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Abstract

Amorphous forms of poorly soluble drugs are more frequently being incorporated into solid dispersions for
administration and extensive research has led to a reasonable understanding of how these dispersions, although
still kinetically unstable, improve stability relative to the pure amorphous form. There remains however a paucity of
literature describing the effects on such solid dispersions of subsequent processing into solid dosage forms such as
tablets. This paper addresses this area by looking at the effects of the addition of common excipients and different
manufacturing routes on the stability of a spray-dried dispersion (SDD) of the cannabinoid CB-1 antagonist,
ibipinabant. A marked difference in physical stability of tablets was seen with the different fillers with microcrystalline
cellulose (MCC) giving the best stability profile. It was found that minimising the number of compression steps
led to improved formulation stability with a direct compression process giving the best results. Increased levels of
crystallinity were seen in coated tablets most likely due to the exposure of the amorphous matrix to moisture and
heat during the coating process. DSIMS analysis of the SDD particles indicated increased levels of polymer on the
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Introduction

This paper describes the formulation and process devel-
opment of an amorphous form of a poorly-soluble drug
compound which focussed on maximising its physical
stability. Use of the high-energy amorphous form is one
strategy which has been widely explored to reduce the
variability and improve the bioavailability of poorly-sol-
uble drugs. These tend to have higher rates of dissolution
and kinetic solubilities compared to the corresponding
crystalline form, due to the absence of an organised
crystal lattice which requires energy to overcome and
bring the drug into solution. However, such amorphous
forms have the disadvantage of presenting a risk of con-
version to the more stable crystalline form over time.?
Such crystallisation can have serious adverse effects on
critical quality attributes of the final drug product, in par-
ticular its dissolution, leading to reduced bioavailability

in the patient. Therefore, amorphous forms are usually
presented as solid dispersions to stabilise them."!

The area of physical stability of amorphous solid
dispersions is complicated and even their method of
preparation can have a large influence. There has been
extensive investigation of this area which has led to a
reasonable understanding of such systems."-*! However,
such solid dispersions are not, in themselves, suitable
for large-scale commercial manufacture and typically
require combination with excipients followed by com-
pression into a tablet. Therefore, although the solid
dispersion may stabilise the amorphous form, careful
formulation design and process control is needed to
prevent thermodynamic instability during processing
and subsequent storage. Such instability can arise from
interactions between excipients and the amorphous dis-
persion. In addition, compression, heat and exposure to
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moisture, which can occur at different stages on the way
to a coated solid dosage form, are all known risk factors
for promoting physical phase transformations.!” Such
factors have been less widely investigated and are the
central focus of this paper.

The compound used in this study, ibipinabant (BMS-
646256), is a selective cannabinoid receptor-1 (CB-1)
antagonist explored for the treatment of obesity and dia-
betes. Itis a BCS class II compound with a partition coef-
ficient (log P ) of 5.01. Aqueous solubility is very poor
with levels of less than 0.05 pg/mL detected at 25°C after
24h of equilibration (below the quantitation limit of the
HPLC assay). The molecule behaves as a neutral species
with no experimental pKa values in the pH range 3-11.
Due to the non-ionisable nature of the compound, salt
formation was not possible and solubility did not vary
with pH. To maximise bioavailability, the active phar-
maceutical ingredient (API) was micronised but in vivo
studies indicated that exposure was still relatively low.
A solid dispersion of ibipinabant was considered as an
alternative approach to improve bioavailability.!""

Many different stabilising polymers have been used to
prepare solid dispersions containing amorphous drug.
One of the most widely used materials has been polyvi-
nylpyrrolidone (PVP)!"2" which in addition to being a
hydrophilic polymer also acts as a crystallisation inhibi-
tor; most likely because of its ability to interact with drug
molecules limiting their degree of molecular mobility
whilst also increasing the overall glass transition tem-
perature (Tg) of the solid dispersion.?” Surfactants,
such as sodium lauryl sulphate (SLS) have also been
incorporated into solid dispersions in order to improve
wettability and dispersion thus increasing dissolution
rate.?22 Tt has also been reported that SLS, along with
the water-soluble PVP, can improve drug solubility by
preventing uncontrolled crystallisation of the API dur-
ing the tablet dissolution process.®! In the case of this
particular solid dispersion, SLS was found to lead to a
significant increase in dissolution rate.

