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ABSTRACT The purpose of this study was to
develop and evauae a didyss in vitro release
technique for peptide-containing poly(d, |-lactide-co-
glycolide) (PLGA) microsgpheres (ms) that would
corrdate with in vivo data Using a luteinizing
hormone- releasng hormone andogue (LHRH),
Orntide acetate, solubility and sability were
determined in 0.1 M phosphate buffer (PB), pH 7.4,
and in 0.1 M acetate buffer (AB), pH 4.0, with high-
performance liquid chromotography (HPLC), and
peptide permesbility through a didyss membrane
(molecular weight cut-off 300,000) was determined.
Orntide ms were prepared by a disperson/solvent
extraction/evaporation method and characterized for
drug content (HPLC), particle size distribution (laser
diffraction method), and surface morphology (scanning
electron microscopy). In vitro release was sudied in
PB using a conventiond extraction method and with a
new diadysis method in AB. Gravimetric andyses of
polymer mass loss and matrix hydration, and peptide
adsorption to blank PLGA ms (50:50, M,y 28 022) were
caried out in PB and AB upon incubation a 37° C.
Serum Orntide and testosterone levels in rats after
adminigration of Orntide ms were determined by
radioimmunoassay. Orntide acetate solubility was
influenced by pH; approximately 2.3 mg/mL dissolved
in PB and > 18 mg/mL in AB. Stability was pH- and
temperature-dependent. The peptide was very stable a
pH 4.0, 4° C, but degraded rapidly at pH 7.4, 37° C.
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Peptide permesbility through the diayss membrane
was accelerated by agitation and >95% equilibrium
was reached within 48 hours. The overdl relesse rate
was higher with the dialyss method. Mass loss of the
Orntide ms was fagter in AB (50% loss in 3 weeks,
95% in 35 days) than in PB (65% in 35 days). In
contradt, hydration after 35 days was 4-fold higher in
PB. The nonspecific adsorption to blank ms was
gregter in PB (128 m g Orntide/’l0 mg PLGA)
compared with AB (< 5 mg Orntide/ 10 mg PLGA).
Adminigration of 30-day Orntide PLGA ms to rats
resulted in an initid serum Orntide level of 21 ng/mL
after 6 hours and a G Of 87 ng/mL after 6 days.
Testosterone levels were suppressed immediately after
ms administration (3 mg Orntide /Kg) from 5.2 ng/mL
to 0.3 ng/mL (after 24 hours) and remained suppressed
for 38 days. Orntide acetate solubility and degradation
kinetics were markedly influenced by pH of the buffer
systems and mass loss, matrix hydration, as well as the
nonspecific adsorption to blank ms, was pH-dependent.
The in vitro release profile obtained with the didysis
method in AB corrdated wel with the in vivo data,
thereby providing a more reliable prediction of in vivo
performance.
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INTRODUCTION

Biodegradable polymeric drug ddivery sysems (DDS),
such as poly(d,l-lactide) (PLA) and poly(d,l-lactide-co-
gycolide) (PLGA) microspheres (ms), have been
dudied extensvely during the past 3 decades as a
formulation gpproach to protect encapsulated drugs from
degradation, enhance bicavalability, and susain drug
release [1, 2]. Although biodegradable DDS have been



used to ddiver many therapeutic agents, such as
traditional smal-molecule drugs (eg, cisplatin
prostaglandin Ep, progesterone, mitomycin C ) [3-6],
proteins (eg, human bone morphogenetic protein, beta:
lactoglobulin, nerve growth factor) [7-9] and, recently,
plasmid DNA [10-12], these sysems seem to be
particularly suited for ddivery of therapeutic peptides
[1]. The following factors can be cited for incorporating
peptide drugs into polymeric matrices: 1) high potency
of peptide drugs and relatively small thergpeutic doses;

2) very poor absorption and bicavailability after ord
adminigration due to high molecular weight and repid
degradation in the Gl environment; 3) short biologica
hdf-life due to chemicd and enzymétic degradation
(peptidases) in body fluids, 4) specific mechanisms of
therapeutic action requiring continuous delivery of a
amall amount of the drug over an extended time; and 5)
good resgance to physcd processes during
microencapsulation (mechanical dress, exposure to
organic solvents, temperature fluctuations) [1].

