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Summary

There are many methods to increase solubility of a substance. These include, inter alia, preparation of solid dispersions, i.e.
eutectic mixtures, solid solutions, glassy solutions and suspensions. When compared to the individual constituents prior
to dispersion formation solid dispersion components are better soluble in water. Therefore, solid solutions became one of
the most promising ways to modify solubility, ensuring improved bioavailability and consequently therapeutic efficacy of
a substance.

In this part of the publication solid dispersions were classified and described in regard to their properties and preparation
methods, i.e. melting method, melt evaporation and melt extrusion methods, lyophilisation technique, melt agglomeration
process as well as SCF technology and electrospinning (Polim. Med. 2012, 42, 1, 17-27).

Key words: solid dispersion, improving drug solubility, solubilization techniques.

Streszczenie

Istnieje wiele metod umozliwiajacych zwiekszenie rozpuszczalnosci substancji. Zalicza sie do nich miedzy innymi sporza-
dzanie stalych rozproszen tj. mieszaniny eutektyczne, stale roztwory, roztwory i zawiesiny szkliste. Ze wzgledu na fakt, iz
poszczegodlne sktadniki statych rozproszen w poréwnaniu do ich pojedynczych sktadowych sg lepiej rozpuszczalne w wodzie,
staly sie one jednym z najbardziej obiecujacych sposobéw modyfikacji rozpuszczalnosci, gwarantujacych poprawe dostepno-
$ci biologicznej i w konsekwencji skutecznosci terapeutycznej substancji.

W tej czedci publikacji dokonano klasyfikacji stalych rozproszen, opisano ich wilasciwosci oraz metody otrzymywania tj.
metoda stapiania, stapiania i odparowania, topienia i ekstruzji, liofilizacji, topienia i aglomeracji oraz technologia SCF
i wytwarzania nanowldkien (Polim. Med. 2012, 42, 1, 17-27).

Stowa kluczowe: stale rozproszenia, metody otrzymywania, no$niki.

Classification

. R . include acids such as cholic, deoxycholic, citric, succinic,
of solid dispersions

nitrogen compounds, i.e. urea, nicotinamide, sugars, i.e.
dextrose, mannitol, sorbitol, xylitol, polymers, i.e. mac-

Ghaste et. al. wrote: “solid dispersion” refers to rogol, polyvinylpyrrolidone (PVP), polyvinyl alcohol

a group of solid mixtures of at least two different com-
ponents”, which basic elements are: hydrophilic carrier
in a crystalline or amorphous form and hydrophobic
drug substance [1]. In solid dispersions the role of a car-
rier play compounds of varied chemical structure. These

(PVA) crospovidone (PVA-CL), copolymer of polyvi-
nylpyrrolidone and polyvinyl acetate (PVP-PVA), cellu-
lose derivatives, i.e. ethyl cellulose, hydroxypropyl meth-
ylcellulose (HPMC), hydroxypropylcellulose (HPC) and
Gelita Collagel (product of collagen hydrolysis) [2].
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When choosing a carrier for preparation of solid
dispersion the following properties must be taken into
account:

(A) solubility in water — high, improves wettability
and solubility,

(B) glass transition point — high, improves stability,

(C) water absorption - low, reduces Tg,

(D) solubility in the same solvent as a substance,

(E) melting point - should be relatively low [3].

Considering a carrier form, solid dispersions are di-
vided into three generations. The substances, i.e. urea,
sugars, organic acids, which form the so-called crystal-
line carriers, the second generation comprises of amor-
phous carriers, i.e. polyethylene glycols, polyvinylpyr-
rolidone, polyvinyl acetate, cellulose derivatives, while
the third includes surfactants, self-emulsifying carriers
such as poloxamer 188, tween 80 and Gelucire 44/14.
Use of polymer carriers is considered particularly useful
in preparation of solid dispersions, as they may fulfill
many functions in the end product [3, 4]. They are sol-
vents, solubilizers, may moisten and spatially stabilise
the incorporated substance molecules. Also, they affect
thermoplastic parameters and intermolecular interac-
tions between solid dispersion constituents as well as
determine mechanism of the prepared formulation dis-
solution [5, 6].

Drug in a carrier may also be found in a form of
molecular dispersion, in amorphous or crystalline state
[7]. Mutual spatial arrangement, the so-called interpo-
sition of component molecules in the prepared solid
dispersion, is shown in Figure 1. Another meaning
for “solid dispersion” was introduced in the 90’s. They

have been defined as two-or three-component systems,
which consist of an easily soluble drug substance and
a sparingly soluble carrier lacking separate pharmaco-
logical activity (Figure 1) [4].

Considering mutual spatial arrangement of indi-
vidual components and their state, the following types
of solid dispersions were defined: eutectic mixtures,
solid solutions, glass solutions, glass suspensions and
amorphous precipitates (Table 1). Knowledge of par-
ticle distribution and of their character allows better
understanding of properties of a given solid dispersion
type and of the mutual interactions between its com-
ponents. Additionally, such knowledge facilitates se-
lection of desired physico-chemical characteristics and
enables to determine stability in relation to the applica-
tion (Table 1) [8].

In addition to the types described above, it is possi-
ble to obtain certain combinations of solid dispersions,
coexisting in the same product, where some particles are
in form of agglomerates, while other form the molecu-
lar dispersion. Although properties of solid dispersions
are primarily determined by distribution of component
particles, their classification is also based on the prepa-
ration method. Different methods to obtain solid dis-
persion may give the same product or similar methods
of preparation finally lead to different products [8].

