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Abstract

Since acylated peptide impurities were isolated from octreotide microspheres following incubation in an in vivo environment,
the present investigation was undertaken to determine the dosage form dynamics responsible for facilitating acylation. In
particular, microsphere batches made with pollgctide) (PLA) and poly(lactide-co-glycolide) (PLGA) 85:15 were studied for
in vitro drug release, mass balance relationships, mass loss behavior, hydration uptake, and solid-state stability. Furthermore
native octreotide was incubated in a varying pH stability model (heat treated lactic acid solutions 42.5%, w/w) to determine
the effects of acidity on impurity formation. From a review of the experimental results, the appearance of octreotide impurities
or related substances occurred with the onset of polymeric mass loss. In fact, the significant formation of acylated peptide did
not appear until >90% mass loss, which was observed at 14 days. It was surmised that because of water uptake, the hydrolyti
cleavage of the polymeric backbone created an acidic microenvironment to facilitate the covalent coupling of peptide with
polymer. The lactic acid solution stability model corroborated with greater evidence of acylation at pH 2.25 where the presence
lactoyl (+72m/2) derivatives of octreotide were confirmed by MALDI-TOF mass spectrometry.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Octreotide acetate encapsulated in poly(lactide-

co-glycolide) (PLGA) and poly(-lactide) (PLA)
"+ Corresponding author. Tel.: +1 850 257 1831: microspheres was s_hovv_n to form hydrophoblc related
fax: +1 859 323 0242, substances during in vitro release testing and upon
E-mail addressppdelul@uky.edu (P.P. DeLuca). incubation in the in vivo subcutaneous tissue envi-
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ronment. The results of this study also indicated that iological pH and temperature (phosphate buffer and
adduct or impurity species were minimally present 37°C) to support the in vivo findings. The changing
prior to the incubation (<1%) and hence the peptide characteristics that were studied included drug release,
was assumed to be stable through the manufacturingimpurity formation, and mass balance determinations
processurty, 2003; Murty et al., 2008 As a result, for selected batches of microspheres prepared by
the appearance of related substances was thought tan oil/oil (O/O) dispersion technique. Concurrently,
occur during the hydration process where the influx microspheres were independently studied for mass loss
of water resulted in hydrolytic cleavage of the PLGA and hydration changes through the same time points to
or PLA polymeric backbone. The resulting formation find correlations with the onset of impurity formation.
of glycolic and/or lactic acid monomers may have Finally, the present study was aimed at developing

formed an acidic microenvironment to catalyze the
formation of hydrophobic related substances by an
acylation mechanismL(cke et al., 2002; Lucke and
Gopferich, 2003; Fu et al., 2000; Na et al., 2003a
Water influx into the dosage form also could have
potentiated acylation either by increasing the dynamic
mobility of molecules (plasticizing effect), by partici-
pating as a medium solvent, or by directly participat-
ing as a reactant (i.e. hydrolysid)gj et al., 1999a,p
The plasticizing and solvent medium effects were re-
ported with deamidation reactions in PVP and PVA
formulations loaded with Asn-Hexapeptidegf et al.,
1999a,h. These formulations, however, did not pos-

a lactic acid stability model to test the effects of
oligomer solution pH and concentration as a model for
the formation of O.R.S. in microsphere formulations.

2. Materials and methods
2.1. Materials

Octreotide acetate @MN-p-Phe-Cys-Phe-Trp-
Lys-Thr-Cys-Thr-ol; MW = 1018.4) was obtained from
Bachem Inc. (Torrance, CA). Polyg-lactide-co-
glycolide) 85:15 co-polymer (9kDa) and poly(

sess the hydrolytic cleavage and microenvironmental lactide) homopolymer (8 kDa) were purchased from

pH phenomena associated with PLGA and PLA poly-
mers Fu et al., 200D Acylation of salmon calcitonin

inside PLGA systems, for instance, was studied using

a heat-treated lactic acid solution as a stability model.
In pH 2 lactic acid solutions, enhanced acylation was

reported as opposed to pH 5 solutions. The authors
suggested the use of equilibrated lactic acid solutions
at various concentrations to test the acylation poten-

tial for a particular drug molecule formulated inside
polyester microspherekifcke et al., 2002; Lucke and
Gopferich, 200R

Important questions as to the physical factors
involved in the formation of octreotide related sub-
stances (O.R.S.) during in vitro and in vivo incubation

of formulated microspheres remain to be answered.

