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Abstract

The purpose of this study was to design poly(lactide-co-glycolide) (PLGA)
microspheres for the continuous delivery of the somatostatin analogue vapreotide
over 2-4 weeks. The microspheres were produced by spray-drying and the desired
characteristics, i.e. high encapsulation efficiency and controlled release over 2-4
weeks, achieved through optimizing the type of polymer, processing solvent and co-
encapsulated additive. The in vitro release was tested in fetal bovine serum
preserved with 0.02% of thiomersal. Furthermore, formulations were injected
intramuscularly into rats to obtain pharmacokinetic profiles. Encapsulation efficiency
was between 34 and 91%, depending on the particular formulation. The initial
peptide release (within 6 h) was lowest, i.e. <20%, when acetic acid was used as
processing solvent and highest, i.e. 57%, with dichloromethane. The various co-
encapsulated additives generally lowered the encapsulation efficiency by 15-30%.
The best formulation in terms of low burst and effective drug serum levels (> 1 ng/ml)
over 21 to 28 days in rats was the one made with end-group uncapped PLGA 50:50,
the solvent acetic acid and the additive polyethyleneglycol. In conclusion, the
optimization of formulation parameters allowed us to produce vapreotide-loaded

PLGA microspheres of suitable characteristics for therapeutic use.
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1. Introduction

The medical application of peptides is subject to a number of well-known
problems such as limited stability in pharmaceutical formulations or enzymatic
degradation and, hence, low bioavailability. Drug delivery systems are generally
considered very useful to overcome these difficulties [1]. One way to obtain
therapeutic drug levels is by encapsulating peptides into bioerodable polymer
microspheres that protect the peptides against inactivation and prolong their release
over a few weeks. Furthermore, controlled release parenteral dosage forms may
improve the efficacy of drugs by reducing the frequency of injections and by
decreasing plasma level fluctuations [2]. Vapreotide, (RC-160, bDFCYDWKVCW-NH,),
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an analogue of somatostatin, synthesized by Cai et al. [3], has been experimentally
shown to be particularly active in various proliferation conditions, e.g., breast and
prostate cancers; vapreotide has been successfully used in man, amongst others,
against AIDS-related diarrhea [4, 5]. Vapreotide is a typical representative of
biologically active peptide drugs with high therapeutic potential, but a relatively short
plasma half-life after parenteral administration. Despite the variety of therapeutic
activities, vapreotide has only limited clinical usefulness because of the necessity of
continuous intravenous infusion. Indeed, a simple parenteral administration of this
peptide may not be fully effective, and frequent injections or continuous infusion are
required to ensure adequate plasma levels. Therefore, to obtain a long-term and
constant therapeutic effect, a sustained release system is needed.

Microparticulate controlled-release systems, prepared from poly(lactide)
(PLA) or poly(lactide-co-glycolide) (PLGA), have been widely investigated for the

delivery of drugs [6, 7]. PLA/PLGA microparticles appear particularly promising as

delivery systems for proteins [8, 9] or peptides [10, 11]. According to previous
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studies the release of a molecule from PLG/PLGA microspheres may depend on the
polymer (lactic/glycolic acid ratio, molecular weight) [12, 13] and microsphere (size,
loading) characteristics [14, 15]. Comparatively little data are available on the effect
of co-encapsulated additives on drug release from PLA/PLGA microspheres.

In the present study, several additives were co-encapsulated together with
the peptide vapreotide to develop a formulation that delivers this peptide drug in a
continuous manner over a period of three weeks to one month. The vapreotide
loaded PLA/PLGA microspheres were characterized in terms of size, morphology, in

vitro peptide release and drug plasma levels in rats.

