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ABSTRACT

The solubility behavior of drugs remains one of the most
challenging aspects in the formulation development.
Although there was a great interest in solid dispersion
systems during the past four decades to increase solubility
by improving dissolution rate and bioavailability of poorly
soluble drugs; there commercial use has been very limited,
primarily because of manufacturing difficulties and various
stability problems. It can be carried out by reducing drug
particle size to the absolute minimum, and hence
improving drug wet-ability, bioavailability may be
significantly improved. Solid dispersion of drugs was
generally produced by melt or solvent evaporation
methods. Recently, surfactants have been included to
stabilize the formulations, thus avoiding drug
recrystallization and potentiating their solubility. New
manufacturing processes to obtain solid dispersions have
also been developed to reduce the drawbacks of the initial
process. In this review, it is intended to discuss the eminent
approach to improve the solubility or the dissolution rate
and recent revival has been discussed.
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INTRODUCTION: Oral drug delivery is the simplest
and easiest way of administering drugs L2 Because
of the greater stability, smaller bulk, accurate
dosage and easy production, solid dosage forms
have many advantages over other types of oral
dosage forms. Therefore, most of the new chemical
entities under development these days are intended
to be used as a solid dosage form that originate an
effective reproducible in vivo plasma concentration
after oral administration > % In fact, most new
chemical entities are poorly soluble drugs, not well-
absorbed after oral administration * °, which can
distract from the drug’s inherent efficacy ®.

Drug absorption from the gastrointestinal
tract can be limited by a variety of factors; Most
significant contributors being poor aqueous
solubility and poor membrane permeability of the
drug molecule. When delivering an active agent
orally, it must first dissolve in gastric and/or
intestinal fluids before it can permeate the
membranes of the Gl tract to reach systemic
circulation. Hence two areas of pharmaceutical
research that focus on improving the oral
bioavailability of active agents include; Enhancing
solubility and dissolution rate of poorly water —
soluble drugs enhancing permeability of poorly
water-soluble drugs °. Lipid-based delivery systems
are becoming increasingly popular as carriers of
drugs because of their ability to bypass some of the
more resistant chemical and physical barriers
associated with poorly absorbed drugs.

Examples of lipid based drug delivery
systems include conventional emulsions and
microemulsions and more recently liposomes,
microspheres, solid-lipid nanoparticles, cubosomes
1 consequently, if the drugs are not completely
released in the gastrointestinal area, they will have
a low bioavailability ** 2. Therefore, one of the
major current challenges of the pharmaceutical
industry is related to strategies that improve the
water solubility if drug & *°.
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Drug release in a crucial and limiting step for oral
drug bioavailability, particularly for drug with low
gastrointestinal solubility and high permeability. By
improving the drug release profile of these drugs, it
is possible to enhance their bioavailability and
reduce side effects ' *> 8 solid dispersions are
one the most successful strategic approach to
improve drug release of poorly soluble drugs. These
can be defined as a molecular mixture of poorly
water soluble drugs in hydrophilic carriers, which
present the drug release profile that is driven by the
polymer properties.

Solubility:

TABLE 1: DEFINITIONS OF SOLUBILITY
Parts of solvent required for one part

Definition

of solute
Very soluble <1
Freely soluble 1-10

Soluble 10-30

Sparingly soluble 30-100
Slightly soluble 100 - 1000

Very slightly soluble 1000 - 10,000
Insoluble > 10,000

For a drug to be absorbed it must be present in the
form of an aqueous solution at the site of
absorption 19 Therapeutic effectiveness of a drug
depends upon the bioavailability and ultimately
upon the solubility of drug molecules. Drug release
is a crucial and limiting step for oral drug
bioavailability particularly for drugs with low
gastrointestinal solubility and high permeability. By
improving the drug release profile of these drugs it
is possible to enhance their bioavailability and
reduce side effects. A review of new monograph
(1992-1995) in European pharmacopoeia shows that
more than 40% of the drug substances have
aqueous solubility below 1mg/ml* and the 32%
have an aqueous solubility below 0.1mg/ml.
Agueous solubility of greater than 1 per cent (1
g/100 ml) usually indicates that no potential
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problems in absorption resulting from the
solubility characteristics of the compound need to
be anticipated. However, the 1 percent solubility
limit is an arbitrary guideline and in no way
represents a universal limitation in terms of
solubility and absorption relationship.