Thus far, evidence suggests that water influx into poly-
meric microspheres could result in a solvent medium
effect with subsequent hydrolytic cleavage of the
polymer backbone resulting in acidic pH formation.
With an in vivo model, however, the ability to perform

Alkermes Inc. (Cincinnati, OH). All other chemicals
used were of analytical reagent grade.

2.2. Microsphere preparation and
characterization

Microspheres were manufactured by the previously
described oil/oil dispersion technique followed by sol-
vent extraction/evaporatioyrty, 2003. The micro-
spheres were subsequently analyzed for drug content
and initial impurity content by organic phase dissolu-
tion (methylene chloride) of microspheres and buffer
phase extraction of peptide. After dissolution of mi-
croparticulates with methylene chloride and the ad-
dition of 0.1 M acetate buffer pH 4.0, each vial was
placed on a wrist-shaker apparatus for 30 min and
centrifuged for 20 min at 2000 rpm. The drug con-
tent determinations allowed for subsequent calcula-
tions of drug release and mass balance relationships.
One batch of PLA microspheres and three batches of

invasive measures of microsphere activity was not PLGA 85:15 microspheres of varying drug loads were

feasible on a practical level. The purpose of the present selected for further incubation studies. The summary of
study was therefore to study the dynamic attributes microsphere characteristics was presented previously
of microspheres during in vitro incubation at phys- (Murty, 2003.
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2.3. Incubation of microspheres in phosphate
buffered saline

For impurity formation, drug release, and mass
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the following equation:

M,
mass remaining %- <ﬁd) x 100

[0]

balance determinations, 15mg of microspheres were The degree of hydration and mass loss % values were

placed in 15 mL polypropylene tubes= 10 vials for
each batch). After addition of 4mL of 0.02M phos-

phate buffered saline to each vial, the samples were

continuously agitated at 100 rpm in a shaking air bath
set at 37C. At weekly intervals, all tubes were cen-
trifuged to facilitate the removal of buffer for subse-
guent peptide analysis by HPLC. The microspheres
were then resuspended with 4mL of fresh buffer
by vortexing and were placed onto the shaking air
bath.

At specified time points (i.e. days 7, 14, 35, and
56), two tubes from each batch were removed for
impurity content inside microspheres as well as mass

plotted as a function of time to correlate with changes
in impurity formation or mass balance determinations.

2.5. Solid state incubation of microspheres

The microspheres were also subjected to incuba-
tion under anhydrous conditions at 37 to serve as a
control for the formation of impurities in the presence
of aqueous buffer. Briefly, 15 mg of freeze-dried mi-
crospheres were placed in separate vials under tightly
sealed conditionsn=12 per batch). At designated
intervals, three vials were removed and treated with
a 1:1 mixture of dimethylsulfoxide/methylene chlo-

balance determinations. The vial contents were treatedride. Subsequent extraction with acetate buffer allowed

with a 1:1 mixture of dimethylsulfoxide/methlyene
chloride for polymer dissolution followed with
the addition of 0.1 M acetate buffer (pH 4.0) for

for determination of drug content and drug purity for
HPLC analysis.

peptide extraction. The supernatant samples and2.6. Acylation stability model in concentrated

microsphere extracts were analyzed by HPLC by
two separate gradient elution methods to account
for the large dimethylsulfoxide solvent front peak
observed.

2.4. Mass loss and hydration studies

A gravimetric study was concurrently initiated
where 50mg of microspheres were placed in each
vial (n=12 vials per each batch). At specified time

points (i.e. days 7, 14, 35, and 56), three tubes were

removed for gravimetric analysis. The microspheres
were recovered by vacuum filtration (0.4& fil-

ter) and weighed to obtain a value designated as
My (wet mass). After drying the microspheres for
24 h under vacuum conditions, tHdy (dry mass)
value was determined. The following equation
allowed for the calculation of degree of hydra-

tion.
My — Md)