2. Materials and methods
2.1 Materials

Poly(d,l-lactide) (PLA) and various poly(d,l-lactide-co-glycolide) (PLGA)
differing in molecular weight and composition were purchased from Boehringer
Ingelheim (Ingelheim, Germany). They included end-group capped and uncapped
PLGA 50:50 (Resomer® 502; M,, of approx. 14 kDa), end-group capped PLGA 75:25
(Resomer® 752; M,, of approx. 17 kDa ) and PLA (Resomer® R202; M,, of approx.
14kDa). The somatostatin analogue vapreotide pamoate, (DFCYDWKVCW-NH,), was
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synthesized by Novabiochem, Laufingen, Switzerland. Chitosan (SEA CURE CL 210)
was a gift from Pronova Biopolymer (Lysaker, Norway). Bovine serum albumin
(BSA), polyethyleneglycols (PEG 10000, PEG 20000), ethyl stearate, and the
analytical grade ethyl formate (EF) and dichloromethane (DCM) were from Fluka
(Buchs, Switzerland). Acetic acid was from Merck (Dietikon, Switzerland) and fetal

bovine serum from Gibco BRL (Basel, Switzerland).

2.2 Microencapsulation
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Vapreotide microspheres were prepared by spray-drying. The peptide was
either dissolved in a 5% (w/w) polymer solution in acetic acid or dispersed, by means
of magnetic stirring, in a 5% (w/w) polymer solution in DCM or EF. The suspension,
containing the polymer and drug, was spray-dried in a laboratory spray-dryer (Mini
Spray-Dryer 190, Buchi, CH-Flawil) with the following process parameters: product
feed: 3 ml/min; inlet temperature: 50 °C; outlet temperature: 40 °C; aspirator setting:
40 m°h; spray-flow: 450 NI/h. A 0.7 mm nozzle was used throughout the
experiments. The following additives were individually co-encapsulated: BSA, PEG
6000, PEG 10000, PEG 20000, chitosan and ethyl stearate. The additives were
dissolved or dispersed, by magnetic stirring, in the polymer solution.

The obtained microspheres were further processed following a previously
established protocol [8]. Briefly, the particles were washed with a 0.1% (w/w)
poloxamer 188 solution and distilled water, and collected on a 0.2 um cellulose
acetate filter. After drying under vacuum (10 mbar) at room temperature for 24 hours,
the microspheres were redispersed in hexane to break up any aggregated particles,
and dried again under vacuum (10 mbar) for 12 hours. This protocol was found
suitable to eliminate efficiently residual amounts of water and organic solvents from
the microspheres. Typical ranges of residual organic solvents in the particles were
below 200 ppm (unpublished data). The product yield generally lay in the range of 70
to 78% with respect to the amount of starting solid materials.

2.3 HPLC-method for peptide assay

The intact peptide was analyzed by HPLC (Column Licrospher® RP-18, 4 x

250 mm, Merck, Darmstadt, Germany). The elution phase consisted of a gradient of

A (triethylammonium phosphate buffer of pH 2.3; TEAP) and B (acetonitrile/TEAP pH
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2.3, 60/40), with B increasing from 30 to 80% (v/v) within 25 min. Detection was at
215 nm.
2.4 Morphology, size and calorimetric transitions of microspheres

For morphological examination, the microspheres were mounted on double-
face adhesive tape, sputtered with platinum and viewed in a Hitachi S-700 scanning
electron microscope (SEM).

Size and size distribution of the microspheres were analyzed by light
microscopy (Wild, Heerbrugg, Switzerland) and laser light diffraction (Mastersizer®,
Malvern, UK).

Calorimetric transitions of the native drug and microspheres loaded with the
drug were determined by differential scanning calorimetry (DSC-7, Perkin Elmer,
Hunenberg, Switzerland). The temperature range was from 20 to 230 °C, and the
samples heated at a rate of 10 °C/min.

2.5 Determination of vapreotide content in the microspheres

The vapreotide content in the PLGA microspheres was determined by HPLC
according to a method described previously [16]. The peptide loaded microspheres
were dissolved in 3 ml of acetonitrile, to which 2 ml of chloroform were added, and
the mixture was stirred vigorously. The peptide was extracted three times with 2 ml of
triethylamino phosphate buffer of pH 2.3. The entrapment efficiency of vapreotide
was calculated as the ratio of actually measured to theoretical (nominal) drug content
in the microspheres.