While the literature describes peptide and polymer
characterization methods, various techniques of
microencapsulation, and in vivo evauation of these
formulations in different anima models, information
on in vitro release techniques and conditions under
which these tests should be conducted is sparse.
Severd microencapsulated drugs are currently on the
market (Lupron DepotO , Enantone DepotO |
DecapeptylO , Parlodd LAO ). However, there is no
standardized and validated in vitro release technique
that would enable a good prediction of the in vivo
release onset, overal in vivo relesse rate, and release
duration. The most commonly used in vitro release
method involves incubation of the ms a 37 C in a
certain volume of release medium, generdly pH 7.4
phosphate buffer (PB) containing a preservative and
optionally a surfactant and the subsequent extraction of
the ms for resdua peptide. In most cases the in vitro
release profile obtained with this method does not
correlate with the in vivo results, and thein vitro release
is often incomplete [13].

In vitro release from biodegradable polymeric DDS has
been shown to be influenced by many factors, such as

1) release medium compostion (buffer system, ionic
dgrength, pH, surfactants); 2) test conditions

(temperature, agitation, frequent supernatant removal);
3) drug stability, solubility and adsorption to degrading
matrix; and 4) formation of internd acidic
microenvironment [13-18]. Taking al these factorsinto
congderation makes it clear that in vitro release testing
isacomplex problem requiring serious consderation.

The goa of this work was to develop and evduate
adidyssinvitro release technique for peptide-loaded
biodegradable ms that would enable a good correlaion
between in vivo and in vitro data and could be used to
predicc in vivo peformance of experimenta
microparticulate formulations. Orntide acetate, a
decapeptide, was sdected as the peptide and PLGA
with free carboxylic acid end groups was selected as
the polymer.

MATERIALS AND METHODS

Materials

Orntide acetate
([NacDNal'DpCIPhe’D3PalPicLys’D(6Anic)OrrPllys’Da
lal°]-LHRH) was supplied by Cadlifornia Peptide
Research, Inc. (Napa, CA). PLGA (50:50, My, 28,022)
with free carboxyl end groups was obtained from
Boehringer Ingelheim, Inc. (Ingelheim, Germany) and
used for ms preparation. The solvents and other
excipients used were andytical grade and were
purchased from commercia sources. Dialyss tubes
(Tube-O-DiayzerO ) were purchased from Research
Products International Corp. (Mount Prospect, IL), and
a SpectralPorO CE didyss membrane (MWCO
300,000 Da) was supplied by Spectrum Medica
Industries, Inc. (Houston, TX).

Methods
HPLC method for peptide assay

The peptide was analyzed by reverse phase high-
performance  liquid  chromatography HPLC
(Bondclone 10 C18 column, 150 mm ~ 3.90 mm).
The e€ution phase consisted of 34% (v/v)
acetonitrile and 0.1 % (v/v) trifluoroacetic acid in
water. UV detectionwasat | max 215 nm.



Stock solutions.

Stock solutions of Orntide acetate were prepared by
dissolving 20 mg of the peptide in 200 mL of 0.1 M PB,
pH 7.4, or 0.1 M acetate buffer (AB), pH 4.0, containing
0.02% (w/v)] of sodium azide. The solutions were then
filtered through a 0.22 mfilter (Millipore Co., Bedford,
MA) into derile containers and used immediady or
dored at -20° C for later experiments.

