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INTRODUCTION 
 

The term 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. Though 

many routes of drug administration are there but the oral 

drug delivery is the most preferred route due to ease of 

administration, patient compliance, flexibility in 

formulation, etc. However, in case of the oral route there 

are several bottlenecks such as limited absorption of 

poorly water soluble drugs from gastrointestinal tract 

resulting in low bioavailability and poor pharmacological 

response.
[1]

 Most of the new chemical entities under 

development now-a-days are intended to be used as a 

solid dosage form that originates an effective and 

reproducible in-vivo plasma concentration after oral 

administration due to many advantages of this route like 

greater stability, smaller bulk, accurate dosage and easy 

production.
[2]

 

 

The term „Solid Dispersion‟ refers to a group of solid 

products consisting of at least two different components, 

generally „a Hydrophobic Drug and a Hydrophilic 

Carrier‟. The carrier can be either crystalline or 

amorphous. When the solid dispersion is exposed to 

aqueous media, the carrier dissolves and the drug gets 

released as fine colloidal particles and as a result there is 

enhancement of solubility/dissolution rate of poorly 

water soluble drugs.
[3]

 

The advantages related to the SD when compared 

conventional capsule and tablet formulations 

conventional (Figure 1) is that the formulation is 

disintegrated in the form of particle size less than 1 um 

and is, therefore, more easily dissolved, whereas, in 

conventional formulations, the size particle is greater 

than 5 micrometers.
[4,5]
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ABSTRACT 
 

Solid dispersion is one of the most promising strategies to improve oral bioavailability of poorly soluble API. Solid 

dispersions have attracted 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. This review 

article mainly focuses on solubility ranges, biopharmaceutical classification system (BCS), list of poorly soluble 

drugs, commercial preparations, classification, types, and advantages, and limitations, methods of preparation and 

characterization of solid dispersions. 
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Figure 1: Schematic Representation Of The Increased Bioavailability Of Poorly Water Soluble Drugs By SD.

[6]
 

 

The higher aqueous solubility in the amorphous state 

based on the solvation energy involved in the process 

dissolution due to the arrangement of the molecules that 

system, which is arranged at random. Therefore, in this 

case, low energy solvation is required to separate them 

and homogenize them in half, providing a faster and 

effective dissolution. Thus, the development 

formulations containing the drug in amorphous form are 

often beneficial in terms of dissolution and 

bioavailability.
[7]

 

 

The dissolution of the drug contained in the SD is 

influenced by many other factors, including the method 

used in obtaining, proportion and characteristics of the 

carrier, the pH of the dissolution medium temperature 

and particle surface characteristics resulting from SD.
[8]

 

Among the mentioned influences, the more relevant in 

determining the properties of the SD are. 

 

Classification of SD  
Based on the physical state of the carrier the SD is 

categorized as crystalline SD and amorphous SD. It is 

classified into a first generation, second generation, third 

generation, and fourth generation.  

 

First Generation:-In the first generation, crystalline 

carriers were generally used in SDs. Urea and sugars are 

considered as a first crystalline carrier in the preparation 

of SD. Urea was used as a first crystalline carrier to form 

eutectic mixture with sulfathiazole.
[9]

 

 

Second Generation:-The second generation contains 

amorphous carrier instead of crystalline one. They have 

the ability to produce amorphous SD in which drug and 

carrier are uniformly miscible and soluble to originate a 

homogenous molecular interaction.
[10]

 Povidone, 

polyethylene glycol (EG) polymethacrylate is fully 

synthetic polymer and natural product based polymer 

include cellulose derivative, such as hydroxylpropyl 

methylcellulose (HPMC), ethyl cellulose or 

hydroxypropylcellulose (HPC), or starch derivatives like 

cyclodextrin.
[11]

 

 

Third Generation: - In the third generation, new 

technology has been adopted to overcome the drawbacks 

such as precipitation and recrystallization using self-

emulsifier and surface active agent. The utilization of 

these carriers not only improves the dissolution profile 

but also the physical and chemical stability of the drug. 

