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Abstract: 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. Various methods have been tried
recently to overcome the limitation and make the preparation practically feasible. The problems involved in
incorporating into formulation of dosage forms have been gradually resolved with the advent of alternative
strategies. These include methods like spraying on sugar beads and direct capsule filling. Although there are
some hurdles like scale up and manufacturing cost to overcome, there lies a great promise that solid dispersion
technology will hasten the drug release profile of poorly water soluble drugs.
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I. INTRODUCTION

Oral drug delivery is the most popular, simplest and easiest way of administering drugs. Because of the
greater stability, smaller bulk, accurate dosage and easy production, solid oral dosage forms have many
advantages over other types of oral dosage forms. 1, 2. The rate and extent of dissolution of the active ingredient
in the g.i.t. from any solid oral dosage form determines rate and extent of absorption of drug. 3. In solid
dispersion method drug is dispersed in inert water soluble carrier at solid state. Drug absorption from the
gastrointestinal (GI) tract can be limited by a variety of factors with the most significant contributors being poor
aqueous solubility and/or poor membrane permeability of the drug molecule. 4. Numerous solid dispersion
systems have been demonstrated in the pharmaceutical literature to improve the dissolution properties of poorly
water soluble drugs. Other methods, such as salt formation, complexation with cyclodextrins, solubilization of
drugs in solvents(s), and particle size reduction have also utilized to improve the dissolution properties of poorly
water-soluble drugs; however, there are substantial limitations with each of these techniques.5

According to biopharmaceutical classification system drugs are divided into four classes depending on
in-vitro solubility and in-vivo permeability data.The class Il drugs shows poor solubility and high
permeability.6. Therefore class Il drugs have the low ability to dissolve and it is a more important limitation to
their overall rate and extent of absorption and also their ability to permeate through the membrane. The
dissolution rate of a poorly water soluble drug in a solid dispersion is increased by i) increasing the surface area
from which dissolution of the drug can take place as a result of a reduction in drug particle size up to the
molecular level and the impediment of aggregation, ii) improving wet ability hence decreasing the thickness of
the diffusion layer by appropriate selection of carrier system, iii) enhancing the solubility of the drug by the
formation of a supersaturated solution. 7, 8,9 Thus the solid dispersion approach has been widely and
successfully applied to improve the solubility, dissolution rate and consequently the bioavailability of poorly
water soluble drugs.

I1. DEFINITION
The concept of solid dispersion was firstly introduced by Sekiguchi and Obil0, 2. Solid dispersion is
defined as ““a dispersion of one or more active ingredients in an inert carrier or matrix of solid state prepared by
melting (fusion), solvent or melting solvent method”. ¢ Solid dispersion also termed as co-precipitates and melts.
* Dispersions obtained through the fusion process are often called melts. * Dispersions obtained through the
solvent method are referred as a co-evaporates or co-precipitates, e.g. Cisapride- PVP solid dispersion,
Piroxicam-PVP solid dispersion.3
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I11. ADVANTAGE OF SOLID DISPERSION

To reduce particle size.
To improve wettability.

To improve porosity of drug.

To decrease the crystalline structure of drug into amorphous form.
To improve dissolvability in water of a poorly water soluble drug in a pharmaceutical.
To mask the taste of the drug substance.

To prepare rapid disintegration oral tablets.
To obtain homogenous distribution of small amount of drugs at solid state.

To stabilize unstable drugs.

To dispense liquid or gaseous compounds.
To formulate a faster release priming dose in a sustained release dosage form.
To formulate sustained release dosage or prolonged release regimens of soluble drugs using poorly soluble

or insoluble carriers. 11

IV. DISADVANTAGES OF SOLIDDISPERSION

Moisture & temperature have most deteriorating effect on solid dispersion than physical mixture.
Sometimes difficult to handle because of tackiness.
Reproducibility of its physicochemical properties.

Its formulation into dosage forms.