Many studies indicate an increase in dissolution rate
of hydrophobic substances when prepared in form of
solid dispersion [4]. The mechanism of this phenomenon
is still under studies and explained with increased wet-
tability of hydrophobic drug, reduction in particle size
and distortion in crystal structure arrangement as well as

-

Fig. 1. Spatial arrangement (interposition)
of component molecules in solid dispersion,
A - in crystalline state, B — in amorphous
state, C — molecular dispersion [8]

Ryc. 1. Uporzadkowanie (interpozycja) cza-
steczek sktadnikow w wytworzonym statym
rozproszeniu, A — w stanie krystalicznym,

= (

B - w stanie amorficznym, C - rozproszenie

C

molekularne [8]

Table 1. Classification of solid dispersions in relation to the state of component molecules in produced dispersion

Tabela 1. Podzial stalych rozproszen uwzgledniajacy postaé, w ktorej wystepuja czasteczki sktadowych wytworzonego rozproszenia

glass solution | solid solutions eutectics glass suspen- amorphous precipitations another’s
sion crystalline amorphous
matrix matrix

phases | 1 1 2 2 2 2 1
drug molecularly | molecularly crystalline crystalline amorphous amorphous amorphous or

dispersed dispersed crystalline
matrix | amorphous crystalline crystalline amorphous crystalline amorphous amorphous or

crystalline
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Table 2. Advantages and disadvantages of solid dispersions [3, 10]
Tabela 2. Zalety i wady stalych rozproszen [3, 10]

Advantages

Disadvanteges

reduction of drug particle size

possible low stability — changes occurring during the process-
ing (mechanical stress) or storage (temperature and humidity
stress) leading to the crystallization of amorphous forms

increase drug wettability

increase solid dispersion particle porosity — porosity depends on
the type of carrier, the use of linear polymers allows for a more
porous particles than crosslinked

substance in an amorphous state

obtain a solid oral dosage form instead of liquid form, where the
substance is solubilized

more acceptable to patients than solubilization products - allow to

limitations in the case of industrial scale production

- laborious and expensive methods of preparation

- limitations of reproducibility of physicochemical characteristics
- difficulty in incorporating into formulation of dosage forms
- limitations of scale up of solid dispersion systems

by preventing agglomeration of hydrophobic drug sub-
stance molecules within the carrier [5]. Reduction in size
of drug substance crystals and increase in their number
leads to increase in the contact area between solubilized
molecules and a solvent. It was shown that the surface
of the solubilized substances directly affects solubility
and dissolution rate and, consequently, determines the
extent of absorption [9]. The dissolution coefficient of
solid dispersion results to a great extent from the carrier
dissolution coefficient. By a thorough selection of a car-
rier, drug dissolution coefficient may be increased by sev-
eral orders of magnitude. Use of solid dispersions allows
for an increase in the extent of absorption of sparingly
soluble substances from a given dosage form to physi-
ological fluids and for improvement in bioavailability
and pharmacokinetic parameters [6]. In addition, prepa-
ration of solid dispersions of easily soluble in water drug
substances in sparingly soluble carrier enables receiving
extended-release dosage form (Table 2) [4].

Properties of solid dispersions should not alter dur-
ing storage. It has been demonstrated however, that their
solubility may decrease upon storage. Moreover, physi-
cal state of matrix should be monitored, because changes
that may occur therein affect physical form of a sub-
stance and its release. Content of amorphous substance
molecules in solid dispersions should be relatively low,
since systems they form are thermodynamically unsta-
ble. In dispersions containing crystalline particles crys-
tallization nuclei are formed, being the starting point for
further crystallization. Systems containing amorphous
substance molecules may crystallize following the stage
of nucleation. In homogeneous solid dispersions, where
the substance is present as molecular dispersion, the
crystallization process requires an additional step, before
nucleation drug molecules migrate (diffuse) through the
matrix. Hence, physical stability of amorphous solid dis-
persions is associated not only with crystallization pro-
cess of a substance, but also with any change in molecu-
lar structure, including substance distribution [3].

Solid dispersion characteristics

Eutectic mixtures

Simple eutectic mixture consists of at least two
chemically inert ingredients, which are completely mis-
cible with each other in liquid state while to a very small
extent in solid state [10]. Substances, used in certain
proportions as mixture components, form a system
with melting point lower than melting point of individ-
ual constituents [11]. Solid eutectic mixtures are usually
prepared by rapid cooling of the melted components
in order to obtain physical mixture of very fine crys-
tals of individual components [1]. Ghaste et al. wrote:
“solid eutectic mixtures are usually prepared by rapid
cooling of the melted components in order to obtain
physical mixture of very fine crystals of individual com-
ponents” [1]. In case of eutectic mixtures consisting of
substances X and Y, both components crystallize si-
multaneously during cooling process, while in a system
other than eutectic components crystallize at differ-
ent times during the same process. An example phase
diagram of eutectic mixture consisting of components
X and Y is shown in Figure 2. AB and BC lines show
temperature at which homogeneous liquid mixtures of
specific proportions of X and Y components begin to
crystallize. System is liquid above these lines and de-
scribed as liquidus. DBE line indicates temperature at
which mixture of X and Y components begins to melt.
Below that temperature system is in solid state. Below
the DBE line mixture components are in so called soli-
dus state. The area ABD indicates existence of liquid
X and Y component mixture being in equilibrium with
solid component Y, while the area CBE indicates pres-
ence of liquid X and Y component mixture in equilib-
rium with solid component X. Point B where the ABC
line specified as liguidus meets the DBE line specified as
solidus, defines the eutectic mixture composition [11].

