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ABSTRACT 

The solubility behavior of drugs remains one of the most challenging aspects in formulation 

development. Currently only 8% of the new molecules have both high solubility and 

permeability. The drugs therapeutic efficacy depends upon the bioavailability and ultimately 

upon the solubility. Salt formation, particle size reduction, etc. have commonly been used to 

increase the dissolution rate of drugs, there are some practical limitations with these techniques 

the desired bioavailability enhancement may not always be achieved. Solid dispersion seems to 

be a viable technique for overcoming this problem. In this review, it is intended to discuss the 

recent advances related on the area of solid dispersion. This work proposes a methodology for 

the design, development, and characterization of tablets prepared by the direct compression 

method of olmesartanmedoxomil. The main objective was to ensure a high dissolution rate of the 

active ingredient. Therefore, a rigorous selection of excipients was carried out to ensure their 

physical and chemical compatibility with the active ingredient by scanning electron microscopy 

(SEM), differential scanning calorimetry (DSC) and Fourier-transform infrared spectroscopy 

(FT-IR) studies. 

KEYWORDS:Quality Methods, Chemical Properties, Poorly Soluble Drugs, scanning electron 

microscopy, differential scanning calorimetry, Solid dispersion seems 

INTRODUCTION 

It is generally recognized that poor solubility is one of the most frequently encountered 

difficulties in the field of pharmaceutics. Low solubility and subsequent unsatisfactory 

dissolution rate often compromise oral bioavailability. The wide implementation of high 

throughput screening for potential therapeutic entities by the pharmaceutical industry had 
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dramatically raised the number of poorly soluble drug candidates. As a result, the improvement 

of solubility and dissolution rate of poorly soluble compounds is of great importance. 

Poor aqueous solubility and bioavailability of drugs into the body after administration are two 

prime issues which are faced by the pharmaceutical industry at the present time. This problem 

has been the major problem hampering the release of new chemical entities into the market. 

Therefore, pharmaceutical companies are focusing on finding a method or technology by which 

they can enhance the aqueous solubility and bioavailability of the drug. To date, various methods 

for modification of active pharmaceutical ingredients have included physical, chemical and 

controlled solid state methods
.
 Each of the methods given above has their own drawbacks which 

restrain their use to modify the active pharmaceutical ingredient to improve its aqueous solubility 

and bioavailability 
[1].

 Some other conventional methods used to improve aqueous solubility and 

bioavailability include: the use of surfactants pH modification solid dispersion technique 

cosolvent and hydrotrop formation co-crystallization techniques and many more. 

Solid dispersions are defined by Chiou and Riegelman as “a dispersion of one or more active 

ingredients in an inert carrier or matrix at solid state prepared by melting (fusion), solvent or 

melting-solvent method.” Chiou and Riegelmann; classified solid dispersions into six major 

categories which includes; simple eutectic mixtures; solid solutions; glass solutions of 

suspensions; compound or complex formation between the drug and the carrier; amorphous 

precipitations of a drug in a crystalline carrier; and any combinations among the above groups. 

The formulation of solid dispersions of a poorly water-soluble drug has   several advantages 

which include the enhancement of aqueous solubility which may lead to increased bioavailability 

Along with this advantage, solid dispersion techniques also have a few disadvantages which 

hamper their extensive use in the improvement of the pharmaceutical formulation. These 

disadvantages include poor flowability, poor compressibility, and most importantly is reversible 

for the drug form in solid dispersion from the amorphous to crystalline state
. 

More than 40 percent of the drug coming from high-throughput screening are poorly soluble in 

water (Lipinski 2002) Compounds with poor Solubility are increasingly posing challenges in the 

development of new drugs, since a large number of drugs coming directly from synthesis or from 
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high throughput screening have a very poor solubility (Ohara et al 2005). It is well known that 

drug efficacy can be severely limited by poor aqueous solubility, leading to low dissolution rate 

and thus results in low absorption in the gastrointestinal tract after oral administration hence 

comprising oral bioavaibility .The ability to increase aqueous solubility is thus a valuable aid to 

increase the efficacy for certain drugs.  

