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Approximately 40% of newly discovered chemical entities (NCEs) in the
pharmaceutical industry today, identified through combinatorial chemistry and high-
throughput screening, exhibit high lipophilicity or poor water solubility. Consequently,
the prevalence of such compounds has risen significantly, posing a substantial challenge
in formulation development due to their solubility behaviour. Solid dispersion
technology has emerged as a promising approach to enhance the solubility and
bioavailability of poorly water-soluble drugs. This review explores recent advancements
in solid dispersion formulation, focusing on formulation strategies, characterization
techniques, and applications in pharmaceutical drug delivery. Various methods for
preparing solid dispersion are discussed, including melting method, solvent evaporation,
spray drying, and hot melt extrusion methods. Characterization techniques such as
Differential Scanning Colorimetry (DSC), X-Ray Diffraction(X-RD), and Scanning
Electron Microscopy (SEM) are highlighted for evaluating the physical properties of
solid dispersion. Additionally, this review discusses the impact of solid dispersion
formulation on drug dissolution kinetics, stability, and in vivo performance.

INTRODUCTION

The absorption and therapeutic effectiveness of a

numerous hydrophilic carriers have been explored
and have demonstrated promising results

drug are significantly influenced by its solubility,
a crucial physicochemical factor. Poor aqueous
solubility often leads to seatbacks in the
formulation development process. The primary
reason for adequate drug bioavailability is its low
dissolution rate and limited solubility in aqueous
media. In contemporary pharmaceutical research,

enhancing solubility. Despite advancements in
drug innovation, improving the solubility and
dissolution of hydrophobic drug substances
remain one of the most challenging tasks in drug
development. To enhance the bioavailability of
poorly water-soluble compounds, such as those
classified under  the Biopharmaceutical
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Classification System as class Il and IV drugs,
polymer matrices of various origin can be
employed [1]. Various solubility enhancement
methods have been introduced to overcome this
challenge. These techniques can be categorized
into physical modifications, chemical
modifications of the drug substance, and other
innovative approaches. For a comprehensive
understanding, these methods are listed in Tablel
[2-3]. According to the Biopharmaceutical
Classification System (BCS), drugs characterized
by low solubility in water and high permeability
across membranes are classified as Class Il drugs.
Consequently, solid dispersion methods hold
significant potential for enhancing the oral
absorption and bioavailability of BCS Class 1l
drugs [4].
SOLID DISPERSION:
In 1961, Sekiguchi and Obi were the first to
propose using solid dispersions to enhance the
dissolution and oral absorption pf poorly water-
soluble drugs. Their concept involved creating a
eutectic mixture by combining a poorly water-
soluble drug with a physiologically inert, easily
soluble carrier (Chiou and Riegelman, 1969).
Subsequently, in 1971, Chiou and Riegelman
provided a definition for solid dispersion as the
“the dispersal of one or more active ingredients
within an inert carrier matrix in the solid-state,
achieved through methods such as melting
(fusion), solvent, or melting-solvent techniques”
(Chiou and Riegelman, 1971). Additionally, solid
dispersions were alternatively termed solid- state
dispersion, as initially coined by Mayersohn and
Gibaldi in 1966 [5].
ADVANTAGES:
Solid Dispersion (SD) has been widely utilized to
enhanced the water solubility of poorly water-
soluble drug, offering several advantages:
e SD facilitates interactions between drugs and
hydrophilic carriers, effectively reducing
agglomeration and promoting release in a

supersaturation state, thereby facilitating
rapid absorption and improved bioavailability
(BA) [6].

e By enhancing drug wettability and increasing
surface area, SD leads to improved aqueous
solubility of drugs.

e SD can be formulated as solid oral dosage
forms, which are more convenient for patients
compared to other forms such as liquid
products.

e SD presents advantages over salt
formulations, co-crystallization, and other
methods. While salt formulations utilize
ionized active pharmaceuticals ingredients
(APIs) and other versatility in design, they
may face challenges such as limited ionized
compatibility, phase dissociation, and
stability issues.

