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Abstract

An experimental in vivo rat model was established to simulate the embolization therapy of non-resectable liver metastases with
microparticulate systems. The effects of biodegradable microspheres on a transplanted liver-tumor cell line in rat livers were investigated
with respect to particle size. The distribution of fluorescence-labelled microspheres was investigated to characterize the effects of long-term
embolization with biodegradable microspheres, and the suitability and relevance of this animal model. Novikoff hepatoma cells were
implanted into the central liver lobe of Sprague–Dawley rats. After seven days, four batches of fluorescence-marked microspheres (17mm,
25mm, 30mm, and 40mm) were administered into the proper hepatic artery. Liver(including the tumor), lung and spleen were isolated and
frozen sections and tissue cubes of liver-, border-, and tumor tissue were prepared. The sections were examined by fluorescence micro-
scopy. The cubes were extracted and the fluorescence of the marker quantified. During operation, microspheres smaller than 40mm did not
cause complete embolization. The slides showed the spreading of the smaller particles to the spleen and lung. Only 40mm particles
accumulated in the liver and were rarely detectable in other organs. The extraction showed a high concentration of the 40mm particles in
the border tissue. Apparently they were trapped proximal to the tumor capillary system and therefore showed a high ratio of border/tumor
concentration. Microparticles smaller than 40mm had a border/tumor concentration ratio of less than one and were distributed to the spleen
and lung. In conclusion, a mean particle diameter of at least 40mm is required for embolization. Thus, the model shows similarity to clinical
situations in the treatment of human liver tumor and metastases. 1998 Elsevier Science B.V. All rights reserved
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1. Introduction

Both types of neoplastic malignancies of the liver, hepa-
tocellular carcinoma and hepatic metastases, are still a chal-
lenge for chemotherapy.

Hepatocellular carcinoma is, worldwide, the third most

common form of cancer with a geographical prevalence in
Southeast Asia and southern Africa [1,2].

Patients show a median survival of 4 months from the
date of diagnosis [3], and the most successful therapy by
surgical resection is only possible in 30% of all cases [4].
Still, there remains a high recurrency rate with a limited
survival rate [5,6].

Liver metastases are not restricted to certain geographic
areas, in 80% of all cases they are derived from colorectal
carcinomas and further from malignancies of the stomach,
the pancreas, and other cancer types [3]. In 30–50% of all
patients dying from malignant tumors, hepatic metastases in
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the liver are detected [3]. Surgical resection can only be
performed in less than 10% of the cases due to histological
limitations [3].

Several therapy regimens have been proposed. General
cytostatic or radiologic therapies have proven to be of lim-
ited success especially because of the serious side effects
[7,8]. Therefore, it has become general practice to exploit
regional therapeutic advantage. Hepatic arterial infusion of
chemotherapeutic agents was advantageous over systemic
chemotherapy [9,10] but the effect on survival is still poor.
Different devices have been invented to enhance the regio-
nal advantage by blood flow reduction [8]. Ligation with
mechanical devices [11,12] had the disadvantage of causing
severe side effects like hepatic necrosis, hepatitis, or hepatic
failure [13]. Injected or implanted blocking materials, such
as silicone rubber, gelatin sponge, or balloon catheters
[8,12], had similar side effects.

The therapeutic tendency today shifts towards a regional
enhancement of drug concentration and exposure-duration
by reduction of the arterial blood flow by lipiodol [14,15] or
microspheres such as degradable starch microspheres [16–
18]. This concept is based on a transient effect of blood flow
reduction and, therefore, often requires multiple dosing to
achieve a significant advantage in therapy [19].

A combination of the long-term embolization with an
enhanced regional drug concentration could be achieved
with drug loaded poly(d,l-lactide-co-glycolide) micro-
spheres, injected into the hepatic artery. Their release prop-
erties and degradation times can be adjusted by variation of
the polymer composition. For example, a release of a cyto-
static agent over a period of about 4 weeks can be achieved
before the microparticles degrade to non-toxic products.