V. TYPES OF SOLID DISPERSION
TABLE no-1: TYPES OF SOLID DISPERSION

Solid dispersion type | Matrix | Drug | Remarks No. Ref. to lit.
* ** phases
| Eutectics C C The first type of solid dispersion 2 ( Chiou & Reigelman,
Prepared. 1971)
I [Amorphous C A [Rarely encountered. 2 (Breitebench AH,
precipitatio .
n 2002);
crystal_lme (Mullins and Macek,
matrix
1960)
111 | Solid solutions C
Continuous solidf C M | Miscible at all composition, never 1 (Goldberg et al.,1956)
solutions Prepared.
Discontinuous C M | Partially miscible, 2 phase even 2 Sekiguchi K and Obi N
solid solutions though drug is molecularly| (1961)
dispersed
Subst;;[utlon C M Molecular diameter of drug| 1or2 | (Rastogi and Verma,
solid solutions (solute) differ less than 15% from 1956);
The matrix (solvent) diameter. In (Wilcox et al., 1964)
that case the drug and matrix are
Substitutional. Can be continuous
or  Discontinuous. When
discontinuous: 2  phase even
though drug is molecularly,
dispersed
Interstitial Sg“ C M | Drug (solute) molecular diameter| 2 ( Chiou & Reigelman,
solutions less than 59% of matrix (solvent) 1971)
Diameter. ( Chiou & Reigelman,
Usually  limited miscibility, 1969)
Discontinuous. Example: Drug in
Helical interstitial space of PEG.
IV [Glass suspension| A C Particle size of dispersed phase 2 ( Chiou & Reigelman,
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dependent on cooling/ evaporation 1971)
Rate. Obtained after crystallizations (Sarkari M et al., 2002)
Of drug in amorphous matrix.

V [Glass suspension| A A | Particle size of dispersed phase 2 ( Chiou & Reigelman,
dependent on cooling/ evaporation 1971)
rate may solid dispersion is of this (Sarkari M et al., 2002)
Type.

VI | Glass solution A M | Requires miscibility OR solid 1 Simonelli AP et al,
solubility, complex formation or 1969

*A: matrix in the amorphous state, C: matrix in the crystalline state
**A: drug dispersed as amorphous clusters in the matrix, C: drug dispersed as crystalline particles in the matrix,
M: drug molecularly dispersed throughout the matrix.

VI. COMMON METHODS USED FOR PREPARATION OF SOLID DISPERSION

e Fusion method

¢  Solvent method

e  Melting solvent method

e  Supercritical fluid method

e  Electro spinning method. 12
e Solvent evaporation method
Melt agglomeration method
Lyophillization Techniques
Spray-Drying method
Dropping method solution
Melt extrusion method

Gel entrapment technique
Kneading technique
Co-precipitation method
Co-grinding method

> FUSION METHOD

The fusion method is sometimes referred to as the melt method, which is correct only when the starting
materials are crystalline. The first solid dispersions are created for pharmaceutical applications were prepared by
the fusion method.

ADVANTAGE

e The main advantage of direct melting method is its simplicity and economy.

e In addition melting under vacuum or blanket of an inert gas such as nitrogen may be employed to prevent
oxidation of drug or carrier.

DISADVANTAGES

e Firstly, a major disadvantage is that the method can only be applied when drug and matrix are compatible
when they mix well at the heating temperature.

e When drug and matrix are incompatible two liquid phases or a suspension can be observed in the heated
mixture which results in an inhomogeneous solid dispersion.

e In this case phase separation can occur. Indeed, it was observed that when the mixture was slowly cooled,
crystalline drug occurred, whereas fast cooling yielded amorphous solid dispersions™&*,

> SOLVENT METHOD

The first step in the solvent method is the preparation of a solution containing both matrix and material
and drug. The second step involves the removal of solvent resulting in the formation of a solid dispersion.
Mixing at the molecular level is preferred, because this leads to optimal dissolution properties. Using the solvent
method, the pharmaceutical engineer faces two challenges. First challenge is to mix both drug and matrix in one
solution, which is difficult when they differ significantly in polarity. To minimize the drug particle size in the
solid dispersion, the drug and matrix have to be dispersed in the solvent as fine as possible, preferably drug and
matrix material are in the dissolved state in one solution and solid dispersions are obtained.
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ADVANTAGES
The main advantage of the solvent method is that thermal decomposition of drugs or carriers can be prevented
because of the low temperature required for evaporation of organic solvents.

