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ABSTRACT 
It is commonly recognized in the pharmaceutical industry that more than 40% newly discovered drug 
candidates are poorly water soluble. The solubility behaviour of drugs remains one of the most 
challenging aspects in formulation development and also complicating the delivery of poorly water 
soluble drugs. To improve such poor solubility issues, solid dispersion techniques are widely applied to 
increase the apparent solubility or enhance the oral bioavailability of poorly water soluble drugs. Inspite 
of tremendous potential for improving drug solubility, only few products have been marketed since the 
development of this technology 40 years ago. This article begins with various types of solid dispersion 
systems including simple eutectic mixture, solid solutions, glass solutions, and amorphous precipitation 
in a crystalline carrier. The remaining portion of this article is devoted to the various formulation and 
development techniques for solid dispersion. 
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INTRODUCTION 
The therapeutic response of a drug is normally 
dependent on an adequate concentration of the 
drug being achieved and then maintained at the 
site or sites of action of the drug. A majority of 
drugs are administered orally and vast majority of 
orally administered drugs are intended to be 
absorbed from the gastrointestinal tract. The 
slowest step in the series of rate processes that 
controls the overall rate and extend of appearance 
of intact drug in the systemic circulation is called 
the rate limiting step. The particular rate limiting 
step may vary from drug to drug. Thus for a drug 
which exhibits a very poor aqueous solubility, the 
rate at which the drug dissolves in the 
gastrointestinal fluids is often the slowest step and 
therefore exhibits a rate limiting effect on the drug 
bioavailability. The enhancement of oral 
bioavailability of such poorly water soluble drugs 
remains one of the most challenging aspects of 
drug development.  
The biopharmaceutical classification system 
divides drugs into four classes depending on 
invitro solubility and invio permeability data1. 
Among the four classes class II drugs shows poor 

solubility and high permeability. It is obvious that 
for class II drugs the low ability to dissolve is a 
more important limitation to their overall rate and 
extent of absorption then their ability to permeate 
through the membrane. 
Therefore, the formulation work for class II 
compounds should focus on the enhancement of 
aqueous solubility or dissolution rate. There are 
various strategies available to improve the 
aqueous solubility or dissolution rate. These are 
solid dispersions, particle size reduction, salt 
formation, complexation with cyclodextrin, the 
use of cosolvents, hydrotropy, nanocrystal 
technology and self emulsifying system. 
Among the various strategies to improve the 
aqueous solubility or dissolution of drugs2 the 
preparation of solid dispersion system has often 
proven to be very succssful3. The term solid 
dispersion refers to the dispersion of one or more 
active ingredients in an inert carrier in the solid 
state4, 5.  
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 
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drug can take place as a result of a reduction in 
drug particle size upto the molecular level and the 
impediment of aggregation, ii) improving 
wetability hence decreasing the thickness of the 
diffusion layer by appropriate selection of the 
carrier system, iii) enhancing the solubility of the 
drug by the formation of a supersaturated 
solution6,7. Moreover, transformation of the 
crystalline drug to the amorphous state upon solid 
dispersion formulation increases the dissolution 
rate since no lattice structure has to be disrupted 
for dissolution to take place6-8. Amorphous drugs 
are however thermodynamically unstable and tend 
to recrystallise in time. Contrary to the popularity 
and promising results of the solid dispersion 
strategy, only few marketed products rely on this 
concept. The reasons for this discrepancy are 
difficulty in incorporating into formulation of 
dosage forms, scale-up of manufacturing process 
and stability of the drug and vehicle. This review 
is therefore devoted to a discussion of various 
formulation methods that have been tried recently 
to overcome the limitations and make the 
preparation more practically feasible. 
PHYSICOCHEMICAL CLASSIFICATION 
OF SOLID DISPERSIONS 
Solid dispersion can be classified as follows: 
a) Simple eutectic mixture 
b) Solid solution 
c) Glass solution 
d) Complex formation 
e) Amorphous precipitation in a crystalline carrier 
a) Simple eutectic mixture 
A simple eutectic mixture can be described as an 
intimately blended physical mixture of two 
crystalline components, which are completely 
miscible in the liquid state, but not in the solid 
state (Figure 1). 

