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ABSTRACT

Oral route is the most preferable route of drugidaly for most of the drug but it is not suitabde the drugs which
are poorly water soluble. It mainly affects the lobgoavailability of the drugs. It remains as a rhahallenging
aspect in formulation development due to its mihiszdubility. To overcome this problem formulatieaientists
have employed the different techniques. One otdbkniques is solid dispersions. These are gaiiticacted
considerable interest as an efficient means of awimg the solubility and dissolution which resuhsincreasing
the bioavailability of poorly water soluble drugehe present article mainly focus on the areas aidaoncept of
solid dispersions, advantages, disadvantages, tgpds/arious methods of preparation for solid disjpns.
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INTRODUCTION

The therapeutic activity of an active moiety of fhemulation is seen when it is in solution or oiubilized form in

the systemic circulation. But this can be obselimetase of drugs which are having high solubility bot in drugs
which are having poor aqueous solubility. This priis a major challenge for the formulation sci¢ntissnhance
the solubility of poorly water soluble drugs as Hwdubility parameter is directly related to thedvailability of the
drug. Because the drugs which are administeredigiveral route should solubilized in the gastraititeal fluids

before the absorption into systemic circulation.

The interrelationship between the rate of dissolutind absorption was given by Noyes Whitney eqoadis the
rate of dissolution is directly related to the dwlity of the drug molecules and the equation wiaeig as follows[1]

de DA

== C—0O

Where dc/dt = rate of drug dissolution at time't’

D = Dissolution rate constant

A = Surface area of the particle

Cs= maximum drug solubility

C = concentration of the drug in the bulk of thkuson
h = thickness of the stagnant layer

Eq. 1
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Most of the new chemical entities (NCE'’s) which developed or in developing stage fails the phasdies due to
their limited solubility and permeation in the kigical matrix. These limitations can be overcomeinploying the
techniques to improve the solubility and permegbilihich helps in reduction of toxic or adversesefs when they
are administered in high doses to produce the phastogical action and also improves the safety effidacy of

drugs.

The solubility of the drug molecules can be enhdrmeemploying the techniques which mainly actiparting or
inducing the modifications in their physicochemipabperties of the drug substance [2]. Various washwhich
includes reduction in particle size (micronizatiargnonization), complexation (inclusion complexss using
cyclodextrins), solid state modification (polymospipseudopolymorphs), salt formation, prodrugsiandlteration

of pH in the drug microenvironment[3]. The permeatiof drug was mainly enhanced by employing various
techniques like applying lipid technologies or mcarporating the permeation enhancers or improuerthe
formulation or by ion pairing approach.

One of the strategies where most of the researdébens on the enhancement of the solubility isdsdispersions.
The term “solid dispersions” was first time useddmkiguchi and obi in 1961 by using eutectic migtufor the
solubility enhancement [4]. According to Chiou aRi@egelmann the term “solid dispersion” was defiresl
“dispersion involving the formation of eutectic mires of drugs with water soluble carriers by nmgjtdf their
physical mixtures” [5]. The final product whichfiermed by transformation of a fluid-drug carriemtdoination into
solid amorphous form. The main purpose of formatatsolid dispersions is to improve the dissolutrate of
poorly soluble drugs. Some of the examples of dmbih are having poor water solubility whose sdltybis
enhanced by solid dispersions are piroxicam [6iyexdilol [7], roixthromycin [8], efavirenz [9] and aceclofen
[10].

The dissolution equation is given by [11]

dm Eq. 2
—=—KAS-0) .

Where m = amount not dissolved

K = intrinsic dissolution rate constant
A = surface area

S = solubility

C = concentration at‘t’ time

The arena of solid dispersions is increasing dayldoy in the field of pharmaceutical industries heseaof their
advantages over than the other techniques useshf@ancement of solubility.