DISADVANTAGES

The disadvantages include the higher cost of preparation, the difficulty in completely removing liquid solvent
and possible adverse effect of the supposed negligible amount of the solvent on the chemical stability of the
drug are some of the disadvantages of this method™*.

> MELTING SOLVENT METHOD

In this method drug is first dissolved in a suitable liquid solvent solution is then incorporated directly into the
melt of polyethylene glycol obtainable below 70% without removing the liquidsolvent. It has been shown that 5-
10 %( w/w) of liquid compound could be incorporated into polyethylene glycol 6000 without significant loss of
its solid property.

ADVANTAGES
. In this method that thermal decomposition of drugs or carriers can be prevented because of the low
temperature required for evaporation of organic solvents.

DISADVANTAGES

e As the practical point of view, the melting-solvent method is limited to drugs with a low therapeutic dose,
e.g. Below 50 mg.

e Moreover, it is impossible that the selected solvent or dissolved drug may not be miscible with the melt of
polyethylene glycol.

e The feasibility of the method has been demonstrated on spironolactone polyethylene glycol 6000 systems™.

> SUPERCRITICAL FLUID METHODS

Supercritical fluid methods are mostly applied with carbon dioxide, which h is used as either a solvent for drug
and matrix or as an ant solvent. When supercritical C02 is used as solvent, matrix and drug are dissolved and
sprayed through a nozzle, into an expansion vessel with lower pressure and particles are immediately formed.
The adiabatic expansion of the mixture results in rapid cooling. This technique does not require the use of
organic solvents and since CO2 is considered environmentally friendly, this technique is referred to as “solvent
free”. The technique is known as Rapid Expansion of Supercritical Solution.

ADVANTAGES

) The supercritical anti solvent rapidly penetrates into the droplets, in which drug and matrix become
supersaturated, crystallize and form particles.

. The general term for this process is precipitation with compressed anti oven. More specific examples of
PCA are Supercritical Anti Solvent when supercritical CO2 is used or Aerosol Solvent Extraction System, and
solution Enhanced Dispersion by supercritical fluids.

DISADVANTAGES
. Usually organic solvents like dichloromethane or methanol have to be applied to dissolve both drug
and matrix which are more in cost**%*¢.

> ELECTROSPINNING METHOD

Electros pining is a process in which solid fibers are produced from a polymeric fluid stream solution
or melt delivered through millimeter scale nozzles. This process involves the application of a strong electrostatic
field over a conductive capillary attaching to reservoir containing a polymer solution or melt and a conductive
collection screen. Upon increasing the electrostatic field strength up to but not exceeding a critical value, charge
species accumulated on the surface of a pendant drop destabilize the hemispherical shape into a conical shape.
Beyond the critical value, charge species accumulated on the surface of a pendant drop destabilize the
hemispherical shape into a conical shape. Beyond the critical

Value, a charged polymer jet is ejected from the apex of cone. The ejected charge jet is then carried to
the collection screen via the electrostatic force. The Columbic repulsion force is responsible for the thinning of
the charged jet during its trajectory to the collection screen. The thinning down of the charged jet is limited by
the viscosity increase, as the charged jet is dried.

31



Different methods used in solid dispersion

ADVANTAGES
e  This technique has tremendous potential for the preparation of Nano fibers and controlling the release of
biomedicine.

Process is simplest, the cheapest.
e This technique can be utilized for the preparation of solid dispersions in future.

DISADVANTAGES
. Less economical for all the drugs and carriers*' %,
> SOLVENT EVAPORATION METHOD

Solvent evaporation method consists of the solubilization of the drug and carrier in a volatile solvent
that is latter evaporated'*?!. In 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 thy polymeric carrier in a common solvent, such as ethanol,
chloroform mixture of ethanol and dichloromethane .Normally, the resulting films are pulverized and milled®**,

> MELT AGGLOMERATION METHOD

This technique has been used to prepare where in the binder acts as a carrier. In addition, are prepared
either by Heating binder, drug and excipient to a temperature above the melting point of the binder or by
spraying a dispersion of drug in molten binder on the heated excipient by using a high shear mixer. A rotary
processor might be preferable to the high melt agglomeration because it is easier to control the temperature and
because a high binder content can be incorporated in the agglomerates. In addition the melt in procedure also
results in homogenous distribution of drug agglomerate. Larger particles results in densification of agglomerates
while fine particle cause complete adhesion. The mass to bowl shortly after melting attributed to distribution and
coalescence of the fine particles™.