 
Figure 1: Phase diagram for eutectic system 

When a mixture of A and B with composition E is 
cooled, A and B crystallize out simultaneously. 
However, when other compositions are cooled, 
one of the components starts to crystallize out 
before the other. Solid eutectic mixtures are 
usually prepared by rapid cooling of a co melt of 
the two compounds in order to obtain a physical 
mixture of very fine crystals of the two 
components. When a eutectic mixture, composed 
of a poorly soluble drug and a highly soluble 
carrier, is exposed to water or gastrointestinal 
fluids, the soluble carriers dissolve rapidly leaving 
very fine crystalline state that will rapidly go into 
solution4,9. Due to increased surface area of the 
insoluble compound, an enhanced dissolution rate 
and hence an increased oral absorption is obtained 
as can be derived from the Noyes-Whitney 
equation.  
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Differential thermal analysis (DTA) of binary 
mixtures normally exhibits two endotherms, but a 
binary mixture of eutectic composition usually 
exhibits a single endotherm. In the case of a 
simple eutectic system, the thaw points of binary 
mixtures of varying compositions are equal to the 
eutectic temperature of the system. 
b) Solid solutions 
Solid solution consists of a solid solute dissolved 
in a solid solvent. The particle size in solid 
solution is reduced to molecular level. It was 
reported that a solid solution of a poorly soluble 
drug in a fast dissolving carrier achieves a faster 
dissolution rate than a eutectic mixture because 
the drug particle size is reduced to its absolute 
minimum as it is molecularly dispersed in the 
carrier in a solid solution10-12.  
As the drug is molecularly dispersed in the carrier 
matrix, its effective surface area is significantly 
higher and hence the dissolution rate is increased. 
In the case of felodipine-PVP solid dispersions, 
hydrogen bond interaction between felodipine and 
PVP has shown to enhance drug dissolution13. 
Solid solutions have also improved physical 
stability of amorphous drugs by inhibiting drug 
crystallization by minimizing molecular 
mobility14.  
Solid solutions can be classified by their 
miscibility characteristics (continuous or 
discontinuous) or by the way in which the 
solute/solvent molecules are distributed in the 
lattice (interstitial, substitutional or amorphous). 
i) Continuous solid solutions 
In a continuous solid solution the components are 
totally miscible with one another in all proportions 
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in both the liquid and solid state. The lattice 
energy of the continuous solid solution at all 
compositions is higher than that of the respective 
pure components in the solid state, because the 
hetoromolecular bonding strength is higher than 
the homomolecular one in order to form a 
continuous solid solution. Figure 2 shows the 
hypothetical phase diagram of a continuous solid 
solution.  

 
Figure 2: Hypothetical phase diagram of a 
continuous  
solid solution 
ii) Discontinuous solid solution 
In discontinuous solid solutions, the miscibility or 
solubility of one component in the other is limited. 
Figure 3 shows a typical phase diagram of a 
discontinuous solid solution. α and β shows the 
regions of true solid solutions. The region labelled 
α is a solid solution of B in A that is component A 
would be regarded as the solvent and B as the 
solute. Similarly the region labelled β is a solid 
solution of A in B. Below a certain temperatute, 
the mutual solubilities of the two components start 
to decrease. Goldberg et al12 showed that the term 
solid solution should only be applied when the 
mutual solubility of the two components exceeds 
5%. Formulation of dosage form with solid 
solution will depend on both the mutual 
solubilities of the two components and dose of the 
drug component. The maximum limit of a tablet 
or capsule is about 1 gram. Assuming that the 
solubility of the drug in the carrier is 10%, doses 
of above 100 mg would not be feasible with this 
strategy. If the drug solubility in the carrier is 
significantly higher than 10%, larger doses can be 
entertained. 

 
Figure 3: hypothetical phase diagram of a  
discontinuous solid solution 
 
iii) Substitutional solid solution 
In substitutional solid solutions the solid 
molecules replace the solvent molecule in the 
crystal lattice of the solid solvent. An extensive 
solid solution can only be formed when the 
effective diameter of the solute differs by less than 
15%15 from that of the solvent and when the 
packing patterns of solvent and solute are 
comparable. A substitutional solid solution is 
shown in Figure 4.  

IJ
P

B
A

, S
ep

-O
ct

, 2
01

0,
 V

ol
. 1

, I
ss

ue
, 4

 

 
Figure 4: Substitutional solid solution 
iv) Interstitial solid solution 
In interstitial solid solutions the dissolved 
molecules occupy the interstitial spaces between 
the solvent molecules in the solvent crystal lattice. 
In order to fit into the interstices, the size of the 
solute molecules is critical. The diameter of solute 
molecules should be less than 59% of the diameter 
of the solvent molecules16. Furthermore, the 
volume of the solute molecules should be less 
than 20% of that of the solvent. Figure 5 shows 
the arrangement of molecules in an interstitial 
solid solution. 
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Figure 5:  Interstitial solid solution 
v) Amorphous solid solutions 
The solute molecules are dispersed molecularly 
but irregularly within the amorphous solvent. 
Chiou and Rigelman17 were prepared solid 
dispersion using griseofulvin in citric acid and 
showed that they form amorphous solid solution 
to increase drug dissolution properties. Various 
carriers that were used included urea, sucrose, 
dextrose, galactose, polyvinyl pyrrolidone (PVP) 
and polyethylene glycol (PEG). 
Polymer carriers are particularly to form 
amorphous solid solutions as the polymer itself is 
present in the form of an amorphous polymer 
chain network. In addition, the solute molecules 
may save to plasticize the polymer, leading to a 
reduction in its glass transition temperature. An 
amorphous solid solution is depicted in Figure 6. 