The goal was to perform an animal study with poly(d,l-
lactide-co-glycolide) microspheres to simulate emboliza-
tion therapy and define the optimum particle size and
dosage as well as to detect the microparticle distribution
by the blood stream and the location site.

2. Materials and methods

2.1. Materials

Poly(d,l-lactide-co-glycolide) 50:50 (RG 503) was

obtained from Boehringer Ingelheim (Ingelheim, Germany)
and fluoresceine dilaurate (FDL) was purchased from Sigma
Chemical (St. Louis, MO, USA). Degradable starch micro-
spheres (Spherex ) were obtained from Pharmacia, Frei-
burg. All other chemicals were of analytical grade.

2.2. Microparticle preparation

Microparticles (MP) were prepared by a modified solvent
evaporation method [20]). Briefly, FDL and RG 503 were
dissolved in methylene chloride and this organic phase was
emulsified in 0.5% aqueous PVA-solution (Mowiol 18–88,
Hoechst AG, Frankfurt, Germany; 87.7% hydrolysed) by
stirring at a rate of 2200 rev./min for 3 h with a four-
blade propeller stirrer (Heidolph Elektro KG, Kelheim, Ger-
many). Afterwards, the particles were collected by centrifu-
gation, washed twice with water and dried under vacuum for
24 h. Different particle sizes were adjusted by variation of
the volume ratios of external and internal phase and the
viscosity of the organic phase. Table 1 shows the different
compositions. Four batches with the following particle sizes
(dv 0.5) were prepared: 40mm (MP40), 30mm (MP30), 25
mm (MP25), and 17mm (MP17). Particle sizes were deter-
mined in an aqueous 0.02% Tween 80 solution in a Master-
Sizer X (Malvern Instruments, UK). The differences
between the batches were shown by subtraction of the
volume distributions and the mean values of the volume
distribution (dv 0.5), the weighted means (D 4.3), the span
(s) and the volume fraction of small particles were evaluated
(Table 2). The formulas for these characteristic numbers are
given in Eqs. (1) and (2).

D[4,3] =
∑ nd4

∑ nd3 (1)

s=
sv0:9−dv0:1

dv0:5
(2)

where n is the number of particles per fraction;d, mean

Table 1

Microparticle preparation: variation of the parameters

Batch Ratio
CH2Cl2:aqu.
(v/v)

Ratio
RG503:CH2Cl2
(m/V)

dv 0.5
(±SD, mm)

cFDL
(%m/m)

MP40 1:10 1.3:10 40.2± 0.54 0.368
MP30 1.5:10 1:10 29.5± 0.56 0.709
MP25 1:10 1:10 25.4± 0.10 0.296
MP17 2.5:10 0.75:10 17.8± 0.02 0.386
DSM – – 45 –

Table 2

Microscopic evaluation of the particle size distribution

Rat
no.

Size of
MP (mm)

Tumor Liver Spleen Lung

1 40 + ++ + +
2 40 + +++ − −
9 40 (+) +++ (+) +
5 30 ++ ++ ++ +++
8 30 + ++ + +
4 25 ++ + ++ +++
6 25 ++ + + ++
3 17 +++ ++ +++ +++
7 17 ++ ++ + +++

−, No MP were found in all slices; (+), rarely detected single microparti-
cles or small agglomerates with less than 10 MP in all slides;+, less than
10 agglomerates and about 10 single MP in all slides;++, between 10 and
30 agglomerates and up to 150 MP per slide;+++, more than 30 agglom-
erates and uncountable single MP per slide.
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diameter of each fraction;dv (0.1), limiting diameter of
10% of the particle volume inmm; dv (0.9), limiting dia-
meter of 90% of the particle volume inmm.

The particles were of spherical shape and had a relatively
smooth surface as demonstrated in the SEM photos (Fig. 2)
taken by a scanning electron microscope (Hitachi S510,
Nissei Sangyo GmbH, Dusseldorf, Germany).

