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Abstract. Purpose: Regional application of cytostatics in liver
metastases leads to increased concentrations in tumor tissue.
Flow retardation by temporary occlusion and drug targeting via
liposome encapsulation (PEG liposomes) will further increase
tumor concentrations. Materials and Methods: Liver tumorbearing rabbits were submitted to i.v. or i.a. therapy with or
without liposome-encapsulated 5-fluorouracil (5-FU). I.a. groups
were additionally treated with or without degradable starch
microspheres. Tumor concentrations were calculated by HPLC
as area under the curve (AUC). Results: A comparison with i.v.applied 5-FU yielded the following increasing concentrations:
5-FU-PEG liposomes i.v. 6-fold, 5-FU i.a. 20-fold, 5-FU i.a. +
DSM 226-fold, 5-FU-PEG liposomes i.a. 319-fold, 5.FU-PEG
liposomes i.a. + DSM 2203-fold. Conclusion: The intratumoral
concentration of 5-FU was increased up to 22O3 times the
intravenous dose by combination of regional application via the
hepatic artery with temporary embolization by degradable starch
microspheres and drug targeting by liposome encapsulated 5-FU.
The cytostatic level in tumor tissue is the decisive parameter for
successful chemotherapy (1,2). The increase of the cytostatic
concentration in the tumor necessitates a higher response rate
(3). A promising approach is regional chemotherapy with
intraarterial application of the cytostatic into the target region.
Additional applications of starch microspheres slow down the
blood flow in the unaffected residual liver in favor of the liver
tumor. Moreover the blood flow rate is reduced by a concomitant
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increase of the cytostatic tumor contact time (4,5). A further
increase of the cytostatic concentration can be achieved by
applying liposomes as a drug carrier (6-9). Here, liposomeencapsulated cytostatics were therapeutically more effective in
experimental tumors, since they can overcome both systemic
toxicity and drug resistance (10-14). Furthermore, a number of
authors (11,15-19) and our group (20) have shown that liposomeencapsulated cytostatics change the pharmacokinetic behavior
and accumulation of the active substance in the tumor and
influence the dose-limiting toxicity.
Liposomes are lipid vesicles from natural and synthetic
phospholipids of different size, load and composition (15).
They are defined as vesicular structures consisting mainly of
amphiphilic, biologically degradable phospholipids and can
thus encapsulate both water-soluble and lipid-soluble effective
agents. A greater or lower affinity for RES can be observed
depending on the size, composition, fluidity and load of
liposomes. Basically, SUV (small unilamellar vesicles), REV
(reversed-phase-evaporated vesicles) and MLV (multilamellar
vesicles) liposomes are involved in cytostatic encapsulation.
However, Papahadjopoulos et al. have demonstrated that
modifying the SUV liposome membrane by adding
polyethylene glycol can markedly reduce the interaction of the
vesicles with the stationary macrophages in the liver and
spleen after i.v. application (21). This increases the circulation
half-time of so-called stealth liposomes. To achieve increased
accumulation in tumor tissue, superparamagnetic iron oxide
particles were enclosed in polyethylene glycol-modified
liposomes as contrast medium and accumulation in the tumor
was examined by magnetic resonance imaging (MRI). The
best tumor accumulation was achieved with SUV-PEG
liposomes (20). This liposome preparation was used for the
following experiments.
The aim of our study was to measure 5-FU concentrations
by HPLC in various tissues and the liver tumor. The
concentration of PEG-5-FU liposomes was compared to
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Table I. Experimental groups I - VI, HAI (hepatic arterial infusion) DSM
(degradable starch microspheres Spherex® PharmaCept Berlin, Germany).
Experimental groups:
Group I

(n=25): 50 mg 5-FU systemic (i.v.)

Group II

(n=25): 50 mg 5-FU-PEG liposomes systemic (i.v.)

Group III

(n=30): 50 mg 5-FU regional HAI (i.a.)

Group IV

(n=35): 50 mg 5-FU plus DSM regional HAI (i.a.)

Group V

(n=35): 50 mg 5-FU-PEG liposomes HAI (i.a.)

Group VI

(n=45): 50 mg 5-FU-PEG liposomes plus DSM
regional HAI (i.a.)