2.6 NMR study

To verify that vapreotide pamoate was not modified chemically by the

exposure to acetic acid during microencapsulation, we have used analytical one- and

two-dimensional NMR spectroscopy. During the study 1D proton spectra of
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vapreotide pamoate where compared to spectra recorded on vapreotide pamoate
that had been pre-treated with acetic acid. For the latter sample, 10 mg of the peptide
salt were dissolved in 500 ul of acetic acid, the solvent was evaporated under
vacuum (Speed Vac 110, Savant Instruments, Farmingdale, NY, U.S.A.), and the
pellet was re-suspended in 500 ul of deuterated dimethylsulfoxide (de-DMSO).
Furthermore, 10 mg of vapreotide pamoate and 10 mg of vapreotide acetate were
separately dissolved in 500 ul of de-DMSO. In addition, [**C,*H] correlation
experiments were recorded for both the original and the acid pre-treated vapreotide
pamoate.
2.7 Invitro release

In vitro drug release profiles (up to 28 days) were obtained by incubating the
microspheres (approx. 10 mg accurately weighed, n=3) in 4.0 ml of fetal bovine
serum preserved with 0.02% (w/w) of thiomersal. Incubation took place in rotating
vials at 37 °C. The amount of drug released was determined indirectly by measuring
the amount of drug remaining in the microspheres. Indeed, a previous investigation
has shown that vapreotide remained intact inside microspheres upon incubation in
serum, but degraded substantially, i.e. 85% within 14 days, once released from the
microspheres [16]. At given time intervals, three vials for each microsphere
formulation were withdrawn, and the polymer particles were separated by
centrifugation. After removing the supernatant, the polymer mass was dried overnight
at 10 mbar and room temperature. The amount of remaining vapreotide in the
microspheres was determined by HPLC, as described above. The peptide extracted
from the incubated microspheres was intact, as no degradation products were

detected in the extraction solution with the sensitive HPLC-method used [16].
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2.8 In vivo study

In vivo evaluation of selected formulations (4 types of microspheres) was
performed in male Sprague-Dawley rats (weighing 380-400 g, from C.E.R.J., Les
Genest St. Isle, France). The animals were maintained under constant environmental
conditions (22 1°C; 50 5% rel. humidity). Food and water were available ad
libitum. Microspheres were suspended in an injection vehicle (the dose of peptide per
rat was 1.5 mg, calculated as vapreotide base) and administered intramuscularly.
Blood samples were collected at different time intervals for 28 days. Vapreotide
concentrations in the blood samples were determined by radio-immuno assay [17]
with a sensitivity of 50 pg/ml. Data were presented as mean * standard deviation.
Statistical comparisons were made using Student’s t-test, and a P-value lower than
0.05 was considered significant. Correlation between in vitro and in vivo data was not

entirely satisfactory and requires further clarification before it may be presented.

3. Results and discussion
3.1 Morphology, drug content and burst release

The size of the microspheres lay within a relatively narrow range of 1-15 um.
No significant size differences were detectable amongst all the preparations.
Representative SEM micrographs of the particles show that the shape of the
microspheres was affected by the processing solvent and by the co-encapsulation of
additives (Fig. 1). The end-group uncapped PLGA 50:50 microspheres prepared with
ethyl formate (Fig. 1A) or acetic acid (Fig. 1C) were spherical and showed no
aggregation. In contrast, the microspheres prepared with DCM (Fig. 1B) or with
acetic acid and co-encapsulated PEG 20000 (Fig. 1D) had an irregular shape and

were aggregated. A similar morphology was seen with end-group capped PLGA
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50:50 microspheres containing PEG 20000 (results not shown). These results
indicate that both the solvent dichloromethane and the additive PEG 20000 exerted,
at least before the final drying of the particles, a plasticizing effect on the
microspheres.

