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Abstract

Solubility significantly impacts the biopharmaceutical process of drugs, dictating dissolution rates and
oral bioavailability. Low solubility necessitates higher drug loads to compensate. Solid dispersion
offers a solution for enhancing solubility, where polymers play a crucial role. This review investigates
the influence of polymer type and quantity on solid dispersions, drawing from 45 diverse references
across various journal databases namely Scopus, ScienceDirect, and Google Scholar. Amorphous solid
dispersion (ASD) emerges as a contemporary method for boosting drug solubility by dispersing it in
a carrier, typically a hydrophilic polymer. This approach alters the thermodynamic equilibrium of the
drug in solution, enhancing solubility and dissolution rates. Its amorphous structure, characterized by
a random molecular arrangement, increases thermodynamic activity, resulting in higher solubility and
dissolution rates. Polymers, the primary component alongside the active substance in ASD, dictate
its success. Polymer selection, along with additives and their proportions, is crucial. Surfactants are
often incorporated into a ternary system to synergistically enhance dissolution rates, maintaining drug
supersaturation via mechanisms like reducing molecular mobility and providing a plasticizing effect.
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Strategi Peningkatan Kelarutan Obat Menggunakan Amorphous Solid
Dispersion: Kajian pada Jenis dan Jumlah Polimer

Abstrak

Kelarutan secara signifikan berdampak pada proses biofarmasetika obat, menentukan laju disolusi dan
ketersediaan hayati obat. Dispersi padat menawarkan solusi untuk meningkatkan kelarutan, dimana
polimer memainkan peran penting. Artikel ini mengkaji pengaruh jenis dan jumlah polimer pada sistem
dispersi padat, yang diambil dari 45 referensi yang beragam di berbagai database jurnal yaitu Scopus,
ScienceDirect, dan Google Scholar. Amorphous solid dispersion (ASD) muncul sebagai teknologi
terkini untuk meningkatkan kelarutan obat dengan mendispersikannya dalam pembawa, biasanya
polimer hidrofilik. Pendekatan ini mengubah kesetimbangan termodinamika obat dalam larutan,
meningkatkan kelarutan dan laju disolusi. Struktur amorfnya, yang memiliki susunan molekul acak,
meningkatkan aktivitas termodinamika, menghasilkan kelarutan dan laju disolusi yang lebih tinggi.
Polimer, komponen utama bersama zat aktif dalam ASD, menentukan keberhasilan pengembangan
sistem ASD. Pemilihan polimer, bersama dengan aditif dan proporsinya, sangat penting. Surfaktan
sering kali digabungkan ke dalam sistem terner untuk secara sinergis meningkatkan laju pelarutan,
mempertahankan supersaturasi obat melalui mekanisme seperti mengurangi mobilitas molekuler dan
memberikan efek plastisisasi.

Kata Kunci: Amorphous solid dispersion, Disolusi, Polimer, Surfaktan
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1. Introduction

Solubility is one of the critical factors
affecting the biopharmaceutical process
of drugs. Nowadays, drug discovery and
development are primarily concerned with
solubility problems due to nearly 90% of
new active ingredients being poorly water-
soluble. Solubility is a significant challenge
for research and drug development as it
potentially limits drug dissolution. Thus, the
dose strength consumed does not dissolve
completely in a physiological amount of
gastrointestinal fluid and limits the ready-
to-absorbed free drug concentration in the
gastrointestinal tract. Drugs are classified
into four categories based on their solubility
and permeability called biopharmaceutical
classification systems (BSC) (Table 1).!

A drug is considered highly soluble if
the highest clinical dose can be dissolved in
250mL of media in the pH range of 1 — 7.5 at
370C. Low solubility retards the dissolution
rate and limits its oral bioavailability. Thus,
leading to a high dose burden required.* Some
strategies have been developed to improve
drug solubility, such as nanotechnology,*
co-solvents,’ modification of salt structures,®
encapsulation with cyclodextrin and its
derivatives,” and amorphous solid dispersion
(ASD).?