2.3. Animals

Nine female Sprague–Dawley rats (Fa. Dinkelmann,
Paderborn) (bodyweight 200± 20 g) were housed in a tem-
perature- and humidity-controlled room with free access to
water and standard rat feed. The principles of laboratory
animal care and the German animal protection laws
(1993) were strictly followed.

2.4. Tumor model

Novikoff hepatoma cells (5× 105) were injected under
the capsule of the central liver lobe [21] in female Spra-
gue–Dawley rats to induce single tumor nodules. As inves-
tigated in laparoscopies, the tumors had to be larger than 4
mm3 to be acceptable for further investigations and the ratio
of failure was less than 5%. Seven days after tumor inocu-
lation the tumors were suitable for embolization, whereas
older tumors were too large and showed spontaneous necro-
sis. Under ether anesthesia a laparotomy was performed.

During observation with an operating microscope the gas-
troduodenal artery was cannulated using a polyethylene
catheter (Portex PP10). The tip of the catheter was placed
at the origin of the proper hepatic artery. The MP were
suspended in 0.1% isotonic Pluronic F68-solution in a con-
centration of 30 mg/ml and injected through a syringe and a
needle into the catheter. During the application of the sus-
pension over a period of 5 min the common hepatic artery
was clamped to prevent retrograde flux (Fig. 1) and the
embolization was controlled by the operating microscope.
Animals 1, 2, and 9 received MP40 and a complete embo-
lization was achieved. The injection was aborted when the
MP accumulated in the tip of the catheter so that a total
amount of 50 mg MP was applied to animals 2 and 9 and
90 mg were applied to animal 1. All of the smaller amounts
of MP did not cause total embolization so that the injection
was stopped after application of 100 mg MP.

2.5. Tumor measurement

According to the literature [22] the tumor size was eval-
uated by the following method:

S=0:5 × D1 × D22

whereS is the tumor size (mm3), D1 is the largest diameter
(mm) andD2 is the smallest diameter (mm) of the tumor.

2.6. Tissue preparation

Five minutes after the treatment the animals were eutha-
nized. The artery was clamped, the liver was prepared and
the connective tissue was dissected. The liver was removed
and trimmed to a block of liver tissue and medial tumor
tissue. The tumor and the liver tissue were dissected in the
lateral tissue and all tissue parts were wrapped in aluminium
foil and frozen in liquid nitrogen. The frozen block was cut
into cubes of about 2× 2 × 2 mm3 and the tissue from the
liver and the tumor was identified. Cubes which contained
both tumor and liver tissue were described as border tissue.

One lateral part with evident median tumor tissue was
used to prepare frozen sections of 20 or 30mm thickness
in a freeze microtome Frigocut 2800 (Leica, Hamburg, Ger-
many).

Furthermore, the lung and the spleen were prepared and
removed from the animals and frozen sections were
obtained in the same way.

2.7. Microscopic analysis

The frozen sections were screened under a Zeiss light
microscope equipped with fluorescence filters and a phase
contrast optic long pass filter system (Zeissbarrier LP520
nm dichroic mirror FT510 nm exciter 450–490 nm). The
density of the particles in the organs was evaluated by
counting. All slides were investigated and a classification
was obtained as described in Table 2.

Fig. 1. Scheme of the application technique. A polyethylene catheter was
introduced, with its tip placed at the junction of the common hepatic
artery. This artery had been clamped during the application to prevent
backflow of the microparticles.
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2.8. Analysis of FDL-containing particles in the tissue

Each cube of the liver-, border-, and tumor-tissue was
homogenized in 10 ml distilled water and extracted twice
with 10 ml methylenechloride. The lipophilic FDL in the
organic phase was hydrolyzed by 1.5 ml 10% methanolic
potassium-hydroxide solution and, after 5 min, the fluores-
ceine was extracted twice by 5 ml aqueous phosphate buffer
(pH 7.4). The aqueous solution was collected and diluted
with phosphate buffer (pH 7.4). Both extraction steps were
standardized. A calibration curve for fluoresceine was mea-
sured with a correlation coefficient of 0.99886. The hydro-
lysis of FDL in methylene chloride and extraction by
aqueous buffer was standardized with a correlation coeffi-
cient of 0.9957, and the determined vs. the expected value
showed a coefficient of 0.9999. Standards were analysed
together with the extraction of the samples, and a liver
blank was determined. The fluorescence was measured in
a Fluorispec SF-100 fluorescence spectrophotometer
(Baird-Atomic Europe N.V.). The content of FDL in the
MP was also determined after dissolving them in 20 ml
methylene chloride, hydrolyzing with 1.5 ml 10% methano-
lic potassium-hydroxide solution and double extraction with
5 ml aqueous phosphate buffer. The values are also given in
Table 1.

