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Abstract

In order to treat malignant brain tumors by local delivery of antineoplastic agents, the feasibility of 5-fluorouracil (5-FU)-sustained release

biodegradable microspheres with a novel material, poly(methylidene malonate 2.1.2), was investigated using an emulsion/extraction method.

This polymer was expected to present a slow degradation rate, thus leading to a long term local delivery system. Microparticles were

successfully obtained and characterized in terms of drug loading, size, morphology and release profile. The size of the particles was between

40 and 50 mm, which was compatible with a stereotactic injection through a needle. Sufficient drug loadings were obtained (i.e. compatible

with the preparation of therapeutic 5-FU doses in a minimal volume of injection), and perfectly spherical microspheres were observed. The

respective influences of the polymer molecular weight, the polymer concentration, and the emulsion time on the release profiles were studied

using a 23 factorial design. In the same objective, the solvent extraction time was extended while keeping all the previous parameters fixed at

their optimal values. The in vitro study of these different parameters allowed a reduction of the initial burst release, with a percentage of 5-FU

released after 24 h that was lowered from 90 to 65%, and the achievement of a long term drug delivery system, since the release was still

ongoing after 43 days. Moreover, the microparticles could be gamma-sterilized (25 kGy) without modification of the release kinetics. Thus,

the requested specifications to perform animal experiments were attained.

q 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Malignant gliomas are aggressive human brain tumors,

often affecting the young. Among them, glioblastomas, also

called high-grade gliomas, represent approximately 85% of

malignant gliomas. They have a low incidence of

5–8/100,000 inhabitants/year [1], but the median survival

does not exceed 1 year, even if treated [2–4]. Current

treatment consists of surgical resection of the tumor, when

its localization allows it, followed by radiotherapy and/or

chemotherapy. No clinical trial has yet demonstrated a

significant advantage of neo-chemotherapy delivered before

radiotherapy [1]. Moreover, those tumors have indistinct

margins and cannot be completely removed. Thus, they tend

to recur within centimeters of their original location.

Usually, drug diffusion in brain tissue is limited to the

vicinity of the implantation site [5,6]. Therefore, glio-

blastoma, which is notable for its unifocal character and for

its low metastatic potential, tends itself to local antineo-

plastic treatment. Indeed, the main reason for treatment

failure is very often an evolution of the tumor in, or very

close to, the initial site of the primitive tumor [7]. The

therapeutic arsenal is also limited by the presence of the

blood–brain barrier.

In the last few years, extensive research has focused on

finding new effective drugs and/or new ways of drug

targeting to improve drug delivery to the central nervous

system (CNS). One approach is enhancement of the local

concentration of chemotherapeutic agents, by implantation

of biodegradable polymeric devices in the tumor or in the

resection cavity. The idea is to assure a sustained release of

the drug to avoid recurrences within several centimeters of
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http://www.elsevier.com/locate/ejpb


the initial location. Even though microencapsulated drug

diffusion distances are short, glioma features should make

local delivery a good approach, given that microspheres

seem particularly suitable for direct implantation in a tumor

because they spontaneously remain in situ in tumorized

areas [8]. Moreover, a multi-point administration can easily

be performed during surgery or by stereotaxy.

Brem et al. (1991) incorporated 1,3-bis-(-2chloroethyl)-

1-nitrosourea (BCNU) in wafers constituted of

poly[bis(p-carboxyphenoxy)]propane-sebacic acid copoly-

mer (PCPP-SA) and first carried out a phase I–II dose

escalation study showing safety and promising efficacy on

recurrent gliomas [9]. Thereafter, they initiated a prospec-

tive, randomized, placebo controlled trial of safety and

efficacy of intraoperative controlled delivery of chemo-

therapy [10]. The wafers were left on the walls of the

resection cavity. In this study, like in many following

studies, patient survival was significantly improved. Never-

theless, tumor recurrences could not be prevented and were

only delayed. Moreover, the discoid wafers can only be used

after tumor resection, thus implicating an operable tumor

[11]. In parallel, Menei et al. (1994) developed a new

concept of drug targeting into the CNS by stereotactic

implantation of biodegradable microspheres [12]. Because

of their size, these microparticles can easily be implanted by

stereotaxy in functional areas of the brain. Compared to

large implants, microparticles do not need open surgery. A

phase I pilot study of the local and sustained delivery of

5-fluorouracil (5-FU) was carried out in eight patients with

newly diagnosed glioma [13]. Microspheres were implanted

after a complete macroscopic surgical resection of the

tumor. Patient median survival was doubled and one patient

is still in disease remission today. Based on these results, a

multi-institutional phase IIb clinical trial is presently

ongoing [14].