Amorphous solid dispersion (ASD) is
a recent approach to increase drug solubility
by dispersing the drug in a carrier-commonly
a hydrophilic polymer. Previous studies
showed that ASD could increase the solubility
and bioavailability of drugs. Tadalafil solid
dispersion formulated with PVP-VA enhanced
drug solubility compared to its pure form.’
Other studies have succeeded in increasing
valsartan dissolution rate and bioavailability
relative to its pure form.'” ASD formulations
enhance drug solubility by increasing drug

supersaturation degree. The system maintains
drug supersaturation in the solution state
through two main mechanisms, reducing
molecular mobility and anti-plasticizing
effect. Several reviews on ASD formulations
have been published.''? However, a review
regarding the effect of polymer selection
and drug-polymer ratio on the physical
characteristics and drug release profile of
ASD has not been done. Previous studies have
demonstrated a positive correlation between
the quantity of polymer and the enhancement
of solubility in SD systems."*!* Nonetheless,
additional research has highlighted that after
a certain point, an increase in the amount of
polymer hinders drug release.”'> This article
is aimed to describe how the polymer type
and drug-polymer ratio would affect the
characteristics and dissolution behavior of
ASD.

2. Method

The process of preparing the review
was carried out based on the workflow shown
in the figure 1.

3.  Result and Discussion
3.1. Crystalline vs Amorphous

The drug-dissolving process is an "act
of battling" the interaction energy to crack
the crystal lattice. The crystalline form of
a drug has a compact crystal structure with
a neat and dense molecular arrangement.
This structure provides a high barrier in the
dissolution process. The higher the energy to
be overcome, the lower the dissolution rate of
a drug. One strategy that can be done to reduce
the barrier is to modify the crystal form to
become amorphous. The amorphous form has
a more random crystal molecular arrangement
than the crystalline and has a tenuous structure
leading to higher thermodynamic activity.

Table 1. Drugs Classification Based on The Biopharmaceutical Classification System (BCS)'

BCS Class Solubility Permeability
I High High
I Low High
I High Low
v Low Low
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Reference collection from 3 databases

1. ScienceDirect

2. Scopus

3. Google Scholar
Keywords used: Amorphous solid dispersion AND
Polymer, Amorphous AND Crystalline AND
Stability, Amorphous solid dispersion AND Glass
transition temperature, and Amorphous solid
dispersion AND Dissolution AND Bioavailability

84 references have been selected on the basis of the
relevance of the title and abstract to the subject

45 references were obtained and used as reference
literature

—

Journal reduction based on accessibility and E— ‘ 30 references were excluded due to limited ‘
language. The selected journals were those that
could be fully accessed and were written in English

9 references excluded as not in English ‘

Figure 1. Flowchart of the review preparation process

The amorphous form has a higher free energy.
Thus it has a higher solubility and dissolution
rate.'®'” The success of Amorphous Solid
Dispersion (ASD) systems in enhancing drug
solubility and dissolution has incentivised
manufacturers to integrate such systems
into their own product development. Table 2
illustrates the current incorporation of ASD
systems in various commercial products.

The main issue of the amorphous form
is its stability. Having higher thermodynamic
activity makes it tend to reach its stability
state. by undergoing recrystallization.
However, amorphous form is rarely used in

practice. The amorphous solid dispersion
(ASD) formulation is an alternate option to
amourphous form.

This formulation increases drug
solubility but has better stability.!! The drug in
ASD is molecularly dispersed in the polymer
matrix to form amorphous crystals that are
more stable than traditional amorphous forms.
The ASD improve drug supersaturation and
result in solubility enhancement.'”®
3.2. Formulation of Amorphous Solid
Dispersion (ASD)

Polymer is an important excipient in

Table 2. Example of The Marketed Product Using Solid Dispersion

Brand Name Drug (s) Carrier(s) Manufacturer
Cesamet Nabilone PVP Valeant Pharmaceuticals
Sporanox Itraconazole HPMC Janssen Pharmaceutica

Kaletra Lopinavir/Ritonavir PVP-VA Abbot Laboratories
Nimotop Nimodipine PEG Bayer Ltd.
Fenoglide Fenofibrate PEG/Poloxamer Santarus, Inc.

