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AMORPHOUS SOLID

DISPERSION SPECIATION

Impact of Polymer Chemistry & Drug Properties

By: Wesley K. Tatum, PhD

INTRODUCTION

Amorphous solid dispersions (ASDs) are the most successful
formulation technology for oral delivery of poorly soluble com-
pounds. ASDs, usually formed by spray drying, convert a crys-
talline form of a drug to an amorphous state. The amorphous
state is a high-energy physical form that can enhance solubility
beyond that of crystalline forms. In an ASD, APl is typically for-
mulated with a polymer that helps to both maintain the APl in the
amorphous form in the solid state and may act as a precipitation
inhibitor to sustain the amorphous solubility upon dissolution.

Additionally, the congruent dissolution of APl and polymer in
the ASD particle can lead to the generation of solubilized drug-
polymer colloids.” Drug-polymer colloids can further enhance
oral bioavailability by increasing the rate of diffusion of API, rel-
ative to undissolved solids, through the unstirred boundary layer
to the surface of the intestinal epithelium. This can result in a
rapid resupply of dissolved drug as APl permeates through the
epithelium.?

Formulation development of ASDs focuses on polymer se-
lection, the ratio of drug to polymer, and the design of the ASD
particles to develop a system that is physically stable while also
demonstrating optimal performance. ASD performance is defined
by enhancement in bioavailability, driven by supersaturation of
dissolved drug and the formation of drug-polymer colloids. The
following focuses on the use of in vitro techniques for character-
izing ASD performance and on how these techniques can be used
to help better understand the role of polymer chemistry in ASD

performance.

BIORELEVANT DISSOLUTION STUDIES

The biorelevant dissolution study aims to evaluate the be-
havior of an API, drug product intermediate, or drug product
under biorelevant conditions. Biorelevant conditions in these stud-
ies are defined primarily by the media composition and API con-
centration. The two most typical variations of this test are the
“one-stage” and “two-stage” tests, referring to evaluation in sim-
ulated intestinal fluid or in simulated gastric fluid followed by a
dilution into simulated intestinal fluid, respectively. These studies
are often referred to as “non-sink” dissolution studies for low sol-
ubility compounds, as the target doses in vivo are typically well
above the solubility of APl in biorelevant media. For amorphous
formulations, these studies are well-suited for assessing the po-
tential for solubility enhancement relative to the crystalline API.
Typical time courses may be from 3-24 hours and allow for as-
sessment of the transient solubility enhancement that is typical of
many amorphous systems.

A common dissolution procedure involves removing a sam-
ple from the dissolution vessel, centrifuging this sample using a
microcentrifuge, and subsequently determining the concentration
of drug in the supernatant. The material removed during cen-
trifuging consists mostly of undissolved material suspended in the
dissolution media. Simple measurements of the supernatant in
the saturated, “non-sink”, solutions obtained in these studies
quantitates the apparent solubility of the enabled formulation.
This apparent solubility comprises dissolved drug, drug in bile-
salt micelles (if included in the biorelevant media), and drug in
drug-polymer colloids.? These drug-containing “species” are use-
ful when comparing formulations. However, additional insight
into the speciation can be powerful toward understanding the

performance of these formulations. For example, ultracentrifuga-
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alone.

Biorelevant Dissolution “Spring & Parachute” behavior of an ASD. Micro-
centrifuged samples contain free drug, drug in micelles, and drug-polymer
colloids. Drug-polymer colloids are typically removed through ultracentrifu-
gation. The drug substance data corresponds to dosing of crystalline drug

tion can be used to further separate these
species. Uliracentrifugation of the super-
natant separates the larger and denser
drug-polymer colloids from the solvated
free drug. The difference in drug
concentration in the supernatant after mi-
crocentrifugation and ultracentrifugation
represents the drug-polymer colloids. Due
to the small size and low density of the
drug-laden bile salt micelles, ultracentrifu-
gation does not separate these species
from freely dissolved (solvated) drug.
Figure 1 illustrates typical results from
a single-stage biorelevant dissolution
study for an ASD that demonstrates tradi-
tional “Spring & Parachute” behavior.# In
this system, there is an initial supersatura-
tion (the “spring”) observed upon dissolu-
tion that is significantly above the
crystalline solubility. In addition, this con-
centration of drug typically surpasses the
amorphous solubility of the drug. The
corresponding  ultracentrifuge  data
demonstrates supersaturation above the
crystalline solubility but does not surpass

the amorphous solubility. The amorphous

solubility is the highest possible solubility
the free solubilized drug can achieve in a
given media — any apparent solubility
measurements that surpass this value are
attributable to solubilized species. The dif-
ference in the microcentrifuge and ultra-
centrifuge values thus represents the
presence of drug-polymer colloids. Super-
saturation is transient, and precipitation to
crystalline solubility will eventually occur.
The length of time supersaturation is sus-
tained (the “parachute”) is determined by
the various drug inferactions with micelles,
polymers, and other excipients and en-
dogenous material in vivo.

Figure 2 illustrates results from a sin-
gle-stage biorelevant dissolution study for
an ASD that demonstrates amorphous
sustainment rather than the “Spring &
Parachute” motif. This behavior, for which
the conversion to a crystalline form is ex-
ceedingly slow, is common for larger
and/or more complex APl modalities, such
as bifunctional protein degraders and
peptides. In this system, the ASD dissolves

in an aqueous media to the inherent

amorphous solubility, demonstrating sig-
nificant enhancement over the crystalline
APL. In many cases, this effect occurs for
drug alone, with no excipients, such as
polymers, present. However, in most
cases, the use of excipients can signifi-
cantly enhance dissolution rate, and may
also provide additional drug species that
can transit through the Gl tract efficiently.
Drug-polymer colloids are evidenced by
the difference between the micro- and ul-
tracentrifuged values. However, unlike the
“Spring & Parachute” system, the amor-
phous solubility is sustained within the time
frame relevant to this study and to Gl tran-
sit, and precipitation to crystalline solubility

is not observed.