In groups I and II, 5 animals each were killed 15, 30, 60, 90 and 120
min after therapy was started, and the 5-FU concentrations in the
different organs were determined by HPLC. An additional time point
(240 min) was selected in group III, two additional time points (240
and 480 min) in groups IV and V, and four additional time points (240
and 480 min, 12 and 24h).

nonencapsulated 5-FU in systemic and regional applications
with and without starch microspheres. We also examined how
the concentration is changed by regional application, the
addition of starch microspheres and liposomes.

Materials and Methods
5-FU SUV-PEG liposomes. 5-FU (Lederle, Germany, 50 mg/ml) was
encapsulated in SUV-PEG liposomes in a composition of hydrated
soy phosphatidylcholine (HSCP, 50 mg/ml, Nattermann Phosphilipid
GmbH, Cologne, Germany), cholesterol (CH, 24.8 mg/ml, Merck,
Darmstadt, Germany), dicetylphosphate (DCP)(Serva, Heidelberg,
Germany) and polyethylene glycol (MPEG-DSPE, 3000. 5.4 mg/ml,
Sygena, Liestal, Switzerland), molecular ratio (1:1:0, 1:0,1).
Preparation was done by joining the lipids dissolved in chloroform
(round-bottom flask) and subsequent creation of a lipid film by
evaporating the solvent under vacuum (rotation evaporator). The
lipid film is dispersed at room temperature by adding 5-FU (Lederle,
Germany, 50 mg/ml) dissolved in phosphate buffer (PBS), pH 7.4,
and by subsequent shaking (24). Subsequent intermittent application
of ultrasound (10x4 min) to the multilayer liposome suspension leads
to the development of small unilamellar vesicles (SUV). Separation
of the nonencapsulated 5-FU component was dispensed with in this
experimental approach and the cytostatic concentration was
determined by HPLC. The size of these vesicles was done on the
basis of quasi-elastic light scattering in the Coulter counter N 4MD
(Coulter Electronics, Hialeah, Florida, USA). The liposomes
measured 113nm±36nm.
Experimental animals. The experimental animals were 195 male
chinchilla bastard rabbits (breeder: Charles River, Extertal,
Germany). When the experiments were started, the animals were
126 to 210-days-old and weighed 2.4 - 3.3 kg. The animals were
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housed individually in rooms maintained at 21Æ ± 1ÆC with a 12hour dark cycle. They were fed a standard rat chow with free access
to water. Care was provided in accordance with the national
guidelines for the care and use of laboratory animals. The study
was approved by the local ethics committee.
Tumor model and transplantation of VX-2 tumors in the rabbit livers.
A VX-2 tumor was used in the experiments, which is
histomorphologically a squamous cell carcinoma. 0.2 ml of a tumor
suspension (2 - 4 x 106 live tumor cells) was injected into the left
liver lobe under general anesthesia by intramuscular bolus injection
of 5 mg/kg xylazine (Rompun®, Bayer, Leverkusen, Germany) and
50 mg/kg ketamine (Ketavet, Bayer).
MR imaging. The tumor size and position was determined by MRI
using a 1.5 Tesla Magnetom (Siemens Co.). A T1-weighted spinecho sequence was used with a slice thickness of 5 mm, a repetition
time of 350 ms, an echo time of 15 min and a total measuring time
of 3 min.
Determination of 5-FU concentration by HPLC. A new procedure was
established to determine the 5-FU concentration in the various organs
(22). The blood was centrifuged to obtain serum and the individual
organs were homogenized (tumor, liver, spleen, kidneys, stomach,
pancreas, peritoneum and lymph nodes). After adding
5-bromouracil (Sigma, Deideshofen, Germany) as an internal standard,
the proteins in serum and the homogenate were precipitated by 10%
HCl and centrifuged. Ten Ìl of supernatant were injected into the
HPLC device. The HPLC device consists of an HPLC pump (Gyntek,
High Precision Pump, Model 300 C), a UV-Vis spectrophotometric
detector (Shimadzu, SPD-6AV) and an autosampler (LKB, bromma
2157). An ODS hypersil column, 5 Ìm, 250 x 4.6 mm (VDS Optilap)
was used as HPCL column. Data transmission was done by D2500
cromoto-integrators (Merck, Hatachi). The flow was 1.0 ml/min, the
solvent mixture contained 3% methanol + 0.05% acidic acid and water
(Merck, Darmstadt, Germany). The wavelength was 254 nm. HPLC
was performed at room temperature.
Preparation of the experimental animals. The animals were
randomized into the experimental groups when the tumors reached
a size of 1.5-2 cm. In all rabbits undergoing systemic therapy in the
further course, the cytostatic agent was applied via the ear vein.
Rabbits randomized into regional therapy groups were submitted
to general anesthesia with Rompun® and Ketanest® for
implantation of a port system (Intraport, Braun-Melsungen,
Germany) into the hepatic artery via the gastroduodenal artery.
Statistics. The mean values ± SD of the 5-FU concentration in the
control and therapy groups were calculated for each group. The
difference between the 5-FU concentration in the groups were
determined using the global Kruskal-Wallis test. p values were
adjusted for multiple comparison according to Bonferroni. A
probability value of < 0.05 was considered significant.