 
Figure 6: Amorphous solid solution 
 
 
c) Glass solutions 
A glass solution, also known as an amorphous 
solution, is a homogeneous system in which a 
glassy or a vitreous form of the carrier solubilises 
drug molecules. The glassy or vitreous state is 
characterized by transparency and brittleness 
below the glass transition temperature (Tg). The 
temperature at which a glassy polymer becomes 
rubbery on heating and a rubbery polymer reverts 
to a glassy one on cooling is called the glass 
transition temperature, Tg. The glass transition is 
not a sharp transition but a gradual transition and 
is the mid value of the temperature region of 

transition between brittle and soft. Well below the 
Tg, the glass solutions are hard, stiff glassy 
materials; at the temperature well above Tg, the 
materials are rubbery. They are formed by either 
(rapid) cooling of the melt or (rapid) evaporation 
of a solution.  
Upon cooling or evaporation, the drug is vitrified 
into its glassy state in the amorphous carrier. 
Specific volume, specific heat, viscosity, 
refractive index, compressibility, thermal 
conductivity and other physico-chemical 
properties of the glass show changes when cooled 
or heated through the glass transition temperature. 
Figure 7 shows the relationship between 
temperature (T) and volume (V) or enthalpy (H) 
for the liquid, glassy and crystalline state of a 
material.  
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Figure 7: Schematic picture of the variation of  
enthalpy (or volume) with temperature 
As the melted crystalline component is cooled, it 
may solidify below the melting point(Tm) into a 
crystalline state, or form a glass. Consider a 
molecular liquid that is slowly cooled. There is a 
discontinuity in both H and V at the melting 
temperature(Tm) representing the first order phase 
transition to the solid state. The average kinetic 
energy of molecules no longer exceeds the 
binding energy between neighbouring molecules 
and growth of organized solid crystals begins. 
Formation of an order system takes a certain 
amount of time. Upon rapid cooling the melt the 
values of H and V may follow the equilibrium line 
for the liquid beyond the melting temperature into 
a “super cooled liquid” region. On cooling further 
a change in slope is usually seen at a temperature 
Tg. At Tg the properties of the glassy material 
deviate from those of the equilibrium super cooled 
liquid to give nonequilibrium state having higher 
H and V than the super cooled liquid. As a result 
of higher internal energy the amorphous state 
should have enhanced thermodynamic properties 
relative to the crystalline state (e.g., solubility, 
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vapour pressure) and greater molecular motion. 
Below Tg the material is kinetically frozen into a 
thermodynamically unstable glassy state with 
respect to both the equilibrium liquid and the 
crystalline phase. The high internal energy and 
specific volume of the amorphous state relative to 
the crystalline state lead to enhance dissolution 
and bioavailability18.  
The main advantage of glass solutions over solid 
solutions is that they do not possess a strong 
lattice as true solid solutions and hence they do 
not present this barrier to rapid dissolution. An 
important disadvantage of glass solutions is that 
the glassy state is metastable compared to the 
crystalline state, and depending on its 
physicochemical properties and storage conditions 
a glass can convert into a crystalline solid19. 
Crystallization from the amorphous state over 
practical time scales can be prevented by keeping 
the operating temperature below Tg

20,21 by 
reducing the water content or by raising the Tg of 
the system using additives with high Tg values14. 
d) Complex formation 
These are dispersions in which a drug forms a 
complex with an inert water soluble carrier in the 
solid state. The availability of the drug depends on 
the solubility and stability constant of the complex 
and the absorption rate of the drug. The 
dissolution rate of the drug and oral absorption are 
believed to be enhanced by formation of a water 
soluble complex with a high dissociation constant. 
Cyclodextrins are frequently used complex 
carriers. Cyclodextrins are cyclic (α-1,4) linked 
oligosaccharides of α-D-glucopyranose containing 
a relatively hydrophobic central cavity and 
hydrophilic outer surface. The parent or natural 
cyclodextrins consist of 6,7 or 8 glucopyranose 
units and are referred to as alpha(α-), beta(β-) and 
gamma (γ-) cyclodextrin respectively. 
Cyclodextrin forming a cavity of which the 
interior is rather hydrophobic, whereas the 
exterior is highly hydrophilic. The resulting 
complex hides most of the hydrophobic 
functionality in the interior cavity of the 
cyclodextrin while the hydrophilic hydroxyl 
groups on the external surface remain exposed to 
the environment. The net effect is that a water 
soluble cyclodextrin-drug complex is formed. 
Solubility of the various poorly water soluble 
drugs can be increased by this system22-25.  
e) Amorphous precipitation in a crystalline 
carrier 

