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Abstract 

Improving oral bioavailability of drugs those given as 

solid dosage forms remains a challenge for the 

formulation due to solubility problems. The 

dissolution rate could be the rate-imiting process in the 

absorption of a drug from a solid dosage form . 

relatively insoluble drug. Solid dispersions have 

involved considerable interest as an efficient means of 

improving the dissolution rate and hence the 

bioavailability of a range of poorly water-soluble 

drugs. Solid dispersions of poorly water-soluble drugs 

with water-soluble carriers have been reduced the 

incidence of these problems and enhanced dissolution. 

The focus of this review article on advantages, 

disadvantages and the method of preparation, and 

characterization of the solid dispersion.  

 

 

INTRODUCTION 

Bioavailability of drugs administered orally for 

systemic effect depends on two key phenomenon 

which occur post administration of that drug. First is 

dissolution of the drug in the gastrointestinal fluid to 

produce a solution of the drug and second, 

transportation of the dissolved drug across the 

gastrointestinal membrane. Each of these two steps 

can be a rate limiting factor.  

 

SOLID DISPERSIONS 

The term solid dispersion is defined as the dispersion 

of one or more active ingredients (hydrophobic) in an 

inert carrier or matrix (hydrophilic) at solid state 

prepared by the melting (fusion), solvent, or melting-

solvent method. 

 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.1 

CLASSIFICATION OF SOLID DISPERSIONS 

On the bases of their molecular arrangement, six 

different types of solid dispersions can be 

distinguished as2: 

1. Simple eutectic mixture 

2. Amorphous precipitations in crystalline matrix 

3. Solid solutions 

i. According to their miscibility 

a. Continuous solid solutions 

b. Discontinuous solid solutions 

ii. According to the way in which the solvate 

molecules are distributed in the solvent 

a. Substitution solid solutions 

b. Interstitial solid solutions 

4. Glass suspension 

5. Glass solutions 

1. Simple Eutectic Mixtures 

These are prepared by rapid solidification of the fused 

melt of two components that show complete liquid 

miscibility and negligible solid-solid solubility. 

Thermodynamically, such a system is an intimately 

blended physical mixture of its two crystalline 

components. Thus the X-ray diffraction pattern of a 

eutectic constitutes an additive composite of two 

components. Ex., Chloremphenicol - urea; 

Paracetamol - urea; Griseofulvin and Tolbutamide 

with PEG 2000 

 

2.  Amorphous precipitation in crystalline 

Amorphous Precipitations in a Crystalline Carrier The 

difference between this group of solid dispersions and 

the simple eutectic mixture is that the drug is 

precipitated out in an amorphous form in the former as 

opposed to a crystalline form in the latter 

3. Solid solutions 

 

 A solid solution compared to a liquid solution is made 

up of a solid solute dissolved in a solid solvent. In a 

solid solution, the two components crystallize together 

in a homogeneous one-phase system. The particle size 
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of the drug in the solid solution is reduced to its 

molecular size. 

 

4.Glass Solutions and Glass Suspensions 

 

A glass solution is a homogenous, glassy system in 

which a solute dissolves in a glassy solvent. The term 

glass can be used to describe either a pure chemical or 

a mixture of chemicals in a glassy or vitreous state. 

The glassy or vitreous state is usually obtained by an 

abrupt quenching of the melt. It is characterized by 

transparency & brittleness below the glass transition 

temperature. 

 

MECHANISM OF DISSOLUTION 

Organization of the drug release profile using solid 

dispersions is achieved by manipulation of the carrier 

and solid dispersion particles properties. Parameters, 

such as carrier molecular weight, composition, drug 

crystallinity, particle porosity and wettability, when 

successfully controlled can produce improvements in 

bioavailability.3 

ADVANTAGES OF SOLID DISPERSION 

A) Particles with Reduced Size 

Molecular dispersions, as solid dispersions, represent 

the last state on particle size reduction, and after carrier 

dissolution the drug is molecularly dispersed in the 

dissolution medium. Solid dispersions apply this 

principle to drug release by creating a mixture of a 

poorly water soluble drug and highly soluble carriers. 

A high surface area is produced, resulting in an 

increased dissolution rate and consequently improved 

bioavailability. 