PVP: Polyvinylpyrolidone; PVP-VA: Polyvinylpyrolidone-co-vinylacetate; PEGS: Polyethylene Glycol; HPMC: Hydroxypropyl

Methyl Cellulose
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the ASD system. Therefore the success of
ASD formulation will be determined by
the selection of the type and proportion of
polymers and additives.” Various studies
have been carried out to develop ASD
systems in different polymer bases. The
development is not limited to commercial
active substances®*?' but also natural active
compounds.?**

a. Polymer Selection

Polymer selection is essential in ASD
formulation as the characteristics of ASD are
directly influenced by the properties of the
polymer such as solubility, viscosity index,
carrier capacity, and molecular weight. In
addition, the chemical structure can also
affect the molecular interaction between the
drug and the polymer."* Furthermore, it also
can provide sterical hindrance that prevent
inter-molecular interaction between drug
molecules.”** The use of different polymers
in the resveratrol ASD system showed a

different enhancement in solubility. Povidone
can increase the solubility of resveratrol up to
100-fold at low drug loading (DL) (<30%).
However, at a higher DL, both solubility and
the dissolution rate dramatically reduced.
On the other hand, copovidone has a higher
carrier capacity so it can be formulated with
up to 50% DL. Carrier capacity can affect
the ratio of drug and polymer required in
the formulation. Less carrier capacity brings
more polymer needed to achieve optimal drug
amorphization.?

Polymer selection is not only limited
to its structure. Polymers as macromolecules
have several grades and molecular weights
(MW) which govern their physical properties.
Polymers with high molecular weight tend
to swell and form a viscous layer around
the matrix thereby inhibiting drug diffusion.
Research showed that ASD systems using
high MW Hydroxypropylmethylcellulose
Acetate Succinate (HPMCAS) hand a lower
dissolution rate than systems using low BM

Table 3. Research Related to Amorphous Solid Dispersion

API Carrier Method Key Findings Reference
The drug-polymer ratio affected the
. ) solubility and dissolution rate of carvedilol.
Carvedilol PVP, PVP-VA Spray drying ) (13)
It took at least a 1:2 drug-polymer ratio to
develop a stable carvedilol ASD.
The molecular weight of the polymer
affected the dissolution rate of the drug.
Soluplus, Poloxamer Solvent . . .
Resveratrol 407 " Polymers with high molecular weight tend (26)
castin
& to have high viscosity and prolonged drug
release.
Sol Solid dispersion increased the solubility
olven
Curcumin TPGS, HPMC . of curcumin across the pH of the (30)
evaporation . .
gastrointestinal tract.
HPC, Sodium -
ternary system of ASD containing
Crosscarmelose,
i ) Solvent surfactants was more stable because
Atorvastatin Sodium Starch . . L (31)
. . evaporation  surfactants form micelles and inhibited
Glicolate, Kolliphor . . . .
drug recrystallization during dissolution
RH40
ASD system with DL less than the
HPMC, HPMCAS, Vacuum . .. . .
Efavi PVA. PVP.VA . theoretical limit, the dissolution rate was (19)
avirenz , -VA, compression .
P controlled by the polymer and did not
Soluplus molded

undergo recrystallization

API: Active Pharmaceutical Agent; ASD: Amorphous Solid Dispersion; PVP: Polyvinylpyrolidone; PVP-VA: Polyvinylpyrolidone-

co-vinylacetate; TPGS: Tocopherol Polyethylene Glycol Succinate; HPMC: Hydroxypropyl Methyl Cellulose; HPC: Hydroxypropyl

Cellulose; HPMCAS: Hydroxypropylmethylcellulose Acetate Succinate
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HPMCAS.?%7 The same agreement were also
obtained in several other studies.?® However,
not all polymers show different dissolution
profiles at different MWs. The ASD system
using PVP and PVP/VA with various MWs
showed that the drug dissolution behavior
was controlled by the type of polymer rather
than the MW."

b.  Polymer-drug Ratio

Polymer-drug ratio (PDR) significantly
affects the saturation level of the ASD system
by altering the thermodynamic equilibrium
of the system (discussed in the next section).
The ratio can be prepared in the range of 1:1
to 5:1 and can even be surged up to 10:1.%°
The selection of the ratio can be based
on the characteristics of the polymer, the
active substance being dispersed, as well as
the bulk burden on the final product in the
formulation. Different drug might exhibit
different characteristics at the same drug-
polymer ratio. The Lasidipine ASD system
with soluplus carrier required a PDR of
at least 2:1 to maintain saturation. Using
polymer at a 1:1 ratio could not maintain
drug saturation during dissolution and caused
85% of the drug to precipitate in the first 4
hours.® Adding more polymer increases
the interaction between the drug and the
polymer, followed by system stabilization
and maintains its saturation.”® Table 2 shows
studies related to ASD formulation.