degree of hydratioe= (
d

lactic acid solutions

Lucke et al. described the preparation steps for
treating lactic acid solutions for acylation stability
experimentsl{ucke et al., 2002; Lucke and Gopferich,
2003. The reaction model was designed around heat-
treated lactic acid solutions at varying concentrations
of lactic acid (1%, 5%, 10%, and 50% (w/w)) with pH
adjustments. For the present experiment, concentrated
lactic acid (85%, w/w) was diluted to 42.5% (w/w)
and subsequently pH was adjusted to four different
values between 2 and 6. The solutions were further
equilibrated at 90C for 24 h, which allowed for the
stabilization of oligomer content. This procedure was
performed to account for the dynamic equilibrium that
exists between monomeric lactic acid and esterified
lactic acid (dimers, trimers, etc.). Equilibration would
take months at room temperature and hence, the
accelerated approach was implemented at elevated
temperatures to obtain stable oligomer content in
solution Cucke et al., 2002; Lucke and Gopferich,
2003. With each of the lactic acid solutions (pH 2.25,
3.11, 4.23, and 6.09), 1QQy/mL of octreotide acetate

In addition, the % mass loss was calculated based onwas addedr(=3 per pH). At regular intervals, each

the M, value (initial mass prior to incubation using

vial was sampled by HPLC for percent purity.
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2.7. High performance liquid chromatography 100 o Cetreotide: PLAT.L. 8%
Two LC analytical assays were employed during 90 | _ﬁ_;ii::e?a;::; -

the course of the study. The drug content or mass bal- ] o TRl TR AR, B

ance assay used an LC method with a longer run time 89 o T

since DMSO was present from drug extractions. The ] SRS R EEenINL e

second method used for assay of PBS supernatant ancg '] el PLad s T

lactic acid solutions utilized a shorter run time since ‘907 601

only a buffer solvent front was present. Both methods § 1 L

utilized a C-18 column (250 mm 4.6 mm by Alitech, & ;] Bt

Deerfield, IL) and a flow rate of 1.0mL/min. In addi- 2 | o i

tion, a binary mobile phase was used where solution £ 40 e

A contained water +0.1% TFA and solution B con- E | A 3

tained acetonitrile +0.1% TFA. For the drug content © 30 o

LC method, a 75:25 (A:B) to 65:35 (A:B) gradient over ] p ,./’/

25min was used. For the solution assay, a 72.5:27.5 201 4 e

(A:B) to 62.5:37.5 (A:B) gradient over 17 min was ] / P

used. 104 =

2.8. Mass spectrometry ° 0 5 10 15 20 25 30 35 40 45 50 55 60
Time (d)

The lactic acid solutions were analyzed by MALDI-

TOF Mass Spectrometry (Bruker Daltronics). For the Fig. 1. % Octreotide in supernatant (0.02 M PBS pH 7.25).

mass spectral analyses, all samples were placed under

rotary vacuum conditions to dry off aqueous portions. tive release by day 56, respectively (12% T.L. data not

Subsequently, the residual solid material was incorpo- shown inFig. 1). Approximately 24% of the total mass

rated into ax-cyanohydroxy cinnamic acidk¢CHCA) release (peptide +impurities) is in the form of O.R.S.

matrix for crystallization. for both batches. Finally, with the low targetload PLGA
85:15 batch, release is nominal by 56 days with only
22.2% cumulative release (intact peptide) and 31.6%

3. Results total release (peptide +impurities).
The appearance of O.R.S. under in vitro release
3.1. Analysis of peptide release into supernatant testing conditions was previously observed where the

co-monomer ratio and the polymer molecular weights

Although the main purpose was to understand influenced the extent of impurity formatioM(rty et
O.R.S. formation by studying the dynamic characteris- al., 2003. With the present study, mass balance rela-
tics of microspheresincubated in PBS, drug release into tionships were also determined by extracting vials of
the surrounding aqueous environment was inevitable. incubated microspheres at specified time poiNts 2
In fact, with the PLA batch, approximately 60% cu- sacrificed at days 7, 14, 35, and 56). The buffer extract
mulative drug release was observed by the termination of the microspheres from the specific vial was analyzed
of the experiment (56 days), which is consistent with by HPLC for both drug content and impurity content.
data previously obtainedVurty et al., 2003. Fig. 1 Subsequently, the total peptide content from the extract
shows the % octreotide released into supernatant overwas added to the total % release (peptide +impurities)
the course of the experiment. The PLA batch displays for the specific vial.Fig. 2 shows the mass balance
the fastest release rate and the lowest percentage of derecoveries for each batch of microspheres at all time
tectable impurities{10% by 56 days). Withthe PLGA  points.
85:15 batches with 10% and 12%targetloads (T.L.),the  InFig. 2 the mass balance values for the PLA batch
release profiles are similar with 46% and 50% cumula- are~98% and 107% for days 7 and 14, respectively.
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Fig. 2. Mass balance relationships.

