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Abstract

The purpose of the present investigation was to assess the peptide related substances or impurities formed during incubatio
of drug loaded poly1f,L-lactide-co-glycolide) (PLGA) and polys(L-lactide) (PLA) microspheres under in vivo conditions.
Sprague—Dawley rats were injected with separate batches of octreotide microspheres prepared by either an oil/water or oil/oil
dispersion technique. At specified time points (days 14, 22, 30, and 41), animals were sacrificed and microsphere particles
were recovered from the subcutaneous injection sites. The recovered particles were further extracted with 1:1 mixture of
dimethylsulfoxide:dichloromethane for subsequent impurity analysis by HPLC and mass spectrometry. During incubation, the
percentage purity of parent compound depended on the PLGA co-monomer ratio (e.g. 50:50, 85:15, and 100:0 glycolide:lactide
ratios). After 41 days of incubation, for instance, octreotide area percentage by HPLC was determined 1&dfer PLGA
50:50 microspheresy75% for PLGA 85:15 microspheres, aneB7% for PLA microspheres. Spectral analysis of particle
extracts revealed the presence of peptide related substances witlza 88d 72m/z units higher than the parent peptidéz
value. This indicated the presence of glycoyl and lactoyl covalent substitutions on the drug compound, resulting from chemical
interaction between peptide amine groups and PLGA or PLA ester groups.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Currently, several products on the U.S. market uti-
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star, and Zoladex) and somatostatin analogs (Sando-

statin LAR) for the treatment of endocrine disorders.
For the human and veterinary delivery of such prod-
ucts, however, chemical stability of drug compounds
within the changing polymeric dosage form requires
proper in vitro and in vivo characterization. Recently,
in vitro evidence has been provided for the acylation
and oxidation pathways of therapeutic peptides (i.e.
octreotide, salmon calcitonin (sCT), and atrial natri-
uretic peptide (ANP)) formulated within dynamic ma-
trices composed of either PLGA co-polymers, PLA
homopolymers, or PEG-PLA block co-polymer ma-
trices Cucke et al., 2002a;bLucke and Gopferich,
2003 Murty, 2003a,p. Chemical instability was even
reported during melt extrusion procedures for PLA
implants containing another somatostatin analogue,
RC-160 Rothen-Weinhold et al., 2000 The for-
mation of peptide impurities or related substances
during manufacturing or in vitro incubation raises
the issues of chemical potency, immunogenicity, and
safety.

Microsphere delivery systems composed of either
PLGA or PLA polymers undergo significant environ-
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Further evidence of acylation was provided with
octreotide acetate, a somatostatin analodtig. (2),
formulated in both PLGA and PLA dosage forms
(Murty et al., 2003p. The extent of impurity forma-
tion altered as a function of polymer co-monomer ra-
tio and molecular weight utilized in the microsphere
manufacturing process. In addition, analytical tech-
nigues such as FT-MS and LC-MS/MS provided struc-
tural confirmation of the related substances where gly-
coyl and lactoyl moieties were substituted on amine
groups. These results concurred with the data pro-
vided by previous investigations in acylation path-
ways for peptide molecules embedded in polymeric
matrices.

With literature reports presented thus far, the ques-
tion remains on whether or not the same reaction mech-
anism occurs in vivo to a similar extent and under sim-
ilar control factors (i.e. changing co-monomer ratio).
Still another question is whether a change in formula-
tion processing technique from oil/water (O/W) disper-
sion to oil/oil (O/O) dispersionKig. 3) would enhance
peptide stability either during manufacturing or during
incubation of the dosage form. Microspheres manufac-

mental changes when incubated in the presence of wa-tured by the O/O dispersion technique resulted in en-

ter. For instance, the solid polymeric materials hydrate
resulting in hydrolytic degradation of polyester func-
tional groups present in the polymer backbone. Con-

hanced erosion-phase release kinetics in viMarty,
20033. Herrmann et al. postulated that changing to a
non-aqueous dispersion and solvent removal technique

sequently, the microspheres develop an internal acidic would alter drug stability and solubility issues inher-

microenvironment with trapping of lactic and glycolic
acid monomers released from hydrolysizu(et al.,
2000. Consequently, as hydration and erosion of the
polymeric dosage form simultaneously occur, chemi-
cal degradation of active agents within the environment
requires extensive consideration.