Tables 1 and 2 summarize the drug loading and burst release from the
microspheres prepared with various polymers, solvents and additives. The highest
entrapment efficiency of 91% was achieved with ethyl formate as processing solvent,
while only 65-67% efficiency was achieved with dichloromethane and acetic acid
(Table 1). This difference of entrapment efficiency cannot, at present, be explained.
In contrast to the very satisfactory drug entrapment with ethyl formate, the burst
release of drug from the microspheres made with this solvent was rather high, i.e. 44
and 55 % after 1 and 6 h, respectively. In view of a therapeutic use, the microspheres
prepared from acetic acid gave a more appropriate burst release, i.e., 11 and 18%
after 1 and 6 h, respectively. The higher burst release from the microspheres
prepared with ethyl formate or dichoromethane may be explained by the different
solubility of the peptide in these solvents. In acetic acid, the peptide had a solubility of
> 40 mg/ml, whereas in ethyl formate and dichoromethane the peptide was only
slightly soluble (5.3 and 4.5 mg/ml, respectively). For microencapsulation, the peptide
had to be suspended in the polymer solutions made with the latter two solvents,
whereas it could be dissolved in the acetic acid polymer solution. Thus, the low initial
burst release observed when using acetic acid probably indicates a homogenous
drug distribution resulting in only minor amounts of peptide located at the particle
surface. In any case, the glass transition temperature of the microspheres was
comparable between the various preparations and lay between 45 and 50 °C (data

not shown). DSC thermograms further suggested formation of a solid solution
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between the peptide salt and the PLGA 50:50 microspheres, as endo- and
exothermic transitions of the native drug compound (between 130 and 170 °C) were
not detectable with the micrsopheres loaded with the drug. Finally, pharmacokinetic
experiments in rats revealed a very good agreement between Cnax and the amount of
burst release in vitro (data not shown). Therefore, acetic acid was used as
processing solvent for all further microsphere formulations.

With the aim to improve the encapsulation efficiency while maintaining the
low burst release, various formulation parameters were varied: (i) nominal drug
loadings were varied between 5 and 30%; (ii) various additives were co-
encapsulated; (iii) end-group capped PLGA 50:50, PLGA 75:25 and PLA were used
(Table 2). Increasing the nominal drug loading from 5 to 20% lowered the
encapsulation efficiency from 70 to 54%. This is a well described phenomenon [10]
that can be related to a higher osmotic pressure of highly loaded matrices and larger
pores formed at higher loadings. The addition of additives generally lowered the
encapsulation efficiency from 65% (10% nominal loading) to values between 34
(ethyl stearate), 38 (BSA), 40 (chitosan), and 40 to 50% (PEGSs) (Table 2). Increasing
the nominal amount of PEG 20000 from 10 to 30% also lowered slightly the
encapsulation efficiency. The effect of the additives might be ascribed to an increase
of porosity of the microspheres. Our rationale for using these additives lay mainly in a
potential enhancement of polymeric entanglement (PEG, BSA) and hydrophobicity
(ethyl stearate) inside the microspheres and in a ionic interaction (chitosan) with the
peptide drug. However, the assumed effects did not occur. Finally, the end-group
capped PLGA 50:50, PLGA 75:25 and PLA did not improve the microencapsulation

efficiency.
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Drug release within the first 6 h (also called burst release) was between 10
and 20% of the actual loading, irrespective of nominal loading (5, 10, 20% in end-
group uncapped PLGA 50:50) and polymer type (end-group capped PLGA 75:25,
PLA). Similarly, the co-encapsulated additives BSA, chitosan and ethyl stearate had
no significant effect on the burst release. By contrast, co-encapsulated PEGs
significantly (P < 0.05) increased the burst release as compared to the additive-free
microspheres. This might be due to the plasticizing effect of this type of additive, as
suggested above, or to an increase of hydrophilicity of the microspheres that contain
PEGs.

3.2 NMR study

The results from one-dimensional NMR clearly proved that no chemical
modification of vapreotide pamoate occurred upon treatment with acetic acid. This is
evident from the very high similarity between the 1D spectra of the reference and test
samples. However, two signals had different line-shapes in the 1D spectra of the two
samples. We suspect this to be due to the more acidic pH in the sample treated with
acetic acid. Such a pH-shift alters the exchange rate of labile protons, e.g. hydroxyl
or amide protons, with the water that is contained in the sample and hence alters the
line-width. We have confirmed this mechanism by supplementing our data with
proton, carbon 2D correlation experiments. The experiments gave virtually identical
correlation maps for the two forms, a result that is impossible if the sample would
have undergone chemical modifications during the acid treatment. Finally, the
absence of chemical modifications by acetic acid treatment was also confirmed by
mass spectroscopic measurements (results not shown).