Results
All four experimental groups (III, IV, V, VI) evidenced
significantly higher 5-FU concentrations (p<0.01) than the
systemic therapy groups (I, II). The following concentration
increases in tumor tissue were observed when comparing the
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Table II. Area under the curve (AUC) of 5-FU in various tissues and serum.

Ìg/g

Group I
5-FU i.v.

Group II
5-FU-PEG i.v.

Group III
5-FU i.a.

Group IV
5-FU + DSM i.a.

AUC15-60 min

AUC15-240 min

AUC15-240 min

AUC15-480 min

Tumor

60.80

Liver

77.26

Kidneys

AUC15-480 min

AUC15-24h

1,161.22

13,565.72

19,199.44

5,923.4

1,839.16

3,780.74

7,323.68

7119.1

216.27

5,276.08

5,242.6

240.5

5,043.8

9,988.88

Spleen

116.31

225.07

101.28

106.98

99.12

118.39

Stomach

118.89

401.17

880.21

2,057.43

1,539.85

3,999.81

35.31

33.93

Peritoneum

387.46

Group V
Group VI
5-FU-PEG i.a. 5-FU-PEG i.a. + DSM

42.85

60.212

Pancreas

165.59

73.77

1007.17

2,017.95

3,055.97

Serum

342.805

1,052.51

309.22

297.16

330.07

individual therapy groups with group I (5-FU i.v.): after
applying 50 mg of 5-FU i.v., the area under the curve (AUC)
measured at the time points from 15-60 min was 60.80 Ìg/g
(5-FU was no longer detected at later time points). These
concentration increases also apply to group I. The 5-FU
concentration increased 6-fold after i.v. application of 5-FUPEG liposomes (AUC 15-240 min, 387.46 Ìg/g). Intraarterial
application of 5-FU increased the application 20-fold to
1,161.22 Ìg/g. A further 226-fold increase in concentrations
was seen after i.a. application of 5-FU combined with DSM
(AUC 15-480 min, 13,565.72 Ìg/g). After i.a. application of
5-FU-PEG liposomes, the concentration increased 319-fold
to 19,199.44 Ìg/g (AUC 15-480 min). The highest
concentrations were measured after applying 5-FU-PEG
liposomes combined with DSM (2203-fold increase to
132,200.68 Ìg/g). Here, 5-FU was still detected in the tumor
tissue 24 h after application (AUC 15min-24h) (Table ππ and
Figures 1,3,4,5). These differences were significant (p<0.01 0.0001). The following concentration increases were observed
when comparing the 5-FU concentrations in the liver
parenchyma of group I with the other groups: 76-fold in 5FU-PEG liposomes i.v. (77.26Ìg/g vs. 5,923.4 Ìg/g), 23-fold in
5-FU i.a. (189.16 Ìg/g), 49-fold in 5-FU/DSM i.a. (3,780.74
Ìg/g), 95-fold in 5-FU-PEG liposomes i.a. (7,323.68 Ìg/g), 92fold in 5-FU-PEG liposomes/DSM i.a. (7,119.1 Ìg/g). These
differences were significant (p<0.01) (Table ππ and Figure 2).
Liposome encapsulation changes the pharmacokinetics of
5-FU. When 5-FU was applied i.v., the maximal tumor
concentration was reached after 15 min compared to 30 min
after i.v. application of liposomal 5-FU (Figures 3 and 4).