For instance, Lucke et al. reported the formation
of acylated peptides during incubation in PLA and
PLGA microsphere dosage forms under in vitro con-
ditions at pH 7.4 l(ucke et al., 2002a The authors
reported the chemical conjugation between glycolic
and lactic acid monomers with ANP and sCT was cat-
alyzed by local acidic microenvironment pH The pro-
posed mechanism was the nucleophilic attack of either
the N-terminus, lysine amino group, or serine alcohol
group towards the electrophilic ester carbonyl on the
PLGA backbonel(ucke et al., 2002aFig. 1 demon-

ent with the influx of water media during manufactur-
ing (Hermmann and Bodmeier, 199&onsequently,
for octreotide acetate, the change to O/O processing
allowed for enhanced entrapment in polymer matrix
as opposed to porous regions for PLA microspheres
potentially due to a peptide-polymer solubility phe-
nomenon flurty, 2003a Murty et al., 2004.

The Sprague—Dawley rat animal model was selected
for studying the questions identified above. Based on
evidence provided under in vitro release testing condi-
tions (phosphate buffered saline (pH 7.2) at@J, the
incubation of PLGA and PLA microspheres in the sub-
cutaneous rat tissue would result in peptide acylation
where polymers with higher lactide content (i.e. PLA)
would resultin areduction of related substances forma-
tion. Further, the change in processing technique could
enhance stability of peptide due to lack of aqueous en-

strates the interaction of a reactive species (peptide) vironment during manufacturing. The proposed in vivo

with the glycolic acid monomer in a PLGA polyester
backbone.

incubation experiments, as a result, would also provide
direct translational evidence for therapeutic issues as-
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Fig. 3. Preparation of PLGA microspheres by either O/W or O/O dispersion methods.

sociated with Sandostatin LAR (octreotide acetate de-

pot) delivery to human and veterinarian subjects.

2. Materials and methods
2.1. Materials

Octreotide acetate @N-p-Phe-Cys-Phe-Trp-
Lys-Thr-Cys-Thr-ol; MW =1018.4) was obtained
from Bachem Inc. (Torrance, CA). Poly(-
lactide-co-glycolide) 50:50 co-polymers were pur-
chased from Boehringer Ingelheim (Ingelheim, Ger-
many). Poly-p,L-lactide-co-glycolide) 85:15 co-
polymer (MW =9kDa) and polyi(-lactide) ho-
mopolymer (MV =8 kDa) were purchased from Alker-
mes Inc. (Cincinnati, OH). Sandostatin LAR (Novartis;

research and development efforts. All other chemicals
used were of analytical reagent grade.

2.2. Microsphere preparation

Drug loaded (octreotide acetate) PLGA and PLA
microspheres were prepared by both O/W and O/O dis-
persion methods with solvent extraction/evaporation
as shown inFig. 3 (Jeyanthi et al., 1996, 1997;
Hermmann and Bodmeier, 1998; Thanoo and Murtagh,
1998, 200). For the O/W method, the dispersed phase
included methanol/methylene chloride solvent system
and the continuous phase included 0.35% PVA aqueous
solution. Octreotide acetate was dissolved in methanol
and combined with the polymer solution dissolved
in methylene chloride. This constituted the dispersed
phase, which was slowly added to the continuous phase

Basel, Switzerland) was commercially purchased for (0.35% (w/v) solution of PVA) while mixing. The
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mixture was stirred at 5500 rpm with a Silversth ~ 2.4. Administration of microspheres to

L4R homogenizer (Silverson Machines Ltd., Water- Sprague—Dawley rat animal model

side, England). Continuous stirring at 40 for 1h

along with continuous CP exchange and air sweep re-  Table 1shows the injection regimen and particle
sulted in the extraction/evaporation of solvents from recovery times for all groups of S-D rats involved
the formulation. Finally, hardened microspheres were in the study. Nine treatment groups were included

recovered by vacuum filtration, followed by vacuum With three receiving oil/water batches (PLGA 50:50,
drying for 48 h at ambient temperature. PLGA 85:15, and PLA 100), three more receiving

In contrast, the O/O method employed acetonitrile 0il/oil batches (PLGA 50:50, PLGA 85:15, and PLA
for solubilization of the polymer phase, which also 100), two receiving blank batches serving as controls

included methanol and glacial acetic acid. Methanol (PLGA 50:50 and PLA 100), and a final group ad-
helped to keep the drug solubilized in acetonitrile Ministered with Sandostatin LAR. All microsphere