A polymer, which similarly to the substance is pres-
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T1 + 7  Fig. 2. Phase diagram of eutectic mixture
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ent in the prepared mixture in crystalline form, may
be a eutectic mixture component as well as a carrier.
In that case, to form the eutectic mixture a drug is re-
quired to dissolve in molten polymer at temperature
equal to its melting point or, the opposite, the polymer
must dissolve in molten drug substance [12]. Usually
however, the drug substance has higher melting point
than macromolecular compound used.

An advantage of creating complex eutectic mix-
tures of poorly soluble drug and well soluble in water,
chemically inert carrier is a possibility to increase drug
solubility in water medium. In addition to the said rap-
id dissolution of the carrier, Sekiguchi et al. proposed
explaining the phenomenon of improved solubility of
eutectic mixtures in gastrointestinal environment with
influence of digestive juices on formulation and fast
dissolving of the carrier. Sparingly soluble drug in the
well-soluble carrier environment is gaining favorable
physico-chemical properties for further disintegration
into smaller particles. This phenomenon is known as
microenvironmental solubilization [13]. An additional
advantage of creating a drug dosage form based on eu-
tectic mixture is lowered temperature of the technologi-
cal process [12].

Solid solutions

Similarly to liquid solutions, solid solutions form
a single phase system, regardless of the number of their
components. However, such a system is not formed
unless both solid components mix together. Simultane-
ously, particle size of a drug product in solid solutions
is reduced to an absolute minimum, i.e., to molecular
dimensions [11]. Goldberg et al. proposed that the term

“solid solutions” should be used when mutual solubility
of both components exceeds 5%. Ghaste et al. wrote:
“assuming that the solubility of the drug substance in
the carrier is 5%” and the upper limit of tablet or cap-
sule weight is 1 g, there would be no possibility to de-
velop dosage form containing that substance in amount
over 50 mg. This becomes possible, however, owing to
solid solution preparation, where solubility of the sub-
stance in the carrier is significantly higher [12].

Two methods of solid solution classification are
available. The former takes into account mutual mis-
cibility of components and differentiates continuous
solid solutions and discontinuous solid solutions. The
latter, takes into account dispersion of particles in
a carrier (solvent) [12]. In the continuous solid solu-
tion the components mix in all proportions. This in
theory means that the bond strength between the two
components is greater than the bond strength between
molecules of a single component. This kind of solid dis-
persions has not been widely described in pharmaceuti-
cal literature to date [13]. On the other hand, in the dis-
continuous solid solution solubility of each component
in the other component is limited. Figure 3. shows the
phase diagram of a discontinuous solid solution. Area
a indicates solid solution of component Y in X, while
the area P indicates solid solution of a component X in
Y. In these areas, one of the solid components is com-
pletely dissolved in the second solid component. Below
certain temperature level the mutual solubility of both
components decreases.

Thelatter solid solution classification method, based
on dispersion of particles in the carrier (solvent), differ-
entiates substitutional crystalline solid solutions, inter-
stitial crystalline solid solutions and amorphous solid
solutions. [1]. As the name suggests, all molecules in
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Tt t+ T  Fig. 3. Phase diagram of discontinuous
solid solution [11]
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the substitutional crystalline solid solution have a crys-
talline structure formed by replacing solvent molecules
with molecules of a substance in the crystal structure
or, alternatively, by occupying the space between indi-
vidual solvent molecules. This results in formation of
mixed crystals. Both components of the solution are
required to have similar charge and spatial dimensions
[11]. Replacement is possible only when dimensions of
the dissolved molecules differ by less than 15% com-
pared to the size of solvent molecules [14].

In the interstitial crystalline solid solution, dis-
solved drug substance molecules are located in spaces
between carrier molecules within its crystal structure.
This type of solid solution is formed when one of the
components can get incorporated between the neigh-
boring molecules in the crystal structure of the sec-
ond component [2]. This phenomenon occurs when
there is a big difference in molecular weight between
the carrier used and the drug substance [4]. Dissolved
particles are required to have a diameter not exceeding
0.59 of solvent molecule diameter, while their volume
is not lower than 20% of solvent volume [1]. Obtain-
ing the interstitial crystalline solid solution guarantees
improved wettability of the drug substance molecules
and prevents agglomeration of hydrophobic molecules
within the carrier.

In the amorphous dispersion, its components are
arranged in erratic and random manner. This condi-
tion is known as topological disorder [15]. The amor-
phous state is unstable in terms of thermodynamics and
has a natural tendency towards crystallization. This re-
sults in system energy reduction [8]. The crystallization
process has been proven to adversely affect solubility
of the drug substance. This state is thermodynamically
stable and results in lower concentration of the drug

incorporated in the carrier. Amorphous solid solution
consists of the carrier in the amorphous state and the
drug in molecular, random and irregular dispersion. In
the early research works mainly sugars such as sucrose,
dextrose, galactose and urea played the role of a car-
rier in this type of a solution [1]. Chiou and Riegelman
were the first researchers to prepare an amorphous
solid solution of sparingly soluble griseofulvin with the
use of citric acid, the same improving its solubility [16].
An increase in the substance dissolution rate and in its
pharmaceutical availability from the drug dosage form,
received with the use of amorphous bodies, is explained
with lack of necessity to expend energy for the break-
down of crystal structure of the prepared system [4].
Ghaste et al. wrote: “recently, to receive amorphous
solid solutions organic polymers such as polyvinylpyr-
rolidone (PVP), polyethylene glycol (PEG) and various
cellulose derivatives were applied” [1]. The phenom-
enon of formation of amorphous solid solutions men-
tioned above occurs within the network formed by the
polymer chains. Molecules dissolved in the amorphous
carrier induce greater plasticity of the polymer and may
cause lowering its glass transition temperature [1].