> LYOPHILLIZATION TECHNIQUES
Lyophillization has been thought of a molecular mixing technique. The drug and carrier are co dissolved in a
common solvent, Frozen and sublimed to obtain a lyophilized molecular dispersion.

> SPRAY-DRYING METHOD

Drug is dissolved in suitable solvent and required amount of carrier is dissolved in water. Solutions are
then mixed by sonication or other suitable method to produce a clear solution, which is evaporated under
vacuum. Solid dispersions are reduced in size by mortar and sieved®.

> DROPPING METHOD SOLUTION

The dropping method, developed by Ulrich et al., (1997) to facilitate the crystallization of different
chemicals, is a new procedure for producing round particles from melted solid dispersions. This technique may
overcome some of the difficulties inherent in the other methods. For laboratory-scale preparation, a solid
dispersion of a melted drug-carrier mixture is pipette and then dropped onto a plate, where it solidifies into
round particles. The use of carriers that solidify at room temperature may aid the dropping process. The
dropping method not only simplifies the manufacturing process, but also gives a higher dissolution rate. It does
not use organic solvent and, therefore, has none of the problems associated with solvent evaporation. 24

> MELT EXTRUSION METHOD

Solid dispersion by this method is composed of active ingredient and carrier, and prepare by hot-stage
extrusion using a co-rotating twin-screw extruder. Melt extrusion technique is used in the preparation of diverse
dosage forms in the pharmaceutical industry e.g. sustained-release pellets®.

> GEL ENTRAPMENT TECHNIQUE

Hydroxyl propyl methyl cellulose is dissolved in organic solvent to form a clear and transparent gel. Then drug
for example is dissolved in gel by sonication for few minutes. Organic solvent is evaporated under vacuum.
Solid dispersions are reduced in size by mortar and sieved®*.

> KNEADING TECHNIQUE
In this method, carrier is permeated with water and transformed to paste. Drug is then added and
kneaded for particular time. The kneaded mixture is then dried and passed through sieve if necessary.
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> CO-PRECIPITATION METHOD

Required amount of drug is added to the solution of carrier. The system is kept under magnetic
agitation and protected from the light. The formed precipitate is separated by vacuum filtration and dried at
room temperature in order to avoid the loss of the structure water from the inclusion complex.

> CO-GRINDING METHOD

Physical mixture of drug and carrier is mixed for some time employing a blender at a particular speed.
The mixture is then charged into the chamber of a vibration ball mill steel balls are added. The powder mixture
is pulverized. Then the sample is collected and kept at room temperature in a screw capped glass vial until use.
Ex. chlordiazepoxide solid dispersion was prepared by this method®*.

VIlI.  CARRIER USED IN SOLID DISPERSION®#%2
The selection of the carrier has the influence on the dissolution characteristics of the dispersed drugs,
since the dissolution rate of one component from the surface is affected by the other component in a multiple
component mixture. Therefore, a water soluble carrier results in a faster release of the drug from the matrix. A
poorly soluble or insoluble carrier leads to slower release of a drug from the matrix. If the active drug present is
a minor component in the dispersion, faster release of a drug can be achieved from matrix.

> POLYETHYLENE GLYCOL (PEG)?
GENERAL CHARACTERISTICS OF PEGS

Polyethylene glycols (PEG) are polymers of ethylene oxide, having a molecular weight (MW) in the
range 200- 300000. For the manufacture of solid dispersions and solutions, PEGs with molecular weights of
1500-20000 are usually employed. As the MW increases, so does the viscosity of the PEG. A particular
advantage of PEGs for the formation of solid dispersions is that they also have good solubility in many organic
solvents. The melting point of the PEGs of interest lies under 650C in every case (e.g. the m.p. of PEG 1000 is
30-400C, the m.p. of PEG 4000 is 50-58°C and the m.p. of PEG 20000 is 60-63°C) %. These relatively low
melting points are advantageous for the manufacture of solid dispersions by the melting method. Dissolution
rate of a relatively soluble drug like aspirin can be improved by formulating a solid dispersion in PEG 6000%.