The surfactant used in SD is poloxamer, gelucine44/14, 

solupus, compritol 888 ATO sodium lauryl sulfate 

(SLS), d-alpha tocopheryl PEG 1000 succinate (TPGS-

1000), polyoxyethylene hydrogenated castor oil, Tween 

80, and sucrose laurate is used in SD.
[12]

 

 

Fourth Generation: - In the fourth generation, the aim 

of introducing SD is for solubility enhancement and 

extended release in a controlled manner. In this system, 

the poorly water-soluble drug is dispersed in either 

water-soluble carrier or water-insoluble carrier.
[13]

 The 

water-insoluble carrier used in SD is ethyl cellulose, 

eudragit RS, eudragit RL, HPC, polyethylene oxide 

(PEO), and carboxyvinyl polymer (carbomer). Cui et 

al.
[14]

 

 

Advantages of Solid Dispersion
[15,16]

 

1. Particles with reduced particle size increased surface 

area. After carrier dissolution, the drug is 
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molecularly dispersed in the dissolution medium, 

thereby resulting in reduced. Particle size or 

increased surface area. 

2. Particles with improved wettability. Drug solubility 

increases as wettability increases. Use of carriers 

without surface activity such as urea, and with 

surface activity such as cholic acid and bile salts 

improve drug wettability. Carriers enhance drug 

dissolution profile by direct dissolution or co-solvent 

effect. 

3. Particles with high porosity. Studies have shown that 

the particles in solid dispersions have a high degree 

of porosity. The porosity depends on the properties 

of carriers used. For example, a solid dispersion 

containing linear polymers produces larger and more 

porous particles than those containing reticular 

polymers and hence results in a higher dissolution 

rate and bioavailability. 

4. Particles in amorphous state the solubility of drugs 

in amorphous state is higher than the crystalline 

drugs as latter requires energy to break the crystal 

lattice. Hence in solid dispersion, the drug exists as 

dissolution and when the precipitation of drug 

occurs, it exists as a metastable polymorphic form 

with enhanced  dissolution than the crystal form 

 

Disadvantages of solid dispersion
[17]

 

1. Instability 

2. By absorbing moisture, phase separation, crystal 

growth or a change from metastable crystalline form 

to stable form can take place resulting in reduction 

of drug solubility 

3. Difficulty in handling because of tackiness. 

 

Limitations of Solid Dispersions
[18]

 

Although a great research interest in solid dispersion in 

the past four decades, the commercial utilization is very 

limited. Problems of solid dispersion involve 

(i) The physical and chemical stability of drugs and 

vehicles. 

(ii) Method of preparation. 

(iii) Reproducibility of its physicochemical properties. 

(iv) Formulation of solid dispersion into dosage forms, 

and 

(v) Scale-up of manufacturing processes. 

 

Characterization  
Several methods have been used to characterize solid 

dispersions, apart from classical analytical techniques 

such as
[19,20]

 

 Differential scanning Caloriemetry (DSC)  

 X-ray diffraction (XRD)  

 Infrared Spectroscopy (IR)  

 Hot stage and electron microscopy  

 Dissolution testing  

 Raman Spectroscopy  

 Scanning Electron Microscope (SEM), Transmission 

Electron Microscopy (TEM)   

 Methods for determination of residual solvents (e.g. 

GC, Karl-Fischer, Loss on drying or non-destractive 

methods like NIR)  

 Powder flowability: angle of repose, 

compressibility.  

 Solubility studies.  

 In-vitro dissolution rate studies.  

 In-vivo studies: bioavailability, pharmacokinetics.  

 Stability Studies (effect of humidity, 

recrystallization of amorphous drug).  

 

Methods of Preparation of Solid Dispersions 

There are several methods used to prepare solid 

dispersions. Some of these various techniques are briefly 

discussed below. 

