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In this study we examined the release kinetics of valproate from polycaprolactone (PCL) implants con-
structed for local antiepileptic therapy. The PCL implants were produced with a novel 3D-Bioplotting
technology. Release kinetics were determined by superfusion of these implants. Valproate was measured
in the superfusate fractions with high pressure liquid chromatography (HPLC). The HPLC measurements
were linear over a concentration range of 10–500 �g/mL for valproate and the limit of quantification was
found to be 9 �g/mL. The HPLC method used is simple, accurate and sensitive. Within the first day, val-
proate (10%w/w)-PCL implants released already 77% of the maximum possible liberated amount whereas
(5%w/w)-PCL implants released only 53%. After four days, 88% of valproate was released from (10%w/w)-
PCL implants and 94% valproate from (5%w/w)-PCL implants. When valproate was ground before the
3D-Bioplotting process, only 63% from (10%w/w)-PCL implants was released within the first day. This
released amount of ground valproate was significantly lower compared to that which was not ground from
the (10%w/w)-PCL implants. After three days of superfusion a total amount of 89% of ground valproate
within the implants was released, corresponding to 88% of non-ground valproate after four days. The fast
releasing PCL implants can be used to study acute effects of locally applied valproate on epileptogenesis
in vivo after initiation of an epileptic focus in an animal model. The corresponding biocompatibility may also
be analysed.

1. Introduction

The widely used antiepileptic drug valproate is a simple
branched short-chain fatty acid and is applied in the treatment
of diverse epileptic syndromes, e.g., absence seizures, gener-
alized tonic-clonic seizures, complex partial seizures, juvenile
myoclonic epilepsy and seizures associated with Lennoux-
Gastaut syndrome (Michoulas and Farrell 2010). To achieve a
sufficient antiepileptic concentration at target sites in the brain,
the reasonably high valproate plasma concentration is 300 �M
(Neels et al. 2004). However, even with this plasma concentra-
tion some seizures cannot be treated sufficiently, because the
locally acting valproate tissue concentration is still too low
(Serralta et al. 2006). Insufficient local valproate concentra-
tions are caused, for instance, by multidrug transporters, which
actively remove drugs out of the neurons (Lazarowski et al.
2007; Löscher 2007). The alternative to systemic drug therapy,
i.e., epilepsy surgery, is not always applicable: Many epileptic
foci are located in brain areas where they cannot be removed,
since the focus area is covering a relevant function, as the pri-
mary motor, speech or visual region. Systemic side effects of
valproate at (too) high plasma levels include mild to moderate
dysfunctions as increase of sleep duration, weight gain (Grosso
et al. 2009) and alopecia (Chateauvieux et al. 2010). In addi-
tion, there are numerous severe side effects, as decreased fertility
in 25% of the patients and teratogenity with an approximately
threefold increase in major anomalies (Clayton-Smith and

Donnai 1995; Genton et al. 2006). Furthermore, the occurrence
of parkinsonism as a valproate side effect has been reported
(Jamora et al. 2007). Life-threatening side effects are coagula-
tion disorders, which occur with an incidence of 4% in children
(Gerstner et al. 2006), hepatotoxicity (Dreifuss et al. 1987, 1989)
and finally depression with an increased suicide rate (Olesen
et al. 2010). Overall, only two out of three epileptic patients
on systemic pharmacotherapy show an adequate seizure control
with acceptable, i.e., tolerable, side effects (Kwan and Brodie
2000). To obtain a better therapeutic ratio, direct drug delivery
of antiepileptic drugs to the central nervous system as target area
seems to be a promising solution. Furthermore, a direct intrac-
erebral drug delivery circumvents the blood-brain-barrier and
may allow to use potential antiepileptic drugs which do not pass
this barrier, but by direct application can reach a concentration
high enough at the target site. In other brain diseases, the idea
of a locally-applied polymer, which releases the drug over time,
has already been realized. For example, the chemotherapeutic
carmustin (BCNU)-containing wafer (trade name: Gliadel®) is
nowadays often implanted after resection of high-grade gliomas.
For the treatment of epilepsy, this new route of drug delivery still
has to be elaborated. Therefore, the present study investigated
the release of valproate from polycaprolactone (PCL) implants,
which were produced using an innovative Rapid Prototyping
technology (see below).
Natural and synthetic polymers are widely applied in the
biomedical field (Lendlein 1999). The spectrum reaches from
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Fig. 1: Concept of 3D-Bioplotting. (a) Plotting material is pressed out of the heatable syringe; (b) Strands get oriented to form one layer