Instead of simultaneous crystallization of the drug 
and the carrier (eutectic system), the drug may 
also precipitate in an amorphous form in the 
crystalline carrier. The high energy state of the 
drug in this system generally produces much 
greater dissolution rates than the corresponding 
crystalline forms of the drug26. 
METHODS FOR MANUFACTURING OF 
SOLID DISPERSIONS 
Various manufacturing methods for solid 
dispersions have been reported in literature. 
During the manufacturing techniques, demixing 
(partially or complete), and formation of different 
phases is observed. Phase separations like 
crystallization or formation of amorphous drug 
clusters are difficult to control and therefore 
unwanted. It was already recognized in one of the 
first studies on solid dispersions that the extent of 
phase separation can be minimized by rapid 
cooling procedure3,4. Generally, phase separation 
can be prevented by maintaining a low molecular 
mobility of matrix and drug during preparation. 
On the other hand, phase separation is prevented 
by maintaining the driving force for example by 
keeping the mixture at an elevated temperature 
thereby maintaining sufficient miscibility for as 
long as possible.  
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Serajuddin27 reported the major limitation in the 
development of solid dispersions is the lack of 
suitable manufacturing techniques that could be 
scaled up to commercial production. 
The various limitations are 
a) Laborious and expensive methods of 
preparation.  
b) Reproducibility of physicochemical 
characteristics. 
c) Difficulty in incorporating into formulation of 
dosage forms. 
d) Stability of the drug and vehicle. 
Various methods have been tried recently to 
overcome the limitations and make the 
preparation more practically feasible while, at the 
same time, retaining both the physicochemical and 
bioavailability enhancing properties of solid 
dispersions. 
Solvent Method 
The solvent method aims to dissolve the drug and 
carrier simultaneously in a common solvent, 
followed by the removal of solvent by 
evaporation28-29. The solvent can be removed by 
any one of a number of methods. Temperatures 
used for solvent evaporation usually lie in the 
range 23-650C30,31. The solvent can also be 
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removed by freeze-drying32 or by spray drying33. 
The drug used in solid dispersions is usually 
hydrophobic and the carrier is hydrophilic. It is 
often difficult to identify a common solvent to 
dissolve both components. Frequently used 
solvents include, ethanol, methanol and methylene 
chloride. In some cases, large volumes of solvents 
as well as heating may be necessary to enable 
complete dissolution of both the components. To 
minimize the volume of organic solvent 
necessary, some investigators reported the use of 
cosolvents34.  
The main advantage of the solvent method is 
thermal decomposition of drugs or carriers can be 
prevented because of the relatively low 
temperatures required for the evaporation of 
solvents. Similarly, many polymers that could not 
be utilized for the melting method due to their 
high melting points (e.g., PVP) could be now 
considered as carrier possibilities. However, 
solvent methods show multiple disadvantages 

such as; expensive, ecological and environmental 
problems, difficult to find a common and 
removable solvent, and residual solvent which can 
cause health risk and can have an effect on the 
physicochemical stability of drug, carrier and 
dispersion.  
Tachibechi and Nakumara35 were the first to 
dissolve both the drug (β-carotene) and the carrier 
(PVP) in a common solvent and then evaporate 
the solvent under vacuum to produce a solid 
dispersion. Mayersohn and Gibaldi36 prepared 
solid dispersion by dissolving both griseofulvin 
and PVP in chloroform, and then evaporating the 
solvent. The release rate of griseofulvin from the 
solid dispersion was 5 to 11 times higher than that 
of micronized drug, depending on the drug/carrier 
ratio. 
Solid dispersion of various poorly water soluble 
drugs prepared by solvent evaporation method 
presented in (Table 1). 
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Table 1: Preparation of solid dispersion of poorly soluble drugs by solvent evaporation method. 
Drug Carrier Solvent Solvent removal Refere

nce 
Piroxicam DMPC, PEG 4600. Chloroform Under current of N2 gas 

for a period of 6 hours. 
37 

Felodipine HPMC, Poloxamer 188, Poloxamer 
407,       HCO-60. 

Ethanol Using a rotary vacuum 
evaporator set to 450C 
and 45 rpm for 12 hours. 

38 

ABT-963 Pluronic F-68 Ethanol Slowly evaporate at 
ambient condition over 
one week. 

39 

Carbamazepine PVP K30, Gelucire 44/14 Methanol Under vacuum in a 
rotavapor at 400C and 45 
rpm for 24 hours. 

40 

Phenytoin PEG 6000, PVP K30 Ethanol Under reduced pressure at 
400C. 

41 

Nimesulide Β-CD Water: methanol 
= 1:1 

Evaporated at a 
temperature of 450C 

42 

Pizotifen 
malate 

PVP Chloroform: 
methanol=1:1 

Evaporated in oven at 
400C 

43 

Itraconazole Lactose, MCC, Primogel, Kolidone 
CL, AC-Di-Sol 

Dichloromethane Evaporated at 600C for 4 
hours. 

44 

Furosemide PVP Methanol Using rotary evaporator 
under reduced pressure at 
700C. 

45 

Diflunisal PVP Ethanol or  
chloroform 

Under vacuum in a rotary 
evaporator at 400C. 

46 

Naproxen Ethyl cellulose, lactose Ethyl ether: methanol 
=1:1 

Constantly stirred at 400C 
until complete 
evaporation. 