Glassy solid solutions
and glass suspensions

Chiou and Riegelman first proposed the idea of cre-
ating glassy solid solution as a method to increase solu-
bility and absorption of a substance [7]. Glassy state is
seen as critical and decisive for durability and physical
stability of the incorporated lipophilic substance.

Transformation into the glassy state is one of the
most important phenomena occurring in the amor-
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phous bodies and leading to changes in their proper-
ties. Glassy state is characterized by lack of a long-range
order and molecules are able to perform oscillations
around stationary positions. Exchange of molecules
here occurs sporadicly in contrast with the liquid state,
where self-diffusion occurs. In the glassy state possibil-
ity of particle rearrangement is inhibited and mobility,
i.e. rotational and translational motion, ceases [15].

Glassy solid solution is a multi-ingredient, glassy
system, which consists of one phase only. At the mo-
lecular level it is homogenous and uniform. The car-
rier in this system occurs in amorphous state, while the
dissolved molecules are molecularly dispersed. When
studying these systems by DSC method a single peak
appears due to the presence of one phase, indicating
glass transition temperature (Tg) [17]. Below Tg glassy
solid solution is transparent and clear. During heating
above Tg solid dispersion softens gradually without
sharp melting point [1]. In order to produce this type
of a system mutual miscibility/ solubility of its com-
ponents is required. Glassy solution formation occurs
upon rapid cooling/ evaporation of solvent. Sugars,
i.e. dextrose, fructose, galactose, trehalose, inulin and
polymers i.e. polyvinylpyrrolidone (PVP), copolimer
of polyvinylpyrrolidone and polyvinyl acetate (PVP-
PVA), hydroxypropyl methylcellulose (HPMC) [14]
often are used as carriers for preparation of this form.

Glass suspension is a two-phase system consisting
of a carrier in amorphous state with the incorporated
drug substance in crystalline form. Method to obtain
glass suspensions consists in crystallization of the drug
substance in amorphous carrier, while particle size of
dispersed phase is dependent on the rate of cooling/
evaporation of solvent [8].

Amorphous precipitation
in solid carriers

Based on molecular structure two types of amorphous
precipitations were distinguished. In the former, drug sub-
stance is dispersed in form of amorphous agglomerates in
amorphous carrier. The latter, comprises a carrier in crys-
talline form and the drug substance in amorphous form.
The solid dispersion sub-types listed consist of two phases
and are characterized by lack of homogeneity at the mo-
lecular level. While studying these systems by DSC meth-
od glass transition Tg is observed for both components:
drug substance and the carrier [17].

Methods to obtain
solid dispersions

Literature describes many methods of solid disper-
sion preparation, i.e. melting method, solvent method,

method of melt extrusion or lyophilisation technique,
all based on linking drug with a carrier. The two com-
ponents usually poorly mix together. During the solid
dispersion preparation partial or total separation of
phases mixed and formation of new ones is observed.

Melting method (fusion method)

Melting method is also referred to as a fusion meth-
od. For the first time this method was employed to form
solid dispersions by Sekiguchi and Obi, who obtained
physical mixture consisting of sulfathiazole and urea
[18]. Formation of physical solution consisting of drug
and a water-soluble carrier occurs upon heating of com-
ponents until they melt. The molten mixture hardens
rapidly while stirred vigorously at low temperature of
an ice bath. Supersaturation with solute can be obtained
by sudden cooling of the mixture formed. Under these
conditions substance molecules become “trapped” in
a matrix of a rapidly solidifying system. The solid mass
formed is comminuted, pulverised and then sieved in
order to standardize the size of grains obtained. This
technique increases dispersion of crystals in the eutectic
mixture [1]. Despite its widespread use fusion method
has numerous limitations. It can be employed only if
the drug substance and the carrier mix homogeneously
while heated. If the substances used do not mix together,
two separate phases and, consequently, a non-homoge-
nous solid dispersion is formed. Use of surfactants can
prevent this phenomenon [8]. Another important limi-
tation of this method is degradation of both the drug
substance and the carrier at high temperature. Heating
may cause evaporation of a volatile drug or a carrier.
One approach to solve this problem is heating the mix-
ture or melting under vacuum. Also, the process may
be conducted under an inert gas, such as nitrogen, at-
mosphere which prevents the oxygen initiated degra-
dation of the drug or carrier [1]. Another unfavorable
phenomenon which may occur during preparation of
solid dispersion using this method, is a change in the
mutual miscibility of the components during cooling,
resulting in phase separation. Upon slow cooling of the
mixture, appearance of the drug in a crystalline form
was observed. On the other hand, rapid cooling pro-
motes formation of amorphous solid dispersions [8].

Solvent method

Solvent method was first used by Tachibani and
Nakamura. The method enabled formation of solid so-
lution of liophilic -carotene in a hydrophilic carrier
- polyvinylpyrrolidone [19]. In this method, physical
mixture of a drug and a carrier is dissolved in a vola-
tile solvent, i.e. chloroform or dichloromethane. Then,
solvent is completely evaporated at 23-65°C, and the
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dissolved solids form a layer of solid dispersion. The
resulting film is dried and pulverized [8]. The solvent
used and its removal rate are very important factors,
determining dissolution rate of drug substance in the
solid dispersion thus obtained. They affect crystallo-
graphic structure of the resulting system [4].