e Salt formulations may also suffer from
reduced solubility and dissolution rates,
leading to decreased relative BA, particularly
due to the common ion effect for HCI salts.

e Furthermore, strong acid salts isolated from
alkyl alcohols may undergo greater regulatory
scrutiny, and salts like Na and K may exhibit
increased hygroscopicity. These
disadvantages can be effectively addressed by
SD formulations.

e Dissolution of drug is crucial for complete
absorption and  therapeutic  efficacy,
particularly in the case of anticancer drugs
with poor aqueous solubility.

e SD addresses this limitation by inducing
supersaturated drug dissolution, thereby
enhancing in vivo adsorption and improving
the therapeutic outcomes of anticancer drugs
after oral administration.

DISADVANTAGES:
While solid dispersion (SD) stands as a promising
technique for enhancing the solubility and
bioavailability (BA) of hydrophobic drugs, it does
come with certain drawbacks:
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e Physical instability: SD formulations may
exhibit changes in crystallinity and reduced
dissolution rates over time.

e Aging effects: SDs are prone to alterations in
their physical properties with aging, leading to
decreased dissolution rates.

e Sensitivity to environmental factors: SDs are
sensitive to temperature and humidity
variations during storage, which can promote
phase separation and crystallization. These
changes occur due to increased molecular
mobility, lowered glass transition temperature
(Tg), or disruption of drug-carrier
interactions, resulting in diminished solubility
and dissolution rates of the drug.

For Patients undergoing cancer treatment,

maintaining the stability of anticancer drugs is

critical for ensuring treatment effectiveness.

However, the instability of SD formulations

during storage can compromise drug quality and

therapeutics outcomes, potentially impacting
patient health.

CLASSIFICATION:

Recent advancement in solid dispersion

techniques have led to various classifications

based on their characteristics and method of
preparation:

1. First Generation Solid Dispersion:

The first generation of solid dispersion

encompasses those formed using crystalline

carriers [7], such as urea and sugars [8]. These
solid dispersions yield thermodynamically stable
crystalline structures, resulting in slow drug
release. In contrast, amorphous solid dispersions
(ASDs) exhibit faster dissolution rates compared
to their crystalline counterparts. In a eutectic
mixture, the melting point of the dispersion is
lower than that of both the carrier and drug, while
in a monotectic mixture, the melting points of the
drug and carrier remain constant. Eutectic
mixtures are preferred over monotectic ones
because they facilitate simultaneous
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crystallization of the drug and carrier during
cooling. The specific composition in a eutectic
mixture where the drug crystallizes out is termed
the eutectic point, resulting in a mixture of fine
crystals of both components. Smaller particle sizes
increase the specific surface area, generally
enhancing the dissolution rate and oral absorption
of poorly water-soluble drugs. However, research
into solid dispersions with precise eutectic
compositions remain limited [9]. Solid solutions in
solid dispersions are categorized based on the
extent of miscibility between the two components
or the crystalline structure. They are divided into
continuous (or isomorphous, complete, unlimited)
solid solutions and discontinuous (or restricted,
partial, limited, complete) solid solutions.
Additionally, they can be classified into two
groups: substitutional solid solutions, where the
solute molecule substitutes the solvent molecule in
the crystal lattice of the solid solvent, and
interstitial solid solutions, where the solute
molecule occupies the interstitial space of the
solvent lattice [10].

2. Second Generation Solid Dispersion:
Second-generation solid dispersions have proven
more effective than their predecessor due to their
enhanced  thermodynamic  stability  [11].
Amorphous solid dispersion (ASDs) can be further
classified based on the physical state of the drug
into amorphous solid suspensions and amorphous
solid solutions, also known as glass solutions.
Amorphous solid suspension consists of distinct
phases, while amorphous solid solutions exhibit a
molecularly homogeneous blend of the drug and
carriers, which can be synthetic or natural
polymers [9]. Amorphous solid suspensions are
suitable for drugs with limited carrier solubility or
high melting points. In second-generation solid
dispersions, the drug achieves a supersaturated
state through forced solubilization in the carrier
[11]. However, as the chain length or molecular
weight of polymers increases, their aqueous
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solubility decreases while viscosity increases.
High viscosity polymers are advantageous for
preventing  drug  recrystallization  during
manufacturing, storage, and dissolution, though
they may also delay drug dissolution in aqueous
media. A major challenge with second-generation
solid dispersions is drug precipitation and
recrystallization, which can significantly impact in
vitro and in vivo drug release profiles [9].