within the acceptable 10% variation range or may in-
dicate the presence of O.R.S. not detectable in the zero
time drug content assay. A similar result was observed
during in vitro release testing in 0.1 M acetate buffer
(pH 4.0) for octreotide microsphere batches prepared
by the oil/water dispersion technique. In that particu-
lar scenario for three microsphere batches, cumulative
drug release was 100% by termination of the release ex-
periment and with the superimposition of O.R.S., the
total % release was between 107% and 110y et

al., 2003. It was postulated frorkig. 3(proposed acy-
lation mechanism) that step 1 of O.R.S. formation could
occur during manufacturing and step 2 could occur with
the influx of water media to liberate glycoyl and lac-
toyl adduct species from the polymer backbone. For the
other time points, days 35 and 56, approximately 84%
of the total mass is recovered from the extraction pro-
cedure and the supernatant release. Hence, 16% of the
theoretical peptide mass (parent peptide and O.R.S.)
cannotbe accounted for from the analytical procedures.

With the other batches in the present study, similar
mass balance profiles at days 7 and 14 were obtained
where the determined values were higher than 100%.
By days 35 and 56, the mass balance determinations
again resulted in unaccounted losses of peptide mass
(parent peptide + O.R.S.). For instance, for PLGA
85:15 T.L. (Target Load) 8%, mass balance at day 35
was ~70% and by day 56, the value was$50%. In
addition, the mass balance values for PLGA 85:15
T.L. 10% are~80 and~70% by days 35 and 56,
respectively. Finally, for the high target load PLGA
85:15 batch, the calculated values were similar to the
one obtained for PLA T.L. 8%.

One could postulate several explanations for peptide
loss, which cannot be accounted for by quantitation
of parent peptide and O.R.S. from the present HPLC
separation techniques; hence, one could argue for alter-
native degradation or reaction mechanisms. One pos-
sibility includes the presence of polymer-conjugated
peptide where step 1 of the reaction mechanism shown
in Fig. 3occurred and trapped peptide molecules onto
the polymer backbone. As a result, step 2 of the mech-
anism was required in order for O.R.S. detection by
HPLC or mass spectrometric instruments. Another pos-

By day 7, minimal drug release is observed (<5%) and sible explanationincludes the loss of peptide by a disul-
hence the mass balance determination is logical for fide exchange mechanism where octreotide molecules
this time point. By day 14, however, the higher mass and/or O.R.S. chemically conjugated to each other by
balance value (107%) may indicate an analytical error an SN nucleophilic attack. This mechanism has been
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Fig. 3. Proposed mechanism of reaction between peptide and polyowke(et al., 2002; Lucke and Gopferich, 2003

reported with RC-160, a somatostatin analogue formu- proposed chemical entities, however, were not detected
lated in freeze-dried cakes where a solid-state reactionin previous mass spectral analyses of buffer extracts
took place under accelerated stability testing condi- from incubated microsphereMqrty, 2003; Murty et
tions (Pourrat et al., 1995; Barthomeuf et al., 1996 al., 2003. The possibility of such a reaction mecha-
In fact, the disulfide reaction has also been reported nism, however, should not be discounted during the
for freeze-dried ANP (atrial natriuretic peptide) where hydration processes, which occurs during incubation
the authors postulated moisture induced aggregationof the PLGA and PLA dosage forms in buffer media.
because of a phase change (amorphous to crystalline)

in the freeze-dried formulatiorWu et al., 200]. 3.2. Hydration and mass loss
In addition, the disulfide exchange mechanism be-
tween molecules could be catalyzed by acidic pH val-  Fig. 4displays the hydration profiles for all batches

ues Manning etal., 198P Hence, one could argue that  of microspheres utilized in the study. The high tar-
the peptide mass unaccounted for by days 35 and 56 agget load PLGA 85:15 batch appeared to hydrate to the
shown inFig. 2, was aresult of acid catalyzed and mois- greatest degree<(16 by day 56) possibly due to greater
ture induced aggregation of peptide molecules. These attractive forces for the influx of water as shown pre-
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Fig. 4. Degree of hydration for octreotide microspherbis=8)
(0.02M PBS pH 7.25).

viously for blank and drug loaded PLA microspheres
(Woo etal., 2001 The PLGA 85:15 T.L. 8% and 10%
batches displayed similar hydration profiles where by
day 56, the degree of hydration (D.H.) was approxi-
mately 11. For the PLA batch, however, the D.H. ap-
peared to level off at a value of 8 after 35 days.