The main advantage of the described solid disper-
sion preparation method is preventing degradation of
the drug substance or carrier by maintenance of low
temperature needed to vaporize the organic solvent.
The disadvantages include high cost of production,
difficulties with selection of an easily volatile solvent
and its complete removal, possible side effects caused
by solvent residues affecting chemical stability of the
substance, as well as problem with reconstruction of
the crystalline form [1]. Difficulties with selection of
a suitable solvent result from significant differences in
polarity of both components, the drug and the carrier,
which are not always possible to dissolve at the desired
concentration in a chosen solvent. To improve solubil-
ity of the substances used size of their particles is mini-
mised, and then, both substances are introduced to the
solvent and dispersed [8]. Low concentrations of drug
to be dissolved in the solvent, in the presence of a car-
rier, are also used. However, that requires evaporation
of large amounts of solvent, making the method expen-
sive and impractical. Solubilizers, i.e. cyclodextrins or
surfactants such as Tween 80, are also applied, increas-
ing drug solubility in water. However, the amounts of
excipients in the product are often too high. Moreover,
intolerance to substances used may develop and even
their toxicity was observed. Presence of these sub-
stances results also in a change in the physical proper-
ties of the carrier leading, e.g. to decrease in Tg value,
or reduction in the amount of drug used. According to
classification of the International Conference on Har-
monization (ICH), solvents used in production of solid
dispersions belong mainly to group I, consisting of the
most toxic volatile solvents [8]. Their usage gets lim-
ited as the residue left in the final product after dry-
ing is difficult to identify and remains below detection
limit. An alternative method allowing dissolution of
the drug and the carrier is to use solvent mixture. For
this purpose mixtures of water and ethanol or dichlo-
romethane and ethanol were used [8]. Another prob-
lem with the solvent method is prevention of phase
separation, e.g. crystallization of the drug or carrier at
the time of solvent removal by lyophilisation or spray
drying. It should be remembered that even small varia-
tions in organic solvent removal process may result in
large deviations in the product properties [2]. Drying
at high temperature accelerates process of phase sepa-
ration, which results from high mobility of drug and
carrier molecules. In order to limit this phenomenon
drying solution under vacuum, under reduced pressure
and with moderate heating is applied [8]. Drying un-
der vacuum with the use of elevated temperature may

also pose a risk of phase separation, because when us-
ing this technique mobility of the drug and the carrier
molecules decreases slowly. On the other hand, method
of spray drying envolves dispersing solution into small
droplets in hot air atmosphere. Due to the expanded
droplet drying surface, solvent evaporates quickly and
solid dispersion is formed within a few seconds. Short
time required to obtain the product prevents phase
separation. Moreover, solid dispersion formed using
the presented method of drying consists of particles
which size can be adjusted by size of aerosol droplets.
The drug in that dispersion is mostly in an amorphous
state, rarely in crystal form [8].

Melt evaporation method

Solid dispersions are created also by dissolving drug
in relevant solvent and incorporating this solution in
polyethylene glycol (PEG) melt below 70°C [20]. After
combining the two solutions, the solvent is evaporated
leaving the product layer. The resulting film is then
dried to until a fixed weight is achieved. The difficulty
in preparing solid dispersion using this method is lim-
ited mixing of the used solvents or of the dissolved drug
with the molten PEG. Studies confirmed that 5 to 10%
of liquid ingredients gets incorporated into PEG 6000
without any significant loss of solid features. In addi-
tion, liquid solvent used in this method is capable of
initiating formation of polymorphic drug forms which
then, as precipitates, appear in the resulting solid dis-
persion [1].

Method to obtain solid dispersions by melt evapo-
ration has the advantages of both melting and solvent
methods. Its unquestionable drawback is the limit of
the amount of drug introduced into solid dispersion,
equaling to 10% of the whole system [4].

Melt extrusion method

Melt extrusion method to prepare solid dispersions
was introduced relatively recently [1]. It is considered
particularly useful to obtain dispersions of drug sub-
stances occurring in various polymorphic forms of dif-
ferent bioavailability [21]. In the process of solid dis-
persion formation with the use of this technique drug
substances dissolve in polymer and remain in form of
molecular dispersion even as the polymer solidifies.
Melt extrusion method is a variation of the previously
discussed melting method.

Technological process of melt extrusion can be
divided into several stages, including: introduction of
substrates into extruder, mixing and reducing particle
size, concentrating mass to be extruded into compact
material of solid consistency, mass melting, homog-
enization and forcing the melt through extrusion tool.
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Substance that fulfills role of a carrier, e.g. polymer, is
introduced into the feeder part of extruder through dos-
ing hopper. Due to the appropriate technical solutions,
the material is easily transported inside a cylinder via
a single or a double worm. Along the way it is premelt
in the heat supplied from the outside source, produced
by heating elements located on cylinder walls and by
friction. Owing to the installed heating elements tem-
perature in certain areas of the cylinder can be main-
tained at a constant, given level. As a result, the polymer
melts and forms the gluey melt that reaches the drug
substance dosing place. The introduced substrates are
mixed together, kneaded and subjected to melting. In
the subsequent extruder part deaerating takes place,
then, homogenization of the material and eventually,
the intermediate reaches degassing zone. Eventually, it
reaches the dosing part as a homogeneous, malleable
alloy ready for extrusion. The use of water and solvents
in this process is unnecessary. In order to ensure the
uniform product thickness, the mass flow through the
cylinder into the receiver part must be constant. After
cooling, the resulting products are collected and trans-
ported in the further process via belt conveyor. The final
stage of the process is grinding of the obtained extru-
date for one minute using laboratory mill and sieving
to separate particles larger than 355 pm. After extrusion
completion the product is formed into tablets, granules
or pellets. Each of these forms contains solid dispersion
of an active ingredient in a carrier [22]. Concentration
of drug in so obtained solid dispersion usually equals
40% (w/w) [1].