bone repair (Jagur-Grodzinski 2006) over hip joint replacement
(Mathiesen et al. 1986) to the design of vascular stents (Altman
et al. 2003). The controlled release of drugs from a variety of
devices is also studied intensively (Wang et al. 2007; Chang et al.
2008). PCL is a thermoplastic aliphatic polyester, which is fully
resorbable by the human body. Due to its high biocompatibility
and good processability it is often used in tissue engineering and
its application for targeted drug delivery is extensively studied.
Ozkan et al. (2009) used a new construction process to gener-
ate porous tissue engineering scaffolds out of PCL comprising
bovine serum albumin.
One of the objectives of the present study was to evaluate the
possible appropriateness of the 3D-bioplotting technology in
the construction of drug delivery devices. PCL can be readily
processed by the 3D-bioplotter. Its low melting point of 60 ◦C
allows a direct mixing of the molten polymer with solid additives
without using organic solvents. This is preferable as no further
purification is needed.
Rapid Prototyping establishes the direct construction of complex
objects without the use of moulds, combining computer-assisted
design with computer-assisted manufacturing. First, a 3D model
is designed at the computer and then cut into a sequence of
layers. In the following building process these layers are created
one after another by the chosen Rapid Prototyping technique
to form the desired object (Solid Freeform Fabrication SFF;
Wohlers 2007). In comparison to many conventional casting
and moulding processes this method enables the construction of
complex internal structures. By now different Rapid Prototyp-
ing methods are used in the biomedical field, yet each method
is limited to a relative narrow set of processable substances. In
2000 the first construction of 3D scaffolds by melt processing
of thermoplastic biodegradable polymers, as for example
PCL, by fused deposition modelling was reported (Hutmacher
2000). Since then a lot of progress has been made. Landers
and Mülhaupt constructed an innovative Rapid Prototyping
technique called 3D-bioplotting at the materials research centre
in Freiburg/Germany (Landers et al. 2002a; Pfister et al. 2004).
3D-bioplotting is based on the method of fused deposition
modelling. The plotting material is transferred into a heatable
syringe and pressed through a nozzle by air pressure to form
uniform strands. These strands form layers which can be
orientated to form multi-layer mesh structures. Depending on
the processed material the plotting process can take place in air
or in solution (Fig. 1).
The bioplotting technology allows to process a wide set of dif-
ferent materials reaching from polymer melts to hydrogels. This
enables the construction of either hard or soft constructs with the

same method (Al-Ahmad et al. 2008; Haberstroh et al. 2010).
Its broad application and outstanding flexibility makes 3D-
bioplotting especially suitable for tissue engineering and medi-
cal purposes (Al-Ahmad et al. 2008; Haberstroh et al. 2010).

2. Investigations and results

The release of disc-shaped valproate-loaded PCL implants con-
taining 5 or 10 wt% drug, produced using the 3D-Bioplotting
technology, was measured. The size of the implants (diameter
range 4.9 mm to 5.1 mm, thickness range 0.9 mm to 1.1 mm)
was adapted to the size of the planned craniotomy in rats whith
a local neocortical epilepsy focus.