47 

Nilvadipine L-HPC, Croscarmellose-Na, 
Carmellose, Carmellose-Ca, 
Crospovidone 

Ethanol Under reduced pressure at 
450C 

48 

Nifedipine Hypermellose acetate succinate, 
hypermellose phthalate, povidone K30, 
methacrylic acid ethyl acrylate 
copolymer 

Ethanol: 
dichloromethane=1:1 

Evaporated at 60-800C 49 



Melting Method 
The melting method aims to heat the physical 
mixture of drug and carrier to the liquid state 
followed by cooling, resulting in solidification of 
the melt. This melting method can be performed 
by mixing drug and carrier in a beaker on an oil 
bath followed by cooling the mixture in an ice 
bath. Sekiguchi and Obi4 used a melting method 
to prepare simple eutectic mixtures. Sulfathiazole 
and urea were melted together at a temperature 
above the eutectic point and then cooled in an ice 
bath. Cooling leads to supersaturation, but due to 
solidification the dispersed drug becomes trapped 
within the carrier matrix. 

*Corresponding Author: Tapan Kumar Giri, Email: tapan_ju01@rediffmail.com,Contact No: 09229206752        

Although frequently applied, the melting method 
has serious limitations. Firstly, a major 
disadvantage is that the method can only be 
applied when drug and matrix are compatible and 
when they mix well at the heating temperature. 
When drug and matrix are incompatible two liquid 
phases or a suspension can be observed in the 
heated mixture, 50,51 which results in an 
inhomogeneous solid dispersion. This can be 
prevented by using surfactants52,53. Secondly, a 
problem can arise during cooling when the drug-
matrix miscibility changes. In this case phase 
separations can occur. Indeed, it was observed that 
when the mixture was slowly cooled, crystalline 
drug occurred, whereas fast cooling yielded 
amorphous solid dispersions54,55. Thirdly, 
degradation of the drug and or matrix can occur 
during heating to temperatures necessary to melt 
matrix and drug. For example, to melt a sugar 
matrix of galactose a temperature of 1690C was 
required56 and in order to get the glassy PVP in 
the rubbery state a temperature of about 1700C is 
required. PEGS melt at around 700C and are 
therefore often used for the preparation of solid 
dispersions with the melting method. 
Solid dispersion of various poorly water soluble 
drugs prepared by melting method presented in 
(Table 2). 
Table 2: Preparation of solid dispersions by melting 
method 
Drug Carrier Melting 

tempera
ture 

Refere
nce 

Sodium ferulate Compritol 888 ATO 750C 57 
Nifedipine Pluronic F-68 1000C 58 
Carbamazepine PEG 6000 2000C 59 
Triamterene D-mannitol 1650C 60 
Glyburide PEG 4000, PEG 

6000 
1200C 61 

Oxazepam PEG 1500. PEG 
4000, PEG 6000 

1000C, 
1500C 

62 

Itraconazole PEG 3350, 
8000,20000,glycero
l,HPMC 

1200C 63 

Ibuprofen PEG 20000 90-950C 64 

Melting Solvent method 
The melting –solvent method is a combination of 
the two methods mentioned above. It is performed 
by dissolving the drug in a suitable solvent and 
mixing of this solution with the molten carrier 
followed by cooling, resulting in 
solidification65,66. The advantage of this method is 
that it can reduce maximum temperature and 
result in less decomposition of thermolabile drugs. 
However, only a low drug loading is possible for 
this method. 
Hot Melt Extrusion 
Hot melt extrusion is a very common way of 
processing plastics in the polymer industry, but 
Speiser67,68 and Huttenrach69 were the first to 
adapt the process for pharmaceutical purposes. 
The process has been useful in the preparation of 
solid dispersions in a single step. Hot melt 
extrusion method is used in the preparation of 
various dosage forms in the pharmaceutical 
industry such as preparation of sustained release 
pellets. A melt extrusion consists of an opening to 
feed raw materials, a heated barrel that consists of 
extruder screws to convey and mix the fed 
materials, and an exit port, which consists of an 
optional die to shape the extruding mass. 
Typically, a physical mixture of drug substance 
and other ingredients is fed into the heated barrel 
of extruder at a controlled rate. As the physical 
mixture is conveyed through heated screws, it is 
transformed into its “fluid like state”, which 
allows intimate and homogeneous mixing by the 
high shear of extruder screws. The die then shapes 
the melt in the required form such as granules, 
pellets, films, or powder that can be further 
processed into conventional tablets or capsules. 
An important advantage of the hot melt extrusion 
method is that the drug/carrier mix is only 
subjected to an elevated temperature for about one 
minute, which enables drug that are somewhat 
thermolabile to be processed. 
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Polymers such as PVP, HPMC, polymethacrylate 
polymers, poly (ethylene oxides), HPMC acetate 
succinate, and so forth, were successfully used 
during hot melt extrusion to form solid 
dispersions of various drugs (Table 3). 
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Table 3: List of drugs and polymers used during the preparation 
Drug Carrier Dosage form Reference 
Oxprenolol 
hydrochloride 

EudragitR RS/RL Pellets 70 

Theophylline EudragitR 4135F Pellets 71 
Diltiazem hydrochloride Eudragit S Granules 72 
Lidocaine Eudragit E Transdermal and transmucosal drug delivery systems. 73 
Chlorpheniramine 
hydrochloride 