The Biopharmaceutical Classification System divides drugs into four classes depending on in 

vitro and in vivo permeability data.(Amidon G.L.1995) Four classes of compound can be 

distinguished: I (high solubility, high permeability), II (low solubility, high permeability), III 

(high solubility, low permeability) and IV (low solubility and low permeability). Class I 

compounds are typical examples for waiving bioequivalence studies. In the selection process, 

new chemical compound with low aqueous solubility and low permeability are preferably 

filtered out since they might pose problems during pharmaceutical development .For class II 

drugs dissolution /solubility and for Class III drug permeability limits the oral drug absorption. It 

is obvious that class II drugs the low ability to dissolve is a more important limitation to their 

overall rate and extent of absorption than their ability to permeate through the intestinal epithelia. 

There are several pharmaceutical strategies available to improve the aqueous solubility of poorly 

soluble drugs solid dispersion, solubilization using surfactant, the use of co-solvent, reduction of 

particle size, hydrotropy and the use of aqueous soluble derivatives or salts. 

Among all technique solid dispersion (SD), is the most efficient technique from the dispersion in 

carrier more specially (Chiou WL 1971) define the system has the dispersion of the one or more 

active ingredient in an inert matrix at solid state perform by melting method, solvent evaporation 

method and melting solvent.(Craig DQ 2002) Since long, many investigators have studied SDs 

of poorly water‐ soluble drugs with various pharmacologically inert carriers to increase the 

dissolution and oral absorption of poorly water–soluble drugs, however, only a few system are 

useful commercially. Poloxamer have been recently widely used as wetting and solubilizing 

agents as well as surface adsorption excipients. They have been employed to enhance the 

solubility, dissolution and bioavailability of many hydrophobic drugs using various techniques, 

for some drugs, the improvement in solubility using poloxamer was higher compared to the other 
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meltable polymers such as PEGs and complex forming agents such as cyclodextrins. In the 

present study, poloxamer was thus empirically selected as a hydrophilic carrier for its excellent 

surfactant properties and oral safety.  

PHARMACEUTICALSOLID DISPERSIONS 

The absorption of drugs from a solid dosage form, when taken orally, can bedivided into two 

steps - (1) the process of dissolution of the drug in vivo which leads to 

asolution;and(2)thetransportofthedissolveddrugfromthesolutionacrossthegastrointestinal 

membrane. Each step involved in the process of absorption of the drug isvery crucial. 

Theoverallabsorption and bioavailabilityofthedrugmaybeaffectedbythepoor performanceofeither 

step mentioned above
.
 From among the many 

newactivepharmaceuticalingredientsintroducedintothemarket,almostalltheactivepharmaceutical 

ingredients face the problem enumerated above. Either step one or twomay lead to a decrease in 

overall bioavailability of the active pharmaceutical ingredient.Biopharmaceutical Classification 

(BCS) system 
[14]

 classifies these active pharmaceuticalingredientsintofour classes as 

givenbelow: 

Class I – High permeability, High Solubility. Compounds of this class are 

wellabsorbedandtheabsorptionrateforthesecompoundsisgreaterthantherateofexcretion. 

Class II – High Permeability, Low Solubility.Compounds of this class have poorbioavailability 

because their rateof solvationis verylow. 

Class III – Low Permeability, High Solubility.Compounds of this class havepoorbioavailability 

becausetheirpermeationrateisverylow. 

Class IV – Low Permeability, Low Solubility. Compounds of this class have poorbioavailability 

because of both low solubility and absorption which limits its permeationrate. 
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Figure 1 BCS Classification of Drug 