3. Third Generation Solid Dispersion:
Third-generation solid dispersions employ carriers
with surface activity or emulsifying properties to
enhance the dissolution profile of drugs [11].
Utilizing these specialized carriers helps mitigate
issues related to drug precipitation and
recrystallization. Incorporating surfactants or
emulsifiers not only improves drug dissolution but
also enhances the physical and chemical stability
of the solid dispersion. Examples of such carriers
include inulin, Gelucire, poloxamer, among others
[9]. The physical and chemical stability of solid
dispersions is bolstered by preventing nucleation
and agglomeration. The choice of surface-active
agents or polymers depends on the drug’s
dissolution or stability profile. Surfactant are
preferred when rapid dissolution is required,
whereas polymers with higher glass transition
temperatures (Tg) may be chosen to prevent re-
crystallization [9,12].

4. Fourth Generation Solid Dispersion:

These types of dispersion can be termed as
Controlled Release Solid Dispersions (CRSD),
designed specifically for poorly water-soluble
drugs with short biological half-lives [9]. CRSD
formulation utilize either water-soluble or water-
insoluble carriers [8]. Aiming to achieve two
primary objectives: enhancing solubility and

providing extended release of the drug in a
controlled manner [9]. Water-soluble carriers
commonly employed in CRSD include ethyl
cellulose, Eudragit RS, Eudragit RL, HPC, among
others [8].

Binary solid dispersions can be classified into six

distinct systems based on the physical state and

molecular  arrangement  of the  active

pharmaceutical ingredient (API) and carrier. Meng

et al. categorized solid dispersion into six groups

— Class C-C, Class C-A, Class A-C, Class A-A,

Class M-C, and Class M-A, according to the

physical state and molecular arrangement of both

the API and carrier. However, Further research is

necessary to develop a clear classification system

that effectively correlates with the performance of

solid dispersion in terms of solubility and stability

[13].

TYPES OF SOLID DISPERSIONS:

1. Eutectics

2. Amorphous solid solutions

Solid solution

Continuous solid solution

Discontinuous solid solution

Substitutional solid solution

Interstitial solid solution

1. Eutectic Mixtures:

A basic eutectic mixture comprises two compound

that are fully miscible in the liquid phase but only

to a very limited extent in the solid phase. It is

created by rapidly solidifying a fused melt of two

components that exhibit complete liquid

miscibility but minimal solid-solid solution [14-

15].

2. Amorphous precipitation
matrix:

This concept resembles simple eutectic mixtures,

with the key distinction being that the drug

precipitates out in an amorphous state.

3. Solid Solution:

Solid solutions resemble liquid solutions in that

they consist of a single phase, regardless of the

number of components present. In Solid solutions,

the drug’s particle size is minimized to molecular

dimensions, and the dissolution rate is primarily

governed by the carrier’s dissolution rate. These

solid solutions can be classified based on their

o0 o w

in crystalline
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miscibility (discontinuous solid solutions versus
continuous) or alternatively, based on how the
solute molecules are distributed within the solvent
(interstitial or amorphous, substitutional) [16].

a. Continuous Solid Solution:

Continuous solid solutions are characterized by
the complete miscibility of their components in all
proportions. This implies that the bonding
strength between the two components surpasses
the bonding strength between the molecules of
each individual component. However, such solid
solutions have not been documented in the
pharmaceutical field as of now [16,17].

b. Discontinuous Solid Solutions:
Discontinuous solid solutions exhibit limited
solubility of each component in the other. For
practical reasons, Goldberg et al. proposed that
the term “solid solution” should only be used
when the mutual solubility of the two components
exceeds 5% [16].