B) Particles with Improved Wettability 

A strong contribution to the upgrading of drug 

solubility is related to the drug wettability. It has been 

recommended that the presentation of particles to the 

dissolution medium as physically separate entities 

may reduce aggregation. In addition, many of the 

carriers used for solid dispersions may have some 

wetting properties; hence improved wetting may lead 

to reduced agglomeration and increased surface area. 

C) Particles with Higher Porosity 

Particles in solid dispersions have been found to have 

a higher degree of porosity. The increase in porosity 

also depends on the carrier properties; for instance, 

solid dispersions containing linear polymers produce 

larger and more porous particles than those containing 

reticular polymers and, therefore, result in a higher 

dissolution rate. The increased porosity of solid 

dispersion particles also hastens the drug release 

profile. 

D) Drugs in Amorphous Phase 

Poorly water soluble crystalline drugs, when in the 

amorphous state tend to have higher solubility. The 

enhancement of drug release can usually be achieved 

using the drug in its amorphous state, because no 

energy is required to break up the crystal lattice during 

the dissolution process. In solid dispersions, drugs are 

presented as supersaturated solutions after system 

dissolution, and it is speculated that, if drugs 

precipitate, it is as a metastable polymorphic form with 

higher solubility than the most stable crystal form. 

DISADVANTAGES OF SOLID DISPERSIONS 

Despite extensive expertise with solid dispersions, 

they are not broadly used in commercial products, 

mainly because there is the possibility that4: 

 During processing (mechanical stress) or 

storage (temperature and humidity stress) the 

amorphous state may undergo crystallization. 

 Most of the polymers used in solid 

dispersions can adsorb moisture, which may 

result in phase separation, crystal growth or 

conversion from the amorphous to the 

crystalline state or from a metastable 

crystalline form to a more stable structure 

during storage. 

 Poor scale-up for the purposes of 

manufacturing. 

PHARMACEUTICAL APPLICATIONS OF 

SOLID DISPERSIONS 

The pharmaceutical applications of solid dispersions 

technique are numerous. They may be employed5: 

 To enhance the absorption of drug. 

 To obtain a homogeneous distribution of a 

small amount of drug in solid state. 

 To stabilize unstable drugs and protect 

against decomposition by processes such as 

hydrolysis, oxidation, racemization, photo 

oxidation etc. 

 To dispense liquid or gaseous compounds. 

 To formulate a fast release priming dose in a 

sustained release dosage form. 

 To formulate sustained release preparation of 

soluble drugs by dispersing the drug in poorly 

soluble or insoluble carrier. 
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METHODS OF PREPARATION OF SOLID 

DISPERSIONS6: 

A)  Fusion Method 

The fusion method is sometimes called as 

melt method, which is correct only when the starting 

materials are crystalline. Therefore, the more general 

term “fusion method” is preferred.  In fusion or 

melting method the drug was melted in a carrier and 

after cooling the dry mass obtained was pulverized and 

sieved to obtain powder, e.g. SDs of Sulfathiazole in 

different carriers (e.g. ascorbic acid, acetamide, 

nicotinamide, nicotinic acid, succinimide and urea) by 

the formation of melt of different drug carrier 

mixtures. Cooling of the drug-carrier melt was done 

on ice bath with continuous stirring until the dry mass 

was obtained.  Preparation of  solid dispersions of 

aceclofenac with various hydrophilic carriers (urea, 

mannitol, PVP and PVP/VA-64) in different ratios 

such as 1:0.5, 1:1 and 1:2 by weight basis using 

melting or fusion method) with an aim to improve the 

extent and rate of dissolution. Further, all the solid 

dispersions performed better than the corresponding 

physical mixtures. The melting point of a binary 

system is dependent upon its composition, i.e., the 

weight fraction of drug and the carrier present in the 

system. By proper selection and control, the melting 

point of a binary system may be much lower than the 

melting points of its two components. Under such 

conditions, this melting method can be used to prepare 

solid dispersions, even if the pure drug may undergo 

decomposition at or near its melting point.The main 

advantages of this method are its simplicity and 

economy. 