For ibipinabant, a solution of the API in dichlo-
romethane and ethanol was spray-dried with PVP and
SLS to produce an amorphous spray-dried dispersion
(SDD). The Tg for the solid dispersion was 132°C com-
pared to 70°C for the pure amorphous drug. Stability
study testing on the SDD indicated that it was stable for
up to 13 weeks under a variety of common accelerated
stability conditions (5°C and 50°C closed, 25°C/60% rel-
ative humidity (RH) open and closed). This study aimed
to monitor the corresponding physical stability of the
SDD when incorporated into a tablet formulation. In
this instance, detection of the amorphous component
was complicated by the low level of drug (1%) and the
presence of other components in the tablet formulation.
This study utilised a sensitive Raman analytical method
in combination with a discriminating dissolution test
to follow the physical stability (amorphous nature)
of drug in the presence of excipients in the low-dose
formulation. ¥

Practical considerations during the drug develop-
ment process mean that many decisions have to be
made with limited API availability. This study adopted
a staged approach to design an optimised formulation
utilising material-sparing techniques wherever possible.
A previous study had shown that using a combination of
microcrystalline cellulose (MCC): lactose as filler in the
amorphous tablet led to increases in observed crystal-
linity during storage at standard stability conditions.??*
The first stage of the current investigation aimed to aid
rational formulation selection by assessing the impact of
individual fillers on physical stability. In addition to MCC
and lactose, mannitol was also included as, in addition
to its good compaction properties, it is non-hygroscopic
which could be a potential advantage in formulating an
amorphous SDD where moisture could lead to stabil-
ity issues. Finally, the optimum routes of manufacture
capable of best retaining the amorphous nature of the
formulations were chosen and the influence of ancillary
processing and storage conditions on the final solid dos-
age form determined.

Experimental

Materials

The crystalline form of the drug substance, ibipinabant,
3 - (4 - cholorphenyl) - N- [(4 -chlorophenyl)sulfo-
nyl] - 4,5 - dihydro - N'methyl - 4 - phenyl - 1H - pyra-
zole - 1 - carboximidamide, was synthesised at Solvay
Pharmaceuticals (Weesp, Netherlands). It is a crystalline
solid having a melting point of 159°C and a molecular
weight of 487.1 (Figure 1).25 MCC (Avicel®), lactose
monohydrate, PVP (Povidone, PVP K-30), croscarmel-
lose sodium (AcDiSol®), magnesium stearate, SLS and
silicon dioxide (Syloid 244®) were of compendial grade
and were obtained through Bristol-Myers Squibb’s
Material Management Group. Mannitol (Pearlitol SD
200®) was purchased from Roquette (Lestrem, France).
Opadry II (85F Series) and Opadry AMB (aqueous
moisture barrier) were supplied by Colorcon (Dartford,
UK). Ibipinabant amorphous SDD was manufactured
at Bristol-Myers Squibb using a similar process to
that previously reported®?! and consisted of 20%

Cl

Figure 1. Structure of ibipinabant (SLV-319/BMS-646256).
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Figure 2. Study plan for processing conditions stability study. (See colour version of this figure online at www.informahealthcare.com/phd)

ibipinabant, 5% SLS and 75% PVP K-30. All drug prod-
uct lots were manufactured using the same batch of
SDD which had a measured particle size (D50) of 6um.
Solvents used were of analytical grade.

Quantitation of crystalline content in amorphous SDD
A quantitative Raman method was developed to detect
crystalline content within the amorphous SDD, formu-
lated blends and final solid dosage form. Using multi-
variate methods this technique could detect crystallinity
at levels of ~5% in tablets containing only 1% of APL?!
An FTIR spectrometer (Nicolet Nexus 870, Thermo
Fisher) attached with an FT-Raman module was used
to collect Raman spectra via Omnic software. Analysis
was carried out at room temperature with an air-cooled
diode pumped Nd:YAG laser (1064 nm) as the excitation
source, CaF, beam splitter and indium-gallium arsenide
(InGaAs) detector. The laser power was focused on the
sample with a power of about 500 mW. Calibration sam-
ples (100mg) were measured in 5-mm diameter NMR
tubes. Tablet samples were measured by placing them
directly facing the Raman laser. Duplicate measurements
were taken in each case. For each spectrum, 256 scans
were performed at a resolution of 4 cm™ over the spectral
range of 3700-100cm™ in a 180° scattering configura-
tion in order to provide Raman spectra with a high S/N
ratio in combination with well-resolved Raman signals.
Sulphur was used as the reference standard to monitor
wavenumber accuracy.