3.3 In vitro release kinetics
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In a previous study [16], the in vitro release of vapreotide pamoate from
microspheres has been shown to depend greatly on the type of release medium.
Serum was found to be the most appropriate medium that produced the best
agreement with in vivo data. For this reason, serum preserved with 0.02% of
thiomersal, was used here again as release medium.

Figure 2 depicts the in vitro release profiles of vapreotide from microspheres
made of end-group uncapped PLGA 50:50 (RG502H) and end-group capped PLGA
75:25 (RG752) and PLA (R202) with nominal drug loadings of 10%. The PLGA
microparticles released the peptide considerably faster (88 and 73% in 28 days from
PLGA 50:50 and PLGA 75:25, respectively) than the PLA microparticles (24% in 28
days). These observations agree with results published by others [14, 18, 19]. All the
profiles showed a modest burst release of 12 - 18%. In contrast to comparable
studies, the present release profiles did not exhibit a pronounced triphasic pattern
(burst release - dormant period - second release pulse). Further, the minor effect of
nominal drug loading (5, 10 and 20%) on the release kinetics is shown in the inset.
This suggests a strong interaction between polymer and drug within this loading
range. Nonetheless, the slightly increased burst release from the formulation
containing nominally 20% drug agrees with results reported by others [20-22].

The co-encapsulation of additives into end-group uncapped PLGA 50:50
microspheres exerted slight effects on the overall release pattern, but not on the
duration of release. (Fig. 3). After the burst (discussed above), the release rate was
generally lowered when the formulations contained additives. A rather continuous
release pattern was observed with the microspheres without additive and those
containing PEG 20000. This agrees with release studies of timolol maleate from

PLGA 50:50 microspheres containing PEG 6000 [23]. With the additives BSA,
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chitosan and ethyl stearate, the profiles became more triphasic, which was most
pronounced with the latter two excipients. It has been speculated that the dormant
phase of triphasic peptide release profiles might be due to ionic interaction between
the anionic polymer chains and peptides, or to collapse of the microporous structure
inside the microspheres upon water penetration and polymer swelling [10]. Whether
either of these mechanisms play a role in the here presented release remains
unknown. Similarly, the discontinuous in vitro release of EPO from PLGA 50:50
microspheres was not significantly modified by the various additives used in the study
by Morlock et al. [24].
3.4 In vivo study

For the pharmacokinetic study in rats, end-group uncapped PLGA 50:50
microspheres (10% nominal loading, with and without co-encapsulated PEG 20000;
20% nominal loading, no additive) and end-group capped PLA microspheres (10%
nominal loading, no additive) were selected (Table 2). Each formulation was injected
i.m. into rats, and vapreotide serum concentrations monitored for 28 days (Fig. 4).
With the exception of the PLA microspheres, all the other formulations produced
drug levels higher than 1 ng/ml for up to at least three weeks. The most prolonged
plasma levels appeared with the PLGA 50:50 microspheres with 10% nominal drug
loading and co-encapsulated PEG 20000. However, after day 6, the differences in
the profiles obtained with all three PLGA 50:50 formulations were statistically not
significant (P > 0.05). By contrast, PLA microspheres produced detectable serum
levels for two days only. These in vivo results agree qualitatively quite well with the in
vitro release profiles (Figs. 2 and 3). Indeed, with the PLGA 50:50 formulations,
relatively continuous in vitro release was observed over approx. 28 days, whereas

with the PLA particles, only very minor amounts of peptide were released after the
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initial 6 h (Figs. 2 and 3). Further erosion controlled release was not likely to occur as
this homopolymer degrades relatively slowly [8].

Previous experiments with microspheres prepared with dichoromethane or
ethyl formate produced very high Cnax-values (105-135 ng/ml), and plasma levels
were maintained over 7-10 days only [16]. Conversely, all microspheres formulations
prepared with acetic acid yielded moderate Cnax-values from 38 to 54 ng/ml one hour
after injection (Fig. 4). We may speculate that the very modest burst release in vitro
and in vivo may be ascribed to relatively low amounts of drug located at the surface
of the particles. Since acetic acid is a good solvent for both the peptide and the
polymer, a homogeneous drug distribution inside the microspheres can be expected.