Fincher extensively studied the relationship between the particle size of drugs,their dissolution 

rates and their bioavailability. According to Fincher, the majority ofthepoorlywater-

solubledrugsshowpoorbioavailabilityduetothepoorrateofdissolution, which is further dependent 

on the surface area of the drug particle availablefor dissolution. Therefore, the dissolution rate 

can be enhanced by increasing thesurface area. This can be achieved by the process of particle 

size reduction. Particle sizereduction of the active pharmaceutical agent can be achieved by: (1) 

trituration andgrinding; (2)ballmilling; (3)fluid energy micronization;(4) precipitation 

undercontrolledconditionwhichisachievedbychangingsolventsortemperature,byusingultrasonicwa

vesorspraydryingand(5)usinggastricfluid to precipitate the drugin the form offineparticles. The 

above mentionedmethods areableto easilyachievethereductionin particlesize.However,the 

dissolution rate and absorption may not be increased due to the formation of aggregates 

and/oragglomerates among the fine particles which can be caused by increased surface 

energyand stronger Van der Waals “interactions. Moreover, the fine drug particles may also 

haveawettabilityprobleminwater, whichmay leadtoapoordissolution rate. 

CARRIERSUSEDINSOLIDDISPERSIONS 

The properties of the carrier have a major influence on the dissolution characteristics 

ofthedisperseddrug. Acarriershouldmeetthefollowingcriteriatobesuitableforincreasing 

thedissolution rateof adrug: 
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1. Befreelywater-solublewithintrinsicrapiddissolutionproperties. 

2. Benon-toxicandpharmacologicallyinert. 

3. Beheat stable withalowmeltingpoint forthemeltmethod. 

4. Besoluble inavarietyofsolvents andpassthroughavitreous stateuponsolventevaporationfor 

thesolvent method. 

5. Beableto,prefer-ably,increasetheaqueoussolubilityofthedrug. 

6. Bechemicallycompatiblewiththedrugandnotformastronglybondedcomplexwiththedrug. 

Table1 Different Category of Carrier 

S.No Material Carrier 

1 Sugar Dextrose,Sucrose,Galactose,Sorbitol,Maltose,Xylitol,Mannitol, 

lactose. 

 Polymericmaterials Povidone (PVP), Polyethylene glycols

 (PEG),Hydroxypropylmethylcellulose,Hydroxyeth

ylcellulose, 

Cyclodextrins,Hydroxypropylcellulose 

3 Acids Citricacid,Succinicacid. 

4 Insoluble 

orentericpolymers 

Hydroxypropylmethylcellulosephthalate, Eudragit(L-100/S-

100, RL,RS) 

5 Surfactants Polyoxyethylene stearate, Renex, Poloxamer

 188,TexaforAIP,Deoxycholicacid,Tweens,Spans. 

6 Miscellaneous Pentaerythritol,Urea,Urethane,Pentaerythrityltetra 

acetate,Hydroxyalkylxanthins. 
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ADVANTAGES OF SOLID DISPERSION 

Solid dispersions are promising drug delivery forms which offer the possibility to disperse a 

hydrophobic drug in a hydrophilic matrix and thereby improve the dissolution behavior and the 

bioavailability of the drug. Management 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 and composition, drug crystallinity and particle porosity and 

wettability, when successfully controlled, can produce improvements in bioavailability. 

a)   Particles with reduced particle 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 formed, resulting in an increased 

dissolution rate and, consequently, improved bioavailability. 

b)   Particles with improved wettability 

A strong contribution to the enhancement of drug solubility is related to the drug wettability 

improvement verified in solid dispersions. It was observed that even carriers without any surface 

activity, such as urea improved drug wettability. Carriers with surface activity, such as cholic 

acid and bile salts, when used, can significantly increase the wettability properties of drugs. 

Recently, the inclusion of surfactants in the third generation solid dispersions reinforced the 

importance of this property 
[69]

. 

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, 
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therefore, result in a higher dissolution rate. The increased porosity of solid dispersion particles 

also hastens the drug release profile. 

d)   Drugs in amorphous state 

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. 

Classification of SDs according to type of carriers used 

1.First generation solid dispersion: 

It has been shown by Sekiguchi and Obi in 1961 that the formulation of eutectic mixtures 

improved the rate of drug release which in turn increases the bioavailability of poorly water 

soluble drugs. Solid dispersions systems were developed by Levy who made solid solutions by 

using molecular dispersions instead of using eutectic mixtures, with mannitol as carrier. These 

improvements were due to faster carrier dissolution, releasing particles of drug. These 

dispersions prepared using crystalline carriers were described as first generation of solid 

dispersions. Urea and sugars were the first crystalline carriers to be used in dispersions. The 

major drawback of first-generation solid dispersion is that they form crystalline solid dispersions, 

which being thermodynamically more stable did not release the drug as quickly as amorphous 

ones. 