THE EFFECTS OF POLYMER
CHEMISTRY

The polymer in an ASD serves several
critical functions. In the solid state, the
polymer stabilizes the amorphous disper-
sion by providing a separation of drug
molecules and significantly reduced diffu-
sion. A surrogate measurement of diffu-
sion is the glass transition temperature of
the dispersion. It is imperative diffusion in
the solid state is managed appropriately
so the risk of crystallization of the amor-
phous drug is extremely low. The polymer
can also impact powder properties, which
may be critical for downstream processing
to enable the incorporation of the ASD into
an oral solid dosage form. The polymer
also impacts performance through the rate
of dissolution, acting as a precipitation in-
hibitor to sustain supersaturation, and by
forming drug-polymer colloids that can
further enhance oral bioavailability.

Polymer chemistry can impact super-

saturation and the propensity for the for-



mation of drug-polymer colloids in a vari-
ety of ways.> In general, the hydrophilicity
of a polymer influences the final behavior
of an ASD that incorporates the polymer.
Typically, more hydrophilic polymers tend
to produce polymer colloids that are
smaller and less dense, which can aid in

initial supersaturation, but can lead to

faster precipitation for APl that exhibit
strong crystallization tendencies. Con-
versely, more hydrophobic polymers tend
to produce larger, more dense colloids
that can slowly release drug molecules into
solution and can serve to promote sustain-
ment of the amorphous solubility over

longer periods of time. However, the ef-

fects these differences in colloidal proper-
ties have on API solubilization are also in-
fluenced by the strength of the interaction
between a given APl and polymer, as well
as their relative dissolution rates and
physicochemical properties of the API.
Thus, it is important to screen these per-

formance metrics by investigating a range

alone.

Biorelevant Dissolution behavior of an ASD that sustains amorphous solubility without evidence of precipitation.
Micro-centrifuged samples contain free drug, drug in micelles, and drug-polymer colloids. Drug-polymer colloids are
typically removed through ultracentrifugation. The drug substance data corresponds to dosing of crystalline drug

Two-stage biorelevant dissolution profiles evaluating the effect of polymer chemistry on supersaturation and specia-
tion. Micro-centrifuged samples contain free drug, drug in micelles, and drug-polymer colloids. Drug-polymer col-
loids are typically removed in the ultra-centrifuged samples.
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fiber optic probes.

In vitro flux testing with a two-stage biorelevant dissolution test performed in the “Donor” chamber (transfer from gas-
tric to intestinal media at 30 minutes). The donor chamber represents the Gl-tract, and the acceptor chamber represents
the portal vein. The membrane separating the donor and acceptor chamber represents the intestinal epithelium, includ-
ing the unstirred water lay. Flux between the donor and acceptor chamber represents absorption. Data collected using

of polymers.

Figure 3 illustrates the use of a two-
stage biorelevant dissolution study to eval-
uate the effect of polymer chemistry on
supersaturation and the formation of
drug-polymer colloids. These experiments
demonstrated a clear pattern indicating
that enteric or more hydrophobic polymers
generally demonstrate the best sustain-
ment profiles, with HPMCAS-H, despite the
slower dissolution rate, providing greater
sustainment in dissolved drug and the for-
mation of drug-polymer colloids when

compared with HPMCAS-M.

FLUX TESTING

While non-sink dissolution experi-
ments are useful for evaluating the extent
of solubilization and colloidal speciation
for ASD formulations, they do not directly
indicate the tendency of those formulations
to promote absorption of the drug. To

evaluate the ability of the species formed

by ASDs to promote permeation across the
intestinal epithelium, in vitro flux testing
can be useful.® Flux experiments utilize a
semi-permeable membrane that is coated
in phospholipids that is placed between
two chambers — the donor and receiver
chambers. In the donor chamber, a two-
stage non-sink dissolution experiment is
performed, and the concentration of APl is
evaluated in both the donor and receiver
chamber. By comparing the solubilization
and sustainment of the APl in the donor
chamber, and the extent of diffusion into
the receiver chamber, we can assess the
general tendency of ASD formulations to
promote APl permeation in vivo.

Figure 4 shows results from an in vitro
flux experiment that demonstrates the ef-
fect of ASD formulation on both supersat-
uration and  permeation. In  this
experiment, the amount of drug loading in
the ASD formulation is indirectly correlated
with the extent of supersaturation and per-

meation, with the 50% HPMCAS-M formu-

lation achieving higher concentrations in

both the donor and acceptor chambers.
These results indicate this formulation may
promote both supersaturation and ab-

sorption of the drug.

SUMMARY

With the rise in use of ASDs to enable
improved in vivo absorption of poorly sol-
uble compounds, it is important to be able
to evaluate performance in vitro to under-
stand the effect of formulation on in vivo
performance. The use of non-sink dissolu-
tion methods to quantify the apparent sol-
ubility of enabled formulations is a
valuable approach for selection of the pre-
ferred formulations. By leveraging ultra-
centrifugation to better understand how
speciation, influenced by drug behavior
and polymer chemistry, enhances super-
saturation, additional insights into formu-
lation selection can be achieved.

Additionally, in vitro flux testing can be

useful to understand the ability of enabled



formulations to promote permeation across the intestinal epithe-

lium. A thorough understanding of the application of these meth-

ods and a deep understanding of the impact of excipient selection

on performance, physical stability, processability, and dosage

form performance is critical to optimize the development of
ASDs. ¢
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