Dissolution method

A discriminating dissolution method was developed
that demonstrated fast, complete dissolution from an
amorphous dosage form but showed slow, incomplete
dissolution in the presence of crystalline APL2* A USP
II (paddle) dissolution method at a paddle speed of
65rpm was used for dissolution testing of formulated
prototype capsules and tablets containing amorphous
ibipinabant SDD. Tablets were tested using a six station

© 2012 Informa Healthcare USA, Inc.

USP II (paddle) dissolution apparatus (Vankel) operat-
ing at 65rpm. Each vessel contained 500 or 1000 mL of
the desired medium (pH 6.8 phosphate buffer, 0.075%
SLS) maintained at 37°C. The amount of dissolved drug
in the dissolution medium was determined by UV spec-
trometry (Agilent 8543 using Chemstation software) with
a flow-through cuvette at a wavelength of 313 nm. The
absorbance values of aliquots of the dissolution medium
were collected at 5, 10, 20, 30, 45, 60, 90, 120 min. Lack of
interference from excipients was confirmed by UV scan-
ning the placebo tablet. Standard calibration curves in
the linear BMS-646256 concentration ranges were used
to quantify the relative amounts of dissolved drug using
the system’s internal calculation program (calculated %
dissolved). Six tablets were tested.

Formulation stability studies

An initial study investigated the effect of different
excipients on tablet stability. Three different filler mate-
rials were examined: lactose, MCC and mannitol. The
formulation was prepared using a roller compaction
process with final tablets having a drug loading of 1%
corresponding to 5% w/w SDD per tablet. Tablets also
contained filler (85.5% w/w), croscarmellose sodium
(5% w/w), SLS (2% w/w), silicon dioxide (2% w/w)
and magnesium stearate (0.5% w/w). Tablets were
compressed within a hardness range of 10-18 SCU.
Dissolution and Raman testing were performed follow-
ing storage of tablets in closed high-density polyethyl-
ene (HDPE) bottles for 3 months at 2-8°C, 25°C/60% RH
and 40°C/75% RH. Storage at open conditions was also
carried out at 25°C/60% RH.

A further study evaluated selected unit process
operations on the stability of the MCC-based formula-
tion only. The influence of compression steps during
manufacture was examined by comparing tablets pre-
pared from roller-compacted granules (two compres-
sion steps), tablets prepared from a direct compression
blend (one compression step) and blend filled directly
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Figure 3. Summary of Raman results for formulations containing different excipients following storage under controlled conditions for 3
months. (See colour version of this figure online at www.informahealthcare.com/phd)

Table 1. Composition of amorphous SDI of ibipinabant tablet

Component Level (%)
API/PVP/SLS (20:75:5) 5.0

MCC 85.5
Croscarmellose Sodium 5.0

SLS 2.0
Silicon Dioxide 2.0
Magnesium Stearate 0.5

into capsules without compression. The effect of dif-
ferent coating materials was assessed by comparing
uncoated tablets to those coated to 3% target weight
gain. In addition to an Opadry II coating formulation,
Opadry AMB was also evaluated. Opadry AMB was
developed for the coating of oral solid-dosage forms
that need to be protected from moisture.?" Analysis was
carried out using Raman and dissolution testing follow-
ing storage of tablets for three months at 30°C/65% RH
open and 40°C/75% RH closed. A summary of the study
design can be found in Figure 2.

DSIMS analysis

Dynamic secondary ion mass spectrometry (DSIMS)
depth profiles were obtained using a method previously
described.? Prior to analysis, the powder sample was
mounted on to the sample holder as a flat bed, pressed
into double-sided conducting adhesive tape and given
a thin sputter-coating of gold to minimise electrostatic
charging during analysis. The depth scales on profiles
were estimated, based on a sputter rate calculation.
The measure of drug concentration was assessed by
comparing the relative secondary ion ratios, allowing
differentiation between the different species in the
particles.