Peptide solubility

The solubility of Orntide acetate was studied in two
media 1) 0.1 M PB, pH 7.4, and 2) 0.1 M AB, pH
4.0. The solubility was determined by incubating an
excess of peptide in 0.5 mL of test medium a room
temperature in tightly sedled glass vias. The samples
were continuously agitated using a LabQuakeO shaker
(Barnstead-Thermolyne, Dubuque, 1A) . At each time
point two samples were filtered using 0.45 m Millex-
HV,4 syringe filter (Nihon Millipore Kogyo K.K.
Yonezawa, Japan), and the solubilized peptide was
analyzed by HPLC.

Peptide stability

Peptide stability was determined in 1) 0.1 M PB, pH
74,and 2) 0.1 M AB, pH 4.0, upon incubation a 4
C, 25 C, and 37° C. Approximatdy 5.0 mL of fresh
stock solutions were placed in 7-mL scintillation glass
vids. The vids were seded and incubated under
continuous  orbital rotation (LabQuakeD shaker).
Periodicdly, diquots were taken from each via and the
amount of intact peptide was assayed by HPLC.

Peptide permeability through dialysis
membrane

50 mL of Ormntide dock solution in AB were
quantitatively transferred to a 7-mL didyss tube closed
a one end with a didyss membrane (MWCO 300,000
Da). Each didyss tube containing Orntide solution was
then placed in a 50-mL tube filled with 40 mL of the
same buffer. The contents of the larger tube were ether
dirred continuoudy with a magnetic sirrer or were not
agitated a dl. All tubes were incubated a 37° C and at
each time point a 1.0-mL sample was withdrawn from
the larger tube and analyzed for peptide concentration.

The removed volume of test medium was replaced with
fresh buffer.

Microsphere preparation

PLGA ms containing Orntide acetate were prepared by
a disperson method followed by solvent
extraction/evaporation [19]. Briefly, a solution of
peptide in methanol was combined with a solution of
PLGA in methylene chloride and irred using a
magnetic dirrer for approximately 10 minutes. The
clear solution was then dowly injected into a reactor
containing the continuous phase (0.35% [wi/v] solution
of polyvinyl alcohol) and stirred a 5500 rpm with a
Silverson L4R homogenizer (Silverson Machines, Ltd,
Watersde, Chesham, Buckinghamshire, UK). The
temperature of the reactor was maintained initidly a
25° C for 30 minutes and after that a 40° C for 60
minutes using a circulating water bath. Once ms
formed and hardened, the contents of the reactor were
passed through a 0.8-m membrane filter (Gelman
Sciences, Ann Arbor, MI), and the recovered ms were
washed with water and dried under reduced pressure
for 48 hours a room temperature.

Microsphere characterization

Peptide content in ms was determined by HPLC after
dissolving the ms in chloroform and extracting the
peptide with AB. Particle sze didribution was
determined using alaser diffraction technique (Mavern
2600c Paticle Sizer, Mavern, UK). Surface
morphology was andyzed by scanning eectron
Mi Croscopy .

In vitro studies

Release in PB (extraction method). A known amount
of Orntide ms was placed in a 15-mL polypropylene
tube filled with 100 mL of 0.1 M PB, pH 7.4 and
incubated at 37° C. At each time point, remaining ms
were recovered by centrifugation and assayed for drug
content, as described above.

Release in AB (didyss method). Orntide ms were
accurately weighed and placed in a 7-mL dialyss tube
(Tube-O-DildyzerO , MWCO 300,000 Da) filled with
50mL of 0.1 M AB, pH 4.0, which in turn was placed



in a50- mL tube containing 40 mL of the same release
medium. The contents of the larger tube were
continuoudy stirred with a magnetic stirrer (Figure 1).
At each time point 1.0 mL was removed from the 50-
mL tube and 1.0 mL of fresh buffer was added. Peptide
content was determined by HPLC.
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Figure 1. Dialysis setup for invitro release testing. The
enclosure represents an incubator at 37 C.