COMPONENTS OF SOLID DISPERSIONS [12]:

The main components of the solid dispersions are:

1.Hydrophobic drug

2.Hydrophilic matrix

Hydrophobic drug is the active ingredient which Hiasited solubility in the aqueous phase and thdrbghilic
matrix mainly consists of carrier which plays proent role in enhancing the solubility of the hydropic drug.
Ideal Requirements of Carriers [13]:

The ideal characteristics of carrier which are ugesblid dispersions are

* It should be non toxic and inert in nature

* It should shows good water solubility (improves tability and dissolution)

» The glass transition temperaturg)(®f the carrier should be high. (To produce amogghstructure).

» The melting point of the carrier should be low.at3e formulations were obtained.)

» The solubility profile of the carrier should bendliar with the profile of drug.

Classification of solid dispersions based on carnie [14]:
The carriers of solid dispersions are mainly ckesias
1.First generation

2.Second generation

1219



Saripilli Rajeswari et al J. Chem. Pharm. Res., 2016, 8(4):1218-1228

3.Third generation
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Figure 1: Classification of Solid Dispersions Basedn Nature of Carriers

First generation:
In these systems, both the carrier and drug aceystalline state.
Ex: Eutectic mixtures

Second generation:
The carriers which are used in these systems aamiorphous state while the drug is in either cilijsta or
amorphous form. Polymeric substances are usedasrca

Third generation:
Surfactants and polymeric substances or combinatidhese two substances are used as carriersg iiotimulation
of solid dispersions.

Table 1: Examples of carriers of solid dispersions

L . Categories of
Solid Dispersions Substances Examples
First generation Eutectic Mixtures Urea, Sugargia@dic Acids
Second generation Polymeric Substan(egoIyethyler_meglycoIs(PEGs), Polymethacrylates, Hywgro Propyl Methyl Cellulose,
yclodextrins
Third generation Surfactants Poloxamer 408, Gedut#t/14, Tween 80

TYPES OF SOLID DISPERSIONS [15],[16]:

The various types of solid dispersions are categdrinto the following ways:

1.Simple eutectic mixtures

2.Amorphous precipitation in crystalline matrix

3.Solid solutions

4.Glass solution and glass suspensions

5.0ther categories

Simple eutectic mixtures: Eutectic mixtures are prepared by rapid solidifmatprocess in which both the
components are in crystalline in nature in ordeolain physical mixtures. These are completelycibis in all
proportions in liquid state but partially miscibitesolid state. Examples are urea, organic acits et
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Figure 2: Eutectic mixtures phase diagram

Amorphous precipitation in crystalline matrix: The solute molecules are molecularly dispersedregilarly
dispersed in an amorphous solvent or carrier [TAe important parameter which is considered in eéhedlid
dispersions is glass transition temperatugg ¢T the carrier.

Solid solutions: The dissolution of the solid solutions is mainlypdads on the dissolution rate of the matrix. They
are just like homogeneous liquid solutions but namtf components may vary. Solid solutions are rafaither
classified into two types.

» Based on the miscibility
+ Based on the distribution of solute molecule ingbkent

l, Solid solutions ]

Distribution of
Solute Molecules

/ W

Substitutional ] [ Interstitial I

Continuous ] Discontinuous } |

Figure 3: Classification of solid solutions of sa dispersions

Based on miscibility:

Continuous solid dispersions: The components which are present in these sysaeensompletely miscible in all
proportions at all conditions. This indicates thahesive forces of interactions between the twopmmants are
more dominant than cohesive forces of interactietvben the individual components.

Discontinuous solid dispersions: in these dispersions, the solubility of each of ttmmponent in the other
component is limited. These solid dispersions carptepared by using ternary phase diagrams whioksghe
information about the phase solubility studies mfgdand carrier. When the mutual solubility of th® components
exceed 5%then it represent the solid dispersions.
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Figure 4: Phase diagram of continuous sol dispersions Figure 5: Phase diagram of discontinuous solid dispersio

Based on distribution of solvent molecules in sotve
Substitutional solid dispersions: In these solid dispersions, the solute molecutesdsstributed in the interstitial

spaces between the crystalline structures of tireecavhich is dissolved in suitable solvent.