3. Results

3.1. Microparticle preparation and characterisation

Four batches of microspheres (MP) were prepared by the
solvent evaporation method [23]. The different particle size
distributions were achieved by variation of the preparation
parameters (Table 1). Reduction of the volume of the inter-
nal organic phase and reduction of the viscosity of the inter-
nal phase by using a lower RG 503 concentration led to
larger particles.

The MP had a mean volume diameter (dv) of 40 mm
(MP40), 30 mm (MP30), 25 mm (MP25), and 17.8mm
(MP17). Their particle size distributions were measured
with a mastersizer and are shown in Fig. 3. All batches
contained a volume part less than 10% of particles smaller
than 10mm (Table 2) except MP17, which showed a fraction
of 11.67% less than 7.01mm. The maxima of the batches
contained 30% of the volume of the particles.

The differences in particle size distribution of the batches
were obtained by subtraction (Fig. 5). The larger the values,
the better is the discrimination between the different
batches. The absolute values depend on the maxima of
each particle size distribution. The graphs show the relative
quantity that both batches do not have in common.

Fig. 2. SEM micrography of the MP. (A) MP40; (B) MP30; (C) MP25; (D) MP17.
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In Table 1 the median diameter of the volume of the
particles (dv 0.5), the weighed diameter of the distributions
(D (4.3)) and the spans (s) of the distributions are given. The
differences betweendv 0.5 andD (4.3) are not significant,
which can be interpreted as a sign of the low agglomeration
tendencies of the particles.

It can be seen from the subtraction of the distributions
that MP17 and MP25 as well as MP30 and MP40 can be
distinguished.

The SEM pictures (Fig. 2) show round and discrete MP
with a relatively smooth surface in all batches.

3.2. Comparison with DSM

The size distribution of clinically used degradable starch
microspheres (DSM, Spherex , Pharmacia) is similar to
MP40 (Fig. 4). Less than 10% of the volume is smaller
than 10mm and the distribution shows adv (0.5) of 45
mm.

As differences of the subtracted distribution functions are
low, a good similarity between MP40 and degradable starch
microspheres is observed. Thedv (0.5) is 4.25mm larger
than that of MP40 but, as the higher difference betweendv

(0.5) andD (4.3) shows, the tendency of agglomeration is
slightly higher in degradable starch microspheres than in
MP40.

The volume fraction of the particles less than 10mm in
diameter is nearly 2% higher than in MP40 (Table 2).

3.3. Animal model

The implantation of the tumors by a single injection of
tumor cells turned out to be uncomplicated. Nine of ten rats
showed tumors after seven days, which fulfilled the princi-
ple prerequisite to be larger than 4 mm3 in size.

A microsurgical procedure analogous to [24] was per-
formed as demonstrated in Fig. 1. The size of the gastro-
duodenal artery was limiting the catheter size (Portex PP10)

Fig. 3. Particle size distributions of the four MP batches.
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and was consequently controlled the largest particle size of
40 mm.

The investigation of the microsurgical procedure and the
application of the MP in nine animals by an operating
microscope led to a primary observation: the 40mm MP
caused total embolization in all three animals with complete
filling of the artery up to the tip of the catheter. The applic-
able amount of MP, therefore, was limited to 50, 90 and 100
mg.

The smaller MP did not show full embolization, so that
the injection was aborted after 100 mg.