2.1. HPLC as a method to quantify valproate
concentrations

A typical chromatogram of valproate in buffer is shown in Fig. 2.
Valproate was well separated with a retention time of 2.5 min
with no endogenous interfering peak.
The calibration curve was linear in the concentration range of
10–500 �g/mL. The equation of the calibration curve of the
valproate standards was y = 0.0436x, where x represents the
concentrations of valproate standards and y represents the corre-
sponding peak area. The CI95 of the slope was [0.0434, 0.439].
The limit of quantification (signal/noise ratio 1:10) was found
to be 9 �g/mL.
The precision of the assay at a concentration of 25 �g/mL,
expressed as the within-run coefficient of variation was 2.1%
(n = 11) and the inter-day coefficient of variation was 3.3%

Fig. 2: Typical HPLC chromatogram (absorption-time diagram) of valproate at a
concentration of 100 �g/mL. mAU = milli absorption unit
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Table 1: Peak area mean values (coefficient of variation
< 3.0%) are given for each concentration for freshly
prepared standard solutions and the same standard
solutions after one freeze-thaw cycle

Valproate-concentration
(�g/mL)

Peak area (mAU*min)
of freshly prepared
valproate standards

Peak area (mAU*min) of
valproate standards after
one freeze-thaw cycle

1000 20.10 20.59
500 10.41 10.46
200 4.25 4.20
100 2.07 2.12
50 1.01 1.06

(n = 3). After one freeze-thaw cycle the same results as with
freshly prepared samples were obtained (see Table 1).

2.2. In vitro release experiments

2.2.1. Valproate release from valproate-loaded (5% w/w)
PCL implants

The release of valproate from drug-loaded (5% w/w) PCL
implants over a period of four days is shown in Fig. 3. On
the first day of perfusion, 52.6% (CI95 = [47.9, 57.3]) of the
stored valproate was released. On subsequent days, the libera-
tion of valproate decreased so strongly that by day 5 the released
amount was underneath the limit of quantification. The corre-
sponding means were 21.7% (CI95 = [20.7, 22.7]) for day 2,
12.6% (CI95 = [11.1, 14.1]) for day 3, and 7.1% (CI95 = [5.3,
8.9]) for day 4. After four days of perfusion, approximately a
total of 94% of the stored valproate was released.

2.2.2. Valproate release from valproate-loaded (10% w/w)
PCL implants

The release of valproate from (10% w/w) PCL implants pro-
duced by the two different fabrication methods is illustrated in
Fig. 4.
For valproate-implants of fabrication method I (see Fig. 4, tri-
angles) 77.4% (CI95 = [75.3, 79.6]) of valproate were already
released during the first 24 h of perfusion. On the following days
the release was markedly diminished to only 5.4% (CI95 = [4.0,
6.9]) on day 2, to 2.7% (CI95 = [2.2, 3.2]) on day 3, and to
2.0% (CI95 = [1.7, 2.4]) on day 4. By day 5, an almost negli-
gible amount of valproate was released, which was no longer

Fig. 3: Valproate release from three valproate-containing (5% w/w) PCL implants,
which were produced by fabrication method I. Each single data point
represents the liberated amount of valproate per day, in percent of the
maximum possible liberated amount of valproate. All measured triplicate
data points for each implant are given

Fig. 4: Valproate release from valproate-containing (10% w/w) PCL implants, which
were produced by the two different fabrication methods. For fabrication
method I the release from three implants was measured, for fabrication
method II that from four. Each single data point represents the liberated
amount of valproate per day, in percent of the maximum possible liberated
amount of valproate. All measured triplicate data points for each implant are
given

detectable with the HPLC method used. After four days of
superfusion, a total of 88% valproate was released.
For valproate-implants produced by fabrication method II the
corresponding values were for the first day: 62.9% (CI95 = [61.2,
64.6]), on day 2: 15.4% (CI95 = [13.1, 17.8]), and on day 3:
10.2% (CI95 = [8.4, 12.1]) (see Fig. 4, circles). At day 4 an
almost negligible, no more detectable amount of valproate was
released. After three days of superfusion a total of 89% valproate
was released. The release of valproate from valproate-implants
differed significantly depending on the fabrication method (see
Fig. 4, equations).