and acetic acid served to maintain a stable disper- batches were reconstituted with vehicle diluent con-
sion of microspheres without agglomerization. The taining CMC, mannitol, and Tween-80 to make a uni-
drug—polymer solution was then dispersed in mineral form suspension prior to injection into rats. For each
oil containing surfactant. Solvent removal occurred at treatment group, eight animals received injections with
temperatures greater than @D with continuous air ~ varying doses of microspheres<2 per dose) for the
sweeping for 12—24 h while stirring the dispersion. The specified time point of recovery (e.g. 100 mg micro-
microspheres were recovered by vacuum filtration and Spheres injected for 14 day recovery etc.). The purpose

washed with heptane solvent. for injecting greater amounts of microspheres at later
time points (i.e. 200mg at 30 days and 250 mg at 40
2.3. Microsphere characterization days) was to account for mass loss phenomenon where

sufficient material can be recovered at time of sacri-

Microspheres were characterized by laser diffrac- fice.
tometry using a Malvern 2600 laser sizer (Malvern, ~ With the eight treated rats from each group, two
UK). Average particle sizes were reported in microns. rats were sacrificed accordingly at the designated time
Microspheres were also characterized for drug content PoInt. After sacrifice, the subcutaneous tissue sur-
and initial impurity content by an organic solvent ex- rounding the injection site was excised from each
traction procedure using methylene chloride and buffer. rat. The recovered tissue samples were subsequently
The microspheres were dissolved in methylene chlo- freeze-dried overnight to remove residual moisture and
ride and the peptide was extracted with 0.1 M acetate to preserve the embedded microparticles. Following In-
buffer (pH 4.0). Peptide concentration was determined Stitutional Animal Care guidelines for the care and han-

by HPLC. dling of animals species, all rats used for the study were
Table 1

Microsphere administration sequence with particle recovery at specified time points

Microsphere treatment groups< 8 Particle-tissue recovery Amount of MS for

per treatment group) time point (days) administration (mg)

Group 1: PLGA 50:50 (O/W) 14 100

Group 2: PLGA 85:15 (O/W)

Group 3: PLA 100 (O/W)

Group 4: PLGA 50:50 (O/0) 22 150
Group 5: PLGA 85:15 (O/O)

Group 6: PLA 100 (O/O)

Group 7: Sandostatin LAR 30 200
Group 8: PLGA 50:50 Blank

Group 9: PLA 100 Blank

n=2 Sacrificed per treatment group at each time point 40 250




S.B. Murty et al. / International Journal of Pharmaceutics 297 (2005) 50-61 55

housed in an animal care facility at the University of tion of peptide concentration for mass balance deter-

Kentucky with a controlled diet. minations. Rather, the extraction procedures employed
were designed to assess the percentage peak purity by

2.5. Microsphere recovery and extraction for area percent of octreotide in each chromatogram gen-

peptide content erated by HPLC analysis. The major concern was the

presence of interfering proteins or substances, which
For extraction of peptide and peptide related sub- would appear in the HPLC chromatograms to super-
stances, the freeze-dried particles embedded in tis-impose with peptide peaks; hence, the controls were
sue were first sliced with a scalpel for further treat- initiated.
ment with 4mL of a 1:1 mixture of dimethylsul-
foxide/methylene chloride. After dissolution of poly- 2.6. Instrumental analyses
meric material embedded within the tissue, 6 mL of
0.1 M acetate buffer (pH 4.0) was added to extract  Bufferextracts were analyzed by RP-HPLC using an
the peptide. The treated tissue material inside 15mL Alltech C18 column, 250 mnx 4.60 mm. A gradient
polypropylene tubes was subsequently placed on aelution method was utilized with mobile phase A (0.1%
wrist shaker for 30 min and centrifuged-a2000 rpm (v/v) trifluoroacetic acid in water) and mobile phase
for 20min. Then 0.5mL of supernatant from each B (0.1% (v/v) trifluoroacetic acid in acetonitrile). The
tube was removed and treated with 0.5 mL 1% triflu- gradient was 80:20 (A:B) to 60:40 (A:B) over 25 min
oroacetic acid (TFA) for removal of interfering tissue with a flow rate of 1.0 mL/min. UV absorbance was
proteins. A second centrifugation step was performed measured at 215 nm.
at 10,000 rpm. The final supernatant extract was re- The buffer extracts were also analyzed by
moved and filtered through a 0.22 um syringe filter ap- MALDI-TOF mass spectrometry (Bruker Daltronics).
paratus for HPLC and MALD-TOF MS instrumental For the mass spectral analyses, all buffer extracts were
analysis. placed under rotary vacuum conditions to evaporate
Extraction procedures were concurrently performed the aqueous portions. Subsequently, the residual solid
with a set of controlsTable 2 to determine the pres- material was incorporated intocacyanohydroxy cin-
ence of interfering substances for the assay during pep-namic acid &-CHCA) matrix for crystallization.
tide recovery. As shown iTable 2 excised subcu-
taneous tissue from untreated rats was blended with
seven different mixtures containing various combi- 3. Results
nations from vehicle alone, peptide alone, blank mi-
crospheres, and drug-loaded microspheres. The con-3.1. Microsphere characterization
trols were also subjected to treatment with 4 mL of
1:1 mixture of dimethylsulfoxide/methylene chloride Each of the drug-loaded batches manufactured by
and subsequent extraction with 0.1 M acetate buffer either the oil/water (O/W) or oil/oil (O/O) process was
(pH 4.0) followed by identical extraction procedures characterized for drug content and initial impurity con-
as used above. The extraction procedures of recoveredent (Table 3. An insignificant reduction in initial im-
freeze-dried tissue from rats and the set of controls purity content was observed with the change in man-
from Table 2were not intended for absolute quantita- ufacturing process from O/W to O/O. In fact, with all