Interstitial solid dispersions: In these dispersions, the dissolved moleculesraecthe interstitial spaces between
the solvent molecules in the crystalline lattiae.chse of substitutional the relative moleculae si considered
while in this the dissolved molecular state hasaanéter of about 046 of the solvent molecule.

O O O O
Solvent molecule
T Solvent molecule
4 —
e Solute molecule (_'_) I S
e \rl\/ C/, C) Salute molecule
Y O I
= e O O
Figure 6: Substitutional Solid Dispersions Figure 7: Interstitial Solid Dispersions

Glass solutions and suspensiongChiou and Riegelmann were first studied the topicglass solution and
suspensions. A glass solution is a homogenousmyistevhich a glass or a vitreous form of the carsielubilized
drug molecule whereas in case of suspensions th&soolecules are diapered in carrier.

Figure 8: Glass solutions

OTHER CATEGORIES:

Non self-emulsifying solid dispersions: In these systems both amorphous and crystallibetances are used. The
carriers which are used in these dispersion areesamder the category of non self-emulsifying agje@ut of the
amorphous and crystalline substances, amorphousriaiat are more preferable because of their maximum
solubility. NSESDs are prepared by using diffener@thods like melting method, solvent method dependin the
physicochemical properties of the drug and carrier.

Self emulsifying solid dispersions: Surface active agents or self emulsifying agemsused as carriers. In these
systems the drugs are dissolved in molten carrigciwis melted at higher temperature. As surfate@agents are
amphiphilic in nature that it contains both hydriighand hydrophobic groups in their structure thesually
improve the solubility of the drug by altering therface or interfacial free energy of the solveystesm then by
adsorbing of drugs at the interfaces of the system.
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Table .2: Types of solid dispersions [19]

SOLID
S. NUMBER
NO. DIS‘T’EEEION MATRIX DRUG REMARKS OF PHASES
| Eutectics Crystalline Crystalline The first typesolid dispersion prepared 2
Amorphous
Il precipitation in| Crystalline Amorphous Rarely encountered 2
crystalline matri:
Solid solutions:
Continuous solid| Crystalline Molecularly Miscible at all proportions; never prepared 1
B dispersed
solutions
Discontinuous  solid Crystalline Molecularly Partially miscible, the drug is present in molecyla 2
solutions Y dispersed dispersed form
m Molecular diameter of drug (solute) differs lesarti15%
T . Molecularly from the matrix (solvent) which results in the
Substitutional Crystalline . - ; . lor2
dispersed substitutional of drug and matrix can be continuoug
discontinuous
- . Drug (solute) molecules diameter less than 59%hef|t
Interstitial solid Crystalline Molecularly matrix(solvent)  usuall limited  miscibilit and 2
solutions Y dispersed ) : y Y
discontinuous
Particle size of the dispersed phase dependentaimg
Glass suspensions Amorphous Crystalline | or evaporation rate obtained after crystallizatidrdrug 2
in amorphous matr
\ . Particle size of dispersed phase dependent onngoofi
Glass suspensions Amorphous Amorphous evaporation rate 2
Glass solutions Amorphous Molecularly Requmes m|SC|b|I|ty_ or s_olld solub|_||ty, comple 1
dispersed formation or evaporation during preparation
The matrix (carrier) which are used in these disipes
Non self-emulsifying| Amorphous or| Amorphous or| are non self-emulsifying agents and the formatidn| o 5
solid dispersions Crystalline Crystalline solid dispersion is mainly depends on physicochamic
\% properties of drug and matrix
3 o . N ) In these formulations amphiphilic carriers (Suréeds)
S_elf em_ulsﬁymg solid| Amphiphilic in | Crystalline or are used which are usually prepared by employinag he 2
dispersions nature Amorphous

(i.e., Melting method)

ADVANTAGES [18]:
* Itimproves the solubility of the water insolubleuds (class II).