Hydroxypropyl 
Cellulose 

Transdermal and transmucosal drug delivery systems. 74 

Chlorpheniramine 
maleate 

Poly(ethylene oxide) Sustained release tablet 75 

Melanotan-1 Poly(lactide-co-glycolide) Implant 76 

Melanotan-1 Poly(lactide-co-glycolide) Implant 77 

17β-Estradiol 
hemihydrate 

PEG 6000, PVP K30 Tablets 78 

Metoprolol tartrate Ethyl cellulose Sustained release mini-matrices 79 

Spray Drying 
Spray drying is a process where a solution of drug 
substance and carrier is evaporated by spraying 
the solution as fine droplets into a chamber that is 
maintained under controlled conditions of heat, 
humidity, and airflow. The spray drying principle 
involves evaporation of solvent or moisture from a 
mixture or an atomized feed by mixing the spray 
and the drying medium. The drying medium is 
typically air. Drying proceeds until the desired 
moisture content is reached in the sprayed articles 
and the product is then separated from the air.  
Spray dryers can be used from small to very large 
scale productions depending on their design. They 
can reach evaporative capacities of upto 15,000 
Ib/hour. The raw materials fluid is sprayed into 
hot air and transformed into droplets and then 
dried particles. The particle size of the dry product 
is very small in comparison with other solvent 
methods. It also provides the advantage of weight 
and volume reduction. The dissolution rate of 
many poorly water soluble drugs has been 
enhanced using spray drying80,81. Organic solvents 
are normally used during spray drying process as 
they are easy to evaporate and possess good 
solvent capacity for many poorly water soluble 
drugs. The morphology form of solid dispersion, 
and consequently the drug dissolution and 
stability, can be impacted by the process 
parameters and geometry of equipment. For 
instance, the particle size of spray-dried solid 
dispersion can be controlled by varying the 
concentration of solute in spray-drying liquid and 
the droplet size during spray-drying process82. 

Supercritical Fluid Technology 
A supercritical fluid is any substance at a 
temperature and pressure above its critical point. 
It can diffuse through solids like a gas, and 
dissolve materials like a liquid. In addition, close 
to the critical point, small changes in pressure or 
temperature result in large changes in density, 
allowing many properties of a supercritical fluid 
to be “fine tuned”. Supercritical fluids are suitable 
as a substitute for organic solvents in a range of 
industrial and laboratory processes. At the critical 
point, densities of liquid and gas are equal and 
there is no phase boundary, as shown Figure 8. 
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Figure 8: Supercritical region of a hypothetical 
compound 
Above the critical point, that is, in the 
supercritical region, the liquid possesses the 
penetrating power typical a gas and the solvent 
power typical of a liquid. Carbon dioxide is 
currently the most commonly used supercritical 
fluid because of its low critical temperature 
(TC) and pressure (PC) [ TC = 31.10C, PC = 73.8 
bar]. Apart from being nontoxic, non-flammable, 
and inexpensive, the low critical temperature of 
carbon dioxide makes it attractive for processing 
heat labile pharmaceuticals. 
Depending on the method by which solution and 
supercritical fluid are introduced and mixed into 
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each other, different applications have been 
described. These includes 
a) Precipitation from supercritical solutions-rapid 
expansion of supercritical solution (RESS). 
b) Gas antisolvent (GAS) or supercritical 
antisolvent (SAS) recrystallization. 
c) Solution enhanced dispersion by supercritical 
fluids (SEDS). 
d) Aerosol solvent interaction system (ASES). 
e) Precipitation with compressed antisolvent 
(PCA). 
f) Precipitation from gas-saturated solutions 
(PGSS). 
a) Precipitation from supercritical solutions-
rapid expansion of supercritical solution 
(RESS) 
When supercritical CO2 is used as solvent, matrix 
and drug are dissolved and sprayed through a 
nozzle, into an expansion vessel with lower 
pressure, particles are immediately formed. The 
adiabatic expansion of the mixture results in rapid 
cooling. The technique is known as rapid 
expansion of supercritical solution (RESS). 
During RESS process, the supercritical fluid is 
diffused through a bed of solid solute. As the fluid 
diffuses through the bed, the solid solute dissolves 
in it. The fluid solution is then depressurized in a 
separate chamber causing an extremely rapid 
nucleation and precipitation of high energy solids. 
However, the application of this technique is very 
limited, because the solubility in CO2 of most 
pharmaceutical compounds is very low83 and 
decrease with increasing polarity84. 
b) Gas antisolvent (GAS) or supercritical 
antisolvent (SAS) recrystallization 
In this process, supercritical fluid is filled into a 
chamber and a batch of solution is introduced 
later. The supercritical fluid penetrates into the 
solution and expands it and resulting in 
precipitation of drug and matrix. When the 
volume of the solution expands the solvent 
strength (i.e., the ability to dissolve the drug) 
decreases. This results in precipitation of matrix 
and drug. 
c) Solution enhanced dispersion by 
supercritical fluids (SEDS) 
One intrinsic limitation of supercritical fluids is 
their inability to dissolve moderate to high polar 
compounds. Such compounds can be easily 
dissolved in suitable organic solvents, and 
supercritical fluids can be used as antisolvents to 
precipitate the solids. This procedure has been 

