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Abstract

In this work, implantable drug formulation with
risperidone on the basis of poly(L-lactide-co-glyco-
lide) (L-PLGA) and poly(D,L-lactide-co-glycolide)
(D,L-PLGA) as drug carries was developed. The influ-
ence of surface and structural properties on the initial
release of risperidone during the first twenty four hours
was determined. In this aim, high-performance liquid
chromatography, nuclear magnetic resonance spec-
troscopy, scanning electron microscope and atomic
force microscope were used. Significant differences
between L-PLGA and D,L-PLGA matrices in all ana-
lyzed data were noted. The burst effect was not reve-
aled for any of the studied polymers, however the rele-
ased drug was almost five times larger for D,L-PLGA
matrices. The L-PLGA copolymer revealed a signifi-
cantly longer average length of the lactidyl and glyco-
lidyl blocks than D,L-PLGA. Moreover, various cha-
racters of surface for analyzed matrices were shown,
i.e. in case of L-PLGA the surface was porous and in
case of D,L-PLGA it was nonporous. Undoubtedly,
there were dependences between risperidone’s ini-

tial release and the topography and the structure of

polymeric matrices. We suppose that the larger drug
release for L-PLGA was more associated with surface
properties and thus structure of matrices. The obta-
ined results showed the great potential of both poly-
mers and possibility to choose the optimal polymer.
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Introduction

According to the literature data schizophrenia affects
a significant part of the world population, i.e. the range of
0.3-0.7% [1,2]. A lot of neuroleptics in various formulations
have found the application in the treatment of schizophrenia
[3-6]. One of them was risperidone, clinically used since the
late 80’s [7,8]. In the last two decades, such formulations
containing risperidone as conventional oral tablets and oro-
dispersible tablets, syrups and long-acting injections were
proposed to increase the bioavailability of risperidone and to
decrease its widely understood side effects [9-12]. Regard-

less of the point of view, the above-mentioned formulations
possess the smaller or larger drawbacks. The biggest draw-
back of oral formulations seems to be the need of regular
daily applications. An alternative to the traditional drug
formulations are various long-acting injections. The com-
mercially available medical product containing risperidone in
the form of a long-acting injection includes the encapsulated
microspheres composed of poly(D,L-lactide-co-glycolide)
(D,L-PLGA) and must be applied every two weeks for most
patients. In case of this medical product the main release of
risperidone begins in the 3 week, lasts from the 4" to 6th
week and ends in the 7" week [13]. However, due to the
fact that the microspheres are suspended in an aqueous
solution, the drug’s administration may be accompanied by
pain. Moreover, in the event of any clinical complications
microspheres cannot be removed.

In our studies, an implantable drug formulation with
risperidone on the basis of poly(L-lactide-co- glycolide) (L-
PLGA) and D,L-PLGA as drug carries will be developed. The
main aim of the performed studies on a novel formulation is
obtaining a medical product which will be applied less fre-
quently and risperidone will be released faster than in the 4th
week and longer than for 7 weeks in comparison with a com-
mercial product. However, in this work, at the current stage
of studies, the influence of surface and structural properties
on the initial release of risperidone from polymeric matrices
and the risk of the burst effect will be determined.

Materials and methods

The matrices (10 mm diameter) were obtained from two
high molecular copolymers, i.e. L-PLGA 85:15 (100 000
Da) and D,L-PLGA 85:15 (90 300 Da) by solution casting
method. In this study, five matrices obtained from L-PLGA
with an average weight equal to 60.74+13.60 mg and five
matrices from D,L-PLGA with an average weight equal to
71.22+2.47 mg were used. The copolymer was synthesized
at Centre of Polymer and Carbon Materials of Polish Acad-
emy of Sciences in Zabrze in bulk with the use of Zr(Acac),
as a low toxic initiator according to the previously developed
methodology [14,15].

The matrices containing 10% of risperidone (Teva Kutno
S.A.) were incubated in a PBS buffer (pH 7.4) in the ratio
of 15 mg of matrix: 1 ml of PBS during 24 hours under
constant agitation (240 revs per minute) at the temperature
of 37°C. After this period the buffer was examined for the
presence of risperidone. Surface and structural properties of
polymeric matrices were determined before their incubation
in the PBS buffer.

Determination of risperidone concentration was done by
high-performance liquid chromatography — HPLC using a
column oven (L-2450, VWR Hitachi, Merck), a UV detector
(L-2355 diode array detector, VWR Hitachi, Merck) and Elite
LaChrom chromatograph (VWR Hitachi, Merck).