In order to improve this strategy, we focused on a new

material, poly(methylidene malonate 2.1.2) (PMM 2.1.2),

described by Bru-Magniez et al. (1990) and Lescure et al.

(1991) [15,16]. The main advantage expected from this

novel polymer is a long degradation time, due to its

chemical structure (ester bonds in the side chains only),

which could be advantageous in the treatment of long

evolving pathologies, avoiding repetition of stereotactic

injections. Indeed, in a parallel biocompatibility study of

PMM 2.1.2, microspheres were injected into Sprague–

Dawley female rats, and were still perfectly intact at 3

months (data not shown). Therefore, we could expect a very

interesting system, which could firstly degrade much more

slowly than poly(lactide-co-glycolide) polymer (PLGA)

[17], thus assuring a much more prolonged local release of a

drug in a specific area of the brain tissue, and secondly

extend the panel of biocompatible synthetic polymers

available in the literature [18].

The aim of this work was to develop 5-FU-loaded PMM

2.1.2-based microspheres with an appropriate size for

stereotactic injection. 5-FU was chosen because (1) it

weakly passes the blood–brain barrier, (2) after intravenous

injection, its half-life is less than 20 min, (3) it is mainly

active on highly dividing cells, which are not encountered in

the CNS, and is therefore rarely neurotoxic, and (4) it is a

potent radiosensitizer.

Size, morphology, drug loading of the microspheres and

5-FU localization and release from the particles were

studied. Thereafter, the influence of the polymer molecular

weight and concentration and the emulsion time were

studied in order to improve the 5-FU release profiles.

Concomitantly, the effects of an increased solvent extrac-

tion time were evaluated.

2. Materials and methods

2.1. Polymer synthesis and molecular weight determination

The monomer 1-ethoxycarbonyl-1-ethoxycarbonyl-

methylenoxycarbonyl ethane (methylidene malonate 2.1.2

or MM 2.1.2) was prepared according to Bru-Magniez et al.

(1990) and Lescure et al. (1991, 1994) [15,16,19].

During storage, it was maintained under a sulfur dioxide

(SO2) atmosphere at 218 8C to prevent spontaneous

polymerization.

Before polymerization of the monomer, SO2 was

removed by low vacuum during 3 h. NaOH 0.1 N (Sigma,

St Quentin Fallavier, France) was used as the initiator.

SO2-free monomer (4.5 g before SO2 removal) was

dissolved in acetone (75 ml, Prolabo, Strasbourg, France)

and NaOH was then added under magnetic stirring.

Although polymerization occurred after 5 min, stirring

was maintained during 15 min to assure a complete reaction.

Acetone was evaporated under vacuum (100 rev./min,

43 8C). Finally, a large volume of deionized water (800 ml)

was added to collect the polymer, which was filtered and

lyophilized. According to the amounts of NaOH added to

initiate the polymerization, different molecular weights

could be obtained [20].

The molecular weight of the synthesized PMM 2.1.2 was

determined by size exclusion chromatography (SEC) in

tetrahydrofuran 84.6%/methanol 14.6%/acetic acid 0.8% as

the elution phase (flow rate of 1 ml/min). Two columns in

series and a pre-column were used (GPC column Plgelw,

5 mm, 104 Å, 300 £ 7.5 mm, Polymer Laboratories,

Marseille, France; GPC column Styragelw HR1, 300 £ 7.8

mm; pre-column Shodexw KF-G type, Waters, France).

Detection was performed using a refractometer (RID-10A

Shimadzu, Touzard et Matignon, Courtaboeuf, France) and

molecular weights were calculated with GPC software

(PL-caliber, Polymer Laboratories, Marseille, France).