Mass loss and hydration of PLGA microspheres. A
previously reported technique to determine mass
loss of the polymeric ms was used [20]. A known
amount of ms (20 mg - 40 mg) was accurately
weighed into 15-mL glass vials (initial weight, W,).
To each vial, 10.0 ml of 0.1 M PB, pH 7.4, or 0.1 M
AB, pH 4.0, were added and the vials were placed
in a 37° C incubator. Samples were withdrawn at
each time point and collected by filtration. The wet
ms were weighed accurately (wet weight, W),
dried for 48 hours under reduced pressure at room
temperature, and weighed again (dry weight, W).
The mass remaining (MR) and the degree of
hydration (DH) were calculated as follows:

MR (%) = (Wq/ W,)*x100 @
DH = (Wu-Wg) / Wy 2

Peptide adsorption to PLGA microspheres

Fifty milliliters of Orntide stock solutions in PB and
AB were incubated at 37° C with 10 mg of blank
ms under continuous orbital agitation (LabQuakeO
shaker). At each time point 2 samples of each
suspension were removed from the incubator and
filtered through 0.45 msyringe filter; the amount of
peptide in solution was determined by HPLC.

In vivo studies

Two groups of mae Sprague Dawley rats (n = 6)
weighing approximately 300 g were used to evduate in
vivo performance of Orntide ms. The ms were injected
subcutaneoudy a the back of the neck after
reconditution in a suitable vehide (1%
carboxymethylcdlulose and 2% mannitol  [wiv]).
Blood samples were collected from the tal vein at
specific time points. The samples were centrifuged in
MicrotainerO tubes (Becton Dickinson & Co., Franklin
Lakes, NJ) and serum was collected. Serum samples
were frozen and stored at -20° C until analyss.

Serum Orntide levels in rats were assessed using a
radioimmunoassay (RIA) method developed a Tulane
School of Medicine, New Orleans, LA. Tyrl-Orntide
was radioiodinated by the lactoperoxidase method, and
the labeled ligand was purified by HPLC. Orntide was
conjugated by the carbodiimide method and antibody
to Orntide was produced in rabbits. The lower detection
limit of the assay was 0.008 ng/mL. The intra- and
interassay coefficients of variation were 6% and 9%,

respectively.

Serum testosterone levels were assayed using Activea

Testosterone RIA DSL-4000 kits (Diagnostic Systems,
Inc., Webgter, TX). The lower limit of detection for this
assay was 0.08 ng/mL and the intra and interassay
coefficients of varigtion were 10% and 9%,
respectively. The crossreactivity of the testosterone
antiserum was less than 6%.

Statistical evaluation of data

Data are presented as means + standard deviation
with the exception of the in vitro release profiles,



where single data points are presented. For values
below the assay limit the detection limit was used
for calculations. To analyze the in vivo-in vitro
correlation, cumulative area under serum Orntide
curve was caculated for O to 38 days using the
trapezoid rule with application of GraphPad Prism
(GraphPad Software, Inc., San Diego, CA).

RESULTS AND DISCUSSION
Peptide solubility

Figure 2 shows that the solubility of Orntide acetate in
0.1 M PB, pH 7.4, increased with time and reached an
apparent equilibrium at 2.3 mg/mL after 4 hours at
room temperature. Orntide acetate was substantially
more soluble a lower pH (>18 mg/mL), but the
equilibrium concentration of the solubilized peptide in
0.1 M AB, pH 4.0, could not be determined due to
gdation of the highly concentrated and viscous
solution. Gelation of another luteinizing hormone-
rdleasng hormone LHRH anaogue, leuprolide
acetate, was reported previoudy in the literature and it
was induced by increased peptide concentration,
introduction of sdts, or agitation [21]. The higher
solubility of Orntide acetate in AB could be a result of
increased dissociation of the peptide st at lower pH.
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Figure 2. Solubility of Orntide acetate in 0.1 M phosphate
buffer pH 7.4 at room temperature (n = 2).