The hydration profiles for all batches were linear
with respect to time. There, however, was no direct
correlation between D.H. values and the onset or ex-
tent of O.R.S. formation. The data fig. 4, however,
provided evidence for the high influx of water into
the dosage form since a D.H. value of only 1 repre-
sents 100% hydration. At this point, one could not dis-
criminate between the effects of water as a plasticizer,
solvent medium, or a direct participant in the acyla-
tion reaction mechanism shown kg. 3 (Lai et al.,
1999a,b. Regardless, without the influx of water into
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Fig. 5. Mass loss for octreotide microspherbis=@3) (0.02M PBS
pH 7.25).

ery values with the original drug content value was the
result of anticipated variation in extraction or analyti-
cal procedures. In addition, minor deviations in content
uniformity were observed for microspheres manufac-
tured under the experimental oil/oil dispersion process.
As for the mass loss behavidfig. 5 displays lin-

ear profiles with respect to time for all formulations.
There appeared to be no significant difference in mass
loss behavior between formulations. By day 56, the to-
tal polymer mass remaining was around 55%. Further,
when corroborating with mass balance data shown in
Fig. 2, the mass loss data was found to correlate with
the onset of O.R.S. For instance, prior to the onset of
significant mass loss observed at day 14, the detec-
tion of O.R.S. was negligible in the in vitro release

the dosage form, the encapsulated peptide appeared-,pc 1

stable when microspheres were incubated under an-

hydrous conditions at 3. In Table 1 the % drug

content values indicated that there was no degradationTime (days)

associated with solid-state incubation for 45 days. For
instance, for the PLA batch, the recovery of peptide af-

ter extraction of microspheres was between 8.1% and 14

8.5%, which was consistent with the original drug load

at zero time (8.36%). The minor deviation in the recov- 45

Microsphere drug content values (%) after solid-state incubation in
tightly sealed containers at 3T (n=2)

PLA 8% T.L. PLGA 85:15 PLGA85:15
8% T.L. 10% T.L.
0 8.36 6.98 8.65
8.14 6.54 8.64
28 8.56 6.76 8.22
8.30 6.80 8.64
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experimentFig. 1). With the gradual hydrolysis of the 50
polyester and subsequent degradation into oligomers

and monomers, an acidic microenvironmentcould have ~ #°] —-pH225
formed in the highly localized environment within the - :g: 2:;;
microsphere Ku et al., 2000; Makino et al., 1985; —=—pH 6.09

Brunner et al., 1999; Mader et al., 1998

[}
(5]
f

[}
o
L

3.3. Acylation in lactic acid oligomer solutions

In some situations, the microevironment within the
PLGA microsphere may enhance stability of therapeu-
tic moieties as in the case observed with camptothecin
analogues§henderova et al., 1999With octreotide
microspheres, insightinto the role of the microenviron-
ment pH on acylation requires further understanding.
In addition, a solution model to predict stability of oc-
treotide within the extreme conditions was determined
to be a useful tool for developing strategies that block 0'0 T A 2 2
the formation of O.R.SL{ucke et al., 2002; Lucke and Time (Days)

Gopferich, 200R

Peptide incubation (10@g/mL) in concentrated g 6. Areapercentofimpurities from oligomer solutions of varying
(42.5%, w/w) and heat-treated lactic acid solutions was pH.
performed at varying pH values (i.e. 2.25, 3.11, 4.23,

6.09). The conditions for the lactic acid stability model As for a comparison of solutions of differing pH
were chosen based on experimental results provided byvalues, at pH 2.25, the area percent of O.R.5:38%
Lucke et al. In fact, the previous investigators reported and at pH 3.11, the area percent~84% at termi-
increased acylation of salmon calcitonin (sCT) with nation of the incubation experiment. For the pH 4.23
lactic acid solutions of higher concentration (50%, solution, on the other hand, the area percent is signifi-
w/w) as opposed to solutions with only 10% (w/w) cantly lower with a value of 17.5% by day 35. Finally,
concentration where the area percent of peptide relatedat pH 6.09, the presence of acylated products was not
substances was <10% after 28 days of incubation. In detected. The data froffig. 6 suggest a potential pH
addition, increased acylation of sCT was observed effect whereby the acidic microenvironment may cat-
at pH 2 as opposed to pH 5 when measuring the alyze the formation of O.R.S. The data, however, may
area percent of related substancésicke et al., be misleading since at the higher pH lactic acid so-
2002. lutions (especially pH 6.09), viscosity of the solutions