c. Substitutional Solid Solution:

Classic solid solutions possess a crystalline
arrangement, where solute molecules can either
replace solvent molecules. Substitution is viable
when the size of the solute molecules deviates by
approximately 15% or less from that of the
solvent molecules [18].

d. Interstitial Solid Solution:

In interstitial solid solutions, they dissolved
molecules fill the spaces between the solvent
molecules within the crystal lattice. For interstitial
crystalline solid solutions to form, the solute
molecules must possess a molecular diameter that
is less than or equal to 0.59 of the solvent
molecule’s molecular diameter.

e. Glass Solution and Glass Suspension:

A “Glass solution” denotes a uniform, glassy
system where the solute dissolves within the
glassy solvent, while “Glass suspension”
describes a blend where precipitated particles are
held in suspension within a glassy solvent. Glassy
states are identified by their transparency and
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brittleness below the glass transition temperature,

lacking sharp melting points and instead

exhibiting progressive softening upon heating. In
comparison to solid solution, glass solution has
significantly lower lattice energy, reducing the

barrier to rapid dissolution [10].

SELECTION CRITERIA FOR CARRIERS:

To be suitable for enhancing the dissolution rate of

a drug, a carrier should fulfil the following criteria

[2,25,26].

e Easily water-soluble, demonstrating intrinsic
rapid dissolution properties.

e Non-toxic and pharmacologically inert.

e Exhibits heat stability with a low melting
point for methods involving melting.

e Solubility in various and can transition into a
vitreous state upon solvent evaporation for
methods involving solvents.

e Preferably increases the aqueous solubility of
the drug.

e Chemically compatible with the drug and does
not form strongly bonded complexes with it.

SELECTION OF SOLVENT:

The solvent chosen for formulating solid

dispersions should adhere to the following criteria:

e Capable of dissolving both the drug and the
carrier.

e Avoidance of toxic solvents such as
chloroform and dichloromethane to prevent
residual levels post-preparation [22].

e Ethanol can serve as an alternative due to its
lower toxicity.

e Preference for water-based system.

e Use of surfactant to facilitate the formation of
carrier-drug solutions, with caution due to
their potential to reduce the glass transition

temperature.
METHOD OF PREPARATION OF SOLID
DISPERSION:
Numerous methods are employed for the

preparation of solid dispersion, ranging from basic

3424 |Page



Deepak D. Sabne, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 8, 3420-3436 [Review

manual procedures to sophisticated techniques
necessitating specialized equipment to meet the
demands of the modern pharmaceutical sector.
Below, we briefly outline some of these diverse
techniques.

1. Co-melting method.

Fusion method.

Solvent Evaporation method.

Kneading method.

Co-precipitation method.

Co-grinding method.

Gel entrapment technique.

Spray drying method.

. Electrospinning method.

10. Freeze-drying method.

11. Supercritical fluid (SCF) method.

12. Direct capsule filling.

A. Co-melting Method:

This method involves creating a physical mixture
of a drug and a water-soluble carrier, followed by
direct heating until melting occurs. The molten
mixture is then rapidly solidified in an ice bath
while being vigorously stirred. The resulting solid
mass is subsequently crushed, pulverized, and
sieved. Alternatively, the homogeneous melt can
be poured as a thin layer onto a ferrite or stainless-
steel plate and cooled using flowing air or water on
the opposite side of the plate. Additionally, super-
saturation of a solute or drug in a system can be
achieved by rapidly quenching the melt from a
high temperature. This process effectively traps
the solute molecule within the solvent matrix
through  instantaneous  solidification.  The
guenching technique yields a finer dispersion of
crystallites, especially for simple eutectic
mixtures. The co-melting method offers economic
advantages and is a solventless process. However,
it may not be suitable for drugs or carriers that are
unstable at fusion temperatures or prone to
evaporation at higher temperatures. To address
these issues, heating the physical mixture in a
sealed container, melting under vacuum, or

© oo N kLN

conducting the process in the presence of an inert
gas like nitrogen can be employed to prevent
oxidative degradation of the drug or carrier [28].
B. Fusion Method:

This method modifies the co-melting technique.
The carrier is placed in a porcelain dish and melted
over a steam bath. The accurately weighed drug is
gradually dispersed into the molten carrier using a
glass rod. Once the drug is fully dispersed, the dish
is removed from the steam bath and allowed to
cool at room temperature until the mixture
solidifies. The resulting solid dispersion is then
pulverized and sieved. This approach is
advantageous for reducing the thermal
decomposition of drugs [29].