INFLUENCE OF THE PEG CHAIN LENGTH

PEGs of MW 4000-6000 are the most frequently used for the manufacture of solid dispersions, because
in this MW range the water solubility is still very high, but hygroscopy is not a problem and the melting points
are already over 50°C. If PEG with low a MW is used, the product changes it’s consistency and gives a sticky
consistency that is difficult to formulate product®®. PEGs with higher MW have also been used with success,
products containing PEG 8000% and 10000 showed enhanced dissolution rates compared to the pure drug.
Phenylbutazone/PEG solid dispersions indicated that the release is dependent on the PEG MW*,

INFLUENCE OF DRUG/PEG RATIO

If the percentage of the drug is too high, it will form small crystals within the dispersion rather than
remaining molecularly dispersed. On the other hand, if the percentage of the carrier is very high, this can lead to
the complete absence of crystallinity of the drug and thereby enormous increases in the solubility and release
rate of the drug™.

> POLYVINYLPYRROLIDONE (PVP)
GENERAL CHARACTERISTICS OF PVP

Polymerization of vinylpyrrolidone leads to polyvinylpyrrolidone (PVP) of molecular weights ranging
from 2500 to 3000000. These can be classified according to the K value, which is calculated using Fikentscher's
equation®. The glass transition temperature of a given PVP is dependent not only on its MW but also on the
moisture content. In general, the glass transition temperature (TG) is high; for example, PVP K25 has a TG of
155°C*, For this reason PVPs have only limited application for the preparation of solid dispersions by the hot
melt method. PVP is suitable for the preparation of solid dispersions by the solvent method. Similarly to the
PEGs, PVPs have good water solubility and can improve the wettability of the dispersed compound in many
cases. Improved wettingand thereby an improved dissolution rate from a solid dispersion in PVP has been
demonstrated for flufenamic acid®’.
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INFLUENCE OF THE PVP CHAIN LENGTH
The aqueous solubility of the PVPs becomes poorer with increasing chain length and a further disadvantage of
the high MW PV/Ps is their much higher viscosity at a given concentration®.

DRUG/PVP RATIO

Solid dispersion prepared with high proportions of PVP tend to exhibit a higher drug solubility and
release rate than those with high proportions of drug. For albendazole, for example, it has been shown that an
increase in the %PVP in the dispersion leads to an increase in the release rate®.

When the carrier comprised 81% of the dispersion, no crystalline areas could be detected and the
release rate of the compound was rapid. Interestingly, when the %carrier was further increased, the release rate
became slower. In the case of Piroxicam/PV/P solid dispersions®, the release rate increased with the %PVP up
till a ratio of drug/carrier of 1:4, after which it fell again (at ratios of 1:5 and 1:6).

> POLYVINYLALCOHOL (PVA), CROSPOVIDONE (PVP-CL), POLVINYLPYRROLIDONE-
POLYVINYLACETATE COPOLYMER (PVPPVA)

These three polymers belong to the polyvinyl group. Whereas polyvinyl alcohol (PVA) and
vinylpyrrolidone/vinylacetate (PVP-PVA) copolymers are both water soluble, crospovidone swells when
dispersed in water. The use of PVA/PVP copolymers as carriers in solid dispersions has been shown to lead to
enormous increases in the drug release rate. Studies with the cytostatic drug HO-221 showed that the PVA/PVP
solid dispersed not only dissolved 25 times faster than the drug powder, but also enhanced the bioavailability in
beagles by a factor of 3.5%. Even though crospovidone does not dissolve in water, it can also be used as a carrier
to improve drug release rates. For example, a 1:2 ratio of furosemide to crospovidone led to an increase in the
dissolution rate by a factor of 5.8*, in comparison with either the drug powder or a physical mixture of
furosemide with crospovidone.