Although different studies showed a
proportional correlation between solubility
and the amount of polymer,” adding more
polymer did not always boost the dissolution
rate. At a certain point, the polymer
conversely reduces the drug dissolution
rate because it forms a dense diffusion
layer, thereby inhibiting drug release from
the matrix.' For this reason, selection on
polymer type and proportion plays important
in ASD formulations. These characteristics
also open opportunities for ASD systems to
be developed as a controlled-release dosage
form by modifying the type and amount of
polymer.
3.3. of Solid

Stability Amorphous

190

Dispersion

Recrystallization and phase separation
is the preeminent forms of instability in ASD
systems. This instability causes the dispersed
active substance to form a crystalline
structure so that it loses its superiority.
Stability maintenance is done through two
main mechanisms, crystallization inhibition,
and plasticizing effect.

a.  Crystallization Inhibition

Drug crystallization occurs through
2 stages that take place simultaneously.
The process begins with forming a crystal
nucleus due to drug molecules aggregation.
It continues with crystal growth as more and
more drug molecules migrate to the nucleus
surface. ASD can undergo crystallization in
both the solid and solution state. Solution-
state crystallization is more prevalence due
to its higher molecular mobility. Indeed,
crystallization requires sufficient activation
energy to overcome the interfacial tension
of the drug molecules so that nucleation
can occur.'®*? For this reason, crystallization
never arises until the ASD system reaches a
certain degree of saturation. Polymers exert
crystallization inhibitory effects in two ways:
increasing the saturation of the drug and
lowering the molecule mobility. Molecular
interactions are factors that directly affect
the mobility of drug molecules. Both drugs
and polymers can interact through several
molecular interaction such as hydrogen
bonds, van der Waals, electrostatic, ionic, or
hydrophobic. The interactions restrain the
drug molecules' mobility and stabilize the
ASD. The dispersion of drug molecules in
the matrix also reduces the concentration of
free drugs in the solution since drug-polymer
interactions limit interactions between drug
molecules.”*

Soluplus is a synthetic polymer that
is increasingly utilized as a solid dispersion
carrier owing to its numerous benefits. As
an amphiphilic polymer, it has potential as
a drug carrier with diverse characteristics.
Prior research has demonstrated that Soluplus
can improve solubility by retaining drug
supersaturation in the gastrointestinal tract



while also avoiding aggregation caused
by recrystallization during dissolution.***
Indeed, Soluplus has been proven to enhance
drug permeability in other studies.*

b.  Anti-plasticization Effect

Thermodynamically, anti-plasticization
can be defined as a decrease in the free
energy of a system caused by an increase
in the glass transition temperature (Tg).
The decrease in free energy means a higher
energy barrier that the drug must overcome to
undergo recrystallization.”” An ASD system
will consist of at least a drug and a polymer,
each with a different T, The final T, of the
bulk will be determined by the proportion
of each component in the system and its T
value. Combining low T, drug with a high Tg
polymerwillresultina final T lays somewhere
between the T, values of its components. In
other words, the polymer will provide an anti-
plasticization effect by increasing the T, of
the drug, while the polymer itself undergoes
plasticization.*®

Previous study indicated that as the
amount of polymer increased, an increase
in T, was observed in the ASD system of
fenoﬁbrate with  HPMCAS. By reducing
DL from 30% to 15%, the T, of the system
escalated to 70-80°C, depending on the
polymer grade used.*®

3.4. Dissolution Behaviour of ASD System
a. The Influence of Polymer Type and

Drug-Polymer Ratio

Dissolution is a biopharmaceutical stage
that is directly affected by drug solubility.
Based on the Noyes-Whitney equation, the
dissolution rate (dC/dt) is proportionally
influenced by the discrepancy between the
drug solubility (C) and the dissolved drug
(C).”