Results were expressed as number, weight and peak average

molecular weights Mn, Mw and Mp, respectively (poly-

styrene standards).
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2.2. Microsphere preparation

The microspheres were prepared using an emulsion/

extraction method. The emulsion and the extraction steps

took place in a reactor in which temperature was under

control. This technique is based on the formation of an oil-

in-water emulsion obtained under controlled stirring. 5-FU

crystals (Roche Laboratories, Neuilly sur Seine, France)

were ground [21] and 300 mg were suspended in 6 ml of

methylene chloride (Prolabo, Strasbourg, France) using an

UltraTurraxw homogenizer for 2 min (9500 rev./min). The

polymer (300 or 600 mg) was then dissolved in the organic

solvent under magnetic stirring, which contributed to

maintaining the 5-FU in suspension. The suspension was

driven to a temperature lower than 5 8C. An emulsion was

obtained by pouring the organic phase into a polyvinyl

alcohol (PVA, 88% hydrolyzed, Rhodoviolw 4/125,

Prolabo, Strasbourg, France) aqueous phase (200 ml, 2%

w/v, 2 8C) under mechanical stirring (600 rev./min, 3 min).

Deionized water (1300 ml, 4 8C) was then added to the

emulsion, allowing the formation of microspheres, which

resulted from the solvent extraction (500 rev./min,

2 min) [22].

Thereafter, the particles were collected by filtration

under nitrogen pressure (filter Durapore HVLP 0.45 mm,

Millipore, St Quentin en Yvelines, France), washed with

deionized water, resuspended in a minimum of deionized

water, frozen in liquid nitrogen and freeze-dried (freeze-

drier RP2V, Sérail, Argenteuil, France).

2.3. Microsphere characterization

2.3.1. Determination of 5-FU content

5-FU-loaded microspheres (10 mg) were dissolved in 50

ml dimethylsulfoxide (Prolabo, Strasbourg, France), and the

optical density was read at 266 nm by spectrophotometry

(Uvikon 940, Kontron, St Quentin en Yvelines, France).

The assays were performed in triplicate and expressed in

terms of weight of 5-FU per weight of microspheres, thus

determining the actual encapsulation ratio (AER) defined by

the following expression:

AER ¼ measured drug weight=microsphere weight

The theoretical encapsulation ratios (TER) were also

calculated in order to determine the encapsulation effi-

ciency:

TER ¼ drug weight=ðdrug weight þ polymer weightÞ

Encapsulation efficiency ¼ AER=TER

2.3.2. Size distribution analysis

The particle sizes were determined by using a Coulterw

counter (Multisizer, Coultronics, Margency, France).

Microparticles (10–20 mg) were suspended in deionized

water (5 ml) and assayed after dilution in Isotonw II

(Coultronics, France).

2.3.3. Microscopy studies

Microspheres were examined with an Axioscopew 2

optical microscope (Zeiss, Le Pecq, France). Different

samples were viewed by scanning electron microscopy

(SEM) and fluorine cartographies were realized (Jeol JSM

6301F, Jeol, Croissy sur Seine, France) on microspheres

which were broken with an adhesive before metallization

[23]: freeze-dried microspheres were mounted onto metal

stubs using double-sided adhesive tape, vacuum-coated with

a carbon film (MED, Bal-Tec, Balzers, Liechtenstein) and

directly analyzed under SEM. To characterize the internal

morphology and 5-FU localization, the adhesive tape with

stuck particles was firstly folded on itself and secondly

roughly unfolded to fracture the microspheres. The coating

was carried out as previously described.

2.3.4. In vitro release studies

Kinetics studies were performed in a USP dissolution

apparatus shaken by a paddle at 100 rev./min (Sotax AT7,

Basel, Switzerland) at 37 8C in PBS (pH 7.4). A dialysis bag

containing 30 mg microparticles was filled with PBS and

placed in 500 ml of this buffer. 5-FU released from

microspheres was assayed spectrophotometrically at 266

nm. Each batch of microparticles was examined in

triplicate.

2.4. Optimization of 5-FU in vitro release kinetics

A 23 full factorial design was carried out to study the

influence of three parameters (polymer molecular weight,

polymer concentration, emulsion time) on the kinetics of in

vitro release and on the extent of drug loading. For each

parameter, two levels were fixed, one inferior level (21)

and one superior level (þ1) (Table 1). The experiments

were carried out in a random order to minimize the effect of

systematic errors. The experimental results were analyzed

using Nemrodw software [24].

Finally, the influence of the solvent extraction time was

also explored, between 2 and 10 min, with 2 min

increments. All the experiments were done in triplicate.