 In addition melting undervacuum or blanket 

of an inert gas such as nitrogen may be used to prevent 

oxidation of drug or carrier material. 

B)  Solvent Method 

 The first step in the solvent method is the 

preparation of a solution containing both matrix 

material and drug. The second step involves the 

removal of solvent(s) resulting in 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. The 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. Different 

strategies have been applied to dissolve the lipophilic 

drug and hydrophilic matrix material together in one 

solution. Low drug concentrations are used to dissolve 

both drug and matrix material in solvent, but this 

requires evaporation of tremendous amounts of 

solvent, making the process expensive and 

impractical. Solubilizers like cyclodextrins or 

surfactants like Tween80® increase the aqueous 

solubility of the drug substantially. However, the 

amount of solubilizers or surfactants in the final 

product are often eminent. This results in solid 

dispersions to a significant extent, consist of 

solubilizers or surfactants, materials that significantly 

change the physical properties of the matrix (e.g., 

decrease of Tg). Moreover, only dosage forms with 

low drug loads are possible. In addition, they are not 

always tolerated well in the body or may even be toxic.  

Chloroform or dichloromethane have been used to 

dissolve both drug and PVP as matrix simultaneously. 

These solvents are used also in other preparation 

methods. The second challenge in the solvent method 

is to prevent phase separation, e.g. crystallization of 

either drug or matrix, during removal of the solvent(s). 

Drying at high temperatures speeds up the process and 

reduces the time available for phase separation. On the 

other hand, at high temperatures the molecular  

mobility of drug and matrix remains high, favoring 

phase separation (e.g., crystallization). 

FIG-1: Overall crystallization rate as a function of 

temperature, Tg is the glass transition temperature and 

Tm is the melting temperature. 

 

 

To dry the solutions, vacuum drying is often used. The 

solution is dried by the application of vacuum and 

moderate heating. Sometimes, the solvent evaporation 

is accelerated by using a rotary evaporator. Afterwards 

the formed solid dispersion is often stored in a vacuum 

desiccator to remove the residual solvent. Vacuum 

drying at elevated temperature bears the risk of phase 

separation because the mobility of drug and matrix 

decreases slowly, another drying technique is spray 

drying where solution is dispersed as fine particles in 

hot air. Due to the large specific surface area offered 

by the droplets, the solvent rapidly evaporates and the 

solid dispersion is formed within seconds, which may 
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be fast enough to prevent phase separation. Moreover, 

the solid dispersions prepared by spray drying consist 

of particles of which the size may be customized by 

changing the droplet size to meet the requirements for 

further processing or application (e.g., free flowing 

particles or particles for inhalation). Spray drying 

usually yields drug in the amorphous, however 

sometimes the drug may have (partially) crystallized 

during processing. 

An important advantage of freeze drying is that the 

drug is subjected to minimal thermal stress during the 

formation of the solid dispersion. However, the most 

important advantage of freeze drying is that the risk of 

phase separation is minimized as soon as the solution 

is vitrified. An even more promising drying technique 

is spray-freeze drying. The solvent is sprayed into 

liquid nitrogen or cold dry air and the frozen droplets 

are subsequently lyophilized. The large surface area 

and direct contact with the cooling agent result in even 

faster vitrification, thereby decreasing the risk for 

phase separation to a minimum. 

C) Supercritical Fluid Method 

Supercritical fluid methods are mostly applied with 

carbon dioxide (CO2), which is used as either a solvent 

for drug and matrix or as an anti-solvent. When 

supercritical CO2 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 (RESS). 

However, the application of this technique is very 

limited, because the solubility in CO2 of most 

pharmaceutical compounds are very low (<0.01wt-%) 

and decreases with increasing polarity. Therefore, 

scaling up this process to kilogram-scale is at present. 

 Other supercritical techniques is precipitation 

method. Although generally labelled as solvent-free, 

all these supercritical fluid methods use organic 

solvents to dissolve drug and matrix and exploit the 

low solubility of pharmaceutical compounds in CO2. 

In fact, these techniques represent alternative methods 

to remove solvents from a solution containing 

typically a drug and a polymer e.g. PEG and 

Carbamazepine in acetone. The technique used is 

called as the Gas-Anti-Solvent technique (GAS) or 

Precipitation from Gas Saturated Solutions (PGSS). 