 

1. Co-melting Method This method involves the 

preparation of physical mixture of a drug and a water-

soluble carrier and heating it directly till melting. The 

molten mixture is then solidified rapidly in an ice-bath 

under vigorous stirring. The final solid mass is crushed, 

pulverized and sieved. The modification in the method 

can be done by pouring the homogenous melt in the form 

of a thin layer onto a ferrite plate or a stainless steel plate 

and cooled by flowing air or water on the opposite side 

of the plate. In addition, a super-saturation of a solute or 

drug in a system can often be obtained by quenching the 

melt rapidly from a high temperature. Under such 

conditions, the solute molecule is arrested in the solvent 

matrix by the instantaneous solidification process. The 

quenching technique gives a much finer dispersion of 

crystallites when used for simple eutectic mixtures. 

Advantage of co-melting method is that it is economic 

and solventless process, however this method is not 

suitable for the drug or carrier which is unstable at fusion 

temperature or evaporates at higher temperature. Some 

of the means to overcome these problems could be by 

heating the physical mixture in a sealed container or 

melting it under vacuum or in presence of inert gas like 

nitrogen to prevent oxidative degradation of drug or 

carrier.
[21]

 

2. Fusion Method It is a modification of co-melting 

method. The carrier is placed in a porcelain dish and 

heated till melting over steam bath. The accurately 

weighed amount of drug is dispersed into molten carrier 

gradually using a glass rod. After complete dispersion of 

drug within carrier, the dish is removed from steam bath 

and left aside to cool at room temperature till 

solidification of its contents. Then, the solid dispersion 

formed is pulverized and sieved. This method is useful in 

reducing thermal decomposition of drugs.
[22]

 

3. Freeze-drying Method This process consists of 

dissolving the drug and carrier in a common solvent, 

which is immersed in liquid nitrogen until it is fully 

frozen. Then, the frozen solution is further lyophilized. 

Although it is concluded in literature that this is a 

promising and suitable technique to incorporate drug 

substances in stabilizing matrices, the technique is poorly 

exploited for the preparation of solid dispersions due to 

economical reasons. Advantages of freeze drying include 
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that the drug is subjected to minimal thermal stress 

during the formation of the solid dispersion and the risk 

of phase separation is minimized.
[23]

 

4. Supercritical Fluid (SCF) 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. 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 supercritical CO2 (the gas 

is heated beyond its critical temperature and pressure). 

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. Advantages of this technique include reduction of 

particle size and residual solvent content as well as the 

high yield.
[24]

 

5.  Use of Surfactants: - Adsorption of surfactant on 

solid surface modifies their hydrophobicity, surface 

charge, and also controls other interfacial properties such 

as flocculation/dispersion, floating, wetting, 

solubilization, corrosion inhibition and enhanced oil 

recovery. Use of surfactants results in solvation/ 

plasticization, reduction of melting active pharmaceutical 

ingredient, glass transition temperature and combined 

glass transition temperature of solid dispersion.
[25]

 

6. Melt Agglomeration Process: - This technique has 

been used to prepare solid dispersion in which the binder 

acts as a carrier. Solid dispersions are prepared either by 

heating binder, drug and excipient to a temperature 

above the melting point of the binder (melt- in 

procedure) or by spraying a dispersion of drug in molten 

binder on the heated excipient (spray-on procedure). 

Instruments like rotary processor is preferable for high 

melt agglomeration as it is easier to control temperature 

and higher binder content can be incorporated in the 

agglomerates. Melt-in method gives a higher dissolution 

rates than the spray-on method with PEG 3000, 

poloxamer 188 and gelucire 50/13. Enhanced 

homogeneous distribution of drug in agglomerate can be 

achieved by the melt-in method. Larger particles results 

in densification of agglomerates where as fine particles 

cause complete adhesion to the mass after melting.
[25]

 

7. Melt Extrusion Method 

It consists of extruding the previously mixed drug and 

carrier, at high rotational speed, at melting temperature 

for a small.
[25]

 Period of time. In this method, drug 

carrier mix is simultaneously melted, homogenized, and 

processed using a twin-screw extruder. The extrudate 

may be shaped as granules, pellets, sheets or powder 

form, which can be further processed into conventional 

tablets.
[26]

 Polymeric materials such as vinyl polymers 

(PVP, PVP-vinyl acetate), polyethylene oxide, PEG, etc 

are used in hot-melt extrusion. 