3.4. Microscopic evaluation

The examination of the frozen sections of tumor-, liver-,
spleen, and lung-tissue using a fluorescence microscope
showed single MP, as well as agglomerations in all slides,
similar to previous observations in the literature [25] (Fig.
6).

Fig. 4. Particle size distribution of DSM (Spherex).

Fig. 5. Differences of the functions of the particle distributions obtained by subtraction.
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As clearly visible in liver tissue, the MP are located in
vessels and occlude them completely (Fig. 7).

All slides were examined and the total number of MP or
agglomerates per tissue type was semiquantitatively evalu-
ated (Table 3).

Mainly particles smaller than 40mm were detected in the
tumor tissue, (more than 10 agglomerates and single MP).
MP17 had the highest density (more than 30 agglomerates
per slice and uncountable single MP) whereas only less than

10 agglomerates and about 10 single MP of MP40 were
present.

In contrast, a high number of MP40 (more than 10
agglomerates and many single MP) were detected in the
liver tissue.

MP smaller than 40mm were present in a high concentra-
tion (more than 10 agglomerates and single MP) in the
spleen and lung. Subsequent sections showed that the smal-
ler particles were distributed in remote parts of the lung

Fig. 6. Micrography of fluorescence-labelled MP agglomerates in vessels.
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especially as single particles, whereas larger particles
agglomerated in the main branches of the vessels. MP40
were rarely detected in spleen or lung.

3.5. Extraction studies

For isolation and dissolution of the poly(d,l-lactide-co-
glycolide)-microspheres, the tissue cubes were dispersed in
water and extracted with methylenechloride. The lipophilic
FDL accumulated in the organic phase. It was hydrolyzed to
Fluoresceine by methanolic potassium hydroxide solution,
extracted with water, neutralized and diluted in aqueous
phosphate buffer (pH 7.4). The concentration was measured
by fluorescence spectroscopy.

Fluoresceine standards showed a linearity with a regres-
sion coefficient of 0.9989. The extraction steps were con-

trolled by standards and a linearity between the obtained
values and the original concentration was obtained. The
calculation of the concentration was based on standards.

The highest absolute tissue concentration, in total. was
found at an application of MP40 (Fig. 8D).

The highest concentration in the tumor tissue was
obtained with MP17.

There were no characteristic patterns of the MP concen-
trations in the liver tissue (data not shown).

In the border tissue between normal liver and tumor tis-
sue, a high concentration of MP40 was found whereas all
other MP were less concentrated there. This was even evi-
dent when the border tissue was added to the tumor tissue in
the calculation (T+ B) (Fig. 8B).

The comparison between border tissue and tumor tissue
(Fig. 9) highlights the higher concentration of MP40 in the
border tissue than in the tumor tissue. MP30 levels are
sometimes higher and sometimes lower in the border than
in the tumor tissue. Smaller particles were less concentrated
in the border tissue than in the tumor. This is also expressed
by the ratio of the concentration in the border tissue versus
the concentration in the tumor tissue (Fig. 10). The ratio of
MP40 is much higher than 1, the ratio of MP30 about 1 and
the ratio of smaller particles is less than 1.

4. Discussion

4.1. Microparticle preparation and characterisation

As previously described in clinical application and in
animal experiments [31,32], 40mm particles caused the
most distal embolization with the least induction of collat-
erals. For comparison reasons particles of 40mm in diameter
or smaller were of interest.

The SEM demonstrated (Fig. 2) discrete and spherical
particles with a relatively smooth surface, which were easily
suspended for application in a 0.1% Pluronic F68 solution,
using ultrasound. During the injection, the solution was
shaken in the syringe several times to prevent sedimenta-
tion.

Due to the preparation of the microparticles in a solvent
evaporation process, the particle size distribution showed a
fraction of particles smaller than 10mm in all batches (Fig.
3). The volume part of this fraction was less than 10% inFig. 7. Micrographies of MP in vessels of liver tissue.