Mechanism of Solubilization®*: Drug solubility is the
maximum concentration of the drug solute
dissolved in the solvent under specified conditions
of temperature, pH and pressure. The drug solubility
in saturated solution in a static property where as
the drug dissolution rate is a dynamic property that
relates more closely to the bioavailability rate. The
solubility of a weak acid or weak base varies
considerably as a fraction of pH.

For a weak acid the total solubility (Cs) is given by
the expression;

Cs=[HA] + [A]

Where [HA] = intrinsic solubility of the non ionized
acid

[A] = the concentration of its anion

The anion concentration can be expressed in the
term of dissociation constant Ka;

Cs = Co + Ka [Co/H"]
Co = non-ionized acid concentration

This equation indicates that the solubility of weak
acid increases with the increasing pH solubility is
optimal at higher pH.

Solubility for a weak base is given by the expression;
Cs = Co + Co [H/Ka]

This equation indicates that solubility of weak base
decreases with increasing pH solubility is optimal at
lower pH.
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With the recent advent of high throughput
screening of potential therapeutic agents, the
number of poorly soluble drugs candidates has risen
sharply and the formulation of poorly soluble
compounds for oral delivery now presents one of
the most frequent and greatest challenges to
formulation scientists in the pharmaceutical
industry.

Dissolution: The transfer of molecules or ions from
a solid state into solution is known as dissolution. In
essence when a drug dissolves, solid particles
separate and mix molecule with the liquid and
appear to become part of that liquid. Therefore
drug dissolution is the process by which  drug
molecules are liberated from a solid phase and
enter into a solution phase. If particles remain in the
solid phase once they are introduced into a solution,
a pharmaceutical suspension result. In the vast
majority of circumstances, only drugs in solution can
be absorbed, distributed, metabolized, excreted or
even exert pharmacological action. Thus dissolution
is an important process in pharmaceutical sciences.
Fundamentally the process is controlled by the
relative affinity between the molecules of the solid
substance and those of the solvent. The extent to
which dissolution proceeds under a given set of
experimental condition is referred to as the
solubility of the solute in the solvent. The use of
poorly soluble drugs has a number of drawbacks
such as increasing the dosage form, administration
frequency and the resultant occurrence of side
effects 2.

The higher dissolution rates of solid dispersions can
be described to a number of factors which includes:

e The formation of higher energy metastable
states of the components as a function of the
carrier system being used and the proportion of
carriers present .
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e The reduction of particle size to nearly a
molecular level **. As the soluble carrier
dissolves, the insoluble drug is exposed to
dissolution medium as very fine particles
leading to an increase in both surface area and
solubilization  for fast dissolution and
absorption.

e Formation of amorphous forms of drug and
carriers . The presence of carrier may also
prevent aggregation of fine drug particles,
thereby providing a larger surface area for
dissolution. The wetting properties are also
greatly increased due to the surfactant property
of the polymer, resulting in decreased
interfacial tension between the medium and
the drug, hence higher dissolution rates.

e The presence of carrier polymers also inhibits
crystal growth of the drug which facilitates
faster dissolution.

e Co solvent effect on the drug by the water
soluble carriers.

e Intermolecular hydrogen bonds between drug
26

and carrier ©°.
e local solubilization effect of carrier at the
diffusion layer.

Possible Causes for Poor Oral Absorption: Poor
aqueous solubility/wet-ability: Aqueous solubility
less than 100ug/ml, high crystal energy (melting
point >200°C), highly lipophillic (log P>3),

Poor dissolution: Intrinsic dissolution rate <0.1
mg/cm?/min,

High molecular weight: (>500),

Self association and aggregation,

Consideration of the Noyes-Whitney 27 equation

provides some hints as to how the dissolution rate
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of poorly soluble drugs might be improved to
minimize the limitations of oral bioavailability.

dc _AD(C,-C)

d¢ h
Where;
dc/dt = dissolution rate
A = surface area of the drug particle
D = diffusion coefficient of the compound

h = diffusion layer thickness adjacent to surface of
dissolving compound

Cs = solubility of the compound in the dissolution
medium

C= concentration of drug in the medium at time t.