Table 2

Extraction controls employed for detection of interfering substances in%assay

Control #1 Excised tissue

Control #2 Excised tissue + 2.5 mg octreotide acetate

Control #3 Excised tissue + 25 mg blank PLGA 50:50 microspheres

Control #4 Excised tissue + 25 mg blank PLGA 50:50 microspheres + 2.5 mg octreotide acetate
Control #5 Excised tissue + 25 mg PLGA 50:50 (O/W) drug loaded microspheres

a All control materials were physically mixed with 0.5 g of excised subcutaneous tissue from untreated rats with the presence 0.3 mL vehicle.
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Table 3

Characteristics of drug loaded microspheres

Microsphere characteristics PLGA 50:50 PLGA 85:15 PLA 100 PLGA 50:50 PLGA 85:15 PLA 100
(O/w) (O/W) (O/W) (0/0) (0/0) (0/0)

Polymer MW (kDa) 28 9 8 28 9 8

Manufacturing process Oil/water Oil/water Oil/water Oil/oil Oil/oil Oil/oil

Drug load (%) 8.60 11.5 9.20 6.19 7.36 7.82

Initial impurity content <1 <1 <1 <0.1 <0.1 <0.1

(percentage of drug load)

of the O/O batches, the initial drug content assay did 3.2. Peptide/impurity content from extraction of
not reveal the presence of any significant hydrophobic recovered tissue samples
related peaks. With the O/W process, however, per-
centage impurities present on the chromatogram were  The results of the extraction of tissue samples are
~0.5% for all batches. presented iffable 4 At each time point, tissue par-
Although the reduction was minimal, the use of an ticles were excised and were treated with the extrac-
O/O manufacturing process may have eliminated the tion procedure mentioned above. Supernatant samples
influx of aqueous media into the dosage form dur- were injected onto the HPLC to determine area percent
ing the initial dispersion process. Consequently, wa- of parent octreotide in relation with hydrophobic pep-
ter could have played a role as a solvent mediator tide related substances. AccordingTable 4 PLGA
for initial acylation reactions occurring in manufactur-  50:50 (O/W batch) and the innovator formulation (San-
ing. For instance, in previous investigations with O/W dostatin LAR) displayed the lowest values for peptide
batches, in vitro release testing performed in 0.1 M ac- purity; at 40 days, the tissue extracts contained 47.1
etate buffer (pH 4.0) indicated 100% cumulative re- and 44.7% area percentage for remaining octreotide.
lease WMurty et al., 2003p. With the superimposi-  Further, when comparing the PLGA 50:50 O/O batch
tion of impurity release, however, total cumulative re- with the PLGA 50:50 O/W batch, octreotide area per-
lease was quantified t8107-109% for the respective  centwas greater through 30 days for the batch prepared
batches. It was postulated from the proposed reaction by non-aqueous dispersion. By day 40, however, the
mechanism irFig. 1that acyl transfer of the peptide PLGA 50:50 O/O batch also displayeeb0% purity
amine (step 1) may have resulted during manufactur- for parent compound, which was comparable to both
ing and the hydrolysis of the conjugated peptide from the Sandostatin LAR results as well as the O/W batch
the polymer backbone (step 2) could have occurred dur- results for the same polymer.
ing incubation in aqueous media (i.e. in vitro release ~ Consequently, one could argue that indeed by al-