Fig. 6 shows the area percent profiles for O.R.S., interfered with the HPLC assay. In addition, a potential
which eluted after the parent octreotide peak on each complexation phenomenon could have been observed
chromatogramFig. 7 displays representative chro- with the pH 4.23 and pH 6.09 solutions. This may have
matograms obtained from 42.5% (w/w) lactic solu- occurreddue to binding between ionized oligomers car-
tions with octreotide at time zero and after 30 days boxylic end groups (g4~ 3.8) and positively charged
of incubation. These hydrophobic peaks eluting after amine groups present on the lysine residue and the N-
the parent octreotide peak were previously identified terminus.
by LC-MS/MS as glycoyl and lactoyl substitutions Previously, a similar complexation phenomenon
(Murty etal., 2003. Infact, the impuritiesinthe present  was proposed with orntide acetate, an LHRH antago-
experiment were also identified by mass spectrometry nist and hydrophobic decapeptide, formulated in PLA
as lactoyl and lactoyl-lactyl adducts (+72zand +144 microspheres. Under accelerated in vitro release test-
m/z) of octreotide or variations thereofgble 2 (Na et ing conditions in 0.1 M acetate buffer (pH 4.0), release
al., 2003b. plateaus were observed with the onset of polymeric

Area % of Chromatogram
— n n
4] o w

o
L

[42]
L
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0.5) | lutions (2.25 and 3.11) could serve as a useful reaction
‘ % Zero time model allowing for predictions of theoretical reaction
0.4 \ | Octreotide rates and predictions of the effects of stabilizing agents
i 1 within the microsphere dosage form. Such predictions
0.3 1 I would reflect conditions (i.e. pH and local concentra-
| ‘ \ tion), which would occur only in the highly localized
0.2 L ~ microenvironment of the microsphere. An extreme pH
i “ “l‘ value of 1.5 was determined inside microspheres for
0.1 L i a definitive period Fu et al., 200D Hence, while a
, [ \ | \ local microenvironment pH could be achieved, buffer
0.0 — exchange with surrounding aqueous media eventually
0 5 10 15 20 25 occurs with the creation of hydrophilic pores within the
05 | 1 matrix as a result of erosive processes. Hence, rate con-
‘ ‘; stants generated may only apply to peptide acylation
04 \ ‘ 1 After 30 days pathways for a transient phase where drug is entrapped
‘ ‘ \ in the hydrolytically generated microenvironment with
031 . extreme pH values and high local concentrations. With
‘ \ the pH 2.23 and 3.11 lactic acid solutions, for instance,
1 T 50% of initial peptide amount was depleted by the end
\

Jg of 1 month. As a result, if a pseudo first-order model
g I were to fit to the experimental data, then under tran-

\ ‘ \‘ﬁ“«, sient microenvironment conditions, a 1-month half-life
(N W‘(ﬁﬁ%_‘_r\/ would be expected for octreotide acetate.
5 10 15 20 25

Time (min) 4, Discussion

Fig. 7. Chromatogram from lactic acid stability solution at time zero The physical factors responsible for the formation
and after 30 days of incubation. of octreotide related substances (O.R.S.) in PLGA
and PLA microspheres were investigated in phosphate
mass loss Nlurty et al., 2001; Gavini et al., 2002 buffered saline. The in vitro incubation of microspheres
With orntide acetate, the onset of mass loss resulted inallowed for quantitation of peptide release, impurity
the formation of negatively charged oligomers, which formation, and mass balance at selected time points.
paired with positively charged peptide molecules atpH Concurrently, mass loss and hydration properties of the
4.0. microspheres were determined for a better understand-
Regardless of the complications associated with the ing of the onset of formation of O.R.S. Without the
stability model at higher pH values, the lower pH so- presence of moisture, the loss of peptide mass did not

Table 2

Characterization of acylation products of octreotide by MALDI-TOF A& gt al., 200B)