2.2.3. Microscopic studies

Microscopic studies were carried out to yield information about
the surface of the implants. Figure 5 shows pictures of the
implant’s surface.
The pictures on the left (I day 0, II day 0) are representative for
the used implants before the release study. Although comprising
the same material, a significant difference between the two pic-
tures is obvious. Picture I day 0 shows big needle like crystals of
sodium valproate on the surface, whereas picture II day 0 does
not show any of these forms. The missing needle phenomenon
in II day 0 is attributed to the grinding of the valproate used
in fabrication method II. After release, picture I day 4 shows
a rough and brittle surface, whereas the surface of II day 4 is
relatively smooth.
These pictures provide an explanation for the higher release
rate of the implants processed by fabrication method I. As the
sodium valproate crystals are highly water soluble, they dissolve
quickly within the first day of measurement and leave a rough-
ened surface and channels. This allows more water to diffuse into
the implant thus causing a faster release of valproate than the
smooth surface of implants produced by fabrication method II.

3. Discussion

This study tested the release kinetics of uniform PCL implants
loaded with valproate. The PCL implants were produced by
3D-bioplotting applying two different fabrication methods. The
thickness (1 mm) of these implants was comparable to the thick-
ness of Gliadel® wafers which are already used as implants after
tumour resection in humans. To examine the amount of val-
proate released, a simple, quick, accurate, sensitive and robust
HPLC method has been established, as it was described earlier
by Kishore et al. (2003), who established a method for valproate
concentration measurements in human serum. Release studies,
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Fig. 5: Magnification of the used implants before (day 0) and after (day 4) the release studies. Fabrication method I (I), fabrication method II (II). Picture I day 0 shows needle
like crystals of sodium valproate that are attributed to the lack of grinding. In contrast, picture II day 0 doesn’t show any of these crystals as the material was ground before
mixing with the polymer. The higher release rates of implants produced by fabrication method I is attributed to the quick dissolving of the shown crystals and the
roughened surface

using the validated HPLC method, showed a burst release within
the first few days. PCL is known to release drugs over days
continuously. Carcaboso et al. (2008), for instance, produced
melt-molded PCL implants, loaded with the antiepileptic drug
gabapentin. These coated implants released gabapentin, after a
moderate burst effect, relatively linear over a period of seven
days. Four factors may contribute to the above mentioned burst
release of valproate: (1) its hydrophilicity, (2) the relative amount
of loaded drug, (3) the distribution of valproate in the disc, and
(4) the chain length of PCL. Valproate is known to dissolve eas-
ily in water. With the higher concentration of valproate amount
in the PCL implants, a faster release of valproate was found,
which may be due to the higher concentration gradient of 10%
valproate compared to 5% between the inner part of the implant
and the buffer. The grinding of the valproate particles before
the 3D-bioplotting process led to a more homogenous distri-
bution and to smaller valproate particles in the PCL implant,
which resulted in a smaller burst release on the first day. PCL
is hydrolysable at the ester linkage (Goldberg 1995). Free car-
boxylic functions cause the cleavage of the polyester backbone
inducing an autocatalytic reaction. The molecular weight of PCL
is also crucial for the degradation process. PCL with a higher
molecular mass and therefore a longer chain length takes longer
to degrade. All the above mentioned factors may contribute to
the fast valproate release from loaded PCL implants produced by
3D-bioplotting. These fast releasing PCL implants can be used,
for instance, to study early effects of valproate on an early phase
of epileptogenesis in vivo after initiation of an epileptic focus in
an animal model and its corresponding biocompatibility.

In future research, a longer lasting release of valproate from
polymer-implants produced by 3D-bioplotting needs to be
achieved, so that long-term effects of locally administered
valproate can also be investigated. Different possibilities to
reach this goal exist. Carcaboso et al. (2008) proposed coat-
ing the implants. Another possibility is PCL with a higher
molecular mass. A further possibility is the use of non-
biodegradable polymers. For instance, ethylene-vinyl acetate
provided a controlled-release of the antiepileptic drug phenytoin
over 105 days (Tamargo et al. 2002).
In the present study, a simple and reliable HPLC method to
determine the concentration of quickly released valproate has
been established. This measurement method can also be applied
in further studies for liberation measurements of valproate
polymers with sustained release characteristics. 3D-bioplotting
can be used for the design of tailor-made drug delivery devices.
It offers the possibility to easily control the active surface
area of the construct and thus the rate of release of a drug. In
upcoming studies, we will concentrate on the design of longer
term drug delivery devices using non-biodegradable polymers
as matrix material.