172.6

132,200.68

258.07
6,698.3
314.93

Maximal tumor concentrations were reached after 2 h by
infusing 5-FU-PEG liposomes and degradable starch
microspheres into the hepatic artery (Figure 5).

Discussion
High cytostatic concentrations in tumor tissue are the key
to effective therapy. Some authors assume that increasing
the concentrations of active substances counteracts
resistance. High concentrations in the tumor are achieved
by a concomitant reduction of systemic toxicity (3). Based
on our 5-FU tumor concentration after i.v. application, the
5-FU concentration is increased 20-fold after i.v. application
of 5-FU-PEG liposomes and 226-fold after i.a. application
of the monosubstance combined with DSM. Locoregional
i.a. application of combined 5-FU-PEG liposomes and DSM
led to a 2203-fold increase of the concentration time curve
(AUC) compared to i.v. application of the monosubstance
(group 1). Furthermore, the pharmacokinetics of 5-FU are
changed so that the concentration maximum after i.v.
application of 5-FU is reached after 15 minutes, after i.v.
application of liposomal 5-FU after 30 minutes, and after
HAI application of liposomal 5-FU and DSM after 2 hours.
Regional i.a. application leads to cytostatic accumulation in
the tumor. There are a number of experimental and clinical
studies on the pharmacokinetics of regionally applied 5-FU
and the increased concentration in tumor tissue (23-30).
An added advantage of regional application can be
achieved by reducing the blood flow. Degradable
microspheres slow down the blood flow for approximately
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Figure 1. Logarithm of 5-FU tumor concentration (AUC) in the different
therapy groups. 5-FU-PEG = 5-FU-PEG liposomes, DSM = degradable
starch microspheres.

Figure 2. Logarithm of the liver parenchymal concentration (AUC) of
5-FU in the different therapy groups. 5-FU-PEG = 5-FU-PEG liposomes,
DSM = degradable starch microspheres.

20 minutes. Furthermore, starch microspheres have a target
effect on the tumor (31-33).
Clinical studies with PEG liposomes, also called stealth
liposomes, have reported reduced toxicity with prolongation
of the plasma half-life in liposome-encapsulated cisplatin and
doxorubicin (33-35). This was also observed in our
experiments but was considerably increased by DSM.
Markedly increased tumor concentrations after i.v. application
of PEG-cytostatic liposomes were measured in experimental
and clinical pharmacokinetic studies. Thus, the concentration
in tumor tissue was increased 6- to 30-fold compared to i.v.
application of the monosubstance (36-38). This is in
agreement with our results in which the tumor concentration
increased 6-fold after i.v. application of liposomal 5-FU
compared to i.v. application of the monosubstance. Some
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Figure 3. Concentration time course after i.v. application of 50 mg of 5-FU.

Figure 4. Concentration time course after i.v. application of 50 mg of
5-FU -PEG liposomes.

authors have therefore concluded that active substances
encapsulated in stealth liposomes show better accumulation
in tumor tissue than the monosubstance or other liposome
preparations (39,40).
While different cytostatics like epirubicin, doxorubicin,
cisplatin and topoisomerase inhibitors have been clinically
and experimentally liposome-encapsulated, there is only one
experimental study on 5-FU describing this drug delivery
model in vitro (41). Also, liposomes have not yet been
applied in regional therapy. However, what explains the
relatively selective tumor accumulation?
According to one hypothesis, the EPR effect (enhanced
permeability retention), tumor vessels have defects with
endothelial gaps of up to 100 nm. Globulin and vesicular
structures can accumulate in those gaps. These polymeric
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Figure 5. Concentration time course after i.v. hepatic arterial infusion
(HAI) of 50 mg of 5-FU-PEG liposomes combined with degradable starch
microspheres (DSM).

conjugates release their drugs intracellularly via endocytosis
(42-46). Intravital microscopic examinations underscore this
hypothesis. According to these examinations, PEG liposomes
accumulate in the tumor interstitium and move in an
intracellular direction due to increased vascular permeability
(47). The affinity of liposomes to RES organs explains the
high concentrations in the liver parenchyma when applying
liposomal 5-FU (48).

Conclusion
Combined regional applications of 5-FU via the hepatic
artery with temporary embolization by degradable starch
microspheres and drug targeting by liposome-encapsulated
5-FU increases the intratumoral concentration 2203-fold
compared to i.v. application.
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