The main possibilities for improving dissolution
according to this analysis are to increase the surface
area available for dissolution by decreasing particle
size of the solid compound and /or by optimizing
the wetting characteristics of the compound
surface, to decrease the boundary layer thickness,
to ensure sink conditions for dissolution and, last
but definitely not least, to improve the apparent
solubility of the drug under physiologically relevant
conditions. Of these possibilities, changes in the
hydrodynamics are difficult to invoke in vivo and the
permeability of sink conditions will depend on how
permeable the gastrointestinal mucosa is to the
compound as well as on the composition and

volume of the Iluminal fluids. Although some
research effort has been directed towards
permeability enhancement using appropriate

excipients, results to date have not been particularly
encouraging Many advanced solubilization
technologies developed by companies specializing in
drug delivery. These strategies include the
solubilization and surfactants, the use of different
polymorphic/amorphic drug forms, the reduction of
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drug particle size, the complexation (e.g., Classification of Carriers Enhancing Dissolution Of
cyclodextrins) and the formation of solid drug  Drugs >° (Table 2):
solutions/dispersions.

TABLE 2: CLASSIFICATION OF CARRIER
CATEGORY EXAMPLE OF CARRIERS

Polyvinylpyrrolidone, Polyvinylpolypyrrolidone, Polyvinylalcohol,
Polyethyleneglycols, Hydroxypropmethylcellulose, Hydroxypropylcellulose, Poly

Polymers
(2- hydroxyethylmethacrylate), Methacrylic copolymers S100 sodium salts and
Eudragit® L100 sodium salts
Sodium starch glycolate, Croscarmellose sodium, Cross-linked
Super disintegrants polyvinylpyrrolidone, Cross-linked algin, Gellan gum, Xanthan gum, Calcium
silicate
Cyclodextrins B-Cyclodextrins, Hydroxypropyl- B- cyclodextrins

Lactose, Soluble starch, Sorbitol, Mannitol, B- (1- 4) - 2- amino- 2- deoxy- D-
Carbohydrates glucose (Chitosan), Maltose, Galactose, Xylitol, Galactomannan, British gum,
Amylodextrin

Poloxamers (Lutrol® F 127, Lutrol® F 68), Polyglycolized
glyceride (Labrasol), Polyoxyethylene sorbitan monoesters
Surfactants (Tweens), Sorbitan esters (Spans), Polyoxyethylene stearates,
Poly (beta- benzyl- L- aspartate) -b- poly (ethylene oxide), Poly
(caprolactone) -b- poly (ethylene oxide).
Urea, Nicotinamide, Sodium benzoate, Sodium salicylate,
Hydrotropes Sodium acetate, Sodium- o- hydroxy benzoate, Sodium- p- hydroxy
benzoate, Sodium citrate

Polyglycolized Glycerides Acids Gelucire 44/14, Gelucire 50/13, Gelucire 62/05

Citric acid, Succinic acid, Phosphoric acid
Dendrimers

Starburst, polyamidoamine (PAMAM)

Microcrystalline cellulose, Dicalcium phosphate, Silica gel, Sodium chloride,
Skimmed milk

Miscellaneous

Biopharmaceutical Classification System: The BCS prolonged release has been a challenge to
has proven to be an extremely useful guiding tool formulation  scientists because of many
for the prediction of in vivo performance of drug independent factors governing the absorption
substances and development of new drug delivery from the gastrointestinal tract 3 For this purpose
system to suit the performance of drug in the the drug substances are categorized into four
body, as also for the regulation of bioequivalence classes based on their solubility parameter and
of drug product during scale up and post approval. permeability to biomembranes and such a
The development of dosage form especially for classification system is called as a
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biopharmaceutical classification system 3. The BCS
was first devised in 1995 by Amidon et al and since
then it has become a benchmark in the regulation
of bioequivalence of oral drug products. The BCS
serves as a guiding tool to improve the efficiency
of drug development by proper selection of
dosage form and bioequivalence tests, to
recommend a class of immediate release (IR) solid
dosage forms, for which bioequivalence may be
assessed based on in vitro dissolution tests and to
lay the effect of excipients on drug permeability.