Table 1

Studied parameters

Coded

variable

Variable Level

21 þ1

X1 Polymer molecular weight 17,673 g/mol 24,135 g/mol

X2 Polymer concentration 5% 10%

X3 Emulsion time 3 min 5 min
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2.5. Microsphere sterilization

Several batches of microspheres were sterilized by

g-irradiation (Ionisos, Dagneux, France) at 25 kGy, and

examined in terms of PMM 2.1.2 molecular weights, drug

loading and kinetics.

3. Results

3.1. The preliminary batches of microspheres

Optical and scanning electron micrographs both showed

that microspheres were perfectly spherical. Fig. 1 reveals

5-FU crystals located both inside and at the surface of the

particles. Drug loadings of the microspheres were between

10 and 25% and the encapsulation yields between 20 and

75%. The average microsphere diameter was always

between 40 and 50 mm. Before optimization, more than

90% of 5-FU was released within 24 h in vitro (Fig. 2).

3.2. The critical factors

Experiments defined by the full factorial design and

corresponding results are presented in Table 2. The

encapsulation ratios measured were between 10.4 and

19.1%. The best kinetics were around 65% of 5-FU released

after 24 h (Fig. 2) and the release was still ongoing after 43

days. At day 43, microparticles were not significantly

degraded when observed by optical microscopy (Fig. 3),

compared to native microspheres. The eight distinct

experiments of the full factorial design allowed us to

calculate main effects of each parameter on the studied

responses but also the interactions between them. For the

encapsulation ratio no significant effect of any parameter was

observed. The effects calculated for 5-FU released (Y2) are

shown graphically in Fig. 4a. The higher the effect of a factor

in absolute value, the more significant the effect it had on

5-FU release. The estimation of the experimental variance

(S2
y2 ¼ 7:33) allowed us to calculate the significance of

individual coefficients by means of Student’s t variable with

2 degrees of freedom (a ¼ 0:05) [25]. A significant second

order interaction between the three factors was observed so

they had to be considered together. Three dimensional

representation of the eight experiments made it possible to

draw some conclusions (Fig. 4b). The numbers at the corner

of the design box indicate the results of experiments.

Given that a good kinetics is one with the lower possible

values at a given corner of the box, from this diagram, it

could be concluded that to obtain the best kinetics:

† PMM 2.1.2 molecular weight must be close to its high

level, that is 24,135;

† the polymer concentration can be high or low, but for a

high concentration (10%) the emulsion time must be at

its low level (3 min);

† the emulsion time can be high or low, but for a high

emulsion time (5 min) the polymer concentration must be

at its low level (5%).

Drug loadings were higher when the emulsion time was at

its low level.

The morphology of the microsphere interior is rep-

resented in Fig. 5 which shows that 5-FU is mostly located

in the core of the spheres. This could be confirmed by a

fluorine cartography: Fig. 5b is the fluorine map of the same

microsphere as in Fig. 5a. Each point corresponds to fluorine

Fig. 1. Optical micrographs in normal light (a) or polarized light (b) and

scanning electron micrograph of 5-FU-loaded PMM 2.1.2-based

microspheres (c).
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presence and it appears clearly that fluorine is mostly

located in the center of the sphere.

3.3. The solvent extraction time

This parameter has been explored while all the other

parameters were fixed at the values giving the best kinetics.

The solvent extraction time varied from 2 to 10 min. The

drug loading did not vary significantly from 2 to 8 min, but

decreased below 15% for a 10 min extraction (Fig. 6a).

Fig. 6b represents the influence of the solvent extraction

time on the burst effect. In a first step, the percentage of

5-FU released within the early stage increased when the

solvent extraction time was increased. It stayed high from 4

to 8 min, and decreased again for a 10 min extraction.

3.4. g-Irradiation

The PMM 2.1.2 molecular weights, the drug loading and

the percentage of 5-FU released after 24 h of sterilized and

not sterilized particles are shown in Table 3. A 15.4% and

16.1% loss of number and weight average molecular weight

were observed, respectively. The drug loading and the

percentage of 5-FU released after 24 h were unchanged.

4. Discussion

4.1. Influence of the polymer molecular weight, the polymer

concentration and the emulsion time on the 5-FU

release profile

The molecular weight (Mw) of a polymer classically

affects the release kinetics by influencing the degradation

rate of the polymer [26] or the organic phase viscosity,

Fig. 2. In vitro release profile of 5-FU from microparticles before (O) and

after (X) the factorial design.