Table 3

Characteristic values of the particle size distributions

dv 0.5
(mm)

D 4,3
(mm)

Limit of the
small fraction (mm)

s

DSM 44.19 42.07 9.28%, 10.27 0.81
MP40 39.94 38.89 7.28%, 10.27 0.82
MP30 29.10 29.36 7.25%, 10.00 0.89
MP25 25.29 24.02 9.68%, 10.27 0.89
MP17 17.78 17.00 11.67%, 7.01 1.24
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most batches and DSM showed the same distribution char-
acteristics (Figs. 4 and 5). DSM is already established in
clinical use [19]. No severe side effects have been asso-
ciated with this part of the MP batches yet.

The MP40 show nearly identical values in span as DSM.
They show slightly better characteristics in the volume frac-
tion of particles less than 10mm and a better agreement of
the dv 0.5 with theD (4.3) (Table 2).

As visible in the micrography (Fig. 7), MP40 caused a
complete embolization with totally filled vessels. In the
microscopic counting, few microparticles were detected in
two cases and no microparticles in one case. This leads to
the suggestion that the small microspheres cannot pass the
vessel system after complete embolization and therefore are
also retained in the liver. The passage of the few observed
particles could not be connected with any kind of pulmonary
side effect in the animals.

MP40 and MP30 as well as MP25 and MP17 differed by
more than 20% (volume) in their maxima. The maxima
themselves were about 30%. The similarity between these
batches was much greater than between MP30 and MP25
which differed less than 10% (Fig. 5).

4.2. Comparison to DSM

DSM showed agglomerated and deformed structure on
the SEM micrographs. Their ability to swell and to be
deformed has been previously described in the literature
as the ability to fit in the arteries under slight pressure
[26]. Nevertheless, they had a smooth surface.

The size distribution looks rather similar to our batches
with 10% MP smaller than 10mm (Table 3).

The DSM had adv (0.5) of 45mm in accordance with the
literature [26] and seemed slightly larger than MP40, but,
the difference in the particle size distributions of MP40 and
DSM was less than 10% (volume) in each fraction, so that
they were comparable in this respect (Fig. 5).

The main difference between DSM and the prepared
microspheres is the degradation time of the MP. DSM
degrades within about 25 min [26] and therefore leads to a
transient reduction of arterial blood flow. Its therapeutical
benefit is gained through an enhancement of the co-admini-
strated drug effect during this short treatment period [33–
35].

In contrast, MP degrade within 30–50 days and are,

Fig. 8. Concentration of MP in different tissue types: (A) Border tissue (R) (B) Tumor+ border (R) tissue (C) Tumor tissue; (D) In the whole sample of each
animal.
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therefore, intrinsically more stable than DSM, leading to a
long-term embolization combined with a release of cyto-
static agents.

4.3. Microscopic evaluation

As seen in the slides (Table 2), all MP appeared in the
tumor as well as in the liver tissue. They were distributed as
single particles or agglomerated in the vessels as more-or-
less large masses (Figs. 6 and 7). The size of the agglom-
erations was a few particles up to about 60 MP per accu-
mulation.

The counting of the MP was difficult because of the var-
ious distributions of blood vessels. Parts existed with lots of
MP whereas other parts did not show any [25]. All slides
were evaluated in total to ensure that the counts were repre-
sentative for the organ distribution.

The ranking of the evaluation (Table 3) rates the detec-
tion of a small amount (less than 10 single or agglomerated
MP) of MP higher than a large amount (more than 30
agglomerates and uncountable single MP per slide) and
this conforms with the aim to discriminate between total
or no embolizing effect.

The high concentration of MP17 in tumor tissue could,
by mistake, lead to the conclusion that the smallest MP
achieve the best targeting effect. But it was observed,
even during the application, that MP17 did not cause
embolization. All batches smaller than 40mm were well
distributed to the spleen and lung. Only MP40 were

almost undetectable in lung and spleen and were predo-
minant in the liver tissue.

This means that MP40 were mainly trapped in the liver
tissue. They entered the tumor only in low concentrations,
and were rarely washed out into the organism.

4.4. Extraction studies

Three classes of cubes were obtained: tumor tissue, liver
tissue, and cubes that contained both, called ‘border tissue’.
This region is of special importance for tumor growth and
vascularization.