Peptide stability

Figure 3 shows the effects of pH and temperature
on stability of Orntide acetate in solution. The
peptide was substantially more stable in AB pH 4.0
than in PB pH 7.4, and there was no detectable
decrease in peptide concentration in AB for the first
3 days. After that the peptide concentration in AB
decreased dlightly (loss after 7 days was 5%, 6%,
and 8% at 4° C, 25° C, and 37° C, respectively). In
PB pH 7.4 a 37° C, 17% of the peptide degraded
within 24 hours and almost 50% degraded after 7
days. Peptide degradation in PB was dower at lower
temperatures and as much as 77% of the initia
amount remained after 1 week at 4° C and 25° C.
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Figure 3. Orntide acetate stability in 0.1 M phosphate buffer
(pH 7.4) and 0.1 M acetate buffer (pH 4.0) at various
temperatures (n = 3).

Peptide permeability through dialysis
membrane

Under continuous agitation, Orntide acetate penetrated
the didyss membrane a a moderate rate, reaching
95% of the theoretica equilibrium concentration within
48 hours (Figure 4). A dower equilibration was
observed without agitation (<80% after 48 hours). This
finding suggests that gpplication of a diayss technique
to invitro release testing requires constant agitation of
the contents of the outer tube in order to achieve a
faster equilibrium between the two tubes.
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Figure 4. Peptide permeability through dialysis
membrane (MWCO 300 000) at 37 C (n = 2).

Microsphere characterization

The ms were spherica with a seemingly nonporous
surface and formed a free-flowing powder. The mean
particle sze was 9.60 + 2.07 mand 90% of the particles
were below 12.1 m (Figure 5). Drug incorporation
efficency was 81%, and the find drug content was
9.0%. Mogt of the onincorporated remaining peptide
was detected in the continuous phase, and the fina
meass ba ance in respect to the peptide was 91%.
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In vitro release

The in vitro release profiles from Orntide msin 0.1
M PB, pH 7.4, obtained with the extraction method
and in 0.1 M AB, pH 4.0, generated with the
diayss method are shown in Figure 6. Initidly,
approximately 6% of the drug released within 24
hours in PB, but the release rate decreased markedly
and only an additional 12% released over the next
34 days (overal release rate was ~ 0.5% per day).
In contrast, the in vitro release from Orntide ms in
AB pH 4.0 (dialysis method) was initially slower:
only 0.5% released in 24 hours and another 5% in
the following 6 days. Subsequently, the release rate
increased in a nearly linear manner to 3.5% per day,
and release was essentiadlly complete in 35 days
(overall release rate was 2.9% per day).
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Figure 6 In vitro release from Orntide microspheres
obtained with the extraction and dialysis methods.

The release method and the release medium
influenced the in vitro release kinetics from the
Orntide ms. The 6-fold difference in the apparent
release rates between the two methods could be a
result of 1) higher solubility of the peptide and
faster degradation of the polyester drug matrix at
pH 4.0, and/ or 2) higher adsorption of the peptide
to the degrading microspheres at PB pH 7.4.



Mass loss and hydration of Orntide
microspheres

Figure 7 shows the influence of buffer type and pH
on thein vitro degradation of Orntide PLGA ms.
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Figure 7.In vitro mass loss of Orntide PLGA
microspheres in phosphate and acetate buffers at 37 C
(n=2).

Initidly, the ms degraded with smilar rates in PB and
AB, and during 14 days the initid ms weight decreased
by 19% and 17%, respectively. After that the polymer
degradation was markedly fagter in AB, resulting in 49%
mass loss after 21 days and 95% after 35 days. In
contragt, only 34% of theinitid msweight was degraded
in PB within 21 days and 64% dfter 35 days.
Interestingly, the hydration of Orntide ms was 4-fold
higher in PB than in AB (Figure 8. This difference in
water absorption by the ms in different buffer sysems
could be caused by a higher degree of ionization of the
polymer free carboxyl end groups in pH 7.4, which
would make the matrix more hydrophilic and enhance
water uptake.