Another advantage of the processing solvent acetic acid resides in the good
safety profile of this solvent. Acetic acid is indeed listed as class 3 solvent in the ICH
guidelines [25]. Thus, residual acetic acid in the microspheres, which remains to be

determined, should not give rise to safety concerns.

4. Conclusions

The objective of this work was to design degradable microspheres for
delivering vapreotide at significant plasma levels over 3-4 weeks. In this work, we: (1)
successfully encapsulated vapreotide pamoate in PLA/PLGA microspheres using a
spray-drying method, (2) demonstrated that the in vitro and in vivo release of the
peptide depended on the type of polymer, solvent and additive used, and (3)
achieved significant drug levels in rats over three weeks after intramuscular

administration.

Acknowledgments



Blanco, M.J. et al. 15
IVIV-evaluation of microencapsulated somatostatin analogue

We thank Dr Ernst Wehrli, Laboratory for Electron Microscopy |, ETH (Zirich,
Switzerland) for preparing the SEM-micrographs and Dr. Oswald Greter and Mr.
Hans-Ulrich Hediger, Laboratory of Organic Chemistry, ETH (Zurich, Switzerland) for
performing ESI-MS and MALDI-TOF-MS experiments. This work was supported by a
grant (3347.1) from the Commission for Technology and Innovation (CTI) (Berne,

Switzerland).



Blanco, M.J. et al. 16
IVIV-evaluation of microencapsulated somatostatin analogue

References

[1] J.L. Cleland and R. Langer, Formulation and delivery of proteins and peptides
design and development strategies, in: J.L. Cleland, R. Langer (Eds.),
Formulation and Delivery of Proteins and Peptides, American Chemical Society,
Washington, 1994, pp. 1-19.

[2] I. Lancranjan, C. Bruns, P. Grass, P. Jaquet, J. Jervell, P. Kendall-Taylor, S.W.J.
Lamberts, P. Marbach, H. @rskov, G. Pagani, M. Sheppard and L. Simionescu,
Sandostatin  LAR®: Pharmacokinetics, pharmacodynamics, efficacy, and

tolerability in acromegalic patients, Metabolism 44 (1995) 18-26.

[3] R.Z. Cai, B. Szoke, Lu, D. Fu, T. W. Redding and A. V. Schally, Synthesis and
biological acitivity of highly potent octapeptide analogues of somatostatin, Proc.
Natl. Acad. Sci. U.S.A. 83 (1986) 1896-1900.

[4] A. V. Schally, Oncological applications of somatostatin analogue, Cancer Res. 48
(1988) 6977-6985.

[5] P. M. Girard, E. Goldschmidt, D. Vittecoq, P. Massip, J. Gastiaburu, M. C.
Mehoyas, J. P. Coulaud and A. V. Schally, Vapreotide, a somatostatin
analogue, in cryptosporidiosis and other AIDS related diseases, AIDS 6 (1992)
715-718.

[6] L.R. Beck, D.R. Cowsar, D.H. Lewis, R.J. Cosgrove C.T. Riddle, S.L. Lowry and
T. Epperly, A new long-acting injectable microcapsule system for the
encapsulation of progesterone, Fertil. Steril. 31 (1979) 545-551.

[7] S. Benita, J.P. Benoit, F. Puisieux, and C. Thies, Characterization of drug-loaded

poly(d,l-lactide) microspheres, J. Pharm. Sci. 73 (1984) 1721-1724.



Blanco, M.J. et al. 17
IVIV-evaluation of microencapsulated somatostatin analogue

[8] C. Thomasin, G. Corradin, Y. Men, H.P. Merkle and B. Gander, Tetanus toxoid

and synthetic malaria antigen containing poly(lactide)/poly(lactide-co-glycolide)
microspheres: importance of polymer degradation and antigen release for

immune response, J. Control. Release 41 (1996) 131-145.

[9] C. Thomasin, H.P. Merkle and B.A. Gander, Physico-chemical parameters

[10]

[11]

governing protein microencapsulation into biodegradable polyesters by

coacervation, Int. J. Pharm. 147 (1997) 173-186.