testing). tering the dispersion technique, initial stability of pep-
Table 4
Relative area percentage of octreotide from extracted rat tissue sampl2sécrificed per time point)
PLGA 50:50 PLGA 85:15 PLA 100 PLGA (50:50) PLGA 85:15 PLA 100 Sandostatin LAR
(O/W) (O/W) (O/W) (0/0) (0/0) (O/0)
Days Average (A.D.§ Average (A.D.) Average (A.D.) Average (A.D.) Average (A.D.) Average (A.D.) Average (A.D.)
0° >99% >99% >99% >99.9% >99.9% >99.9% >99%
~14 69.9 (1.08) 87.5 (0.460) 91.4 (2.15) 84.5 (0.388) 91.2 (0.328) 95.4 (0.908) 63.7 (0.222)
~22 53.8 (0.385) 82.9 (1.06) 92.6 (0.0325) 74.0 (3.98) 83.9 (1.13) 92.2 (0.375) 59.5 (0.0800)
~30 47.1 (0.648) 78.3 (2.00) 90.0 (2.24) 60.2 (0.547) 77.5 (0.498) 87.0 (0.268) 44.9 (1.83)
~40 47.1 (4.22) 75.9 (0.605) 87.4 (1.13) 50.27 (0.220) 75.2 (1.10) 88.2 (1.50) 44.7 (0.850)

@ Time points aret24 h.
b Average deviation reported from the average of two independent tissue samples.
¢ Zero time assay from initial drug content determination prior to injection to rats.
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tide may be enhanced either due to minimized acyla- 100
tion (step 1 ofFig. 1) during manufacturing or due
to trapping of PLGA oligomers in the O/O disper-
sion. This trapping phenomenon could potentially re-
sult in the formation of ionic complexes between pep-
tide and polymer to subsequently minimize chemi- 70
cal activity (Kostanski et al., 2000a; Kostanski and
Deluca, 2000p The ionic complex theory arises from
the previous investigation with PLA microspheres con-
taining orntide acetate, which reportedly formed re-
lease plateau regions due to peptide—oligomer interac-
tions thereby reducing physical activity of molecules.
Further, the complex was postulated to occur between 30
cationic amines with anionic carboxylic end groups at
neutral pH valuesNlurty et al., 200}.

For both the PLGA 85:15 batches prepared by O/W 4
and O/O dispersion, however, there appeared to be min-
imum difference in purity of parent octreotide from 0
tissue samples collected through the time points. For
instance, by 14 days, the O/W and O/O batches showed
values of~87.5 and 91.2%, respectively. By 40 days,
the values for the O/W and the O/O batches weré.9
and~75.2%. As a result, the process change did not
dramatically change the purity of octreotide at the re-
spective time points. For the PLA 100 microspheres
prepared by both dispersion techniques, area percent-
age values by day 40 were 87.4 and 88.2% for the O/W
and O/O batches.

As reported previously, the polymer co-monomer
ratio influences the extent of formation of acylated
products under in vitro release testing conditions
(Murty et al., 2003l According toTable 4 the same ) ) )
phenomenon is observed after in vivo incubation in  AS Previously stated, extraction of microspheres re-

the subcutaneous tissue of live rats. The polymers with covered from tissue administration sites was not in-
higher glycolide content in the co-monomer ratio ap- tended for quantitation of peptide concentration for

pear to be more conducive to the formation of acylated Mass balance determinations in vivo. After administra-
peptide. Although absolute quantitation of peptide con-
centration was not possible in vivo, the area percent val- Lactic Acid Monomer  Glycolic Acid Monomer

ues were determined to reflect on purity of octreotide
in each buffer extractrig. 4 shows area percent as a B 2 O o\)oj\ -
function of time for the three O/O batches. From the H o} o]
o} 0
n m

graph, one could assign the following rank order for
peptide purity in microspheres made from polymers
with varying co-monomer ratio:

PLA100> PLGABS85: 15> PLGAS50 : 50
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Fig. 4. Relative area percentage octreotide in extracted O/O micro-
spheres.

present only in lactic acid monomers, which results
in the inhibition of nucleophilic attackHg. 5). As a
result, polymers with greater lactide content in the co-
monomer ratio appear to produce fewer percentages of
impurities.