4. Experimental

4.1. Fabrication of valproate-PCL implants

4.1.1. Fabrication method I

PCL was molten at 150 ◦C on a Petri dish. Sodium valproate powder was
added to the clear melt and stirred firmly for 5 min to create a milky suspen-
sion. The melt was cooled slowly while stirring to avoid the aggregation of
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Fig. 6: Scheme of the superfusion apparatus. Only one of twelve superfusion chambers arranged in parallel is shown

the valproate particles. Once cooled to room temperature, the white material
was inserted into a glass syringe. This syringe was then fitted into the high
temperature head of the 3D-bioplotter. The syringe with the PCL-valproate
mixture was heated to 80 ◦C for 1 h until a homogeneous melt was achieved.
The instrumental data of the plotting process are shown in Table 2.

4.1.2. Fabrication method II

PCL was frozen in liquid nitrogen and ground (10.000 RPM, Retsch ZM
200) to form granulated material. Sodium valproate and PCL were dried
in vacuum (40 ◦C) over night. Sodium valproate is a strongly hygroscopic
substance and, therefore, it was ground quickly after drying using a preheated
pestle and mortar. Together with granulated PCL it was transferred into a
glass flask and thoroughly mixed. The mixture was heated (80 ◦C, 10 min)
and stirred constantly to achieve a uniform distribution of the valproate
particles in the polymer melt. The mixture was cooled to room temperature
to form a solid composite. The polymer mixtures were immersed into the
heatable dispensing cartridge of the 3D-bioplotter and plotted onto a Teflon
foil to uniform, disc-shaped implants. The instrumental data of the plotting
process are shown in Table 2.

4.2. PCL implant characterization

The disc-shaped implants were characterized by optical microscopy before
and after the release studies using the Axioskop HB050 (Carl-Zeiss,
Jena, Germany), the Softimaging system CC12 and the analySIS software
(Olympus, Münster, Germany).

Table 2: Experimental data of the 3D-bioplotting process is
indicated according to the two different fabrication
methods

Fabrication
method I

Fabrication
method II

3D-Bioplotter (Envisiontec) 1. Generation 3. Generation
Plotting medium Air Air
Temperature plotting material
(◦C)

80 70

Temperature plotting medium
(◦C)

20 20

Inner nozzle diameter (mm) 1.2 0.45
Excess air pressure (x 105 Pa) 0.1–0.2 0.49–0.55
Moving speed of plotting
head (mm/s)

500 300

Layer thickness (mm) 0.3 0.5
Corner delay/(s) 0.1 0.1

4.3. In vitro release experiments using the superfusion method

Three to four PCL implants containing valproate were transferred to three
to four acrylic glass superfusion chambers (void volume 100 �L) and con-
tinuously superperfused with fresh buffer (composition: see below) with
a rate of 35 mL/day to collect valproate liberated out of it. During super-
fusion, buffer and chambers were immersed into a water bath at 37 ◦C to
simulate the in vivo situation. The superfusate of each implant was collected
in eight fractions per day. The buffer used for the release experiments con-
tained (in mM) NaCl 121, KCl 1.8, CaCl2 1.3, KH2PO4 1.2, MgSO4 1.2
and NaHCO3 25 to imitate the physiological cerebrospinal fluid. Before use,
buffer pH was adjusted to 7.4 and prewarmed to 37 ◦C. 1000 �L of the daily
superfusate fractions were transferred to screw-capped (8 mm) HPLC glass
vials (WICOM, Heppenheim, Germany) and stored at −20 ◦C until HPLC
measurements were performed. A schematic drawing of the superfusion
equipment is shown in Fig. 6.