» Improves the absorption efficiency and therapeefticacy is attained.

* It usually reduces the adverse effects on redudtidine dose of the drug.

» They can be used to produce rapid action by fortimgahem as fast dissolving agents

» Due to increase in dissolution rate and absorgir@systemic metabolism can be reduced.
» Used for formulation of both sustained and fastask formulations of poorly soluble drugs.

DISADVANTAGES [19]:

 High loads of carriers are used in the formulation

» Reproducibility of physicochemical properties oé tiirug cannot be regained.
» Physical and chemical instability can be obserugeltd the modification of basic structure of drug
» Handling of the solid dispersions may be diffialite to its tackiness property.

METHOD OF PREPARATION:
Numerous technologies have been introduced forrer@maent of poorly water soluble drug and theseuoes
1.Solvent method
2.Fusion method
3.Hot melt extrusion method
4.Super critical fluid method
5.Melt agglomeration method
6.Spray drying
7.Kneading method
8.Effervescent method
9.Electro spinning method

10. Direct capsule filling
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11. Use of surfactants

12. Co grinding method

13. Melt dose

14. Quasi-emulsion solvent diffusion method
15. Adsorption on insoluble carriers

Solvent method: This method is also known as solvent evaporatiethod. It was first developed by Tachibama
and Nakashmara in 1965. The main steps involvedisnmethod are solubilization of drug and cariiea suitable
solvent, after complete solubilization the solvisntemoved which results in the formation of amagh substance.
This method is mainly applicable for the thermditsubstances and the limitations are incompleteoval of
solvent may result in stability problems [20]. SingChatteret al., reports the solubility of pioglitazone
hydrochloride is increased by using different conaions of PVP K30 when compared with the vagabl
concentrations of PEG 6000 which are prepared byi@rimg solvent evaporation method [21]. Other egharis
glimepride [22].

Fusion method: This method is also known as melting method.Thenrst@ps involved in this method are initially
the mixtures of drug and carriers are preparedsa@dnelted by subjecting to the high temperatures peyond the
melting point of the carrier) followed by rapid dimg results in the solidification of molten maidrbr melt in an
ice bath with continuous stirring. For better résthe molten mixture is stored in a desicatordioe or more days
by maintaining the appropriate conditions (ambtentperature) before size reduction and sieving. [PBis method
is simple and economical. Oxidative drugs are nyairded for this process due to utilization of rgea gas or
carrier. The main drawbacks of this method areapgiicable for thermolabile drugs. Sometimes plsegmration
may occur due to exposing the mixture to high tenampees. Bhiseet al, studied the effect of polymers on
enhancement of solubility of telmisartan by usirgious concentrations of poloxamer 407, geluci®#3HPMC
E4, PVP K30 and PEG 6000 by using fusion methodcételuded that the solubility of telmisartan isrieased by
increasing the concentration of polymer. Out ofsth@olymers, poloxamer 407 has shown the bettettsd4].
Other examples are terbinafine hydrochloride [@binepride [26].

Hot melt extrusion method: In this method, intense mixing of drug and cardan be achieved by using a special
device called extruder. The powder blend is tramsteto the die cavity by rotating screw througheating barrel
of extruder which produces the product of desineifloum shape and it is cutted by hot blade whicprissent at the
end of the extruder [27]. The main advantages isfrtiethod are continuous process of productionbeaachieved
and this does not require any type of solvent. iaproblems will be less. Ritesh A. Fuét al.,observed that the
formulations which are prepared by soluplus-Lustwbwed better release when compared with the athéures of
soluplus-PEG 400, Soluplus-Lutrol F68 and Pure teblaf artemether which are prepared by hot mettugle
technique [28].

Material feeders
Die Die adapter

/E ! Chilled roll with kibbler

Barrel

EONE ...