The composition and chain structure of used copolymers
(the average length of the glycolidyl (/5s) and lactidyl blocks
(lL), randomization ratio (R)) were determined by 'H and
8C nuclear magnetic resonance spectroscopy (NMR). 'H
NMR data were recorded at 600 MHz and *C NMR at 125
MHz using AVANCE |II Ultra Shield Plus Bruker 600 MHz
spectrometer and a 5-mm sample tube. DMSO, was used
as a solvent.

The morphological study of the matrices’ surface was
performed by a scanning electron microscope (SEM) and an
atomic force microscope (AFM). SEM Quanta 250 FEG (FEI
Company) was employed in this study. Prior to observation
the samples were sputter coated with a 3 nm layer of gold
and investigated at low vacuum. The accelerating voltage



was 5 kV while scanning. AFM imaging was performed
using MultiMode 3 (di-Veeco, CA) working in the tapping
mode under atmospheric conditions. Before measurements,
the matrices were dried on air at room temperature in the
laminar box and then under reduced pressure. All AFM im-
ages were processed using the software package WSxM
(Nanotec Electronica) [16].

Results and discussions

During risperidone release from the implantable biode-
gradable formulations various unfavorable phenomena may
take place. One of them is burst effect, widely described in
literature for other drugs and various drug carriers [17,18]. In
this work, novel formulations which may release risperidone
longer than for 7 weeks will be developed. In this aspect,
the limitation or elimination of the burst effect is significantly
important. On the one hand, uncontrolled release of drug
substance may influence toxic effect in vivo. On the over
hand, excessive release of drug substance directly affects
the dose reduction in the polymeric matrices.

Undoubtedly, there are dependences between risperi-
done’s initial release and the topography and structure of
polymeric matrices. In this study it was confirmed. Significant
differences between L-PLGA and D,L-PLGA matrices in the
level of risperidone release, SEM and AFM images and NMR
data were observed.

The initial risperidone release was not very significant,
so the burst effect did not occur in any of the studied poly-
mers. However, significant differences between copolymers
in released drug amount were noted - in case of L-PLGA,
30.94 pg * 3.16 (i.e. 0.51%) of risperidone was released,
while in case of D,L-PLGA, the amount of 167.07+19.25
ug (i.e. 2.35%) of risperidone was noted after the first day
of the matrices’ incubation in the PBS buffer. The level of
risperidone release during the first twenty four hours
may give information about the amount of substance
which was not incorporated into matrix. It should be
emphasized that in fact during the first twenty four |
hours the hydrolytic degradation does not take place
in case of high molecular mass aliphatic polyesters.
In this period mainly surface phenomena may decide
on risperidone release. However, surface properties
are largely a reflection of structural properties.

In the NMR study, significant differences in the &
average I, and /I blocks as well as in R between
L-PLGA and D,L-PLGA matrices were shown. The
L-PLGA copolymer revealed significantly longer aver-
age /, and /g blocks than D,L-PLGA (TABLE 1). The
average /, and Iy blocks allowed determining the
kind of the copolymers’ structure. Considering that
the block structure of polymers occurs at the value
of randomization ratio equal to 0, the semi-block |5
structure at the value of 0.5 and the random structure
at the value of 1, the structure of L-PLGA was more
blocky than that of D,L-PLGA (TABLE 1). |

On the basis of average I, IGG blocks and R it
is difficult to clearly explain how the matrix structure
influenced the initial release of risperidone from L-
PLGA and D,L-PLGA matrices. Therefore, it is not |
known on the basis of the NMR study why the initial
release of risperidone from the L-PLGA matrix was
noted on a significantly lower level. More explana-
tions may be obtained from the analysis of surface

FIG.
before incubation in the PBS buffer: SEM image (magnification x
9356) (a), AFM height 3D image (14.5 pm x 14.5 pm x 1.13 pm) (b).

TABLE 1. Structure of L-PLGA and D,L-PLGA deter-
mined by NMR study before incubation in the PBS
buffer. Content of lactidyl (F,,) and glycolidyl (Fs)
segment; the average length of lactidyl (/) and
glycolidyl (/s¢) blocks; R — randomization ratio.