3.3. Controls for extraction procedures

:NUC

The co-monomer ratio effect _has been attributed to the Fig. 5. proposed explanation of reduced reactivity of nucleophilic
presence of the methyl substituent on the alpha carbonspecies with lactic acid monomers.
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drophobic related substances). As a result, the tissue-
041 i polymer interactions resulting from the incubation or
extraction procedures, which would interfere with the
Vo Control #5 HPLC assay, were assumed negligible. For instance,
{ for control #4, with the addition of 2.5 mg octreotide to
s the tissue/polymer homogenized mixture, the expected
peptide peak eluted at 15 min without the presence of
~ interfering peaks. For PLGA 50:50 octreotide micro-
0.17—_] , . J —\ spheres recovered after 40 days of incubation in live
0 5 10 M;r?utes 20 25 30 rats, hydrophobic related substances were apparent and
eluted after the octreotide peak15 min). The results
concurred with previous LC-MS/MS data from where
the glycoyl and lactoyl substituted peptide species were
detected after the elution of pure octreotide on a C-18
0.3 Octreotide Ms after separation columrMurty et al., 2003l
incubation Finally, the extraction of blank microspheres (PLGA
50:50 and PLA 100) incubated in live rats up to 40 days
© was performed as an additional control set. The chro-
- matograms of the extracted blank microspheres from
age G2 all time points (i.e. 14, 22, 30, and 40 days) also did
0 g 10 5 2 25 30 not reveal the presence of any eluting peaks, similar
Minutes to the results obtained with controls #1-4. The postu-
. _ lated acylation mechanism shownhig. 1, as a result,
Fig. 6. Chromatograms of buffer extracts from control #5 (excised . .
tissue with PLGA 50:50 octreotide MS) and PLGA 50:50 octreotide was suspected to be reSponSIple Tor the ?reatlon. of the
MS after 40 days incubation. lactoyl and glycoyl adducts during incubation of micro-
spheres in vivo. To confirm the findings, MALDI-TOF
tion of microspheres, the injectable particulate matter mass spectrometry of all extracts from drug-loaded mi-
was speculated to spread across the adipose tissue layerospheres was performed.
ers. In addition, increasing amounts of microspheres
were administered for recovery at later time points (i.e. 3.4. Mass spectral analysis and results
250 mg at 40 days recovery) to account for mass loss
phenomenon. As a result, the study was designed to Table 5 summarizes the results from the mass
assess percent peptide purity at each time point as op-spectral analysis of supernatant extracts from O/O
posed to peptide quantitation for mass balance rela- batches and Sandostatin LAR. Incidentally, similar
tionships. With each extraction procedure, however, a spectral peaks were observed between the O/W and
determination of interfering tissue substances in the O/O batches, and hence the later set of data is pre-
HPLC assay required further examination. Hence, the sented. The MALDI-TOF analyses were purely qual-
set of extraction controls detailed Trable 2were im- itative due to crystallization and ionization procedures
plemented. utilized with the matrix material cyanohydroxy cin-
Fig. 6 shows chromatograms from the HPLC anal- namic acid (CHCA matrix). Upon mixing the matrix
ysis of supernatant extracts from control #5 and PLGA solution with the sample, a crystallization step was per-
50:50 microspheres (incubated for 40 days). For each formed on a sample plate. The crystallization step could
control, excised tissue from subcutaneous region of a not be precisely controlled and thus the lattice struc-
sacrificed rat was physically mixed or homogenized ture infinitely varied each time the procedure was em-
with respective contents shown Table 2 The chro- ployed. Consequently, upon contact of the laser beam
matograms from controls #1-5 did not reveal any inter- with the crystal surface, ionization potentials of the
fering peaks through the expected eluting time regions compound of interest dramatically varied from sam-
for the peptide molecules of interest (octreotide and hy- ple to sample. From the previous investigation with in
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Table 5

Major peaks identified from MALDI-TOF mass spectra from O/O batches and Sandostatin LAR

Recovery time  PLGA 50:50 (n/2) PLGA 85:15 (n2) PLA 100 (m/2) Sandostatin LAR

point (days)

~14 1041, 1099, 1157 1041, 1099, 1113 1041, 1113, 1185 1041, 1099, 1157, 1171

~22 1041, 1099, 1113, 1157, 1215 1041, 1099, 1113, 1185 1041, 1113, 1185 1041, 1099, 1157, 1215

~30 1041, 1099, 1157, 1171, 1185 1041, 1099, 1113, 1171, 1185 1041, 1113, 1185 1041, 1099, 1157, 1171, 1185
~407 1041, 1099 1041, 1099, 1113, 1171, 1185 1041, 1113, 1185 1041, 1099

2 Note: low sample concentration resulted in difficulty for identification of all peaks at 40 days for PLGA 50:50 and the Sandostatin LAR.

vitro incubation of O/W microspheres in PBS (pH 7.4), or
potential adduct species were expected over the parent
molecular weight of 1041wz (1018 mVz+ 23 mVz to H-p-Phe-Cys-Phe-Trp-[Lys + G]
account for sodiated adductd)idrty et al., 2003 -Thr-Cys-Thr-ol (1099m/z)
Potential glycoyl adducts (for 50:50 and 85:15 mi-
crospheres only) (2) 1113m/z=mono-lactoyl substitution at the lysine
group only

(1) Adduct 1: 104Im/z+58n/z= 1099z
(2) Adduct 2: 1041z +58 m/z+ 58 mz= 1157m/z. H-p-Phe-Cys-Phe-Trp-[Lys + L]
(3) Adduct 3: 1041wz +58m/z+58m/z+ 58 -Thr-Cys-Thr-ol (1113m/z)

m/z=1215m/z.