2. Second generation solid dispersions 

It was noticed in the late sixties that solid dispersions with drug in the crystalline state are not as 

effective as amorphous because they are thermodynamically stable. Therefore, second 

generations of solid dispersions were introduced having amorphous carriers instead of 
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crystalline. Formerly, the drugs were molecularly dispersed in amorphous carriers which are 

usually polymers in random pattern. 

3. Third generation solid dispersions 

Third generation of solid dispersions appeared as the dissolution profile could be increased by 

using carriers having surface activity and self-emulsifying characteristics. These contain 

surfactant carriers or a mixture of amorphous polymers and a surfactant as carrier. The third-

generation solid dispersions stabilize the solid dispersions, increase the bioavailability of the 

poorly soluble drugs and reduce recrystallisation of drug. The use of surfactants such as 

poloxamer 407 as carriers resulted in high polymorphic purity and improved vivo bioavailability. 

PROPOSED MECHANISMS FOR DRUG RELEASE FROM SOLID DISPERSIONS 

Different factors influence the enhancement of dissolution rate of solid dispersions. The use of 

increased amount of urea enhances the dissolution rate of drug as was shown in a study with 

20% chloramphenicol and 80% urea. This was due to the reduction in particle size. However, it 

was later found that the dissolution rate could be improved without any change in the particle 

size. Non surface active carrier can enhance the wettability of a drug s by reducing the contact 

angle and thus causing an increase in the surface area available for dissolution.  

A drug can be retained in the solution by inhibiting its precipitation with the addition of a 

polymer 
[88]

. The dissolution surface is non-disintegrating and the dissolution of both parts is 

diffusion controlled. The dissolution is controlled through a drug rich dissolving surface, formed 

only if the drug makes the larger component. In high polymer loading there is insufficient drug 

to support the drug controlling layer formed at the dissolving surface. This causes the drug to 

disperse within the polymer resulting in a carrier-controlled drug release process. In high drug 

loading solid dispersions, the dissolution rate of the drug can be measured, by considering the 

polymer as faster dissolving component. Hence, the dissolution of the drug is controlled by 

polymer dissolution if the drug forms the minor component in the solid dispersion. Currently, 

there is no mechanism that can predict the behavior of a drug in solid dispersion, as various 
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factors are pivotal in deciding drug release. Extensive work is required in order to fully 

understand the association of the carrier and drug in dispersion. 

CONCLUSION 

Compounds with poor solubility are increasingly posing challenges in the development of new 

drugs, since a large number of drugs coming directly from synthesis or from high throughput 

screening have a very poor solubility. It is well known that drug efficacy can be severely limited 

by poor aqueous solubility, leading to low dissolution rate and thus results in low absorption in 

the gastrointestinal tract after oral administration hence comprising oral bioavaibility. The 

Biopharmaceutical Classification system divides drugs into four classes depending on in vitro 

and in vivo permeability data. For class II drugs dissolution /solubility and for Class III drug 

permeability limits the oral drug absorption. It is obvious that class II drugs the low ability to 

dissolve is a more important limitation to their overall rate and extent of absorption than their 

ability to permeate through the intestinal epithelia. There are several pharmaceutical strategies 

available to improve the aqueous solubility of poorly soluble drugs Among all technique solid 

dispersion (SD), is the most efficient technique from the dispersion in carrier more especially 

poloxamer have been recently widely used as wetting and solubilizing agents as well as surface 

adsorption excipients. They have been employed to enhance the solubility, dissolution and 

bioavailability of many hydrophobic drugs using various techniques, for some drugs, the 

improvement in solubility using poloxamer was higher compared to the other meltable polymers 

such as PEGs and complex forming agents such as cyclodextrin. In the present study, poloxamer 

was thus empirically selected as a hydrophilic carrier for its excellent surfactant properties and 

oral safety.  
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