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ABSTRACT

The Solubility is an inherent property of any solidqdid or gas. The solubility behaviour of drugs rémseone of
the most ambitious task in the formulation develepm T The solubility of drug dictates the ease withich
pharmaceutical formulations can be obtained. Sdlgpersion is an efficient mean of improving thegdsolubility
and from last many years it withstands with theeotiyes of producing improved dissolution rate and
bioavailability of hydrophobic drugs. This reviewstribes an overview of solid dispersions technobxga method
of improving drug solubility which includes definits of the various systems, preparation methodsiows
carriers and characterization methods of solid @ispons.
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INTRODUCTION

Solubility of a substance is the amount, which passto solution when equilibrium is establishedwsen the
solution and excess (undissolved) substaite transfer of molecules or ions from a solidesiato solution is
known as dissolution [1]Solubility is a significant physicochemical factaffecting absorption of drug and its
therapeutic effectiveness. Formulation developmenild leads to be failure if drug having poor aquesolubility
[2]. Kapalan (1972) suggested that unless a conpbas an aqueous solubility in excess of 1% (10nhY over
the pH range 1-7 at 37° C, potential bioabsorpposblems may occur [3]. If the intrinsic dissolutioate was
greater than 1 mg cimin™ then absorption was unimpeded thus the solutbfitess than 1 mg rlindicates the
need for a change in drug modification either bygital or chemical process [ITonsideration of the modified
Noyes-Whitney equation provides [4] some hintsaabdw the dissolution rate of even very poorly waeluble
compounds might be improved, to minimize the litndtas to oral availability:

dc _ AD(C, - C)
dt h

Where, dC/dt is the rate of dissolution, A is theface area available for dissolution, D is thdugiion coefficient
of the compound, Cs is the solubility of the compain the dissolution medium, C is the concentratib drug in
the medium at time t, h is the thickness of théudibn boundary layer adjacent to the surface efdlssolving
compound [5]

Solubilization Techniques [6]:

There are various techniques available to imprbeesblubility of poorly soluble drugs. Some of #proaches to
improve the solubility are:

() Physical Modifications

A. Particle size reduction

(@) Micronization (b) Nanosuspension
B. Modification of the crystal habit
(@) Polymorphs (b) Pseudo polymorphs (includadvates)
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C. Drug dispersion in carriers

(a) Eutectic Mixtures (b) Solid dispersions (rmantecular)
(c) Solid solutions (d) Cryogenic techniques

D. Complexation: Use of complexing agents (Cyclddes)
E.Solubilization by surfactants

F.Nanotechnology approaches

(1) Chemical Modifications

(@) Soluble prodrugs (b) Change of pH

(c) Use of buffers (d) Salts

(1) Miscellaneous Methods

(a) Supercritical fluid Methods,

(b) Use of adjuvant, solubilizers, Surfactants, @esncy, Hydrotrophy and novel excipients.

Although salt formation, particle size reductiok;.ehave commonly been used to increase dissolusitnof the
drug, there are practical limitations with theseht@ques the desired bioavailability enhancement nw always be
achieved. Therefore formulation approaches aregbexplored to enhance bioavailability of poorly @matsoluble
drugs. One such formulation approach that has beewn to significantly enhance absorption of suaigd is to
formulate solid dispersion [7The solid dispersion approach was first recogninet®61; reduces the particle size,
therefore increases the dissolution rate and abisorpf drugs.

Chiou and Riegalman defined the term Solid Dispersas “A dispersion involving the formulation oftectic
mixtures of drugs with water soluble carriers bylitmg of their physical mixtures” [8].

Advantages of Solid Dispersion

«*Enhancement of the active agent bioavailabilitg wesirable extent.

++Avoiding polymorphic changes and the consequeravzieability problems.
«»Transformation of liquid or gaseous form of theglhu to solid form is possible.
«»*Homogeneous distribution of small amount of drugaid state is possible to attain [9].