C. Solvent Evaporation Method:

The drug and carrier are both dissolved in an
organic solvent. After they are fully dissolved, the
solvent is evaporated. The resulting solid mass is
then ground, sieved, and dried [30].

D. Kneading Method:

In this method, the carrier is mixed with water to
from a paste. The drug is then added and the
mixture is kneaded for a specific period. After
kneading, the mixture is dried and sieved if
necessary. This technique is suitable for
thermolabile drugs but not for those sensitive to
moisture [31].

E. Co-precipitation Method:

The specified quantity of drug is introduced into
the carrier solution. The system is subjected to
magnetic agitation while being shielded from
light. The resulting precipitate is isolated via
vacuum filtration and dried at ambient temperature
[32].

F. Co-grinding Method:

The drug carrier is mixed together for a specified
duration using a blender set at a specific speed.
The resulting mixture is then transferred into the
chamber of a vibrating ball mill. The powder
mixture undergoes pulverization, after which the
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product is collected and stored in a screw-capped
glass vial at room temperature until needed [33].
G. Gel Entrapment Technique:
Hydroxypropyl methylcellulose (HPMC),
employed as a carrier, is dissolved in an organic
solvent until a clear and transparent gel is formed.
Subsequently, the drug is dissolved in this gel
through sonication for a brief period. The organic
solvent is then removed under vacuum. The solid
dispersions are further reduced in size using
mortar and pestle, followed by sieving [34].

H. Spray Drying Method:

The drug is dissolved in an appropriate solvent,
while the necessary quantity of carrier is dissolved
in water. These solutions are then combined
through sonication or another appropriate method
yield to clear solution. Subsequently, the clear
solution is subjected to spray drying using a spray
dryer to generate solid dispersion in the form of
fine, free-flowing particles [35].

I. Electrospinning Method:

Electrospinning involves the creation of solid
fibres from a polymeric fluid stream solution or
melt delivered through a small nozzle. This
process utilizes a strong electrostatic field applied
to a conductive capillary attached to a reservoir
containing a polymer solution or melt, along with
a conductive collection screen. When the
electrostatic field applied to a conductive capillary
attached to a reservoir containing a polymer
solution or melt, along with a conductive
collection screen. When the electrostatic field
applied to a conductive collection screen. When
the electrostatic field strength surpasses a critical
value, charge species on the surface of a pendant
drop destabilize its hemispherical shape into a
conical form (known as the Taylor cone). Beyond
this critical point, a charged polymer jet is expelled
from the cone’s apex and directed towards the
collection screen by electrostatic force [36]. This
technique shows promise for producing nanofibers
and regulating the release of biomedicines. Due to
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its simplicity and cost-effectiveness,
electrospinning could be employed for future solid
dispersion preparation [37].

J. Freeze-drying Method:

This method involves dissolving both the drug and
carrier in a common solvent, which is then fully
frozen by immersion in liquid nitrogen.
Subsequently, the frozen solution undergoes
lyophilization. Although it is recognized in
literature as a promising and suitable technique for
incorporating drug substance into stabilizing
matrices, it is underutilized for solid dispersed
preparation due to economic constraints. Freeze
drying offers advantages such as minimal thermal
stress on the drug during solid dispersion
formation and reduced risk of phase separation
[38].