Zofe Zone

Hot-melt extruder

v

Cruality
Product

SIPAT console r Waste

Figure 9: Schematic diagram of hot melt extrusion rathod

SUPERCRITICAL FLUID METHOD: This method was developed by ferro corporationchitilizes the super
critical fluids usually enhance the solubility &fetpoorly water soluble drugs. The main componehthis system
are mixing vessel (for solubilizing the drug andriea in super critical fluid), spray nozzle andpexrsion vessel.
The drug and carrier is dissolved in supercritftatl and is sprayed into expansion chamber bygspnay nozzle
with low pressure to produce melt [29]. This methesdalso known as rapid expansion of supercritgzdltion
(RESS). The most commonly used supercritical figicarbondioxide because of its desired propetii@slow
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temperature (31.€) and low pressure (73.8 barr), nontoxic, inegdeand non-inflammable in nature. Xuezhi yin
et al., reported the mixtures which are prepared by sgpécal fluid method shows greater oral bioavailiap
when compared with that of the marketed productampo€ of itraconazole [30].

1. OO ewlinder;

2. surgee vank:

3. extractonr;

4 and 5. separators:

G, collector and sas-measuring
device,

7 and 8. thermnmmostatic baths;

O isocratic Purmge.

Figure 10: Schematic diagram of super critical flud recrystallization method

MELT AGGLOMERATION METHOD: In this technique, thermal treating of drug andieais achieved for the
production of the molten mixture beyond their nmgtipoint and the molten dispersion is sprayed migh shear
rate mixtures to obtain the desired particle sizé tnen it is dried [31]. The critical parameterkieh are to be
considered are particle size, speed and rate afisyr and type of carrier and selection of caraied the carrier is
also acts as binder for the formation or agglomamatf drug particles.

SPRAY DRYING: The main excipients of this process are bulkinghégybke mannitol and lactose (to produce the
desired weight), super disintegrants like sodiuarcét glycolate, cross povidone and croscaramelffiserapid
disintegration of the tablet, acidic agents lik&iciacid, tartaric acid etc. and basic agents tkebonates and
bicarbonates (to produce frizzy sensation by tt@uton of Cg gas). The drug which is produced by spray drying
technique is highly porous in nature. The mixtufBIl and excipients are properly blended and casged into
tablet. The tablet was disintegrated with in 20 sdmn it comes in contact with saliva. In this teicie the
important step is atomization of the particles wahitays an important role in the resultant of parstructure of the
materials [32]. Some of the examples of drugs of tbchnique where the solubility is enhanced liy tbchnique
are tinidazole [33], fluconazole [34] and ritonaj86].

AP polymer / Pressure
Excipients Mozzle L

Solution

SDD Product I B S DD
it Fesicual Solwnent — | — Product

Figure 11: Schematic overview of spray drying procgs

KNEADING METHOD: In this method, suitable proportions of drug amdrier are taken in a mortar to that
organic volatile solvents are added. Kneading m®oan be done for about 30 mins and it is dried tine solvent
completely evaporates. For better results, theuréxis placed in desicator for the complete remo¥ablvent [36].
Ganesh chaulanet al., reported that the furosemide tablets formulatitti sodium starch glycolate by kneading
method showed better results when compared wittketed tablets [37].

EFFERVESCENT METHOD: The combination of utilization of organic acidsdabases with poorly soluble

drugs yields effervescent solid dispersions anddlmibstances will evolve carbondioxide when comesntact
with the aqueous phase. These are mainly appliéalftrmulation of fast dissolving tablets and suiséd release
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tablets [38]. Examples of basic substances areonatb and bicarbonates and for acidic substaneesitac acids,
succinic acids etc.