Fig. 3. Optical micrograph of 5-FU-loaded PMM 2.1.2-based microspheres

after 43 days in vitro (PBS, pH 7.4, 37 8C).

Table 2

Factorial design and experimental results

PMM 2.1.2

Mw (g/mol)

PMM 2.1.2

concentration

(%)

Emulsion

time (min)

Drug

loading

(%)

% 5-FU released

(t ¼ 24 h) (%)

17673 5 3 18.5 89.3

24135 5 3 17.3 68.7

24135 5 3 15.1 63.7

24135 5 3 17.9 64.4

17673 10 3 14.8 79.3

24135 10 3 15.4 64.8

17673 5 5 19.1 92.9

24135 5 5 13.1 65.1

17673 10 5 16.4 71.7

24135 10 5 10.4 91.1

Fig. 4. Graphical analysis of the parameter effects on 5-FU release (a).

Interaction diagram for PMM 2.1.2 molecular weight (X1), PMM 2.1.2

concentration (X2) and emulsion time (X3) (b) (each corner corresponds to

the percentage of 5-FU released after 24 h).
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which can act upon the crystal distribution in the polymer

matrix [27]. Indeed, increasing the organic phase viscosity

prevents the diffusion of the crystals towards the surface of

the particles, which is a consequence of the centrifugation

force due to the stirring. And the less crystals are present at

the periphery, the less the initial burst is pronounced. In this

study, a triple interaction between the parameters was

observed: increasing the molecular weight resulted in

lowering the release of the drug (except for a high polymer

concentration and a high emulsion time). Microparticles

were not significantly degraded in vitro at day 43, thus

showing a minor contribution of the polymer degradation

rate to the release of 5-FU, and suggesting a main release by

diffusion through the polymer matrix, as previously

observed [28].

Usually, increasing the polymer concentration leads to a

more dense polymer matrix attenuating the burst effect

because the migration of the encapsulated drug is restricted

[29–32]. In this study, satisfactory kinetics could be

obtained for both high or low levels of polymer concen-

tration, depending on the other parameters (triple inter-

action). Indeed, both high and low concentrations can allow

a reduction of the burst effect: Jalil et al. (1990) explained

that for high concentrations, the precipitation of a polymer

is faster and can lead to surface defects responsible for a

burst effect [33]. Thus, a low concentration may be

preferable. On the contrary, Hu et al. (2000) observed that

for high concentrations, strong interactions between the

encapsulated protein and the polymer can achieve a better

sustained release [34]. Therefore, an alternative to slow

down the release of 5-FU could be the co-encapsulation of

5-FU with a protein of therapeutic interest in the treatment

of brain cancers. Hussain et al. (2002) recently co-

encapsulated an antisense oligonucleotide (AON) with

5-FU and showed that 5-FU release was decreased by the

presence of the AON [35].

The emulsion time can play an important role in the

internal morphology of the microspheres, thus having an

impact on the kinetics [30]. If the emulsion time is

reduced, 5-FU crystals have less time to escape from

Fig. 5. Scanning electron micrograph of a 5-FU-loaded PMM 2.1.2-based

microsphere showing (a) interior and (b) fluorine cartography.

Fig. 6. Influence of the extraction time on the drug loading (a) and on the

5-FU release rate (b).

Table 3

Characteristics of microspheres before and after g-irradiation (25 kGy)

Characteristic Before g-irradiation After g-irradiation

PMM 2.1.2-based

microsphere

molecular

weight (GPC)

Mw ¼ 31; 584 g/mol;

Mn ¼ 18; 814 g/mol;

Polydispersity

Index ¼ 1:924

Mw ¼ 26; 497 g/mol;

Mn ¼ 15; 909 g/mol;

Polydispersity

Index ¼ 1:970

Drug loading (%) 18.2 18.1

% 5-FU released after 24 h 75.6 ^ 0.8 68.9 ^ 2.0
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the microspheres during the emulsion step. The drug loading

and the release are therefore improved. In this study, for high

polymer Mw and concentration, extending the emulsion time

resulted effectively in accelerating the release of the drug.

A further explanation can be that, as previously observed,

when the emulsion time increases, the size of the droplets

decreases, thus reducing also the size of the particles [36]. In

small particles, 5-FU crystals are uniformly dispersed in the

matrix. Some crystals are located at the periphery of the

microspheres and the release is therefore more rapid.