K. Supercritical Fluid (SCF) Method:
Supercritical ~ fluid methods, predominantly
utilizing carbon dioxide (CO2), employ it either as
a solvent for both the drug and matrix or as an anti-
solvent. This method involves dissolving the drug
and carrier in a common solvent, which is then
introduced into a particle formation vessel
alongside supercritical CO2 (heated beyond its
critical temperature and pressure). Upon spraying
the solution, the supercritical CO2 rapidly extracts
the solvent, leading to the precipitation of solid
dispersion particles on the walls and bottom of the
vessel. This technique offers benefits such as
particle size reduction, decreased residual solvent
content, and high yield [39].

L. Direct Capsule Filing:

The methods entail filing hard gelatine capsules
directly with the liquid melt composed of both the
drug and carrier. As this molten dispersion cools
to room temperature, it solidifies to form a solid
plug inside the capsule. This approach offers
several advantages, including the prevention of
grinding-induced alterations in the drug’s
crystallinity,  decreased risks of  cross-
contamination and operator exposure in a dust-free
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environment, as well as improved fill weight and
content uniformity [40].

CHARACTERIZATION OF SOLID

DISPERSION:

A. Detection of Crystallinity in Solid
Dispersion:

Detection of crystallinity in solid dispersion is
crucial as various molecular structures of the drug
can exist within the matrix. Numerous efforts have
been directed towards examining the molecular
configuration in solid dispersions. Several
techniques are currently available to measure the
extent of crystalline material present in these
dispersions.

1. Powder X-ray Diffraction:

This method can be utilized to qualitatively
identify materials with long-range order. The
presence of sharper diffraction peaks signifies a
higher amount of crystalline material [41].

2. Infra-red Spectroscopy (IR):

This technique can identify variations in the
energy distribution of interactions between the
drug and the matrix. Sharp vibrational bands are
indicative of crystallinity. Fourier Transform
Infrared Spectroscopy has been employed to
precisely detect crystallinity levels ranging from
1% to 99% in pure materials [18].

3. Isothermal Microcalorimetry:

This method measures the crystallization energy
of amorphous material when it is heated above its
glass transition temperature (Tg) [18].

4. Dissolution Calorimetry:

It measures the energy associated with
dissolution, which depends on the sample’s
crystallinity. Typically, the dissolution of
crystalline material is endothermic, while the
dissolution of amorphous material is exothermic
[42].

5. Differential Scanning Calorimetry (DSC):
Differential Scanning calorimetry (DSC) is a
widely utilized technique that, measures heat flow
into or out of a material as a function of time or
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temperature. By quantifying the heat associated
with the melting (fusion) of the material, DSC can
be used to determine crystallinity. As the
temperature of an amorphous solid rises, a change
in heat capacity occurs without a formal phase
change, leading to a glass transition. During this
transition, the amorphous solid becomes less
viscous, and at a certain temperature, the
molecules may gain sufficient mobility to arrange
themselves into a crystalline form, known as the
crystallization temperature (Tc). This transition
results in an exothermic peak in the DSC signal.
Upon further heating, the sample eventually
reaches its melting temperature (Tm), indicated
by an endothermic peak in the DSC curve. To
accurately characterize these thermal transitions,
complementary, X-ray diffraction, or
spectroscopic techniques are required [43,44].

6. Hot Stage Microscopy:

Hot stage microscopy, one of the oldest and
simplest methods for studying phase transitions in
crystals, involves altering the temperature of a
substance while observing it under a microscope,
often with crossed polarizers. This technique
yields extensive information about melting,
recrystallization behaviours, and solid-state
transformations. It also enables the detection of
solvates by observing the release of gas or liquid
from a crystal. Furthermore, novel polymorphs
can be created during this process, either through
high-temperature transitions between forms or by
crystallizing from the melt. Combining hot stage
microscopy with vibrational spectroscopy or DSC
enhances the method’s capabilities even further
[45,46].