8. Melting Solvent Method (Melt Evaporation) 

In this method, the drug is dissolved in a suitable liquid 

solvent followed by incorporation of the solution directly 

into the melt of a suitable carrier which is then 

evaporated until a clear, solvent-free film is left. This 

technique has an advantage of both the fusion and 

solvent evaporation methods. It is only limited to drugs 

with a low therapeutic dose (below 50 mg) and 

applicable for drugs that are thermolabile or have high 

melting points.
[25,26]

 

9. Kneading Method: - 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. This method is suitable for thermolabile drugs 

but, it is not suitable for drugs sensitive to moisture.
[27]

 

10. 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. The powder mixture is 

pulverized. Then, the product is collected and kept at 

room temperature in a screw capped glass vial until 

use.
[28]

 

11.   Electrospinning 

Electrospinning is a process in which solid fibers are 

produced from a polymeric fluid stream solution or melt 

delivered through a millimeter-scale nozzle. This process 

involves the application of a strong electrostatic field 

over a conductive capillary attaching to a 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 

(commonly known as Taylor‟s cone). Beyond the critical 

value, a charged polymer jet is ejected from the apex of 

the cone (as a way of relieving the charge built-up on the 

surface of the pendant drop). The ejected charged jet is 

then carried to the collection screen via the electrostatic 

force. The Coulombic 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 If the viscosity increases, the charged jet is 

dried.
[29]

 This technique has tremendous potential for the 

preparation of nanofibres and controlling the release of 

biomedicine, as it is simplest, the cheapest this technique 

can be utilized for the preparation of solid dispersions in 

future.
[30]

 

12. 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.
[31]

 

13. Direct Capsule filling:-The technique includes 

direct filling of hard gelatin capsules with the liquid melt 

of drug and carrier. This molten dispersion forms a solid 

plug inside the capsule upon cooling to room 

temperature. Advantages include avoidance of grinding-

induced changes in the crystallinity of drug, reduction of 

cross contamination and operator exposure in a dust-free 

environment; better fill weight and content uniformity.
[32]

 

14.  Fluid Bed Coating:- In this method, the solution 

mixture of drug and carrier is sprayed through a nozzle 

onto the surface of nonpareil pellet in a fluid bed 

coating.
[33]

 had prepared resveratrol (RES) mesoporous 

silica MSM SD by fluid bed coating method. They had 
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found that RES mesoporous silica MSM shown higher 

drug loading and more complete dissolution in 

comparison with solvent equilibrium method. 

15.  Ultra Rapid Freezing: - In this technique, the 

frozen particles are collected by applying drug-polymer 

solution to a solid cryogenic substrate. Then, the solvent 

is removed by lyophilization.
[34]

 Compared SFD with SC 

ant solvent method on Oxeglitazar. They investigated 

that SFD shown lower crystallinity and higher 

dissolution rate. 

16 Spray Drying: - It is one of the most efficient 

technologies for manufacturing of SD. In this technique, 

the drug carrier solution is passed through the nozzle and 

atomized into very fine droplets with the increased 

surface area. These droplets are going for evaporation 

process and produce SDs commercially available spray 

dryer such as incivek and intelence which is utilized for 

production of SDs.
[35]

 had presented the formulation of 

SD containing polypeptide-k to enhance its aqueous 

solubility using trehalose and Tween-80 they had 

concluded that the optimized batch of formulation had 

exhibited higher solubility in water as well as various 

aqueous buffers as compared to pure polypeptide-k.
[36]

 

Had enhanced the dissolution rate of Etravirine by 

converting it from crystalline to amorphous form by 

spray drying method. They had used various polymers 

such as Solupus and Povidone which covert it into highly 

soluble amorphous form. They had suggested that spray 

drying method is an efficacious method which enhances 

the solubility as well as the release rate of Etravirine. 

 

CONCLUSION 
 

One of the most challenging problems in pharmaceutical 

field is to increase the bioavailability of orally 

administered poorly water soluble drug. Solid dispersion 

technology extremely helps in improving the dissolution 

property of such drugs. Various techniques described in 

this review are successfully used for the preparation of 

solid dispersions in the bench and lab scale and can be 

used as industrial scale also.  
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