D. Bodmer, T. Kissel and E. Traechslin, Factors influencing the release of
peptides and proteins from biodegradable parenteral depot systems. J. Control.

Release 21 (1992) 129-186.

M.J., Blanco-Prieto, E., Fattal, A., Gulik, J.C., Dedieu, B.P., Roques, P.,
Couvreur, Characterization and morphological analysis of a cholecystokinin
derivative peptide-loaded poly(lactide-co-glycolide) microspheres prepared by a
water-in-oil-in-water emulsion solvent evaporation method, J. Control. Release

43 (1997) 81-87.

[12] D.T. O’'Hagan, H. Jeffery and S.S. Davis, The preparation and characterization

of  poly(lactide-co-glycolide)  microparticles:  1ll.  Microparticle/polymer
degradation rates and the in vitro release of a model protein, Int. J. Pharm. 103

(1994) 37-45.

[13] S. Cohen, T. Yoshioka, M. Lucarelli, L.H. Hwang and R. Langer, Controlled

delivery system for protein based on poly(lactide-co-glycolide acid)

microspheres, Pharm. Res. 8 (1991) 713-720.



Blanco, M.J. et al. 18
IVIV-evaluation of microencapsulated somatostatin analogue

[14] R.B. Alsina, N.B. Diomina, T.N. Ovchinnikova and S.D. Varfolomeyev,

Microencapsulation of somatropic growth hormone, S.T.P. Sciences 4 (1994)

437-441.

[15] H. Sah, R. Toddywala and Y.W. Chien, The influence of biodegradable
microcapsule formulations on the controlled release of a protein, J. Control.

Release 30 (1994) 201-211.

[16] M.J. Blanco-Prieto, K. Besseghir, P. Orsolini, F. Heimgartner, C. Deuschel, H.P.
Merkle and B. Gander, Importance of the test medium for the release kinetics of
a somatostatin analogue from PLGA microspheres, Int. J. Pharm. 184 (1999)

243-250.

[17] M. Manson-Garcia, M. Vaccarella, J. Horvath, T. W. Redding, K. Groot, P.
Orsolini and A. Schally, Radio-immunoassay for octapeptide analogs of
somatostatin: Measurement of serum levels after administration of long-acting

microcapsule formulations, Proc. Natl. Acad. Sci. U.S.A. 85 (1988) 5688-5692.

[18] Y.M. Wang, H. Sato and I. Horikoshi, In vitro and in vivo evaluation of taxol
release from poly(lactic-co-glycolic acid) microspheres containing isopropyl
myristate and degradation of the microspheres, J. Control. Release 49 (1997)

157-166.

[19] R. Bodmeier, K.H. Oh and H. Chen, The effect of the addition of low molecular
weight poly(DL-lactide) on drug release from biodegradable poly(DL-lactide)

drug delivery systems, Int. J. Pharm. 51 (1989) 1-8.

[20] T. Heya, H. Okada, Y. Tanigawara, Y. Owaga and H. Toguchi, Effects of
counteranion of TRH and loading amount on control of TRH release from
copoly(dl-lactic/glycolic acid) microspheres prepared by an in-water drying

method, Int. J. Pharm. 69 (1991) 69-75.



Blanco, M.J. et al. 19
IVIV-evaluation of microencapsulated somatostatin analogue

[21] T. Heya, H. Okada, Y. Ogawa and H. Toguchi, Factors influencing the rpofiles of

TRH release from copoly(dl-lactic/glycolic acid) microspheres, Int. J. Pharm. 72

(1991) 199-205.

[22] S. Takada, Y. Uda, H. Toguchi and Y. Ogawa, Preparation and characterization

[23]

[24]

[25]

of copoly(dl-lactic/glycolic acid) microparticles for sustained release of
thyrotropin releasing hormone by a double nozzle spray drying method, J.

Control. Release 32 (1994) 79-85.

C. Sturesson, J. Calfors, K. Edsman and M. Andersson, Preparation of
biodegradable poly(lactic-co-glycolic) acid microspheres and their in vitro

release of timolol maleate, Int. J. Pharm. 89 (1993) 235-244.