7. Macroscopic Techniques:

Macroscopic  techniques assess mechanical
properties that distinguish between amorphous
and crystalline materials, serving as indicators of
crystallinity levels. Density measurements and
dynamic mechanical analysis (DMA) evaluate the

3427 |Page



Deepak D. Sabne, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 8, 3420-3436 [Review

modulus of elasticity and viscosity, which are
influenced by the degree of crystallinity.
8. Nuclear Magnetic Resonance Spectroscopy
(NMR):
Solid-state nuclear magnetic resonance (SS-
NMR) spectroscopy is a valuable tool for
investigating polymorphism by examining the
atomic environments in the solid state. Non-
equivalent nuclei exhibit resonance at distinct
frequencies, and these shifts in chemical
resonance often correspond to changes in
conformation or chemical environment within the
compound. Furthermore, SS-NMR spectroscopy
enables the determination of the number of
crystallographically inequivalent sites within a
unit cell. In contrast to powder X-ray diffraction
(PXRD), SS-NMR spectroscopy is particularly
well-suited for studying amorphous forms of
pharmaceuticals and solvates, which are typically
challenging to detect due to their small size.
Moreover, collecting spectra at various
temperatures enhances the capability of SS-NMR
spectroscopy in understanding polymorphic
transformations and molecular motion within the
solid state [47-49].
9. Water vapor Sorption:
Water vapor sorption can differentiate between
amorphous and crystalline materials based on their
varying hygroscopic properties. This method
necessitates precise hygroscopicity data for both
fully crystalline and fully amorphous samples. In
certain studies, amorphous materials were
plasticized by water sorption and subsequently
crystallize during the experiment. However,
crystallization may be accompanied by the
expulsion of water, depending on the degree of
hydration of the crystalline material [50].
APPLICATIONS OF SOLID DISPERSION IN
PHARMACEUTICAL INDUSTRY:
e Enhances the oral bioavailability of poorly
water-soluble drugs.
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e Provides a solid state suitable for oral

delivery.

e Maintains the chemical properties of the drug
unchanged.

e Involves relatively simple processing
techniques.

e Ultilizes conventional equipment.

e Increases dissolution rates due to the

metastable solid state.

e Achieves a homogeneous distribution of a
small amount of drug in the solid state.

e Stabilizes unstable drugs.

e Allows for the incorporation of liquid (up to
10%) or gaseous compound into solid dosage
forms.

e Enables the formulation of a fast-release
primary doe within a sustained-release dosage
form.

e Facilitates the creation of sustained-release
regimens for soluble drugs by using poorly
soluble or insoluble carriers.

e Reduces pre-systemic inactivation of drugs
such as morphine and progesterone.

CONCLUSION:

As poorly water-soluble compounds become

increasingly common in pharmaceutical markets,

there is a growing effort to enhance the oral
bioavailability of these drug candidates. Solid
dispersions have emerged as one of the most
promising strategies to address this issue. Over the
past 20-30 years, the use of solid dispersions has
proven to be an effective approach for improving
the release rate and oral bioavailability of poorly
water-soluble drugs. The availability of a diverse
range of polymers, which are either poorly soluble
or swell in agueous conditions, indicates that solid
dispersions hold significant potential for
controlled-release dosage forms. The solubility
issues of many drugs adversely affect their
bioavailability, making solubility enhancement
essential. Solid dispersion technology offers a
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viable method for increasing the solubility of

poorly soluble drugs. In
successful

recent years, the

development of solid dispersion

systems for preclinical, clinical, and commercial
use has been made possible due to the availability
of surface-active carriers and self-emulsifying
carriers.
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Physical Modification Chemical Miscellaneous
Modification Methods
a. Reduction Particle size |a. Change of pH a. Supercritical
b. Micronization b. Use of buffer fluid process
¢. Nanosuspension, c. Derivatization b. Use of adjuvant
d. Modification of the d. Complexation like surfactant,
crystal habit e. Salt formation solubilizers, co-
e. Solid dispersions solvency,
f.  Eutectics mixtures hydrotropy, and
g. Solid solutions novel excipients.
h. Amorphous solid
solutions
i. Glass solutions and
glass suspension
j. _ Cryogenic techniques

Table No.01: Various Solubility Enhancement Techniques.