Like in the traditional melting method, problem
with use of the melt extrusion method may be mutual
mixing of components and their sensitivity to temper-
ature [8]. However, due to the short-term sample ex-
posure to high temperatures (about one minute), this
technique may be employed to receive solid dispersions
even for heat labile substances [11]. Extrusion method
allows production of solid dispersions on a larger scale
than a laboratory method. Additionally, the product
can easily be used in the subsequent steps, which does
not delay the production process.

Lyophilisation technique

Lyophilisation technique has been proposed as an
alternative to solvent method of solid dispersion prepa-
ration. The difference is, that the carrier and the drug
are dissolved in a solvent and then, frozen in an atmo-
sphere over, e.g. liquid nitrogen. This stage lasts a few
minutes and is conducted in lyophilizer, which ensures
that low pressure and sublimation temperature of -53°C
are maintained. Sample introduced into the device sub-
limates to form a molecular dispersion, which is then
placed in a vacuum desiccator over silica gel at room
temperature for at least one day [1, 23].

Available literature describes this technique as
promising and suitable for incorporating drug in a car-
rier. However, this method is not widely used to create
solid dispersions. A factor significantly limiting its use
is low freezing temperature of most organic solvents,
while the process of sublimation may occur only when
solvent remains in a frozen state. 2-methyl-2-propanol
or tertiary butanol (TBA) can be used as solvents in this
method, the latter characterized by high melting tem-
perature and high pressure of evaporation. In addition,
if sample is in glassy state, temperature should be main-
tained below the glass transition temperature Tg [8].

An important advantage of lyophilisation is reduc-
tion in time of sample exposure to thermal stress during
formation of solid dispersion and minimal risk of phase
separation. A more promising drying method than clas-
sic lyophilisation is spray drying at temperature of freez-
ing. The solution is sprayed into liquid nitrogen or cold,
dry air, and then the frozen droplets are lyophilised.
A large surface and direct contact with the refrigerant ac-
celerate process of glass transition and reduce the risk of
phase separation to a minimum. Method with the use of
aerosol allows adjustment of received dispersion particle
size to required application, e.g. to receive aerosol dosage
forms for delivery to lungs or nose [8].

Melt agglomeration process

This technique was used to create solid dispersions
where a carrier acts also as a binding agent. In this case,
solid dispersions may be prepared with simultaneous
stirring of a heated carrier (binding agent), drug and
excipients, using a high speed mixer above the melting
point of the carrier. Also, solid dispersions may be pre-
pared following addition of the dispersed drug together
with the excipients to the already melted and heated
carrier, or following adding of the molten carrier with
the drug to preheated excipients [1, 24-26].

Type of a binding agent, method of preparation and
particle size, are parameters considered as critical in prep-
aration of solid dispersion using this technique. Particle
size determines solubility of the created system, mecha-
nism of agglomerate formation and their size, distribu-
tion and concentration. It was established that substance
melting allows for greater mixture solubility than aerosol
formation using PEG 3000, poloxamer 188 and gelucire
50/13 (surfactant, polyethylene glycol glycerides), because
of a different mechanism of agglomerate formation. In ad-
dition, melting stage in the process allows to obtain a ho-
mogeneous dispersion of drug in the agglomerates [1].

Method with the use of surfactants

The use of surfactants in order to solubilize spar-
ingly soluble substances is a common practice in phar-
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maceutical technology. Adsorption of surfactants on
particle surface may modify particle hydrophobicity,
electric charge and other properties, which in conse-
quence leads to changes in behavior of the substance
in a solution. Surfactants are attributed participation
in solvation/ plasticization, which limits melting of the
components and lowers their glass transition tempera-
ture [1]. Surfactants in solid dispersion may perform
role of a carrier, as well as a dispersant, and emulsifying
agent for the incorporated drug. Their presence in the
formulation ensures increased solubility of a substance,
due to the increased contact area between drug and
the solvent. Also, it causes the substance molecules to
disperse and emulsify, and as a result they get quickly
dissolved. When a solid dispersion is prepared without
surfactants, a layer rich in drug substance is formed on
its surface. This layer restricts dissolution and extends
drug release [27].

Parameter which must be noted when choosing
a surfactant for a carrier in solid dispersion, is its melt-
ing temperature and solubility of the drug in the carrier.
Filling of hard and soft gelatin capsules with solid dis-
persion requires that the mixture temperature does not
exceed 70°C and 40°C, respectively. Besides, technologi-
cal process requires the carrier to form a molten, liquid
mass [28]. Also, a certain drug dose may be used only
when solubilised by the carrier, and dissolves in that car-
rier in a satisfactory manner. When a sparingly soluble
substance is used, its dispersion and dissolution often re-
quires large amount of the carrier-surfactant [27].

Important problem associated with use of surfac-
tants is uncontrolled crystallization of drug molecules
outside of solid dispersion. This caused withdrawal of
Norvir (Abbott) capsules, that contained ritonavir in
supersaturated solid solution system, from the phar-
maceutical market [29].