M. Morlock, H. Koll, G. Winter and T. Kissel, Microencapsulation of rh-
erytropoietin, using biodegradable poly(D,L-lactide-co-glycolide): protein
stability and the effects of stabilizing excipients, Eur. J. Pharm. Biopharm. 43

(1997) 29-36.

International Conference of Harmonization of Technical Requirements for the
Registration of Pharmaceuticals for Human Use (ICH), ,Residual Solvents®, first

draft (1995).



Blanco, M.J. et d. 20
IVIV-evaluation of microencapsulated somatostatin analogue

Figure legends

Figure 1. Scanning electron micrographs of spray-dried end-group uncapped PLGA
50:50 micropatrticles. Effect of processing solvent and additive: ethyl formate (a);
dichloromethane (b); acetic acid (c); acetic acid, PEG 20000 (d). The horizontal

dimension of the micrographs corresponds to 46 pum.

Figure 2. In vitro release of vapreotide pamoate from PLA and PLGA microspheres in
serum, containing 0.02% of thiomersal. Effect of polymer type: end-group uncapped
PLGA 50:50 (O); end-group capped PLGA 75:25 (n); end-group capped PLA (s).
Inset: Release profiles of uncapped PLGA 50:50 microspheres loaded with nominal 5

(O), 10 (x) and 20% (n) of drug.

Figure 3. In vitro release of vapreotide pamoate (10%, w/w, nominal loading) from
end-group uncapped PLGA 50:50 microspheres in serum, containing 0.02% of
thiomersal. Effect of the presence of co-encapsulated additives (generally 10%,
except for ethyl stearate (5%, w/w), with respect to PLGA mass): Chitosan (x), ethyl
stearate (¢), PEG 20000 () and BSA (). For comparison, vapreotide release from

microspheres without additive is given in Fig. 2.

Figure 4. Plasma levels of vapreotide levels in rats after intramuscular injection of 1.5
mg peptide (base equivalent) contained in various microsphere formulations: end-
group uncapped PLGA 50:50, 10% nominal loading, no additive (4); end-group

uncapped PLGA 50:50, 20% nominal loading, no additive (M); end-group uncapped
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PLGA 50:50, 10% nominal loading, PEG 20000 (O); end-group capped PLA, 10%

nominal loading, no additive (x).
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Table 1: Effect of the processing solvent used on the entrapment efficiency (E.E.)

and burst release of vapreotide pamoate from end-group uncapped PLGA 50:50

microspheres. The nominal drug loading was 10%, relative to the microsphere mass.

Solvent E. E. Peptide released after
1h 6h
(%) (%)
Ethyl formate 91+1 44+1.0 55+ 0.5
Dichloromethane 67 +4 57+0.8 64 + 10.0
Acetic acid 65+5 11+1.5 18+ 0.9
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Table 2: Composition, encapsulation efficiency (E.E.) and burst release (within 6 h)
of biodegradable PLA and PLGA microspheres containing vapreotide pamoate. The

processing solvent was acetic acid.

Polymer Nominal drug Additive? E. E. Peptide released
type! loading after 6 h
(%) (%) (%)
502H 5 - 70+£2 16+2
502H° 10 - 65+5 22+1
502H° 20 - 53 + 2 17 + 4
502H 10 PEG 10000 40+ 2 33£5
502H° 10 PEG 20000 50 + 3 32+ 10
502H 20 PEG 20000 40+ 2 302
502H 30 PEG 20000 38+2 302
502H 10 BSA 38+6 16+ 2
502H 10 Chitosan 40 £5 84
502H 10 Ethyl stearate 34+5 12+ 2
502 10 PEG 20000 33+3 29+5
752 10 - 75+9 17+4
202° 10 - 73+ 10 11+3

1 502H, 502, 752 and 202 refer to end-group uncapped and capped PLGA 50:50,
end-group capped PLGA 75:25 and PLA, respectively.

2 The nominal amount of co-encapsulated additive was generally 10%, relative to the
PLA/PLGA-mass, except for ethyl stearate (5%).

% Formulations selected for in vivo study.
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