor necrosis degree 
Under microscope, W256 tumor cells of  rats that received 
NS showed extensive proliferation and active mitoses. 
Small areas of  necroses were observed in the center of  
tumor tissue accompanied with a few inflammatory cells 
(Table 3). Moderate to severe necroses were found in 
tumors of  rats that received FADM or ADM+BL. Grade 
Ⅲ of  tumor necroses was found in 4 of  7 tumors after 

administration of  LADM, including 2 cases of  complete 
tumor necrosis.

Increased life span 
Compared with the survival time (11.88 d) of  control rats, 
survival time was greatly prolonged in rats that received 
LADM (mean, 39.38 d), or FADM (mean, 20.75 d), or 
ADM+BL (mean, 23.13 d) (Table 4). LADM prolonged 
the l ife span by 231.48%, which was significantly 
longer than FADM (74.66%) and ADM + BL (94.70%) 
(P < 0.01). 

DISCUSSION
Hepatocellular carcinoma (HCC) is by far the third most 
common cause of  cancer mortality throughout the world, 
especially in the Asian-Pacific region, and its incidence 
continues to increase. On the other hand, HCC has a high 
expression rate of  multi-drug resistance gene (MDR1) and 
consequently high levels of  P-glycoprotein (P-gp), resulting 
in its insensitiveness to most chemotherapeutic drugs[9]. 
Few agents show response rates (RRs) above 20%. ADM 
is one of  the most successful anticancer agents to date for 
the treatment of  HCC. Early phase Ⅱ trials and case series 

Table 2  Tumor volume (V) and tumor volume ratio (TVR) 
after treatment (mean ± SD)

Group V (cm3)  TVR

Before After

treatment treatment
NS 0.086 ± 0.049 2.521 ± 0.840 31.550 ± 7.975
FADM 0.083 ± 0.035 0.149 ± 0.072     1.883 ± 0.708b

ADM + BL 0.079 ± 0.036 0.136 ± 0.069     1.847 ± 0.661b

LADM 0.084 ± 0.049 0.105 ± 0.062     1.243 ± 0.523d

b P < 0.01 vs NS;  d P < 0.01 vs FADM, ADM + BL.

Table 3  Tumor necrosis degree after treatment 

Grade NS FADM ADM + BL LADM

Ⅰ 6 2 1  0
Ⅱ 1 3 4  3
Ⅲ 0 2 2   41

1 Complete necrosis in 2 cases.

Table 4  Mean survival time and increased life span after 
treatment (mean ± SD)

Group Mean survival time (d) % ILS

NS 11.88 ± 2.80 -
FADM 20.75 ± 6.34   74.66b

ADM + BL 23.13 ± 7.75   94.70b

LADM  39.38 ± 11.15 231.48a

% ILS : Increased life span. a P < 0.05 vs FADM, ADM + BL;  b P < 0.01 vs NS.
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reported RRs ranging from 25% to 100% with single-
agent ADM[10]. However, despite its excellent antitumour 
activity, ADM has a relatively low therapeutic index, and its 
clinical utility is frequently limited due to acute and chronic 
toxicities such as myelosuppression, immunosuppression, 
and dose-cumulative cardiotoxicity. A retrospective analysis 
of  three phase Ⅲ trials of  patients treated with ADM 
in combination with other cytotoxic agents or radiation 
therapy demonstrates that ADM-associated cardiac events 
may occur more frequently and at lower cumulative doses 
than previously reported[11]. Encapsulation of  ADM into 
liposomes may minimize the side effects and enhance the 
antitumor efficacy by altering its pharmacokinetics and 
biodistribution pattern. Growing evidence supports the 
use of  LADM as a substitute for ADM to increase the 
therapeutic index by maintaining the antitumor efficacy 
while improving the safety profile[12,13]. After intravenous 
(iv) administration, LADM is predominantly uptaken by 
the reticuloendothelial system (RES), especially by the liver 
and spleen[14].

The results of  our experiments demonstrated that the 
antitumor activity of  ADM could be markedly enhanced 
when the drug was encapsulated in l iposomes and 
administered into the hepatic artery. Equivalent or similar 
effects could not be obtained using FADM or ADM + BL. 
Compared with FADM or ADM + BL, LADM produced 
a more significant tumor inhibition and more extensive 
tumor necrosis. The average tumor volume on the 7th 
day after treatment with LADM was 0.105 cm3, about 
70% of  0.149 cm3 of  the volume after treatment with 
FADM. The survival time of  rats that received LADM 
was evidently increased. Compared with saline controls, 
LADM prolonged the life span by 231.48%, which was 
significantly longer than FADM (74.66%) and ADM + BL 
(94.70%).

The likely explanations for the improved therapeutic 
a c t iv i t y o f  LADM a r e a s fo l l ows. F i r s t , W256 
carcinosarcoma proliferated rapidly with abundant vasculo-
genesis, which strongly increased the uptake of  LADM 
by tumor tissues after ia administration. In addition, the 
deformity of  tumor vessels caused significant retention of  
LADM in tumor tissues. Secondly, it has been testified that 
the cytocidal effect of  ADM depends on the concentration 
and duration of  exposure[1]. Increasing ADM concentration 
in tumor cells or slowing its elimination could certainly 
enhance its antitumor efficacy, both of  which could be met 
after ia administration of  LADM. Thirdly, encapsulating 
the drug into liposomes might modify its distribution 
pattern in tissues. After being administered into rats, 
liposomes were taken up selectively by RES, such as 
the liver, spleen, and bone marrow[14]. Accumulation of  
biodegradable liposomes with associated drugs in Kupffer 
cells would create a gradient of  drug concentration for a 
massive and prolonged diffusion of  the free drug towards 
neoplastic tissues. Fourthly, the tiny size of  the liposome 
could increase its contact areas significantly, which might 
result in an apparent improvement in its bioavailability.

We did not include iv administration in the present 

experiment because the ia route is much more efficient 
than iv in the treatment of  liver malignancies. Different 
from the liver parenchyma, which receives more than 70% 
of  its blood supply from the portal vein and the rest from 
the hepatic artery, hepatoma receives approximately 90% 
of  its blood supply from the hepatic artery. The uniqueness 
of  liver blood supply determines the major difference 
between the two routes of  administration. The difference 
does not warrant repeat comparison in our study.

Our experiments support the hypothesis that the 
therapeutic effect of  TAC could be dramatically enhanced 
by combination with nanotechnology. We conclude that 
liposomes can be used as a promising drug carrier in TAC 
for the treatment of  liver primary and metastatic tumors.
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