C
E:k(CS—C)

Therefore, higher drug solubility will
expand the gradient leading to a higher
dissolution rate. Both polymers and drug in
the ASD system have different solubility.
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Thus, as the same as T, the final solubility of
the system will be controlled by the proportion
of each component. Both polymer and drug
will also undergo dissolution which can
occur congruently.*** However, this can only
happen if there is enough polymer to control
the dissolution. Finally, the dissolution rate of
the ASD system (dC/dt), ., will be determined
by the dissolution rate of the polymer (dC/dt)
solymer 48 Well as the proportion of drug (X),,

and polymer (X)

polymer”

(%)polymer . Xdrug

@, o
dt ASD —

The ASD system possesses high stability
as the amount of polymer is much higher than
the drug, as the molecular mobility of drug
can be diminished to the lowest. Hence, there
is no recrystallization, or the dissolution
rate of the system is much higher than the
crystallization rate.*' Ritonavir in the PVP-VA
system with 25% DL showed a dissolution
rate controlled by the polymer. However,
increasing the DL above significantly
changed the dissolution rate due to the
recrystallization rate faster than dissolution.
The polymer will dissolve initially before the
drug. When the polymer begins to deplete, the
undissolved drug molecules start to aggregate
to form a thin layer on the surface of the bulk.
This layer provides a physical barrier since
the poorly water-soluble drug makes the
remaining beneath unable to dissolve.'™*! As
discussed in the preceding subsection, each
polymer has a different carrier capacity. Thun,
polymer type, and drug-polymer ratio provide
a consequential impact on ASD formulation.

Xpolymer

b.  The Use of Surfactants as Ternary

Systems

One of the most challenging restraints
in developing an ASD system is DL capacity.
Binary systems with high DL have more
tendency to experience recrystallization,
especially during the dissolution process.
During this process, the polymer matrix
undergoes relaxation due to the water
insertion, thus increasing molecular mobility,
and the likelihood of recrystallization-also



known as solution-phase crystallization.*>*
Current  amorphous  solid  dispersion
(ASD) formulations add a surfactant as a
ternary  drug-polymer-surfactant  system.
Surfactants provide a synergistic effect in
enhancing dissolution and maintaining drug
supersaturation.'

Surfactants significantly increase drug
solubility and dissolution rate compared to
binary drug-polymer systems.” A study on
Ledipasvir at DL >5% caused only a tiny
amount of the drug to be released. The addition
of a surfactant maintained the dissolution
rate with DL up to 30%. Surfactants improve
wettability and work as co-solubilizers due
to their amphiphilic properties.** Surfactants
prevent drug recrystallization during the
dissolution  process by encapsulating
drug molecules and forming a physical
barrier that blocks drug intermolecular
interaction.***> Additionally, surfactants can
bridge the interaction between drug and
polymer to decrease the critical aggregation
concentration, which increases apparent drug
solubility. On the other hand, surfactant use
must also be optimized because, at specific
concentrations, surfactants can displace drug-
polymer bonds and cause phase separation.'*

4.  Future Perspective

The primary issues faced by ASDs
are the DL restrictions and the occurrence
of recrystallisation during the dissolving
process, leading to damage to the ASD system.
Researchers have started exploring the use
of surfactants as ternary systems. However,
the intricacy of their interplay in the system
demands better comprehension. Particularly,
with the findings that certain surfactants
stimulate recrystallisation and disrupt drug-
polymer interactions. Further investigation is
necessary to enhance the practicality of the
established system since low drug loading
eventually leads to a high mass of the bulk.
The resilience of ASD in ternary systems
with surfactants also requires examination,
taking into account that surfactants have the
potential to increase drug loading.

5. Conclusion
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The formulation of amorphous solid
dispersion (ASD) improves the solubility
and dissolution rate of drugs by affecting the
thermodynamic equilibrium of the drug in
solution. This is the advantage of the ASD
system, which distinguishes it from other
formulation systems without changing the
chemical structure of the active ingredient.
The selection of polymer type, drug-
polymer ratio, and manufacturing method
must be considered in the pre-formulation.
Additionally, the addition of surfactants can
also be considered to enhance the stability of
ASD.
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