Class Boundaries Used In BCS:

e A drug substance is considered highly
soluble when the highest dose strength is
soluble in £ 250 ml water over a pH range 1
to 7.5.

e Adrugis considered highly permeable when
the extent of absorption in humans is
determined to be 90% of an administered
dose, based on the mass balance or in
comparison to an intravenous dose.

e A drug product is considered to dissolve
rapidly when 85% of the labeled amount of
substance dissolves within 30 minutes, using
USP apparatus | or Il in a volume of £ 900 ml
buffer solution.

Characteristics of the Drugs under BCS %3

Class I: High Permeability, High Solubility: /n-vivo
these drugs behave like an oral solution having fast
dissolution and rapid bioavailability. Since the
dissolution and absorption of class | drugs is very
fast, bioavailability and bioequivalence are
unnecessary for the products of such drugs. These
drugs are good candidates for controlled drug
delivery if they qualify pharmacokinetically and
pharmacodynamically for the purpose. Gastric
emptying is often the rate governing parameter in
this case.
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Example: Metoprolol, Diltiazem, Propanolol.

Class IlI: High Permeability, Low Solubility: Drugs
belonging to this class have low solubility and high
permeability, hence, the dissolution rate becomes
the governing parameter for bioavailability. These
drugs exhibit variable bioavailability and need
enhancement in the dissolution rate by different
methods for improvement in bioavailability. These

are also suitable for controlled release
development.
Example: Atorvastatin calcium, Lovastatin,
Felodipine
Class lll: Low Permeability, High Solubility:

Permeation through the intestinal membrane forms
the rate-determining step for these drugs. Since
absorption is permeation rate limited,
bioavailability is independent of drug release from
the dosage form. For example, the various
ranitidine products having different dissolution
profiles produce super-imposable plasma
concentration versus time profile in-vivo. These
drugs generally exhibit low bioavailability and
permeability enhancement is generally required.
These drugs are problematic for controlled release
development.

Example: Cimetidine, Neomycin, Captopril.

Class IV: Low Permeability, Low Solubility: Drugs of
this class exhibit poor and variable bioavailability.
The overall bioavailability is governed by several
factors such as rate of dissolution, intestinal
permeability, gastric emptying, and so on. These
drugs are generally not suitable for oral drug
delivery or else some special drug delivery
technologies such as nanosuspensions will be
needed.

Example: Hydrochlorothiazide,Tobromycin,Furosam
ide.
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Dose: solubility

ratio (ml) 250 600 1000 10,000 100,000

Solubility enhancement
-
Prodrugs, salt forms, cesolvents,
solubilization by surfacants, lipid
filled capsules, nano-particles,
lipesomes, lyophilization.

Gl permeability

FIG. 1: A TYPICAL REPRESENTATION OF BIOPHARMACEUTICAL
CLASSIFICATION SYSTEM

Extension to BCS: (BCS Containing Six Classes):
Bergstrom et al devised a modified
Biopharmaceutical Classification System, in which
they categorized the drugs into six classes based on
the solubility and permeability *3. The solubility was
classified as “high” or “low” and the permeability
was allotted as “low”, “intermediate,” or “high”.
This new classification was developed based on the
calculated surface area descriptors on the one hand
and solubility and permeability on the other.
Surface areas related to the non- polar part of the
molecule resulted in good predictions of
permeability. It was quantitatively concluded that
these models would be useful for early indication
with regard to the absorption profiles of the
compound during the early stages of drug discovery
so that the necessary modifications can be made to
optimize the pharmacokinetic parameters.