Electrospinning

Electrospinning is a technique that enables produc-
tion of long polymer fibres of 40-2000 nm in diameter
in the presence of electric field. Formation of solid dis-
persion fibres occurs when the liquid, or molten poly-
mer with the drug substance, is pressed through a one
millimeter nozzle and injected toward a focusing screen.
The charged fibers dry or solidify on /their way to col-
lector. They may be directed or accelerated by electric
forces. However, accelerating them to high velocities is
not favourable due to their tendency to roll and fold.
The final fibre size is affected, in addition to the men-
tioned injection speed, by Coulomb repulsion forces
which result in decrease in fibre diameter. This process
can be countered by increasing viscosity of the polymer
[30]. Electrospinning enables receiving of nanofibers
that vary in terms of composition, length and physico-
chemical properties [31].

The release mechanism of drug substance in form
of nanofibers from solid dispersions can be regulated
by the appropriate quantitative ratio of substance to
polymer, diameter of received fibers, and further tech-
nological process, e.g. incorporating of fibers into hard
gelatin capsule. Verreck et al. presented solid dispersion
in the form of nanofibers containing sparingly soluble
in water itraconazole and readily soluble polymer — hy-
droxypropyl methylcellulose (HPMC) [31].

Supercritical Fluid Technology
- SCF

In SCF method role of a carrier and a solvent for
the drug plays most often carbon dioxide. Use of car-
bon dioxide is determined by the physical parameters,
i.e. low critical temperature (Tc = 31.1°C) and low criti-
cal pressure (Pc = 73.8 bar). This gas may be present
in supercritical state, where temperature and pressure
are greater than the pressure and temperature of its
critical point [1, 32]. At this point, difference in den-
sity between liquid and gas phase of a given substance
disappears, and therefore there is no boundary between
liquid and gas in the supercritical state. By definition,
such a substance cannot be condensed by increasing the
pressure, as it is possible for gas below its critical tem-
perature (vapour).

In the SCF method carbon dioxide, in which both
carrier and drug are dissolved, is injected as aerosol
through a nozzle into container in which fluid is rapidly
expanded. This results in its cooling [8]. Carbon diox-
ide density is reduced and the liquid is supersaturated,
causing recrystallization and precipitation of drug par-
ticles much reduced in size. By manipulating pressure
of carbon dioxide in supercritical state, the desired char-
acteristics of gas may be obtained, i.e. high diffusion co-
efficient, low viscosity and low liquid surface tension
[32]. This method of solid dispersion preparation does
not require employment of organic solvents (RESS -
rapid expansion of supercritical solution), however, its
use is limited due to poor solubility of majority of drug
substances in carbon dioxide [8].

Other modifications of this technique, so called
supercritical precipitation methods, employ organic
solvents to dissolve the drug substance and the carrier,
and in contrast to the method described above do not
require such a high solubility of components in carbon
dioxide. Examples of precipitation methods include:
Gas-Anti-Solvent (GAS) technology or precipitation
from gas saturated solution (PGSS). Application of
GAS technic is possible only if the drug or drug-poly-
mer combination dissolves in the selected organic sol-
vent. Medium is combined with substrates, and then
injected as aerosol to SCF. The drug is required not to
dissolve in SCF, while the organic solvent used to be
miscible with SCF. SCF is dispersed within the sprayed
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aerosol droplets, which causes solvent to expand. When
the volume of solution increases, ability to dissolve the
drug decreases. This process results in precipitation of
the carrier and the drug [32]. The use of PEG as a car-
rier in this method, enables to obtain solid dispersion
with crystalline matrix (amorphous precipitates in crys-
talline carrier or solid solutions). Precipitation from
a gas saturated solution covers dispersion of solution
containing the drug and the carrier, in form of aerosol,
through a nozzle into a container which contains fluid
or anti-solvent in supercritical state. The supercritical
solvent quickly penetrates to droplets, which are super-

saturated with the drug and carrier molecules, causes
them to crystallize, and eventually form precipitates.
A general term for this technique is PCA, Precipitation
with Compressed Antisolvent. A critical step in these
processes is dissolving of drug and carrier in one sol-
vent. Use of water for this purpose is limited, because of
its low ability to dissolve in the compressed CO,. Typi-
cally, to dissolve the drug and the carrier organic sol-
vents are used, i.e. dichloromethane or methanol. Low
solubility of both drugs and surfactants in supercritical
CO; and high pressure values limit popularization of
this method in the pharmaceutical industry [8].

Literatura

[1] Ghaste R., Dhanyakumar D. C., Shah R., Ghodke S. D.: Solid Dispersions: An Overview, http://www.pharmainfo.net/re-
views/solid-dispersions-overview (accessed on 13 January 2010).

[2] Leuer Ch., Dressma J.: Improving drug solubility for oral delivery using solid dispersions. Eur. J. Pharm. Biopharm. (2000),
50, 47-60.

[3] TiwariR., Tiwari G., Srivastava B., Rai A. K.: Solid Dispersions: An Overview To Modify Bioavailability Of Poorly Water
Soluble Drugs, Int. J. PharmTech. Res. (2009), 4, 1338-1349.

[4] Jachowicz R.: Stale rozproszenia jako uktady o kontrolowanym uwalnianiu substancji leczniczych. Farm. Pol. (1999), 55,
155-161.

[5] Breitenbach J.: The Kaletra Meltrex Story: Turning Scientific Challenges into Patient Benefit”, http://www.soligs.com/Sym-
posium.52.0.html (accessed on 11 January 2010).

[6] Vasconcelos T., Sarmeto B., Costa P.: Solid dispersions as strategy to improve oral bioavailability of poor water soluble
drugs. Drug Discov. Today (2007), 12, 1068-1075.

[7] Chiou W. L., Riegalman S.: Pharmaceutical applications of solid dispersion systems. J. Pharm. Sci. (1971), 60, 1281-1302.