FGG

FLL
Copolymers [%] [%] I les R
L-PLGA 85 15 11.34 | 2.08 | 0.33
D,L-PLGA 85 15 8.8 1.6 0.43

In case of L-PLGA, the SEM image showed strong poros-
ity of the matrix. The pores were uniformly distributed and
possessed oval shape (FIG.1a). The AFM analysis of the
matrix revealed numerous hills and hollows on the surface,
which might be related to the presence of the pores (FIG.
1b). In our opinion, generally porosity may influence initial
release in various ways. It may be confirmed only in an
experimental way. Pores localized inside the matrix may be
responsible for entrapping drugs and influence the release
of drugs in higher amount at the later stage of degradation.
However, the pores localized on the surface which do not
contain drug or contain littte amount of drug may cause
insignificant risperidone release at the initial stage of deg-
radation. This phenomenon might take place in case of the
studied L-PLGA matrices which revealed 0.51% release of
risperidone during the first twenty four hours.

The observed porous surface was formed during the
obtaining of matrices. It seems that it is a result of copolymer
composition. The effect of solvent addition during processing
might also result in differences between surface of poly-
mers with various structure. Differences in solvent induced
conformational and morphological changes on the surface
of L-PLGA and D,L-PLA were determined. Other authors
showed that the contact angle increases after solvent treat-
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1. Morphology of the L-PLGA matrix containing risperidone
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SEM and AFM images reflected significant dif-
ferences in the morphology of the analyzed surface
between the L-PLGA and D,L-PLGA matrices.

FIG. 2. Morphology of the D,L-PLGA matrix containing rispe-
ridone before incubation in the PBS buffer: SEM image (ma-
gnification x 9402) (a), AFM height 3D image (10 pm x 10 pm x
1.13 pm) (b).
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ment, so the solvent has tremendous effect onto the surface
characteristics of the polymer. The increase in the water
contact angle is also in a relationship with the segregation
of the methyl hydrophobic groups at the polymer surface. It
was also reported that the glass transition temperature (Tg)
has a great influence onto the surface segregation of methyl
groups — polymer with lower Tg value showed higher sur-
face restructuring extent in comparison with polymers with
higher Tg value. Thereafter there might be the differences
in surface morphology between L-PLGA and D,L-PLGA,
which differ in glass transition temperature [19].

The matrices deprived of pores, i.e. D,L-PLGA (FIG.2),
revealed the release of risperidone which was almost five
times larger. The SEM (FIG.2a) and AFM (FIG. 2b) images of
the D,L-PLGA matrix showed also a solid surface composed
of morphologic elements with various sizes. D,L-PLGA
is a more amorphous material as a result of the atactic
structure of the polylactide segments. Copolymer chains
were distributed irregularly which might have influence on
the creating of the solid surface. Ipso facto the surface of
interaction and the adhesion forces between the molecules
of risperidone and D,L-PLGA might be lower. We suppose
that the higher release of risperidone is closely associated
with this feature. Moreover, the increased chain mobility
which characterizes amorphous polymers may favor easier
drug release from the outer part of matrix.

Conclusions

Concluding, none of the studied polymers exhibited the
burst release, however in case of L-PLGA lower amount
of drug released during first twenty four hours was noted
than in case of D,L-PLGA. However, generally D,L-PLGA
is a more amorphous than L-PLGA. D,L-PLGA will degrade
faster, which may influence bigger release of risperidone in
a shorter period. In turn, more crystalline L-PLGA may influ-
ence longer and less even release of risperidone. A proper
and the simplest way to avoid the burst effect in case of
a medical product seems to be washing the implant during
its preparation. However, this will affect the decrease in
risperidone dose. It seems that there is a strong correlation
of the surface and structural properties with the level of the
released drug. A 10% content in the D,L-PLGA matrix might
be too high from the point of view of the higher amount of
released drug. It is possible that a lower dose (e.g. 5% or
7.5%) will be more optimal for this copolymer. Then, adhe-
sion forces between the molecules of risperidone and D,L-
PLGA may be sulfficient for the lowering of released drug in
the initial phase. Much lower amount of drug was released
from L-PLGA, which found a reflection in different surface
morphology, i.e. the presence of pores. As was mentioned
before, pores localized inside the matrix may be responsible
for entrapping drugs and influence the release of drugs in
higher amount in the later stage of degradation. However,
the pores localized on the surface which do not contain
drug or contain little amount of drug cause insignificant
risperidone release in the initial stage of degradation. Un-
doubtedly, further study is necessary to determine the whole
drug release profile, however the obtained results showed
the lack of burst effect for both of the studied polymers, so
they exhibited potential in developing implantable delivery
system of risperidone. Moreover, they showed different
drug release in the first twenty four hours, which gives the
possibility to choose the optimal polymer for the treatment
and demanded initial dose.
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