HPLC peaR Observednwz Expected structure

1 1019, 1041 Octreotide, octreotide-Na

2 1091, 1113 Octreotide-1LA, octreotide-Na-1LA

3 1113, 1129 Octreotide-Na-1LA, octreotide-Na-OH-1LA

4 1091, 1113, 1129 Octreotide-1LA, octreotide-Na-1LA, octreotide-Na-OH-1LA
5 1091, 1113, 1129 Octreotide-1LA, octreotide-Na-1LA, octreotide-Na-OH-1LA
6 1091, 1162 Octreotide-1A, octreotide-2LA

7 1091, 1162 Octreotide-1A, octreotide-2LA

a SeeFig. 7.
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occur and hence it was determined that water influx is Gavini, E., Murty, S., Kostanski, J., Jiang, G., Woo, B.H., DeLuca,
necessary. Finally, a lactic acid stability model was im- P.P., 2002. Study of release profiles of an LHRH antagonist de-
pIemented in this investigation to understand the role capeptide from PLA microspheres under accelerated conditions.

f acidic microenvironment in the formation of O.R.S In: Proceedings of the 4th World Meeting on Pharmaceutics Bio-
oracidic microe onme € lormation oT O.R.>. pharmaceutics Pharmaceutical Technology, Florence, Italy, 10

The results of this investigation may provide insight April 2002, 2 pp. (Abstract).
into the acylation potential of several classes of bioac- Lai, M.C., Hageman, M.J., Schowen, R.L., Borchardt, R.T., Topp,
tive peptides considered for PLGA or PLA delivery. E.M., 1999a. Chemical stability of peptides in polymers. 1.
In addition, stabilizing or blocking agents designed to ~ Effect of water on peptide deamidation in poly(vinyl alco-

. . . L hol) and poly(vinyl pyrrolidone) matrixes. J. Pharm. Sci. 88,
minimize peptide degradation could be assessed within 107)3_108;30 yvinyl py )

solution models designed to simulate the microenvi- | i m.c., Hageman, M.J., Schowen, R.L., Borchardt, R.T., Laird,
ronment. For instance, a stability-testing model may B.B., Topp, E.M., 1999b. Chemical stability of peptides in poly-
provide information on the utility of PEGylation of oc- mers. 2. Discriminating between solvent and plasticizing effects
treotide acetate before encapsulation within polymeric ~ °f water on peptide deamidation in poly(vinylpyrrolidone). J.

. . Pharm. Sci. 88, 1081-1089.
microspheres. The PEGylation of RC-160, a somato- Lucke, A., Kiermaier, J., Gopferich, A., 2002. Peptide acylation by

statin analogue, has already been demonstrated where poly(alpha hydroxy esters. Pharm. Res. 19, 175-181.

the investigators suggested enhanced pharmacologi-Lucke, A., Gopferich, A., 2003. Acylation of peptides by lactic acid
cal properties with the chemically conjugated moiety solutions. Eur. J. Pharm. Biopharm. 55, 27-33.

(Morpurgo etal., 2002; Na et al., 200)3b Mader, K., Bittner, B., Li, Y., Wohlauf, W., Kissel, T., 1998.

. . - Monitoring microviscosity and microacidity of the albu-
These challenges with respect to peptlde Stablllty min microenvironment inside degrading microparticles from

address the needs for proper in vitro and in vivo ana-  poly(lactide-co-glycolide) (PLG) or ABA-triblock polymers
lytical tools. The overall aim should be for the safe and containing hydrophobic poly(lactide-co-glycolide) A blocks and
effective delivery of bioactive peptides using extended  hydrophilic poly(ethyleneoxide) B blocks. Pharm. Res. 15,
release dosage forms. Although several microsphere _ 787-793.

dosage forms are currently approved for the United Makino, K., Arakawa, M., Kondo, T., 1985. Preparation and in
g y app vitro degradation properties of polylactide microcapsules. Chem.

States and Europ_ean markets (e.g._ Sandostatin LAR  pharm. Bull. 33, 1195-1201.