Potential lactoyl adducts (for 50:50, 85:15, and (3) 1157 m/z=di-glycoyl substitution or glycoyl-
PLA microspheres) glycyl substitution at lysine

(4) Adduct 4: 1041/z+72m/z=1113m/z
(5) Adduct 5: 1041m/z+ 72 miz+58miz=1171m/z H-[p-Phe+ G]-Cys-Phep-Trp-[Lys + G]
(6) Adduct 5: 104IWz+72m/z+72m/z=1185m/z -Thr-Cys-Thr-ol (1157m/z)

Thus, glycoyl adducts were expected with polymers or

only containing glycolic acid monomers and lactoyl

adducts with all polymers employed in this study. When H-p-Phe-Cys-Phe-Trp-{Lys + G + C]
corroborating the expected adducts values with the data -Thr-Cys-Thr-ol (1157m/z)
presented inTable 5 several possibilities were pro-
posed for eachw'z peak observed. In addition, the pre-
vious LC-MS/MS analysis provided evidence for only
a mono-glycoyl substitution at the N-terminus. Thus,

(4) 1215 m/z=mono-glycoyl substitution at the N-
terminus with glycoyl-glycl substitution at lysine
or glycoyl-glycl-glycl substitution at lysine only

glycqyl—glycyl, lactoyl-lactyl, and mono—chtoyI sub- H-[p-Phe+ G]-Cys-Phep-Trp-[Lys + G + G]
stitutions were not detected at the N-terminus.
For instance, with the PLGA 50:50 microspheres -Thr-Cys-Thr-ol (1215m/z)

at days 14 and 22, four major peaks were identified
at 1099, 1113, 1157, and 121%z, which could have
represented the separate adduct species shown below  H.p-phe-Cys-Phe-Trp-[Lys + G + G + G]
(G =glycoyl andL =lactoyl).

or

-Thr-Cys-Thr-ol (1215m/z)
(1) 1099mVz=mono-glycoyl substitution at either the

N-terminus or lysine group At day 30, two additional peaks appeared from

PLGA 50:50 microspheres at 1174z and 1185
m/z as shown inFig. 7. These peaks could have
-Thr-ol (1099 m/z) represented the following adduct species:

H-[p-Phe+ G]-Cys-Phep-Trp-Lys-Thr-Cys
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Fig. 7. Mass spectrum of extract from PLGA 50:50 microspheres
incubated for 30 days.

(5) 1171m/z=mono-glycoyl and mono-lactoyl sub-
stitutions at the N-terminus and lysine residue, re-
spectively; or a lactoyl-glycyl substitution at the
lysine residue

H-[p-Phe+ G]-Cys-Phep-Trp-[Lys + L]
-Thr-Cys-Thr-ol (1171m/z)

or

H-p-Phe-Cys-Phe-Trp-[Lys + L + G]
-Thr-Cys-Thr-ol (1171m/z)

(6) 1185mv/z=lactoyl-lactyl substitution at the lysine
residue
H-p-Phe-Cys-Phe-Trp-[Lys+ L + L]
-Thr-Cys-Thr-ol (1185m/z)

At day 40, mimimal sample concentration resulted
in detection of only one adduct at 1098z (gly-
coyl substitution). Hence, the MALDI-TOF mass spec-
trometer provided qualitative evidence for the pres-

present in the buffer extract. As a result, adduct species
may have been present at various time points with
the possibility of being undetected by the instrument.
These data contrast with the LC-MS/MS evidence
where nine separate adduct species were detected af-
ter only 14 days of incubation in vitrdMurty et al.,
20038.