termed as “Solution enhanced dispersion by 
supercritical fluids” (SEDS). 
d) Aerosol solvent interaction system (ASES) 
Here, the solution is sprayed through atomization 
nozzle into a chamber filled with supercritical 
fluid. Expansion of solution occurs within the fine 
droplets of solvent being sprayed, thus creating 
supersaturation and precipitation of solids as fine 
particles. 
e) Precipitation with compressed antisolvent 
(PCA) 
In precipitation with compressed antisolvent 
process higher mass transfer rate and efficient 
crystallization are achieved by spraying 
compressed antisolvent into solution being 
sprayed.  
f) Precipitation from gas-saturated solutions 
(PGSS) 
In the PGSS process, a melt of the drug and 
carrier saturated with supercritical CO2 is rapidly 
cooled by adiabatic expansion of CO2 whereupon 
the solid dispersion precipitates in the form of 
microparticles. This rapid cooling and expansion 
of CO2 produces fine particles with a narrow 
particle size distribution and, therby, avoids the 
communition step. In principle, the technique is 
similar to the RESS process except that on 
expansion the phase separation is caused by 
evaporation of the volatile component from the 
homogeneous liquid phase. Because no organic 
solvent is used, the tedious process of removal of 
residual solvent is completely avoided (CO2 is an 
inert gas at atmospheric pressure).  
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Direct Capsule Filling 
Francois and Jones85 was first described the filling 
of semisolid materials into hard gelatine capsules 
as melts, which solidify at room temperature. It 
was not until much later that the potential 
application of the technique for solid dispersions 
was fully realized. Chathan86prepared PEG-based 
solid dispersions by filling drug-PEG melt in hard 
gelatine capsules. This molten dispersion forms a 
solid plug inside the capsule on cooling to room 
temperature. However, PEG was not a suitable 
carrier for the direct capsule filling method as the 
water soluble carrier dissolved more rapidly than 
the drug, resulting in drug rich layers formed over 
the surface of dissolving plugs, which prevented 
further dissolution of the drug87. Serajuddin et al88 
and Law et al89 mixed surfactant to drug-carrier 
melt to avoid formation of a drug-rich surface 
layer.  
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Use of surfactant  
The interest to use surface active and self-
emulsifying carriers for the solid dispersion of 
poorly soluble drugs increased in recent years90-91. 
Serajuddin et al 92 achieved a complete dissolution 
of drug from solid dispersions by using surface 
active or self-emulsifying carriers. Such carriers 
prevented the formation of the water insoluble 
surface layers by dispersing or emulsifying the 
drug in a finely divided state, which resulted in a 
high surface area of the drug. This would facilitate 
its dissolution in the gastrointestinal fluids, 
especially in the presence of bile salts, lecithin, 
and lipid digestion mixtures. 
The commonly used surface active carriers in 
solid dispersions for bioavailability enhancement 
of drugs are Gelucire 44/14, vitamin E TPGS NF 
and Tween 80. Serajuddin and coworkers88,91,93 
demonstrated that Tween 80 could be used in 
solid dispersions by mixing it with solid PEG. The 
crystalline structure of solid PEG was minimally 
affected by polysorbate 80 because the two 
compounds have a low miscibility in each other. 
The bioavailability of this kind of solid dispersion 
showed a 20 fold increase compared to the dry 
blend of micronized drug with microcrystalline 
cellulose. 
Electrostatic Spinning 
In an electrostatic spinning process a drug matrix 
solution is pumped through an orifice and then 
subjected to an electrical field. When electrical 
forces overcome the surface tension of the 
drug/polymer solution at the air interface, fibres of 
submicron diameters are formed. As the solvent 
evaporates, the formed fibres can be collected on a 
screen to give nanofibers. This electrospun fibre 
can be incorporated into hard gelatine capsules. 
This process is restricted to a limited amount of 
matrices, because only a few high molecular 
weight materials are fibre forming materials. The 
fibre diameter can be adjusted by surface tension, 
electrical field and dielectric constant81. After 
rapid evaporation of the solvent, the fibres can be 
directly used or milled and further processed94.  
Melt Agglomeration 
A rotary processor has been used for the 
preparation of solid dispersion by melt 
agglomeration method. Binder acts as a carrier by 
this technique. 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) by using a high shear mixer. 
It has been investigated that the melt in procedure 
gives a higher dissolution rates than the spray on 
procedure with PEG 3000, poloxemer 188 and 
gelucire 50/13 attributed to immersion mechanism 
of agglomerates formation and growth. In addition 
the melt in procedure also results in homogeneous 
distribution of drug in agglomerate.  
Cryogenic Technique 
It is proposed that all fluids which have a critical 
temperature which lies below or within the normal 
ambient temperature range be defined as cryogen. 
The upper limit of the normal ambient 
temperature range is selected to be 323.180K 
(500C). This is the arbitrary but rational. Based on 