Moreover, small particles have a larger transfer surface

area for the drug to diffuse out from the matrix [37]. In this

work, particle size was not affected by the emulsion time in

the range studied (data not shown), as previously observed

[38]. Therefore, for a high emulsion time, crystals were able

to diffuse in the forming microspheres, even if viscous, to

reach the periphery and enhance the 5-FU release. For a short

emulsion time, as the sustained release persisted after

43 days, at least 35–40% of the crystals were right away

encapsulated in a polymer barrier during the early stage of the

encapsulation process. The polymer played a plain role of

diffusion barrier for the drug during the in vitro release.

In conclusion of this first optimization step, all factors

had an influence on the in vitro release profiles, and their

influence was inter-related, since the factorial design

showed a triple interaction. Compared with 5-FU-loaded

PLGA microspheres, kinetics were faster, but longer.

Nevertheless, for the treatment of glioblastoma, no optimum

release profile was proven to be significantly better than

another, and no advantage could be evidenced from fast or

slow-releasing microspheres in vivo [8]. Moreover, in

humans, the ‘burst effect’ may be lower.

For future in vivo experiments, microspheres must be

suspended in a sterile aqueous solution of carboxymethyl-

cellulose (CMC). Given that only small volumes can be

injected intracerebrally, and that only a limited quantity of

microspheres can be resuspended in CMC, drug loadings

must be as high as possible, or at least compatible with the

administration of therapeutic 5-FU doses. The drug loadings

corresponding to the best kinetics were in agreement with

this criterion.

4.2. Influence of the solvent extraction time on the drug

loading and the 5-FU release profile

The influence of the solvent extraction and emulsion

times are inter-related, since they represent the period in

which 5-FU is partitioning between the droplets and the

aqueous phase. In this work, the drug loading was only

affected by a 10 min extraction time. Below 10 min, the

crystals which were probably right away encapsulated in a

polymer barrier during the emulsion step did not reach the

aqueous phase during the extraction step and did not

significantly reduce the AER.

Concerning the percentage of 5-FU released after 24 h,

the influence of the solvent extraction time was more

complex: a 2 min extraction allowed us to obtain the best

kinetics. Then, increasing the solvent extraction time led to

an increased burst effect. 5-FU crystals can have started

their diffusion through the polymer matrix during the

extraction step. Their diffusion was stopped by freeze-

drying. Thus, crystals were located close to the surface of

the microspheres during the early stage of the in vitro

release experiments and induced a marked burst effect.

Finally, for a 10 min extraction, the release was decreased,

probably in association with a very low drug loading [29].

4.3. Influence of the g-irradiation on the PMM 2.1.2

molecular weight, the drug loading and the 5-FU release

profile

Microparticle batches were g-sterilized without any

important decrease in the number average molecular

weight Mn nor in the release kinetics. This is of particular

interest compared to PLGAs. Indeed, PLGAs are usually

strongly affected by g-irradiation, by a mechanism of chain

scission due to cleavage of the ester linkage [39]. The

degradation rate of these materials is therefore enhanced,

increasing also the release of the encapsulated drug. In the

PMM 2.1.2 chemical structure, ester groups only exist in the

side chains. This might be the reason for the polymer

resistance to g-irradiation, affecting, if at all, the side chains

without backbone scission.

5. Conclusion

We succeeded in preparing 5-FU-loaded microspheres

with a novel promising material, PMM 2.1.2, using an

emulsion/extraction method. The particles had an appro-

priate size for a stereotactic injection through a needle. The

drug loadings were compatible with the preparation of

therapeutic 5-FU doses in adequate volumes of injection and

the morphology of the particles observed by optical or

scanning electron microscopy revealed microspheres per-

fectly regular and spherical. A 23 full factorial design was

carried out to optimize the release kinetics and showed a

combined influence of the polymer concentration, its

molecular weight and the emulsion time on the 5-FU

release profile. After optimization, the percentage of 5-FU

released after 24 h could finally be lowered to 65% and was

not increased after g-irradiation. Microparticles were not

significantly degraded in vitro after 43 days and the release

was still on-going.

Thus, PMM 2.1.2 was shown to be suitable for the

formulation of an efficient drug delivery system, which may

be capable of delivering a drug over long periods as

demonstrated recently in F98 glioma-bearing rats [40].
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