Results

Filler stability study

Different excipients had a marked effect on the formu-
lation stability (Figure 3). In general, formulations were
comparable when stored under more moderate condi-
tions (2-8°C and 25°C/60% RH closed) with low levels of
crystallinity seen after three months storage. However,
under more challenging conditions, clear differences
were visible. In general, the detection of crystalline mate-
rial increased under storage conditions of higher temper-
ature and humidity with substantial amounts present in
all dosage forms analysed after three months at 40°C/75%
RH. This is a well known phenomenon as molecular
mobility increases with increasing temperature and also
in the presence of moisture due to a plasticising effect,
increasing the potential for crystallisation.*-*? In the case
of solid dispersions containing PVP an additional factor
leading to reduced stability at higher humidity condi-
tions could be due to moisture-induced drug-polymer
immiscibility.®! It is recognised that when formulated
into drug product, interaction between water-soluble
excipents and PVP at higher RHs could lead to dissolu-
tion of excipients and enhanced moisture sorption, and
this would be reflected in subtle changes in the moisture
uptake profile, which may not be detected using the
standard ICH condition used in this study. This will be
followed up in future studies.

The increase in crystalline content had a noticeable
effect on formulation performance with a good correla-
tion seen between dissolution and Raman results (Figure
4). The fastest and most complete dissolution profiles
were seen for tablets with low crystallinity detected by
Raman. Slow and incomplete profiles, indicative of the
conversion of API from an amorphous to a crystalline
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Figure 4. Dissolution results for MCC and mannitol based formulations showing differing profiles (corresponding to differences in
crystalline formation) following storage for 3 months at 25°C/60%RH open or closed. (See colour version of this figure online at www.

informahealthcare.com/phd)

form, were seen under more stressful storage conditions
with samples stored at 40°C/75% RH showing the slowest
drug release profiles.

A more surprising finding was the fact that large dif-
ferences in stability were seen depending on which filler
was included in the formulation. Greater physical stabil-
ity was observed for formulations containing MCC com-
pared to other materials. For example, at the 40°C/75%
RH closed condition, greater than 90% crystallinity was
detected with the mannitol formulation, compared to
just over 10% with the MCC formulation. Such a finding
is important when considering the choice of filler within
a formulation as in the case of a low-dose formulation,
such materials can compose 80-90% of the total tablet
weight. Such filler excipients are often regarded as inert
materials and if they show no sign of chemical incom-
patibilities are considered suitable for use. The results
from this study show that in the case of formulations
containing SDD, there is an increased stability risk and
greater care must be taken when choosing all formula-
tion components.

Excipients have been shown in the literature to have
effects on polymorphic transformations during wet
granulation®**? so the potential for excipient-induced
physical instability does exist. It has been observed that
the negative effects of excipients on stability is exacer-
bated in formulations with ahigh excipient: activeratio, as
is the case here.*® With regard to the differences between
the various fillers there are a number of factors which
could be making a contribution. Mannitol is more crys-
talline in nature than MCC.F" It is therefore possible that
it could promote the crystallisation process by facilitat-
ing the nucleation and propagation crystal growth stages.
Indeed, otherresearchers have used crystalline excipients

© 2012 Informa Healthcare USA, Inc.

such as lactose to mitigate unwanted milling-induced
amorphisation of a crystalline active, salbutamol.®!

Another explanation for the differences seen could
be due to differences in compaction properties of the
different excipients. As MCC is more compressible than
lactose or mannitol, it is possible that the higher com-
pression energies introduced into the mannitol system,
in order to produce a compact of required hardness,
could have promoted crystallisation and physical insta-
bility. A related factor is that excipients such as lactose
and mannitol deform by brittle fracture whereas MCC
compacts primarily by plastic deformation. Therefore,
the latter could offer greater mechanical protection
from fracture or surface perturbations to the SDD par-
ticles, and this protection could limit the tendency to
nucleation.®