Depot), the formation of related peptide substances re- Manning, C., Patel, K., Borchardt, R.T., 1989. Stability of protein
quires serious attention. For octreotide, the formation ~ pharmaceuticals. Pharm. Res. 6, 903-918. .

of such chemical species occurs in both in vivo in- Morpurgo, M., Monfardini, C., Hofland, L.J., Sergi, M., Orsolini,

iecti it di itro i bati diti P., Dumont, J.M., Veronese, F.M., 2002. Selective alkylation and
Jection sites and In vitro Incubation conditions over acylation of alpha and epsilon amino groups with PEG in a so-

extended time-periods. These reactions would not be  matostatin analogue: tailored chemistry for optimized bioconju-
detected under normal ICH stability testing guidelines  gates. Bioconjug. Chem. 13, 1238-1243.

where sealed formulation vials are incubated in control Murty, S.B., Gavini, E., Kostanski, J., Jiang, G., Woo, B.H., DeLuca,
humidity and temperature conditions. Hence, the find- P.P., 2001. Analysis of accelerated in vitro release profiles for

. f thi h articl id ti to b PLA microspheres loaded with an LHRH antagonist decapeptide.
INgs o IS researcn article proviae urgent issues to be AAPS Pharm. Sci. 3, 3 (Abstract).

addressed by regulatory agencies. Murty, S.B., 2003. Drug stability and release kinetics of a somato-
statin analogue formulated in polymeric biodegradable micro-
spheres. Ph.D. Thesis, University of Kentucky, U.S.A.

References Murty, S.B., Goodman, J., Thanoo, B.C., DeLuca, P.P., 2003. Identifi-
cation of chemically modified peptide from poly,(-lactide-co-
glycolide) microspheres under in vitro release conditions. AAPS
Pharm. Sci. Tech. 4, 50.

Na, D.H., Youn, Y.S., Lee, S.D., Son, M.\W.,, Kim, W.B., DelLuca,
P.P., Lee, K.C., 2003a. Monitoring of peptide acylation in-
side degrading PLGA microspheres by capillary electrophore-
sis and MALDI-TOF mass spectrometry. J. Control. Release 92,
291-299.

Na, D.H., Murty, S.B., Lee, K.C., Thanoo, B.C., DeLuca, P.P., 2003b.
Preparation and stability of poly(ethylene glycol) (PEG)ylated
octreotide for application to microsphere delivery. AAPS Pharm.
Sci. Tech. 4, 72.

Barthomeuf, C., Pourrat, H., Pourrat, A., Ibrahim, H., Cottier, P.E.,
1996. Stabilization of octastatin, a somatostatin analogue: com-
parative accelerated stability studies of two formulations for
freeze-dried products. Pharm. Acta Helv. 77, 161-166.

Brunner, A., Mader, K., Gopferich, A., 1999. pH and osmotic pres-
sure inside biodegradable microspheres during erosion. Pharm.
Res. 16, 847-853.

Fu, K., Pack, D.W., Klibanov, A.M., Langer, R., 2000. Vi-
sual evidence of acidic microenvironment within degrading
poly(lactic-co-glycolic acid) (PLGA) microspheres. Pharm. Res.
17, 100-106.



72 S.B. Murty et al. / International Journal of Pharmaceutics 297 (2005) 62—72

Pourrat, H., Barthomeuf, C., Pourrat, A., Cottier, P.E., Ibrahim, H., Woo, B.H., Kostanski, J.W., Gebrekidan, S., Dani, B.A., Thanoo,
1995. Stabilization of octastatin, a somatostatin analogue. Prepa- B.C., DeLuca, P.P., 2001. Preparation, characterization and in

ration of freeze-dried products for parenteral injection. Biol. vivo evaluation of 120-day poly(D,L-lactide) leuprolide micro-
Pharm. Bull. 18, 766-771. spheres. J. Control. Release 75, 307-315.

Shenderova, A., Burke, T.G., Schwendeman, S.P., 1999. The acidic Wu, S.L., Leung, D., Tretyakov, L., Hu, J., Guzzetta, A., Wang,
microclimate in poly(lactide-co-glycolide) microspheres stabi- Y.J., 2000. The formation and mechanism of multimerization

lizes camptothecins. Pharm. Res. 16, 241-248. in a freeze-dried peptide. Int. J. Pharm. 200, 1-16.



	Impurity formation studies with peptide-loaded polymeric microspheres
	Introduction
	Materials and methods
	Materials
	Microsphere preparation and characterization
	Incubation of microspheres in phosphate buffered saline
	Mass loss and hydration studies
	Solid state incubation of microspheres
	Acylation stability model in concentrated lactic acid solutions
	High performance liquid chromatography
	Mass spectrometry

	Results
	Analysis of peptide release into supernatant
	Hydration and mass loss
	Acylation in lactic acid oligomer solutions

	Discussion
	References