CLASSIFICATION OF SOLID DISPERSIONS

Solid dispersions are classified by various ways @n the basis of carrier used and on the basiseif solid state
structure as shown Figure 1 andFigure 2 respectively.

e — | Peue |
/ | SOLIDDISPERSION ‘ \ / [ s adpelymer | \

—_—
| e — —
: 1,—. —X —
‘ | Immos bl dotate |
- ¥ y i " — P
FidGenertion | | Socond Genwration | | Thind Genaraion ' ‘
i T
Crysloe camie | Polymerc cairs | _
| |
y Y Y

| Nosueofarc Mituesf ~ L
\ oipipmers | polmes Surfctants \

Figure2: Classification of Solid Dispersion on the Basis
of Miscibility of Drug and Polymersin Fluid and Solid
Figure1: Classification of Solid Dispersion on the Basis State
of Carrier used
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(1) On theBasisof Carrier used:

(). First generation: In First generation Solid dispersions crystallirzgriers such as urea and sugar, used in the
Solid dispersion preparation. These solid dispessiare thermodynamically more stable and did nigiase the
drug as quickly as amorphous ones.

(ii). Second generation: In second generation amorphous carriers are uséchvare usually polymers. These
polymers include synthetic polymers such as powd@\VP), polyethylene glycols (PEG) and polymethiates,
hydroxylpropylmethyl-cellulose (HPMC), ethyl celigde, and hydroxypropoylcellulose or starch demestilike
cyclodextrins.

(iii). Third generation: Surfactants are introduced in the third generafidrese carriers have surface activity and
self-emulsifying properties. The use of surfacgunth as inulin, inutec SP1, compritol 888 ATO, geki44/14 and
poloxamer 407 as carriers were shown to be efiedtivoriginating high polymorphic purity and enhaddn vivo
bioavailability [10].

(2) On the Basis of Solid State Structure:

(i). Drug and polymer exhibiting immiscibility in fluid state: If a drug and polymer are immiscible in their fluid
state, it is expected that they would not exhibisaibility on solidification of the fluid mixtureSuch immiscible
systems may be regarded as similar to their cooreipg physical mixtures and any enhancement isotliion
performance may be because of modification in molqedy of drug and/or polymer due to physical transfation
(i.e., solid to liquid state and back), intimataughpolymer mixing, and/or enhanced surface aream&tion of
crystalline or amorphous Solid dispersions can iasdual by the rate of solidification of mixture atiek rate of
crystallization of drug and/or polymer [11].

(ii) Drug and polymer exhibiting miscibility in fluid state: If the drug and polymer are miscible in their fluid
state, then the mixture may or may not undergo @lszparation during solidification, thereby inflagmy the
structure of Solid dispersion [11, 12].
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Figure3: Eutectic Mixtures

(a) Eutectic mixtures. The term eutectic comes from the greek ‘eutekto®aning “easily melted”. A eutectic
mixture is defined as a mixture of two componentséciv usually do not interact to form a new chemaahpound
but, which at certain ratios, inhibit the crystadiiion process of one another resulting in a systawing a lower
melting point than either of one component. Eutectiixtures can be formed between active pharmazaduti
ingredients (API), between APIs and excipients etween excipients. Eutectic mixture formation isially
governed by following factors:

+The components must be miscible in liquid statempdtly immiscible in solid state [13].

«Intimate contact between eutectic forming materiglsiecessary for contact induced melting pointrelggion
[14].

«The components should have chemical groups thaintaract to form physical bonds such has intercudbr
hydrogen bonding etc.
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++The molecules which are in accordance to modifiadt\Hoff's equation can form eutectic mixtures [15]

(b) Crystalline Solid dispersion: A crystalline solid dispersion (or suspension)dstried when the rate at which
drug crystallizes from drug-polymer miscible mixdus greater than the rate at which drug-polymeid fimixture
solidifies.

(c) Amorphous Solid dispersion: If the drug-polymer fluid mixture is cooled at agahat does not allow for drug
crystallization, then drug is kinetically trapped its amorphous or a “solidified-liquid” state. HBeetypes of
dispersions have the risk of potential for convargb a more stable and less soluble crystalline fd.1].

(d) Solid solutions: “A solid solution is a binary system comprising afsolid solute molecularly dispersed in a
solid solvent”. Since the two components crystalliagether in a homogeneous one phase system,sadlition
also called as molecular dispersions or mixed atysir melts [16].