VIIl. CELLULOSE DERIVATIVES

GENERAL CHARACTERISTICS OF CELLULOSE DERIVATIVES

Celluloses are naturally occurring polysaccharides that are ubiquitous in the plant kingdom. They
consist of high molecular weight unbranched chains, in which the saccharide units are linked by B-1, 4-
glycoside bonds. By appropriate alkylation, the cellulose can be derivatized to form methyl- (MC),
hydroxypropyl- (HPC), hydroxypropylmethyl- (HPMC) and many other semisynthetic types of cellulose. Since
each glucose unit has three hydroxyl groups that can be derivatized, the average substitution grade (SG). A
further possibility for derivatization is the esterification of the cellulose to form compounds such as cellulose
acetate phthalate (CAP) and Hydroxypropylmethylcellulose phthalate (HPMCP) *2.

> HYDROXYPROPYLMETHYLCELLULOSE (HPMC)

HPMCs are mixed ethers of cellulose, in which 16.5-30% of the hydroxyl groups are methylated and 4-
32% are derivatized with hydroxypropyl groups. The molecular weight of the HPMCs ranges from about 10000
to 1500000 and they are soluble in water and mixtures of ethanol with dichloromethane and methanol with
dichloromethane®. A poorly soluble weak base with incomplete bioavailability showed that the release rate and
the bioavailability in beagles could be improved through preparation of a solid dispersion in HPMC*. Other
drugs whia? exhibit faster release from solid dispersion in HPMC include the poorly soluble weak acids and
benidipine™.

> HYDROXYPROPYLCELLULOSE (HPC)

Hydroxypropylmethylcellulose exhibits good solubility in a range of solvents, including water (up till 400C),
ethanol, methanol and chloroform. The average MW of the HPCs ranges from 37000 (Type SSL) to 1150000
(Type H) *°. The release rate improved as the proportion of HPC was increased and when lower MW HPCs were
used as the carrier.

> CARBOXYMETHYLETHYLCELLULOSE (CMEC)

CMEC also belongs to the cellulose ethers, but unlike many of the others it is resistant to dissolution under
gastric (acidic) conditions. It dissolves readily at pH values above 5-6, with lowest dissolution pH being
dependent on the grade of the CMEC. Amorphous solid dispersions of nifedipine and spironolactone show
enormous increases in the dissolution rate of the drug at pH values of 6.8*'.
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> HYDROXYPROPYLMETHYLCELLULOSE PHTHALATE (HPMCP)

HPMCPs are cellulose esters which are often used as enteric coatings. Depending on the grade, they dissolve
first at pH 5 (HP 50) or pH 5.5 (HP 55). Their solubility in organic solvents is also type-dependent. Their MWs
range from 20000 to 2000000,

> POLYACRYLATES AND POLYMETHACRYLATES

Polyacrylates and polymethacrylates are glassy substances that are produced by the polymerization of acrylic
and methacrylic acid, and derivatives of these polymers such as esters amides and nitriles. Commonly they are
referred today the trade name Eudragit*’. Eudragit E is often used to improve the release rate since it is soluble
in buffer solutions at pH values up to 5 and swells at higher pH, while Eudragit L can be used when it is
desirable to avoid release in the stomach. When benipidine was formulated as a evaporate with Eudragit E, the
rate of dissolution was much higher than from the pure drug powder®.

> UREA

In one of the first bioavailability studies of solid dispersions, it was shown that sulphathiazole was better
absorbed in rabbits when given as a eutectic with urea'. Although urea is not often used as a carrier these days.
In the case of ursodeoxycholic acid the release rate from urea dispersions prepared by the hot melt method was
faster than from other carriers studied, including PEG 6000*°.

> SUGAR, POLYOLS AND THEIR POLYMERS

Chitosan a derivative of the polysaccharide chitin which is formed by deacetylation at the N position has also
been used as a carrier in solid dispersions. Both chitosan and its salt form, chitosan glutamate, were able to
improve the release of nifedipine by a factor of two to three compared to the drug powder®.

> EMULSIFIERS

Two mechanisms are possible here for release behavior of drug: improvement of wetting characteristics and
solubilization of the drug. Bile salts and their derivatives are natural surfactants that are built from a steroidal
skeleton in the liver and which are important to the emulsification of fats and oils in the diet. As with other
surfactants, they can enhance the wetting and solubility of many lipophilic substances, leading to an increase in
the dissolution rate®.