Class Solubility Permeability Examples of drugs
Class | High solubility High permeability Benazepril, Loxoprofen, Sumatriptan etc.
Class 11 High solubility Low permeability Valsartan, Nimesulide, Loratadine, Glimepiride etc.
Class 111 Low solubility High permeability Gabapentin, Atropine etc.
Class IV Low solubility Low permeability Furosemide, Meloxicam etc.
Table No. 02: BCS Classification System.
Class API Carrier
C-C Crystalline Crystalline
C-A Crystalline Amorphous
A-C Amorphous Crystalline
A-A Amorphous Amorphous
M-C Molecularly dispersed Crystalline
M-A Molecularly dispersed Amorphous

Table No. 03: Classification According to Physical state and Molecular Arrangement of API and Carrier.

. SOI'd. Type Matrix” Drug* Remarks No. of Reference
Dispersion phases
| Eutectics C C Tr_le flrs_t type of solid 9 10
dispersions prepared
Amorphous
Il I_DreCIpltatl_ons C A Rarely encountered 2 20,21
in crystalline
matrix
i Solid solutions
Continuous Miscible at all
. . C M composition, never 1 22
solid solutions
prepared
Discontinuous C M Partially miscible, 2 14
solid solutions
Molecular diameter
of drug (solute)
Substitutional differs less than 15%
. : C M from matrix (solvent) lor2 23,24
solid solutions .
diameter. In that case
the drug and matrix
are substitutional.
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Can be continuous or
discontinuous. When
discontinuous: 2
phases even though
drug is molecularly
dispersed

Interstitial
solid solutions

Drug (solute)
molecular diameter
less than 0.59% of

matrix (solvent)
diameter. Usually
limited miscibility,

discontinuous,
Example: Drug in
helical interstitial

spaces of PEG.

10,15

Glass
suspension

Particle size of
dispersed phase
dependent on
cooling/evaporation
rate. Obtained after
crystallization of
drug in amorphous
matrix

10, 23

Glass
suspension

Particle size of
dispersed phase
dependent on
cooling/evaporation
rate many solid
dispersions are of this

type

10, 23

Vi

Glass solution

Requires
miscibility/solid
solubility, complex
formation or upon
fast
cooling/evaporation
during preparation,
many examples
especially with PVP

24
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Table No. 04: Classification of solid dispersion in six subjects.
*: A: matrix in the amorphous state, C: matrix in the crystalline state
**: A: drug dispersed as amorphous clusters in the matrix,

M: drug dispersed as crystalline particles in the matrix

lflg. Material Used as Carrier Examples.
1 Sugars Sorbitol, Maltose, Xylitol, Mannitol, Lactose, Galactose, Sucrose,
Dextrose
Polyethylene glycol (PEG), hydroxypropyl methyl cellulose, ethyl
2. Polymeric materials cellulose, hydroxy ethyl cellulose, cyclodextrin, hydroxy propyl
cellulose, pectin, galactomannan, povidone (PVP).
3 Insoluble or enteric HPMC phthalate, Eudragit L100, Eudragit S100, Eudragit RL, Eudragit
) polymer RS.
4. Acids Succinic acid & Citric acid
Poloxamer 188, texafor AIP, deoxycholic acid, tweens, spans,
5. Surfactants
polyoxyethylene stearate, renex.
6. Miscellaneous Urea, Urethane, Hydroxy a_lkyl xanthine’s, Pentaerythritol,
Pentaerythrityl tetra-acetate.

Table No. 05: Materials used as carrier for solid dispersion [16,25].

Sr.

NoO SOLVENT MELTING POINT (°C) | BOILING POINT (°C)
1. Water 0 100

2. Methanol -93.9 65

3. Ethanol -117 78.5

4. Acetic acid 17 118

5. 1-propanaol -85 97.4

6. 2-propanol -127 82.4

7. Chloroform -63 62

8. DMSO 19 189

Table No. 06: List of Solvents Used in Solid Dispersion.

,32' SOLVENT MELTING POINT (°C) | BOILING POINT (°C)
1. Water 0 100

2. Methanol -93.9 65

3. Ethanol -117 78.5

4. Acetic acid 17 118

5. 1-propanol -85 97.4

6. 2-propanol -127 82.4

7. Chloroform -63 62

8. DMSO 19 189
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