Solid Dispersion: Solid dispersion refers to a group
of solid products consisting of at least two different
components, generally a hydrophilic matrix and a
hydrophobic drug. The matrix can be either
crystalline or amorphous. The drug can be dispersed
molecularly, in amorphous particles (clusters) or in
crystalline particles®. Chiou and Riegelman, in their
classic review, defined these systems as ‘the
dispersion of one or more active ingredients in an
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inert carrier matrix at solid-state prepared by the
melting (fusion), solvent or melting-solvent method,
while Corrigan suggested the definition as being a
‘product formed by converting a fluid drug-carrier
combination to the solid state’ *°.

Simple Eutectic Mixtures: No review of solid
dispersions would be complete without a brief
description of eutectic mixtures, which are the
cornerstone of this approach to improving
bioavailability of poorly soluble compounds. A
simple eutectic mixture consists of two compounds
which are completely miscible in the liquid state but
only to a very limited extent in the solid state (Fig.
2). When, a mixture of A and B with composition

E is «cooled, A and B crystallize out
simultaneously, whereas when other
compositions are cooled, one of the

components starts to crystallize out before the
other. Solid eutectic mixtures are usually prepared
by rapid cooling of a co- melt of the two compounds
in order to obtain a physical mixture of very fine
crystals of the two components. When a mixture
with composition, consisting of a slightly soluble
drug and an inert, highly water soluble carrier, is
dissolved in an aqueous medium, the carrier will
dissolve rapidly, releasing very fine crystals of the
drug. The large surface area of the resulting
suspension should result in an enhanced dissolution
rate and thereby improved bioavailability.

LIQUID SOLUTION

SOLID A + LIQUID

SOLID B + LiQUID

TEMPERATURE INCREASING

SOLID A AND SOLID B

A (100%%) 3 B (100%)

FIG. 2: PHASE DIAGRAM FOR A EUTECTIC SYSTEM
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The concept of the solid dispersions was originally  Classification: Solid dispersion can be classified as
proposed by Sekiguchi and Obi, who investigated shown in figure 3.

the generation and dissolution performance of

eutectic melts of a sulfonamide drug and a water-

soluble carrier in the early 1960s 2,

Solid dispersions

I
| |

First generation Second generation Third generation

Mixture of surfactants

and polymers Surfactants

Crystalline carriers Polymeric carrierst—

Mixture of polymers|—

FIG. 3: CLASSIFICATION OF SOLID DISPERSION

It must be emphasized that the suitability of the Manufacturing Processes: Melting and solvent
solvent method to prepare simple eutectics or evaporation methods are the two major processes
partial solid solutions remains to be studied of preparing solid dispersions >° (Figure 4).

further because their final physical properties may

be quite different from those obtained by the

melting method >.

Manufacturing
process

[

[

Solvent
evaporation
methods

Melting methods

Traditional Optimized e .
methods methods Co-precipitation Nitrogen stream
" Hot stage ; Supercritical fluids)
Solution extrusion Freeze-drying (SCF)
Suspension — Metrex™

— Melt agglomeration

FIG. 4: MANUFACTURING PROCESSES USED TO PRODUCE SOLID DISPERSION
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Melting Method: Sekiguchi et al > were the first to
use a melting method consisting of melting the drug
within the carrier followed by cooling and
pulverization of the obtained product. In the
melting process, the molecular mobility of carrier is
high enough to change the drug’s incorporation36. A
common adaptation to the melting phase consists
of suspending the active drug in a previously melted
carrier, instead of using both drug and carrier in the
melted state, reducing, therefore, the process
temperature .To cool and solidify the melted
mixture, several processes such as ice bath agitation
3738 stainless steel thin layer spreading followed by
a cold draught *, solidification on petri dishes at
room temperature inside a dessicator *°, spreading
on plates placed over dry ice **, immersion in liquid
nitrogen or stored in a dessicator **** were used.

After cooling, the mixture must be
pulverized regarding its handling. However, the use
of high temperatures, and the fact that several
drugs can be degraded by the melting process, can
be a limitation of this method*. The incomplete
miscibility between drug and carrier that may occur,
because of the high viscosity of a polymeric carrier
in the molten state, is another limitation of this
process *°. To avoid the melting method limitations,
several modifications, like hot-stage extrusion,
Meltrex TM or melt agglomeration were introduced
to the original method.