PLGA copolymers degrade in vitro by hydrolytic
cleavage of eser bonds, and the degradation rate is
usudly higher in an acidic environment than in
physiologicd pH due to acid cadyss [22, 23]. The
hydrolyss of ester bonds can be catayzed by free
caboxyl end groups within the same molecule
(intramolecular catalyss) or by other acidic moieties,

such as lactic and glycolic acids, products of PLGA
degradetion that accumulage within hydratled ms
(intermolecular catayss) [18].
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Figure 8. In vitro hydration of Orntide PLGA microspheres
in phosphate and acetate buffers at 37 C (n = 2).

Peptide adsorption to PLGA
microspheres

Previoudy, nonspecific adsorption of bovine serum
abumin (BSA) to the surface of degrading PLGA ms
during in vitro release sudy in phosphate buffer saline
(PBS) was shown to severdly limit the amount of
protein available for release, resulting in dow and
incomplete relesse profiles [15, 16]. Therefore, the
posshility of peptide nonspecific adsorption to
degrading ms during an invitro release study should be
minimized in order to obtain a complete release profile.

As shown in Figure 9, there was no Sgnificant
adsorption of Orntide acetate to blank PLGA msin 0.1
M AB, pH 4.0, a 37° C, and the amount of peptide
remaining in the supernatant throughout 12 hours was
100 + 2% of the initid amount. In contrast, the amount
of peptide adsorbed to the blank msin 0.1 M PB, pH
7.4, increased with time and gpproximately 128 mg of
the peptide was adsorbed to 10 mg of the ms after 12
hours (29% of the initia amount). There was no further
adsorption at 24 and 48 hours.
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Figure 9. Peptide adsorption to blank PLGA
microspheres in phosphate and acetate buffers at 37 C
(n=2).

These results indicate that the nonspecific
adsorption of Orntide to PLGA ms was greater at a
pH closer to the isoelectric point (pl) of Orntide,
which is in the basic region. At a pH below its pl,
the peptide is positively charged and exists in
unfolded form. This results in repulsion between
peptide molecules thereby requiring a larger
interspace to overcome the repulsive forces. At pH
close to the pl, peptide molecules with a zero net
charge approach each other more closely and form a
more compact conformation resulting in more
effective adsorption [24 ].

In asimilar study, nonspecific adsorption of peptide
drugs (salmon calcitonin and triptorelin) to PLGA
ms was found to be affected by ionic strength,
polarity, temperature, and acidity of the release
medium [24, 25]. The maximum adsorption
occurred near the pl of the peptides and amost no
adsorption was observed at pH < 6.

In vivo studies

Serum Orntide levels in rats after administration of
30-day Orntide ms (3 mg Orntide/kg) are shown in
Figure 10. Initidly, nearly 22 ng/mL of Orntide
acetate was detected in rats serum after 6 hours and
the maxima drug concentration in serum was

observed on day 6 (Cnax=87 ng/mL). After that the
level of Orntide in serum started to decrease
gradually and only 3 ng/mL of Orntide were
detected on day 28.

Testosterone suppression in rats treated with
Orntide ms occurred within 24 hours (0.3 ng/mL)
and the levels of testosterone remained below 0.5
ng/mL (caestration level) for 39 days, with the
exception of day 4 when a dight elevation to 0.8
ng/mL was observed (Figure 10).
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Figure 10. Serum Orntide and testosterone levels in rats
after a single administration of Orntide microspheres (3
mg Orntide/kg, n = 6).