4.4. Chromatographic method for valproate analysis

4.4.1. Instrumentation

The HPLC system consisted of a SIL-10 AD VP autoinjector (equipped
with a 100 �L sample loop), a CTO-10 AS VP column oven (Shimadzu,
Duisburg, Germany) to keep the column temperature at 40 ◦C, a Wellchrom
HPLC pump K-1001, a solvent organizer Wellchrom K-1500, a Wellchrom
degasser, and a diode-array detector Wellchrom DAD K-2700 with the
Wellchrom lamp K-2701 (Knauer, Berlin, Germany). Chromatography was
performed on an analytical column CC 125/4 Nucleodur 100–5 C18 ec,
preceded by a guard column CC 8/4 Nucleodur 100–5 (Macherey Nagel,
Düren, Germany).
The mobile phase consisted of methanol plus 0.1% trifluoroacetic acid (72:
28 vol/vol). The flow rate of the mobile phase was maintained at 1 mL/min.
The column effluent was monitored with the detector wavelength set to
210 nm. EuroChrom® for Windows, basic edition V3.05 (Knauer, Berlin,
Germany), was used as computer software. All samples were measured in
triplicate.

4.4.2. Quantification

Quantification was done by reference to valproate standards which were
obtained at each batch of samples. Every analytic run also incorporated
quality control standards at a concentration of 25 �g/mL valproate. The
unknown concentration of valproate was quantified using linear regression
analysis of the peak area (sample/standard peak area ratio) versus valproate
concentration.

4.4.3. Calibration standards

A stock solution of valproate was prepared at a concentration of 1.0 mg/mL
in buffer. The stock was diluted with buffer to produce valproate concentra-
tions of 10, 15, 20, 25, 50, 100, 250, 500 �g/mL to study linearity.
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4.4.4. Precision

The intraday precision of the method was assessed by calculating the coef-
ficient of variation for replicates (n = 11) of the quality control standards.
The intraday precision was determined from the quality control standard’s
mean values obtained at three different days. Furthermore, the peak mean
values after one freeze-thaw cycle of valproate standards were determined
and compared to freshly prepared valproate standards.

4.5. Drugs

Valproic acid sodium salt and CaCl2 were purchased from Sigma
(Taufkirchen, Germany).
NaCl, KCl, KH2PO4, MgSO4 and NaHCO3 were obtained from Merck
(Darmstadt, Germany).
Methanol was obtained from J.T. Baker (Devent, Netherlands) and tri-
fluoroacetic acid from Merck (Darmstadt, Germany). Polycaprolactone
(Mn = 10.000 g/mol) was purchased from Aldrich, St. Louis, USA.

4.6. Calculations and statistics

Results in the text are given as arithmetic means with 95% confidence inter-
vals (CI95) to indicate statistical probability (Altman 1991). The coefficient
of variation (ratio of the standard deviation to the mean) was applied to show
a normalized measure of variation.

Acknowledgments: The authors thank all staff members - especially Dr.
Simone Müller - of the University Hospital Pharmacy for letting us perform
the HPLC analysis.

References

Al-Ahmad A, Wiedmann-Al-Ahmad M, Carvalho C, Lang M, Follo M,
Braun G, Wittmer A, Mülhaupt R, Hellwig E (2008) Bacterial and
Candida albicans adhesion on rapid prototyping-produced 3D-scaffolds
manufactured as bone replacement materials. J Biomed Mater Res A 87:
933–943.

Altman DG (1991) Statistics in medical journals: developments in the 1980s.
Stat Med 10: 1897–1913.

Altman GH, Diaz F, Jakuba C, Calabro T, Horan RL, Chen J, Lu H,
Richmond J, Kaplan DL (2003) Silk-based biomaterials. Biomaterials
24: 401–416.

Carcaboso AM, Chiappetta DA, Hocht C, Blake MG, Boccia MM, Baratti
CM, Sosnik A (2008) In vitro/in vivo characterization of melt-molded
gabapentin-loaded poly(epsilon-caprolactone) implants for sustained
release in animal studies. Eur J Pharm Biopharm 70: 666–673.

Chang HI, Lau YC, Yan C, Coombes AG (2008) Controlled release of
an antibiotic, gentamicin sulphate, from gravity spun polycaprolactone
fibers. J Biomed Mater Res A 84: 230–237.

Chateauvieux S, Morceau F, Dicato M, Diederich M (2010) Molecular and
therapeutic potential and toxicity of valproic acid. J Biomed Biotechnol
doi: 10.1155/2010/479364.

Clayton-Smith J, Donnai D (1995) Fetal valproate syndrome. J Med Genet
32: 724–727.