this concept, cryogens then, are those gases which 
cannot exist as liquids, without refrigeration, 
regardless of the amount of pressure which is 
applied. The family of cryogens will begin with 
Helium II near the lower boundary and include 
CO2 at the upper boundary.  
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Cryogenic processing techniques have been 
developed to enhance the dissolution rate by 
creating nanostructured amorphous particles with 
high degree of porosity. Cryogenic process allow 
for a reduction in the primary particle size of drug 
particles without the intense frictional or 
mechanical forces involved in ball-milling or 
other processes relying on frictional communition 
or trituration with a mortar and pestle, which can 
cause degradation of the drug through thermal 
stress. Initially the feed solution is dispersed 
through an injection device (capillary, rotary, 
pneumatic or ultrasonic nozzle) in a cryogenic 
medium. After cryogenic processing, dry powder 
can be obtained by various drying processes like 
spray freeze drying, atmospheric freeze drying, 
vacuum freeze drying and lyophilisation.  
There are various cryogenic techniques for the 
preparation of solid dispersion particles. These 
include 
a) Spray freezing onto cryogenic fluids 
b) Spray freezing into cryogenic fluids 
c) Spray freeze drying 
d) Ultra rapid freezing 
a) Spray freezing onto cryogenic fluids 
In this technique, the drug and the carrier were 
dissolved in water and atomized above the surface 
of a boiling agitated fluorocarbon refrigerant. 
Sonication probe can be placed in the stirred 
refrigerant to enhance the dispersion of the 
aqueous solution. Briggs and Maxvell95 prepared 
powder blends by using this technique. 
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b) Spray freezing into cryogenic fluids 
In this technique, a feed solution containing an 
active pharmaceutical ingredient and 
pharmaceutical excipient (s) is atomized beneath 
the surface of a cryogenic liquid, such as liquid 
nitrogen. The impingement between the feed 
solution and cryogenic liquid results in intense 
atomization of the feed into microdroplets, which 
freeze instantly in the cryogen. Thus, the frozen 
microparticles are suspended within the cryogenic 
continuous phase. The suspended frozen phase 
can be separated from the continuous phase by 
sieve separation or by allowing the cryogen to 
evaporate. Once the frozen microparticles are 
collected, the solvent(s) can be removed by 
lyophilisation. The dry micronized powder 
contains the active pharmaceutical ingredient 
molecularly embedded within a pharmaceutical 
excipient matrix. 
c) Spray freeze drying 
The spray freeze drying method typically involves 
the atomization of a drug containing solution in 
gaseous nitrogen above a pool of liquid nitrogen. 
The fine droplets of drug/solvent are frozen, then 
lyophilized to remove the solvent. The rapid 
freezing rates in the cryogenic liquids substrate do 
not allow for molecular arrangement into 
crystalline domains, so this process produces 
amorphous drug nanoparticle aggregates with 
improved dissolution rates. The scalability of this 
type of technology, however, has limited its 
widespread industrial use. 
d) Ultra rapid freezing 
Ultra rapid freezing technology involves the use 
of a solid cryogenic substrate with a thermal 
conductivity between 10 and 20 W/m degrees K. 
A solution of the drug is applied to the solid 
surface of the substrate, where instantaneous 
freezing takes place. Brownian motion of the 
particles in solution is slowed significantly, so 
reactive species have little to react before being 
frozen into the solid state. Removal of the frozen 
particles and lyophilisation of the solvent 
produces stable amorphous particles. This 
technique has been investigated for solubility 
enhancement of repaglinide96. 
Spraying a sugar beads using a fluidized bed 
coating system 
In this method fluidized beds are used to spray 
solutions onto the granular surface of excipients or 
sugar spheres to produce granules ready for 
tableting or drug coated pellets for encapsulation 
in one step. Here drug and hydrophilic carrier are 

dissolved in common organic solvent to produce 
solution which is coated over sugar bead and then 
solvent is evaporated to form solid solution of 
drug in carrier absorbed over sugar beads. 
Kennedy and Niebergall described a hot-melt 
fluid bed method whereby non-pareils could be 
coated with PEGS with molecular weights 
between 1450 and 460097. Itraconazole solid 
dispersion with HPMC is coated on sugar sphere 
by evaporation of organic solvents where HPMC 
acts as a stabilizer to inhibit recrystallization of 
the itraconazole98.  
Conclusion 
Solid dispersion systems have been realized as 
extremely useful tool in improving the dissolution 
properties of poorly water soluble drugs. The most 
frequent concerns with solid dispersions have 
been the ability to scale-up the manufacturing 
method. 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. These include 
methods like hot-melt extrusion, spraying on 
sugar beads, and direct capsule filling. Hence 
these techniques are expected to form a basis for 
the commercialization of many poorly water 
soluble and water-insoluble drugs in their solid 
dispersion formulations in the near future. 
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