DSIMS analysis was carried out to characterise the rel-
ative amounts of the three SDD components close to the
particle surface. Comparison of the relative secondary ion
ratios, in this case C3N (drug)/CNO (from PVP) indicated
increased levels of PVP and relative drug depletion on the
surface (Figure 5). This could be evidence of a protective
PVP-rich layer which, when breached, could promote
physical instability. The beneficial impact of excipients
which provide a cushioning action in preventing poly-
morphic transformations has previously been described
in the case of the conversion of amorphous celecoxib to
crystalline following tablet compression.*” Limited stabi-
lisation was noted when carrageenan, a viscoelastic poly-
mer, was physically incorporated into the tablet blend
with a greater improvement seen when carrageenan was
incorporated into the SDD itself. This latter strategy led to
improved physical stability for the amorphous formula-
tion most likely due to its cushioning effect.
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Process conditions stability study

Based on these results, a formulation containing MCC as
solefillerwas selected for further evaluation in a follow-up
study (Table 1). This evaluated the effect of processing
conditions on physical stability; in particular the theory
that compression and other physical manipulation steps
during processing can cause physical instability in SDD
particles. Analysis showed that formulations manufac-
tured using simpler manufacturing routes i.e. blend in
capsule, direct compression, showed lower levels of crys-
talline conversion compared to tablets prepared using
roller-compacted blend (Figure 6). It is possible that
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Figure 5. Results from DSIMS depth profiling of the SDD particle.
(See colour version of this figure online at www.informahealthcare.
com/phd)

100

the extra compaction and milling step involved in roller
compaction could lead to increased mechanical fracture
of the SDD particles. Physicochemical transformation
of pharmaceutical agents following the administration
of mechanical energy is a well-known phenomenon.*!
However, most research has concentrated on the effect of
milling on causing unwanted drug phase transitions.?
However, the phenomenon of compaction force causing
such phenomena has also been described.?!!

Increased levels of crystallinity were seen in coated
tablets (Figure 6). Use of a moisture-barrier coating for-
mulation (Opadry AMB) did not result in a noticeable
performance improvement. Coating is a necessary step
for many potent pharmaceutical dosage forms in order to
ensure patient and operator safety. In the case of amor-
phous dosage forms, care will need to be taken because
the coating process may result in the “seeding” of crystals
particularly near the tablet surface either through interac-
tion with excipients in the coating formulation or due to
the exposure of the amorphous matrix to heat and mois-
ture during the coating process. Once seeded, this can
promote instability in the whole tablet. Alternatives could
include consideration of organic coating which typically
requires lower temperatures with no water being present.
Compression and electrostatic coating techniques could
also be options.">* The stability of the dosage form was
not influenced by temperature (up to 40°C) but available
atmospheric moisture influenced observed physical sta-
bility. The formulation prepared by direct compression
showed undetectable levels of crystalline formation after
three months storage at 40°C/75%RH. A combination of
packaging which protects from moisture along with care-
ful selection of excipients and processing route can there-
fore assist in delivering a stable amorphous dosage form.

go!| I Direct compression tablet

80 [ Blend in capsule

[ Uncoated roller compacted tablet

Opadry AMB coated roller compacted tablet
[ Opadry Il coated roller compacted tablet

% Crystallinity
(4]
o

m Bl
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Figure 6. Selected Raman results from formulations manufactured using different processing conditions and stored under controlled
conditions for 3 months. (See colour version of this figure online at www.informahealthcare.com/phd)
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Conclusions

Quantitative Raman spectroscopy, in combination with
a discriminating dissolution method, allowed for rapid
and accurate discrimination of the effects of changing
excipients and process conditions on the physical sta-
bility of low-dose amorphous ibipinabant formulations.
Using these techniques, it was found that such variables
have a marked influence on the observed final physical
stability for an amorphous product. MCC was found
to provide distinct benefits over other filler excipients
possibly due to its compaction mechanism providing a
cushioning effect preventing damage to the SDD parti-
cles. Compression, milling and tabletting during the dry
granulation process also had a noticeable effect on sta-
bility. Direct compression best preserved the amorphous
nature. Exposure to moisture, either during storage or as
part of the coating process was another risk factor for the
generation of unwanted crystalline material.

It can be concluded that the formulation of amor-
phous SDD requires great care as physical instability can
be promoted with the inappropriate choice of excipi-
ent or processing route. Studies which give increased
mechanistic understanding provide for better informed
decisions. This paper has shown that, in the case of
this particular compound, there is a scientific (as well
as economic rationale) for adopting a direct compres-
sion approach for formulations containing amorphous
SDD.
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