> ORGANIC ACIDS AND THEIR DERIVATIVES
Organic acids such as succinic acid and citric acid have also been used as carriers in solid dispersions, originally
to enhance the release rate of griseofulvin®.

> SURFACE ACTIVE AGENTS®

Surface-active agents are substances that at low concentrations adsorb onto the surfaces or interfaces of a system
and alter the surface or interfacial free energy and the surface and the interfacial tension. Surface-active agents
have a characteristic structure, possessing both polar (hydrophilic) and non-polar (hydrophobic) regions in the
same molecule. The surface active carriers are said to be amphipathic in nature. , surface active carriers may be
included to the thermodynamic activity, solubility, diffusion, disintegration, and dissolution rate of drug.

IX. MECHANISM OF INCREASED DISSOLUTION RATE BY SOLID DISPERSION>**’
Reduction in particle size.
Solubilization effect (use of carriers).
Increased wettability and dispensability by carriers
Formation of metastable dispersion with reduced lattice energy for faster dissolution.
Ex. Dissolution energy for furosemide is 17Kcal/mol while Dissolution energy for 1:2 furesamide: PVP co-
precipitate is 7.3Kcal/mol.

agrwbdE

X. MARKETED PREPARATIONS OF SOLID DISPERSION®’

 Solid dispersion of VALDECOXIB (NSAID) using PVP by Solvent Evaporation Method**.

e Solid dispersion of TERBINAFINE HYDROCHLORIDE (synthetic allyl amine derivative, broad spectrum
antifun%Sal activity when used orally/topically) using polyvinyl pyrollidone K30 by Solvent Evaporation
method™.

e Surface Solid Dispersion Of GLIMEPIRIDE (third generation sulphonylurea, Antidiuretic drug which
stimulates insulin release) using crospovidone, pregelatinised starch, croscarmellose sodium and Avicel PH
101 by Solvent Evaporation method®®.
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XI. LIMITATIONS OF SOLID DISPERSIONS
Although a great research interest in solid dispersion in the past four decades, the commercial Utilization is very
limited. Problems of solid dispersion involve
e The physical and chemical stability of drugs and vehicles.
Method of preparation.
Reproducibility of its physicochemical properties.
Formulation of solid dispersion into dosage forms.
Scale-up of manufacturing processes

XIl.  CHARACTERIZATION OF SOLID DISPERSION SYSTEM?**
The most important methods which are used for characterization are thermo analytical, X-ray diffraction,
infrared spectroscopy and measurement of the release rate of the drug.

Methads for the characterization of solid dispersions are as following

Dissolution testing.

Thermo analytical methods: differential thermo analysis and hot stage microscopy.
Calorimetric analysis of the solution or melting enthalpy for calculation of entropy change.
X-Ray diffraction.

Spectroscopic methods, e.g. IR spectroscopy, NMR spectroscopy.

Microscopic methods including polarization microscopy and scanning electron microscopy.

XI1l.  APPLICATIONS OF SOLID DISPERSION?®
e Apart from absorption enhancement, the solid dispersion technique may have humerous pharmaceutical
applications, which should be further explored. It is possible that such a technique be used:
e To obtain a homogeneous distribution of a small amount of drug in solid state. To stabilize the unstable
drug.
To dispense liquid or gaseous compounds in a solid dosage.
To formulate a fast release primary dose in a sustained released dosage form.
To formulate sustained release regimen of soluble drugs by using poorly soluble or insoluble carriers.
To reduce pre systemic inactivation of drugs like morphine and progesterone.
Polymorphs in a given system can be converted into isomorphous, solid solution,
Eutectic or molecular addition compounds.

XIV. 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. Various methods have been tried
recently to overcome the limitation and make the preparation practically feasible. The problems involved in
incorporating into formulation of dosage forms have been gradually resolved with the advent of alternative
strategies. These include methods like spraying on sugar beads and direct capsule filling. Although there are
some hurdles like scale up and manufacturing cost to overcome, there lies a great promise that solid dispersion
technology will hasten the drug release profile of poorly water soluble drugs.
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