A high total concentration of MP40 seemed to be due to
complete embolization without wash-out effect (Fig. 8d).
Nevertheless MP40 were detected in the tumor tissue (Fig.
8c).

One animal with MP17 showed a high tumor concentra-
tion analogous to the microscopical findings.

The high concentration of MP40 in the border tissue
(Figs. 8 and 9) shows that the particles were mainly trans-
ported to the border of the tumor where they were trapped in
the region of the capillaries.

Fig. 10 shows a summary of the ratio of border/tumor
tissue and the location of the MP.

MP40 showed a very high ratio which means that they are
in a higher concentration in the border tissue than in the
neighbouring tumor tissue. MP30 show a ratio of about 1,
they are distributed to the tumor in the same manner as to
the border tissue. All other tissues show a ratio lower than 1.
They were not retained in the border tissue and transported
to the tumor.

Fig. 9. MP concentration (mg/mg tissue) in the border and tumor tissue.

Fig. 10. Ratio of border (B) versus tumor (T) tissue in dependency of
particle size.
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4.5. Comparison of the results

The observation at the application, that only MP40
caused a full embolization, is congruent with the result
from the microscopical examination, that smaller MP than
40mm are washed out from the liver and transported to other
organs. The extraction study confirmed these findings and
showed that the MP were mainly trapped directly in front of
the tumor. This ensures a complete embolization with tem-
porary arrest of the blood flow, and all intended further
harm, to the tumor.

Even if the main part of the applied MP is not directly
located in the tumor itself, the distance to tumor tissue is
small and any incorporated drug could easily diffuse to the
tumor cells. This also leads to an enhanced drug concentra-
tion.

The aspect of complete embolization seems to be more
important than the direct location of MP in the tumor tissue.
Without total embolization, the concentration of the MP
would be reduced by a washout and the risk of severe side
effects especially in the lung would arise.

The well-known clinical necessity for individual dosing
[27] is also shown here. At total embolization, the vessel
system was filled with an individually differing amount of
MP. Thus, the injection had to be stopped once after the
application of 50 mg and twice after 90 mg.

Similar results were obtained in white New Zealand rab-
bits that had had implanted VX2 tumors [25] using poly-
styrene MP. The microscopic examination showed both
clustered and individually distributed MP. The tumor con-
centration of the 27mm MP was also higher than in the liver,
but there was no control of complete embolization. As in our
case, the only way of selective tumor targeting seems to be
the trapping of the large MP proximal to the smaller tumor
capillary system at the border between liver and carcinoma-
tous tissue.

In a further study the distribution of125I labelled albumin-
MP of 12.5mm, 25mm, and 40mm diameter was studied in
rats bearing HSN sarcoma in the liver [28]. The administra-
tion of the MP was similar to this study. However, the
results did not show any clear differentiation in the detection
of the various MP batches and a full embolization was not
observed.

The HSN sarcoma model took 20 days to develop repro-
ducible tumors, whereas the Novikoff hepatoma was suita-
ble for embolization after 7 days. The Novikoff hepatoma
model has proved to be appropriate for chemotherapy stu-
dies. It is derived from the epithelial tissue and is highly
resistant to systemic chemotherapy, so that it seems to be
quite similar to the clinical situation.

Smaller fluoresceine-loaded MP (2–5mm) were used to
detect their distribution to various organs after venous appli-
cation in mice [29], therefore, frozen sections were also
screened under fluorescence microscopy.

A distribution to lung and liver in mice [30] was also
detected with smaller MP of polylactide less than 10mm

diameter. Even in mice, smaller particles were not suitable
for embolization and the different principle of targeting was
less successful than ours.

Once the embolization is complete, not even smaller par-
ticles will be transported in the filled vessel system, so that
only a small part of the less than 10mm large MP could be
transported in the body circulation at the beginning of the
application. Therefore, the part of the smaller MP should not
contribute to severe side effects.

Observed in many clinical studies, the MP of 40mm in
diameter are very useful for application in patients [19].
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