Dreifuss FE, Langer DH, Moline KA, Maxwell JE (1989) Valproic acid
hepatic fatalities. II. US experience since 1984. Neurology 39: 201–217.

Dreifuss FE, Santilli N, Langer DH, Sweeney KP, Moline KA, Menander KB
(1987) Valproic acid hepatic fatalities: a retrospective review. Neurology
37: 379–85.

Genton P, Semah F, Trinka E (2006) Valproic acid in epilepsy: pregnancy-
related issues. Drug Saf 29: 1–21.

Gerstner T, Teich M, Bell N, Longin E, Dempfle CE, Brand J, König S
(2006) Valproate-associated coagulopathies are frequent and variable in
children. Epilepsia 47: 1136–1143.

Goldberg D (1995) A review of the biodegradibility and utility of
poly(caprolactone). J Environm Polym Degrad 3: 61–67.

Grosso S, Mostardini R, Piccini B, Balestri P (2009) Body mass index and
serum lipid changes during treatment with valproic acid in children with
epilepsy. Ann Pharmacother 43: 45–50.

Haberstroh K, Ritter K, Kuschnierz J, Bormann KH, Kaps C, Carvalho
C, Mülhaupt R, Sittinger M, Gellrich NC (2010) Bone repair by cell-
seeded 3D-bioplotted composite scaffolds made of collagen treated
tricalciumphosphate or tricalciumphosphate-chitosan-collagen hydrogel
or PLGA in ovine critical-sized calvarial defects. J Biomed Mater Res B
Appl Biomater 93: 520–530.

Hutmacher DW (2000) Scaffolds in tissue engineering bone and cartilage.
Biomaterials 21: 2529–2543.

Jagur-Grodzinski J (2006) Polymers for tissue engineering, medical devices,
and regenerative medicine. Concise general review of recent studies.
Polymers for advanced technologies 17: 395–498.

Jamora D, Lim SH, Pan A, Tan L, Tan EK (2007) Valproate-induced parkin-
sonism in epilepsy patients. Mov Disord 22: 130–233.

Kishore P, Rajani Kumar V, Satyanarayana V, Krishna DR (2003)
HPLC determination of valproic acid in human serum. Pharmazie 58:
378–380.

Kwan P, Brodie MJ (2000) Early identification of refractory epilepsy. N
Engl J Med 342: 314–319.

Landers R, Hubner U, Schmelzeisen R, Mülhaupt R (2002a) Rapid proto-
typing of scaffolds derived from thermoreversible hydrogels and tailored
for applications in tissue engineering. Biomaterials 23: 4437–4447.

Landers R, Pfister A, Hübner U, John H, Schmelzeisen R, Mülhaupt R
(2002b) Fabrication of soft tissue engineering scaffolds by means of rapid
prototyping techniques. J Mat Sci 37: 3107–3116.

Lazarowski A, Czornyj L, Lubienieki F, Girardi E, Vazquez S, D’Giano
C (2007) ABC transporters during epilepsy and mechanisms underly-
ing multidrug resistance in refractory epilepsy. Epilepsia 48 Suppl 5:
140–149.

Lendlein A (1999) Polymere als Implantatwerkstoffe. Chemie unserer Zeit
33: 279–295.

Löscher W (2007) Drug transporters in the epileptic brain. Epilepsia 48
Suppl 1: 8–13.

Mathiesen EB, Lindgren U, Reinholt FP, Sudmann E (1986) Wear of the
acetabular socket. Comparison of polyacetal and polyethylene. Acta
Orthop Scand 57: 193–196.

Michoulas A, Farrell K (2010) Medical management of Lennox-Gastaut
syndrome. CNS Drugs 24: 363–374.

Neels HM, Sierens AC, Naelaerts K, Scharpe SL, Hatfield GM, Lambert
WE (2004) Therapeutic drug monitoring of old and newer anti-epileptic
drugs. Clin Chem Lab Med 42: 1228–1255.

Olesen JB, Hansen PR, Erdal J, Abildstrom SZ, Weeke P, Fosbol EL, Poulsen
HE, Gislason GH (2010) Antiepileptic drugs and risk of suicide: a nation-
wide study. Pharmacoepidemiol Drug Saf 19: 518–524.