Solid Solution

=

According to the extent of miscibility According to molecular size of two moleculg
of two components size of two molecules of solid solution

i) Continuous solid solution i) Substitution solid solution

i) Discontinuous solid solution ii) Interstitial solid solution

«+Continuous solid solutions: In a continuous solid solution, the components miscible in all proportions.
Theoretically, this means that the bonding strergghveen the two components is stronger than thelibg
strength between the molecules of each of the ichdal components.

/Solid dispersions \

Solid Dispersion
=  solid State >'5lngle phase
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Figure4: Schematic Diagram of Solid Dispersions Systems

«»Discontinuous solid solutions: In the case of discontinuous solid solutions, #uodubility of each of the
components in the other component is limited. Adgpphase diagram of discontinuous solid solutioshown in
Figure 5 depicts the regions of true solid solwiolm these regions, one of the solid componentoispletely
dissolved in the other solid component. The musadibility’s of the two components below a certemperature
start to decrease. Goldberg et al [17] suggestetthie term “solid solution' should only be appléten the mutual
solubility of the two components exceeds 5%. Whethenot a given solid solution can be utilizedaadosage form
strategy will depend not only on the mutual soltyg8 of the two components but also on the dosé¢hefdrug
component.
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Figure5: Phase Diagram for Discontinuous Solid Solution

«»Substitutional crystalline solid solutions: Classical solid solutions have a crystalline dtre, in which the
solute molecules can either substitute for solwesiecules in the crystal lattice or fit into theédrstices between the
solvent molecules. A substitutional crystallineidalispersion is shown in Figure 6 (a). Substituti® only possible
when the size of the solute molecules differs Isg khan 15% or so from that of the solvent molec[il8].

e OO M)

e (“C . X
88 &F 3

Substitution: olution Interstitial solid

Figure®6: (b)
Figure6:(a)

«Intergtitial crystalline solid solutions: In interstitial solid solutions, the dissolved malles occupy the
interstitial spaces between the solvent molecuteshe crystal lattice Figures 6(b). In the caseirérstitial
crystalline solid solutions, the solute moleculesigd have a molecular diameter that is no greagar 0.59 of the
solvent molecule's molecular diameter [19]. Fumiae, the volume of the solute molecules shouldebs than
20% of the solvent.

KD
°n

«»Amor phous solid solutions: In an amorphous solid solution, the solute molesware dispersed molecularly but
irregularly within the amorphous solvent. Chiou aRéegelman®® were first to report the formation of an
amorphous solid solution to improve a drug's dissoh properties using griseofulvin in citric aci@ther carriers
that were used in early studies included urea aigérs such as sucrose, dextrose and galactose. rielceatly,
organic polymers such as polyvinylpyrrolidone (PVp9lyethylene glycol (PEG) and various celluloseivhtives
have been utilized for this purpose. Polymer cesrége particularly likely to form amorphous sddiolutions as the
polymer itself is often present in the form of anaaphous polymer chain network. In addition, thiisomolecules
may serve to plasticize the polymer, leading teduction in its glass transition temperature.

MECHANISM OF INCREASED DISSOLUTION RATE

The higher dissolution rates of Solid dispersicas lbe described to a number of factors which iresud
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++The formation of higher energy metastable statdh@tomponents as a function of the carrier systeimg used
[20].

++The reduction of particle size to nearly a molecidael [21]. As the soluble carrier dissolves, theoluble drug
is exposed to dissolution medium as very fine pkedileading to an increase in both surface ardasalubilization
for fast dissolution and absorptifi®].

«*Formation of amorphous forms of drug and carri2g3.[

«»Carrier prevents aggregation of fine drug partidlesreby providing a larger surface area for diggm.
“»Carrier with surfactant property reduces interfa¢témsion between the medium and the drug, henghehi
dissolution rates [20].

«+Co-solvent effect on the drug by the water soldalgiers [22].

“*Intermolecular hydrogen bonds formation betweemy@md carrief23].

«»Local solubilization effect of carrier at the di§ion layer [24].

Various other factors affecting dissolution of dfagm Solid dispersion includes the method of prapan of the
Solid dispersion, amount and properties of the mely carriers, drug polymer contact and drug-polymer
interactions.