Hot-stage extrusion consists of the
extrusion, at high rotational speed, of the drug and
carrier, previously mixed, at melting temperature
for a small period of time. The resulting product is
then collected after cooling at room temperature
and milled ** ¥. A reduction in processing
temperature can be achieved by the association of
hot-stage extrusion with the use of carbon dioxide
as a plasticizer *® *° which broadens the application
of hot-stage extrusion to thermally labile
compounds *®. Solid dispersions of para-amino
salicylic acid/ethylcellulose, itraconazole/ PVP>° and

ISSN: 0975-8232

itraconazole/ethylcellulose were successfully
prepared by this technique. Moreover, it was
observed that solid dispersions of

itraconazole/inutec SP1 prepared by hot-stage
extrusion presented itraconazole in a fully glassy
state, whereas it was only partially glassy in solid
dispersions prepared by spray drying .

Meltrex TM is a patented solid dispersion
manufacturing process, also on the basis of the
melting process. The crucial elements in the
Meltrex TM technology is the use of a special twin
screw extruder and the presence of two
independent hoppers in which the temperature can
vary over a broad temperature range. This process
permits a reduced residence time of the drug in the
extruder, allowing a continuous mass flow and
avoiding thermal stress to the drug and excipients.
Additionally, it is possible that the application of
this technique to protect drugs susceptible to
oxidation and hydrolysis by complete elimination of
oxygen and moisture from the mixture>®.

Melt agglomeration allows the preparation
of solid dispersions in conventional high shear
mixers. It is made by adding the molten carrier
containing the drug to the heated excipients 20,51
by adding the molten carrier to a heated mixture of
drug and excipients, or by heating a mixture of the
drug, carrier and excipients to a temperature within
or above the melting range of the carrier . It is also
possible to produce stable solid dispersions by melt

. . 2
agglomeration in a rotary processor 2.

Solvent Evaporation Method: The solvent
evaporation method consists of the solubilization of
the drug and carrier in a volatile solvent that is later
evaporated % 33 |n this method, the thermal
decomposition of drugs or carriers can be
prevented, since organic solvent evaporation occurs
at low temperature >*. A basic process of preparing
solid dispersions of this type consists of dissolving
the drug and the polymeric carrier in a common
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solvent, such as ethanol, chloroform °, or a mixture
of ethanol and dichloromethane. Normally, the
resulting films are pulverized and milled. Super
Critical fluid is the one where substances existing as
a single fluid phase above their critical temperature
and critical pressure, was shown to be efficient in
obtaining solid dispersions 385458 It ensured a very
fine dispersion of the hydrophobic drug in the
hydrophilic carrier >>. Carbon dioxide (CO2) is the
most commonly used SCF because is chemically
inert, non-toxic and nonflammable *’. This
technique consists of dissolving the drug and the
carrier in a common solvent that is introduced into
a particle formation vessel through a nozzle,
simultaneously with CO2. When the solution is
sprayed, the solvent is rapidly extracted by the SCF,
resulting in the precipitation of solid dispersion
particles on the walls and bottom of the vessel 3.
The use of processes using SCF reduces particle size,
residual solvent content, without any degradation,
and often results in high vyield. Co-precipitation
method, in which a non- solvent is added drop wise
to the drug and carrier solution, under constant
stirring. In the course of the non-solvent addition,
the drug and carrier are co-precipitated to form
microparticles. At the end, the resulted
microparticle suspension is filtered and dried %8,

Alternative Strategies *°:

Spraying on Sugar Beads using Fluidized Bed
Coating: The approach involves fluidized bed
coating system, where-in a drug-carrier solution is
sprayed onto the granular surface of excipients or
sugar spheres to produce either granules ready for
tableting or drug-coated pellets for encapsulation in
one step. This method has been applied for both
controlled-and immediate-release solid
dispersions® °! for e. g., Itraconazole coated on
sugar sphere, is made by layering onto sugar beads
a solution of drug and
hydroxypropylmethylcellulose (HPMC) in an organic
solvent of dichloromethane and ethanol. A solid
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solution of drug in HPMC is produced upon coating
(cosolvent evaporation) and controlled drying of
coated beads in a closed Wurster process.