ELECTROPINNING METHOD [39]: In this method, the enhancement of poorly wateuldel drugs can be
achieved by utilization of electrical potential whiresults in the formation of encapsulated fibgven adesired
amount of potential is applied across the solutibdrugpolymer it results in the formation of fisesf sub micron
range due to domination of electrical force at theerface when compared with the interactive fores.,
surfacetension) of drug and carrier. The size effthers is mainly depends on feed size, dielectoiostant and
electrical strength. The optimum electrical potaintthich is about 5 and 30 kv

DIRECT CAPSULE FILLING [40]: In this method, the obtained liquid melt (solu®lil drug) is directly filled
into hard gelatin capsule. The chemical structditbe drug cannot be affected.

USE OF SURFACTANTS [41]: This method is mainly applicable for the enhancdanuérpoorly water soluble
drugs by using surfactants. These mainly act byedesing the interfacial tension of the hydrophathiag and
results in the solubilization of drug.

CO-GRINDING METHOD: In this method, co-solvents are used. The maipssievolved in this method are
initially the drug is dissolved in a suitable soivend later addition of polymer (carrier) takeaga. The whole
mixture is heated by applying low temperature fo evaporation of the solvent. Based on the amofinarrier
used the release profile of drug from the carrieterule can be altered [42]. Keer#tial., reported that the solid
dispersions of clopidogrel bisulphate prepared thyginding method by using different carrier cortcation of
mixtures of cornstarch lactose and by individuahaantrations of cornstarch and dextrose [43]. Quhese, the
solid dispersions which are prepared by the cordstiactose mixture showed better solubility whemepared with
other two formulations. Another example is formidatof furosemide [44] preparations by co-grindimgthod.

MELT DOSE TECHNOLOGY: This technology is a combination of the methodgctvluses both solvent method
and fusion method in which the drug is incorporateé molten or meltable vehicle and the obtainexture is
sprayed and dried by using spray drying or by fluédl evaporator in case of large scale and pildesespectively.
The obtained granules are directly compressedtatitet without any addition of excipients exceptrioants for
promoting the flow properties [16]. This technolatgn be applied for the formulation of enteric edatcontrolled
release and fast release tablets by employing etkgiroportions of the carriers. The major limitatiof this
technology is that the whole process must be pmaedrunder controlled conditions to prevent the atah of
oxidisible substances of the formulation.

QUASI-EMULSION SOLVENT DIFFUSION METHOD [16] : It was developed by kawashima who employed
this technique in the preparation of controllecaske microspheres. The enhancement of the sojutdiihe drug is
attained by the formation of quasi crystals by aliggg in suitable solvents. They are three typEsalvents are
used in this technique one solvent isgood solvemthvusuallysolubilized the drug and another sahisnpoor
solvent in which the drug is immiscible in natufebridging solvent is another solvent which playsimportant
role in the formation of quasi crystals of the dagythe drug shows miscibility with it. In this rhet, the drug is
dissolved in both good solvent and bridging solvebtie to the interactions between these solvergsditg
molecules which are in solution state is precipiaby “salting out” up on rapid stirring and théwe tcrystals are
collected and dried. Ujwalket al., reported that the solubility of loperamide hydhitoride was increased by Eudragit
agglomerates which are prepared by quasi emulsieerst method [45]

ADSORPTION ON INSOLUBLE CARRIERS [46]: These dispersions are referred as surface sdpbdiions.
In this method, the drug substance is dissolvealsnitable solvent and it is coated on supportiatenial or carrier.
After complete evaporation of solvent it resultsriproving the interactive forces between the dangd carrier and
finally it is crushed and formulated into desiredniulation.

CONCLUSION
Extensive research has been going in the arealiof dispersions to improve the bioavailability dfet poorly

soluble drugs in these days. The researchers heme bsing the different polymers to enhance thebdaly of
drugs. Proper selection of formulation method aawdier are mainly depends up on the physicochenpicgierties
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of the targeted drug (poorly soluble drug). Thishteology is also highly potential to formulate caofied release
dosage forms as the carriers may enhance the d#&mgse. The major limitation of solid dispersisrttie scale up
process in order to avoid this problem severalnoigtd techniques are developed by the manufacttogrsoduce
easily scalable products.
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