Ozkan S, Kalyon DM, Yu X, McKelvey CA, Lowinger M (2009) Multi-
functional protein-encapsulated polycaprolactone scaffolds: fabrication
and in vitro assessment for tissue engineering. Biomaterials 30: 4336–
4347.

Pfister A, Landers R, Laib A, Hübner U, Schmelzeisen R, Mülhaupt R
(2004) Biofunctional rapid prototyping for tissue-engineering applica-
tions: 3D bioplotting versus 3D printing. Journal of Polymer Science Part
A: Polymer Chem 42: 624–638.

Serralta A, Barcia JA, Ortiz P, Duran C, Hernandez ME, Alos M (2006)
Effect of intracerebroventricular continuous infusion of valproic acid
versus single i.p. and i.c.v. injections in the amygdala kindling epilepsy
model. Epilepsy Res 70: 15–26.

Tamargo RJ, Rossell LA, Kossoff EH, Tyler BM, Ewend MG, Aryanpur JJ
(2002) The intracerebral administration of phenytoin using controlled-
release polymers reduces experimental seizures in rats. Epilepsy Res 48:
145–155.

Wang Y, Chang HI, Wertheim DF, Jones AS, Jackson C, Coombes AG
(2007) Characterisation of the macroporosity of polycaprolactone-based
biocomposites and release kinetics for drug delivery. Biomaterials 28:
4619–4627.

Wohlers T (2007) Wohlers Report 2007: Rapid Prototyping, Tooling
& Manufacturing State of the Industry. Annual Worlwide Progress
Report.

516 Pharmazie 66 (2011)

http://www.ingentaconnect.com/content/external-references?article=0920-1211()48L.145[aid=9614079]
http://www.ingentaconnect.com/content/external-references?article=0920-1211()48L.145[aid=9614079]
http://www.ingentaconnect.com/content/external-references?article=0887-624X()42L.624[aid=6541520]
http://www.ingentaconnect.com/content/external-references?article=0887-624X()42L.624[aid=6541520]
http://www.ingentaconnect.com/content/external-references?article=1172-7047()24L.363[aid=9614084]
http://www.ingentaconnect.com/content/external-references?article=0142-9612()23L.4437[aid=6344813]
http://www.ingentaconnect.com/content/external-references?article=0028-4793()342L.314[aid=8255680]
http://www.ingentaconnect.com/content/external-references?article=0028-4793()342L.314[aid=8255680]
http://www.ingentaconnect.com/content/external-references?article=0031-7144()58L.378[aid=9614088]
http://www.ingentaconnect.com/content/external-references?article=0031-7144()58L.378[aid=9614088]
http://www.ingentaconnect.com/content/external-references?article=0142-9612()21L.2529[aid=4967395]
http://www.ingentaconnect.com/content/external-references?article=0013-9580()47L.1136[aid=9614092]
http://www.ingentaconnect.com/content/external-references?article=0114-5916()29L.1[aid=9614093]
http://www.ingentaconnect.com/content/external-references?article=0028-3878()37L.379[aid=2737285]
http://www.ingentaconnect.com/content/external-references?article=0028-3878()37L.379[aid=2737285]
http://www.ingentaconnect.com/content/external-references?article=0028-3878()39L.201[aid=2737296]
http://www.ingentaconnect.com/content/external-references?article=0142-9612()24L.401[aid=5923390]
http://www.ingentaconnect.com/content/external-references?article=0142-9612()24L.401[aid=5923390]
http://www.ingentaconnect.com/content/external-references?article=0277-6715()10L.1897[aid=5938219]
http://www.ingentaconnect.com/content/external-references?article=0013-9580()48L.140[aid=9614097]
http://www.ingentaconnect.com/content/external-references?article=0013-9580()48L.140[aid=9614097]
http://www.ingentaconnect.com/content/external-references?article=0013-9580()48L.8[aid=9614096]
http://www.ingentaconnect.com/content/external-references?article=0013-9580()48L.8[aid=9614096]
http://dx.doi.org/10.1155/2010/479364