Electrostatic Spinning Method: The electrostatic
spinning method technology used in the polymer
industry combines solid solution /dispersion
technology with nanotechnology 628 In this
process, a liquid stream of a drug/ polymer solution
is subjected to a potential between 5 and 30 kV.
When electrical forces overcome the surface
tension of the drug/polymer solution at the air
interface, fibers of submicron diameters are
formed. As the solvent evaporates, the formed
fibers can be collected on a screen to give an on
woven fabric, or they can be collected on a spinning
mandril. The fiber diameters depend on surface
tension, dielectric constant, feeding rate, and
electric field strength **.

Direct Capsule Filling: The filling of semi solid
materials into hard gelatin capsules as melts, which
solidify at room temperature, was first done in1978.
Direct filling of hard gelatin capsules with the liquid
melt of solid dispersions avoids grinding-induced
changes in the crystallinity of the drug. A surfactant
must be mixed with the carrier to avoid formation
of a drug-rich surface layer (e.g., poly-sorbate80
with PEG, phosphatidyl choline with PEG) 66 The
temperature of the molten solution should not
exceed ~70-C because it might compromise the
hard-gelatin capsule shell.

Surface- Active Carriers: Two of the important
surface-active carriers are Gelucire 44/14and
Vitamin ER- alpha- tocopherylpolyethyleneglycol
1000 succinate (TPGS). Gelucire44/14 has
commonly been used in solid dispersion for the
bioavailability enhancement of drugs. A commonly
used surfactant, Polysorbate 80, when mixed with
solid PEG, has also been reported to be an
alternative surface-active carrier %% %,
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Methods for the Characterization of solid

Dispersions 70,

e Dissolution testing (particulate or intrinsic):
Drugs having intrinsic dissolution rate < 0.1
mg/cm¥/min usually exhibit dissolution rate
limited absorption ”*. Comparison of dissolution
profile of drug, physical mixtures of drug and
carrier and solid dispersion may help to
indicate the mechanism of improved release of
drug (solubilization / wetting / particle size
reduction).

e Scanning electron microscopy (SEM)
polarization microscopy: Used to study the
morphology of drug and sometimes the
polymorphism of drug. The fine dispersion of
drug particles in the carrier matrix may be
visualized.

e Infrared spectroscopy (IR):  Helpful in
determining the solid state of the drug
(molecular dispersion, amorphous, crystalline
or a combination) in the carrier regardless of
the state of the carrier. Crystallinities of under
5-10% cannot generally be detected.

e Differential Scanning Calorimetry (DSC):
Changes in the physical state of solid dispersion
may occur during heating, and the presence of
polymer may influence the melting behavior of
drug (e.g. melting point depression).Results
need to be confirmed by another technique.
Crystallinities under 2% cannot generally be
detected.

e Differential Scanning Calorimetry (DSC):
Changes in the physical state of solid dispersion
may occur during heating, and the presence of
polymer may influence the melting behavior of
drug (e.g. melting point depression).Results
need to be confirmed by another technique.
Crystallinities under 2% cannot generally be
detected "2
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CONCLUSION: Solid dispersion systems have been
realized as extremely useful tool in improving the
dissolution properties of poorly water-soluble
drugs. In recent years, a great deal of knowledge
has been accumulated about solid dispersion
technology, but their commercial application is
limited. Two trends strongly favor an increasing role
for  solid dispersions in pharmaceutical
development: the increasing number of drug
candidates which are poorly soluble, and the
substantial improvements in the manufacturing
methods for solid dispersions that have been made
in the last few years. The possibilities of combining
several carriers to produce an optimized product
further extend the range of possibilities for
formulation. Yet another advantage of solid
dispersion over other approaches is that the
increase in solubility and the release rate that can
be achieved are often much, upto orders of
magnitude. This could potentially lead to an
increase in bioavailability that is so great that the
dose administrated could be lowered.
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