These results suggest that theinitid invivo release from
the ms and the initid serum Orntide levels (10-12
ng/mL) were not high enough to produce and maintain
a complete castration in rats between days 1 and 4. A
complete testosterone suppression occurred on day 6
when serum Orntide levels rose to dmost 90 ng/mL.
Interestingly, testosterone suppresson was maintained
between days 25 and 39, dthough the serum drug
levels decreased at this point to below 10 ng/mL. A
smilar behavior was observed previoudy with other
LHRH anaogues when, &fter higher initial blood levels
of peptide and suppressed testosterone leve, only alow
levd of the drug was necessxty to sudtain the
pharmacologica effect [26].

Figure 11 shows a comparison of the invitro release
profiles obtained with the extraction and didyss



methods, and the in vivo data plotted as cumulative area
under serum Orntide curve normdlized as percent of the
total area between days 0 and 39 (tota area under the
curve (AUC)g.39 ¢= 874 ng d/mL). Assuming that 1)
the peptide has a high clearance and a short biologica
hdf-life, and 2) Orntide does not stimulate an
antibody reaction, then the serum levels of the drug
should correspond to in vivo release from the ms. The
edimated initid in vivo rdesse was approximately
1.7% after 24 hours and was higher than the initid in
vitro release in AB (~1% per 24 hours), but not as high
as that observed in PB (~6%/24 h). The invivo release
reached 10% after 5 days (ti,;=5 days), 50% after 10
days (tsp=10 days), and findly 90% of the initid drug
load was released in vivo after 21 days (=21 days). In
contrast, to for the in vitro relesse in PB (extraction
method) was approximately 10 days but only an
additiona 8% was released over the following 25 days.
A Dbetter correlation between the in vivo results and the
in vitro release profile was seen with the didyss
method, where 10% of the initid drug load was
released within 9 days (tio=9 days), 50% within 20
days (t50=20 days), and approximately 90% after 33
days (=33 days) (Figure 11).

The solubility and stability of Orntide acetate, and the
nonspecific adsorption to PLGA ms were found to be
pH-dependent and consequently influenced markedly
the in vitro release kinetics. Also, PLGA degradation
and ms hydration were influenced by pH of the test
medium. Substantidly higher solubility and better
gability of the peptide in 0.1 M AB pH 4.0 increased
the in vitro release from Orntide ms and enhanced the
total drug recovery (approximately 100% after 39 days
of incubation a 37° C). The release medium used with
the didyss method decreased the nonspecific
adsorption of the peptide to PLGA ms and accelerated
hydrolytic degradation of the ms. The better corrdation
between the in vivo data and in vitro release profiles
obtained with the didys's method in AB may be ascribed
to severd factors exdusve to the in vivo environment. For
example, the invivo solubility of Orntide acetate may be
higher than in PB pH 7.4 due to the presence of plasma
protens BSA and HSA were reported to enhance the
solubility of another peptide, vapreotide pamoate
(somatodtatin andogue), by thefactor of 10[14].
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Figure 11. Area under serum Orntide curve and
correlation to in vitro release profiles for the extraction
and dialysis methods.

Also, formation of a highly acidic microenvironment
within the degrading ms and the presence of esterolytic
enzymes in the interditia fluids may result in faster
degradation of the polymeric matrix in vivo than tha
seeninvitroin PB pH 7.4 [18, 27, 28].

The experimental setup used with the didys's method
provided a complete cumulative in vitro release profile
from the same sample of ms (10 mg-20 mg). Enclosure
of the ms sample in a didyss tube facilitated
replacement of the contents of the outer tube if
necessary during sample removal. This arrangement
accommodated any peptide degradation and
maintained sink conditions without any loss due to
incomplete recovery of the remaining ms, as can occur
with the extraction method. The in vitro release profile
obtained with the didyss method permitted a better
prediction of the in vivo release onset and duration
compared with that obtaned with the extraction
method, athough the overdl in vitro release rate was
dill somewhat dower than the estimated in vivo
release. Further optimization of the dialysis method and
its evauation with different peptide-containing PLGA
ms is necessary to develop and vdidaie a standard
method for invitro release testing.
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