As for the PLGA 85:15 microspheres, two major
related substances were present through the course
of the study. At all time points, the 1099/z peak
(mono-substituted glycoyl adduct) and the 1Ih&
peak (mono-substituted lactoyl adduct) were seen. In
addition, minor peaks were observed at 1172 and
1185mvzat days 30 and 40. For the PLA microspheres,
two major impurities were detected through the time
points including the mono-substituted lactoyl adduct
with m/zvalue of 1114 (otherwise seen as 11¥2on
some spectra). In addition, the peak observed at 1186
m/z represented di-lactoyl substitutions as seen previ-
ously in both PLGA 50:50 and PLGA 8515 micro-
spheres. Finally, the mass spectra for the Sandostatin
LAR microspheres revealed the presence of peaks at
1099, 1157, 1171, 1185, and 12f¥%z The spectral
results were quite similar with the results obtained with
PLGA 50:50 microspheres, which is logical consider-
ing the polymer utilized in the commercial formulation
is also a 50:50 co-polymer.

4. Discussion

As observed during in vitro release testing and in-
cubation experiments, the formation of hydrophobic
related substances also occurred during in vivo incuba-
tion. The polymer co-monomer ratio played an impor-
tant role in terms of extent of impurity formation where
microspheres formulated with PLA homopolymers re-
sulted in least detrimental stability effect. The in vivo
evidence for the acylation reaction pathways during the
time course of sustained drug delivery from PLGA mi-
crospheres raises important therapeutic issues for hu-
man and animal subjects. The instability of the peptide
can result in decreased pharmacological activity, en-
hanced immunogenic properties, and increased safety
concerns.

Although Sandostatin LAR has been proven safe
and effective as a drug delivery dosage form, the ques-

ence of adduct species irrespective of concentration tion remains whether the octreotide depot formulation
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can be improved for the above-mentioned reasons. ForJeyanthi, R., Mehta, R.C., Thanoo, B.C., DelLuca, P.P., 1997. Effect
therapeutic delivery in a clinical setting, the most de- of processing parameters on the properties of peptide-containing
sired outcome is for the delivery of parent peptide PLGA microspheres. J. Microencapsul. 14, 163-174.

mol le without chemical modification thr h th Kostanski, J.W., Thanoo, B.C., DeLuca, P.P., 2000a. Preparation,
oOlecule out chemica oditicatio oug e characterization, and in vitro evaluation of 1- and 4-month con-

30-40 day time course required for PLGA or PLA trolled release orntide PLA and PLGA microspheres. Pharm.
polymers to degrade and release at the subcutaneous or Dev. Technol. 5, 585-596.

intramuscular injection sites. Hence, further research Kostanski, J.W., DeLuca, P.P., 2000b. A novel in vitro release tech-
is required to identify methods to completely stabilize nigue for peptide-containing biodegradable microspheres. AAPS

t tid tate f lated in biod dabl | Pharm. Sci. Tech. 1, 4.
octreotide acetate formulated in biodegradable poly- Lucke, A., Kiermaier, J., Gopferich, A., 2002a. Peptide acylation by
mers.

: o ) poly(alpha hydroxy esters). Pharm. Res. 19, 175-181.
Prior to the initiating further formulation efforts to  Lucke, A., Fustella, E., Tessmar, J., Gazzaniga, A., Gopferich, A.,
eliminate acylation, however, the presentinvestigations ~ 2002b. The effect of poly(ethylene glycol)-paiy(-lactic acid)

were extended for further study in an in vitro incuba- diblock copolymers on peptide acylation. J. Control Release 80,
tion model. The purpose was to understand the phys-, &> 7 oo
. ol PAYS=| cke, A., Gopferich, A., 2003. Acylation of peptides by lactic acid

ical factors responsible for the formation of adduct solutions. Eur. J. Pharm. Biopharm. 55, 27-33.

species in a controlled environment where invasive Murty, S.B., Gavini, E., Kostanski, J., Jiang, G., Woo, B.H., DeLuca,

parameters could be assessed. In essence, gquestions P.P. 2901. Analysis of accglerated in vitro relegse pI’OfileS.fOI’

remained as to the role of polymer mass loss, pon— PLAmlcrosphere_s loaded with an LHRH antagonist decapeptide.
. . . . AAPS Pharm. Sci. 3, 3 (Abstract).

mer hydration, and microenvironmental pH during pep- Mu

. ! L. . rty, S.B., 2003a. Drug stability and release kinetics of a somato-
tide degradation inside microspheres. These factors  statin analogue formulated in polymeric biodegradable micro-

were difficult to quantitate in an in vivo environment. spheres. Ph.D. Thesis, University of Kentucky, USA.

Murty, S.B., Goodman, J., Thanoo, B.C., DelLuca, P.P., 2003b. Iden-
tification of chemically modified peptide from poly, -lactide-
co-glycolide) microspheres under in vitro release conditions.
AAPS Pharm. Sci. Tech. 4, 50.
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