[8] Dhirenda K., Lewis S., Udupa N., Atin K.: Solid dispersion: A review, Pak. J. Pharm. Sci. (2009), 2, 234-246.

[9] Wesolowski M.: Analiza termiczna w farmacji. Laboratorium (2007), 4, 33-36.

[10] Avula S. G., Kenneth A., Riga A.: Predicting eutectic behavior of drugs and excipients by unique calculations, J. Therm.
Anal. Calorim. (2010), 99, 655-658.

[11] Vippagunta S. R., Wang Z., Hornung S., Krill S.: Factors affecting the formation of eutectic solid dispersions and their dis-
solution behavior. J. Pharm. Sci. (2006), 96, 294-304.

[12] Stott P. W., Wiliams A. C., Barry B. W.: Transdermal delivery from eutectic systems: enhanced permeation of a model
drug, ibuprofen, J. Control. Rel. (1998), 50, 297-308.

[13] Goldberg A. H., Gibaldi M., Kanig J. L.: Increasing dissolution rates and gastrointestinal absorption of drugs via solid solutions
and eutectic mixtures I. Theoretical considerations and discussion of the literature. J. Pharm. Sci. (2006), 54, 1145-1148.

[14] Janssens S., Van Den Mooter G.: Review: physical chemistry of solid Dispersions. J. Pharm. Pharmacol. (2009), 61, 1571-1586.

[15] Przygocki W., Wlochowicz A.: Fizyka polimeréw. PWN, (2001), 122-124.

[16] Chiou W. L., Riegalan S.: Preparation and dissolution characteristics of several fast-release solid dispersions of griseofulvin.
J. Pharm. Sci. (1969), 58, 1505-10.

[17] Van Drooge D. J., Hinrichs W. L. J., Frijlink H. W.: Characterization of the Molecular Distribution of Drugs in Glassy So-
lid Dispersions at the nano-meter scale, using Differential Scanning Calorimetry and Gravimetric Water Vapour Sorption
techniques. Int. J. Pharm. (2006), 310, 220-229.

[18] Sekiguchi K., Obi N.: Studies on absorption of eutectic mixture. I A comparison of the behavior of eutectic mixture of sul-
fathiazole and that of ordinary sulfathiazole in man. Chem. Pharm. Bull. (1961), 9, 866-872.

[19] Tachibana T., Nakamura A.: A method for preparing an aqueous colloidal dispersion of organic materials by using water-
soluble polymers: Dispersion of B - carotene by polyvinylpyrrolidone. Colloid. Polymer Sci. (1965), 203, 130-133.

[20] Shinde A. J.: Solubilization of Poorly Soluble Drugs: A Review, Internet: http://www.pharmainfo.net/reviews/solubiliza-
tion-poorly-soluble-drugs-review (accessed 13 January 2010).

[21] ABBOTT GmbH & Co. KG, Internet: http://www.soligs.com/Improved-Bioavailability- and-S.34.0.html (accessed 23 Janu-
ary 2010).

[22] Chokshi R., Zia H.: Hot-Melt Extrusion Technique: A Review, Iranian J. Pharm. Res. (2004), 3, 3-16.

[23] Van Drooge D. J., Hinrichs W. L. J., Frijlink H. W.: Incorporation of lipophilic drugs in sugarglasses by lyophilization
using a mixture of water and tertiary butyl alcohol as solvent. J. Pharm. Sci. (2004), 93, 713-725.

[24] Seo A., Holm P., Kristensen H. G., Schaefer T.: The preparation of agglomerates containing solid dispersions of diazepam
by melt agglomeration in a high shear mixer, Int. J. Pharm. (2003), 259, 161-171.

[25] Passerini N., Albertini B., Gonzalez-Rodriguez M. L., Cavallari C., Rodriguez L.: Preparation and characterization of ibu-
profen - poloxamer 188 granules obtained by melt granulation. Eur. J. Pharm. Sci. (2002), 15, 71-78.



SOLID DISPERSIONS 27

[26] Gupta M. K., Tseng Y. C., Goldman D., Bogner R. H.: Hydrogen bonding with adsorbent during storage governs drug dis-
solution from solid-dispersion granules, Pharm. Res. (2002), 19, 1663-1672.

[27] Serajuddin A. T. M.: Solid dispersion of poorly water-soluble drugs: Early promises, subsequent problems, and recent bre-
akthroughs. J. Pharm. Sci. (1999), 88, 1058-1066.

[28] Cole E. T.: Liquid-filled hard gelatin capsules. Pharm. Technol. Int, 1989, 1, 124-140.

[29] European Medicines Agency, Internet: http://www.ema.europa.eu/pdfs/human/press/pus/2664198en.pdf (accessed 24 Fe-
bruary 2010).

[30] Reneker D. H., Chun I.: Nanometre diameter fibres of polymer, produced by Electrospinning. Nanotechnology (1996), 7,
216-223.

[31] Verreck G., Chun I., Peeters J., Rosenblatt J., Brewser M. E.: Preparation and characterization of nanofibers containing
amorphous drug dispersions generated by electrostatic spinning. Pharm. Res. (2003), 20, 810-817.

[32] Shinde A. J.: Solubilization of Poorly Soluble Drugs: A Review, Internet: http://www.pharmainfo.net/reviews/solubiliza-
tion-poorly-soluble-drugs-review (accessed 13 January 2010).

Adress for Correspondence

Department of Drug Form Technology
Wroclaw Medical University

Szewska 38

50-139 Wroclaw, Poland.

Tel.: +48 71 78 40 324; Fax: +48 71 78 40 315
E-mail address: bozkar@ktpl.am.wroc.pl