The solution is brought into contact with compressed 

CO2.  

D)  Hot Melt Extrusion 

Melt extrusion is fundamentally the same as the 

fusion method except that intense mixing of the 

components is induced by the extruder. When 

compared to melting in a vessel, the product 

stability and dissolution are similar, but melt 

extrusion offers the potential to shape the heated 

drug-matrix mixture into implants, ophthalmic 

inserts, or oral dosage forms. Just like in the 

traditional fusion process, miscibility of drug and 

matrix can be a problem. Solubility parameters 

are investigated to predict the solid state 

miscibility and to select matrices suitable for melt 

extrusion. High shear forces resulting in high 

local temperatures in the extruder be a problem 

for heat sensitive materials. However, compared 

to the traditional fusion method, this technique 

offers the possibility of continuous production, 

which makes it suitable for large-scale 

production. Furthermore, the product is easier to 

handle because at the outlet of the extruder the 

shape can be adapted to the next processing step 

without grinding. 

E) Spray Drying 

Spray drying method consists of dissolving or 

suspending the drug and polymer in a common 

solvent or solvent mixture and then drying it into 

a stream of heated air flow to remove the solvent. 

Due to the large surface area of the droplets, the 

solvent rapidly evaporates and solid dispersion is 

formed within seconds, which may be fast enough 

to phase separation. Spray drying usually yields 

drugs in the amorphous state, but sometimes the 

drug may be partially crystallized during 

processing. Polyglycolized glycerides (Gelucire) 

are available with a range of properties depending 

on their hydrophilic lipophilic balance (HLB) 

over the range of 1 to 18 and melting point 

between 330C and 70°C. Preparation of SDs by 

conventional spray drying with polyglycolized 

glycerides has been problematic because a sticky 

and tacky mass of polyglycolized glycerides is 

obtained. Therefore, spray drying technique for 

polyglycolized glycerides has been used with its 

combination high melting lipids to solve this 

problem. E.g. prepared solid dispersions of 

Etoricoxib using spray drying technique with lipid 

carriers, mainly polyglycolized glycerides 

(Gelucire 50/13) and high melting lipids, namely, 

Compritol (atomized glyceryldibehenate) or 

Sterotex K NF (hydrogenated cotton seed oil). 
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FIG-2: Schematic representation of three modes of incorporation of the drug in a solid dispersion 

 

CHARACTERIZATION OF SOLID 

DISPERSIONS 

Techniques to explore molecular interactions and 

behavior7: 

1. Drug- carrier miscibility 

 

 Hot stage microscopy 

 DSC (Conventional modulated) 

 pXRD (Conventional and variable 

temp) 

  NMR 1H Spin lattice relaxation time 

 

2. Drug- carrier interactions 

 

 FT-IR spectroscopy 

 

3. Physical Structure 

 

 Scanning electron microscopy 

 Surface area analysis 

 

4. Surface properties 

 

 Dynamic vapor sorption 

 Inverse gas chromatography 

 Atomic force microscopy 

APPLICATIONS OF SOLID DISPERSION 

Applications of solid dispersion apart from absorption 

enhancement, the solid dispersion technique may have 

numerous pharmaceutical applications, which should 

be further explored. It is possible that such a technique 

be used: 

  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 

carriers. To reduce pre systemic 

inactivation of drugs like Morphine and 

Progesterone. 

CONCLUSION 

There are many drugs having poor aqueous solubility 

and as dissolution of drug is the rate determining step 

for oral absorption of such drugs, which can 

subsequently affect the in vivo absorption of drug. So 

to improve the aqueous solubility of the drugs, many 

techniques have been adopted since decades and solid 

dispersion is one of those techniques. Many 

techniques that can be used for the formulation of solid 

dispersion have already been discussed in the article. 

Third generation solid dispersions are mainly effective 

as they use many type of surface active agents, they 

act as the plasticizers. Many dosage forms can be 

formulated by using the solid dispersion technology 

like tablets, capsules. Further research is also required 

for the better implementation of solid dispersion 

technology as this is an eminent technique for the 

solubility enhancement of poorly soluble drugs. 
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