PREPARATION METHODS OF SOLID DISPERSIONS

(i) Fusion method: Sekiguchi and Obi [16] (1961) prepared the fidtdsdispersion by the fusion method. In this
method, the physical mixture of a drug and a watduble carrier are heated directly just aboveritdting point
and the drug is incorporated into the matrix. Thelted mixture is then cooled and solidified rapidly ice bath
with vigorous stirring. The final solid mass is mherushed, pulverized and sieved which can be dartbmpressed
into tablets. In this procedure rapid congellingdesirable, because it results in supersaturatictheodrug as a
consequence of entrapment of soluble moleculedarstiivent matrix by instantaneous solidificatioB][2

Advantages:

It is more convenient and economical method fogdrstable at temperature below 1000 °C.

«*Technically it is an easier method if the drug aadier are miscible in the molten state [8].

It precludes the use an organic solvent therelzyiniventing the enigmas of its removal from the elispn [10].
«+Dissolution for dispersions obtained by meltinghteique are much faster than those prepared usilvgrgo
techniques [26].

Disadvantages:

++This method can be applied only when drug and mateé compatible.

A problem can arise during cooling when the drugtrim miscibility changes. In this case phase s&fpams can
occur [27].

«»Degradation of the drug and matrix can occurs duieating temperature necessary to fuse matrixdeungl [27].
+ Solidified melt may be tacky and unhandable [12].

(i) Solvent-evaporation method: Tachibana and Nakamura were first used this metth@idepare solid dispersion.
This technique involves a solvent based technigbey use organic solvent to dissolve and intimati$yperse the
drug and the carrier molecule [28]. In the secdep semoval of solvents that finally results in ¢wot in a form of
solid dispersion. The solvent is then evaporatedctly on a water bath or hot plate or using avapaur. The
resulting solid dispersion is stored in the desmsaunder vacuum and pulverized to obtain therddsize fraction
[12].

An important prerequisite for manufacture of a dalispersion using the solvent method is that ba¢hdrug and
carrier are sufficiently soluble in the solvent.

Advantages:
«Thermal decomposition of drugs or carriers can tevegnted because of the low temperature requiredhi®
evaporation of organic solvents [5].

Disadvantages:

+« To mix both drug and matrix in a common solvéiig is difficult, when they differ significantly ipolarity.

+ High cost of preparation.

«» Complete removal of solvent from the final prodisca lengthy process.

++ Phase separation can occur during drying process.

« Adverse effect of small amount of the solvent whis retained in the final product can affect theroical
stability of drug.
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(iii) Solvent-melt method: To overcome the problems associated with fusiohriigee, a blend of fusion and
solvent evaporation method has also been propdsetlis technique, the drug is dissolved in an orgaolvent
and mixed with the melted carrier. The solventhisnt evaporated and the resultant product is pukerto the
desired size.

Advantages:
«»Possesses unique advantages of both the fusiosohreht evaporation methods
«»Useful for thermolabile drugs with high melting pbj29].

Drawbacks:
«*Technique is limited to drugs with a low therapewatbse (less than 50 mg).

(iv) Hot melt extrusion method: Hot melt extrusion process solid dispersions aepared by using the twin screw
hot melt extruder. The extruder consists of a hopparel, a die, a kneading screw and heaters@srsinFigure

7. The physical mixture is introduced in to the hepthat is forwarded by feed screw and finallyxsreded from
the die. The effect of screw revolution speed aralewcontent on preparation of solid dispersionsukh be
investigated, since these parameters have profompadct on the quality of solid dispersions [12]. tHuoelt
extrusion process is same as the fusion methodheahixing of components is done by extruder.

Feed Hopper

Heater and thermocouples

Screen Pack
Barrel
Resin

Screw

e Ml
: \\\\ N

NN

Venting Die

Extiudate

o 2 >0 !
2 2

Figure 7: Schematic Diagram Showing Components of a Single Screw Melt Extruder

When compared to melting in a vessel, the prodiattilty and dissolution are similar, but melt exdion have the
benefit to shape the heated drug- matrix mixtute implants, ophthalmic inserts, or oral dosagenfarMiscibility
of drug and matrix can be a problem in this proc&ase to high shear forces the high local tempeeatin the
extruder can be a problem for heat sensitive nagermhis technique has the possibility of contimiproduction,
which makes it suitable for large scale productibime product is easy to handle because at thet @ftlbe extruder
shape can be adapted to the next processing stiepuivgrinding [27].

(v) Melt agglomeration process: In this method the binder acts as a carrier. Tihécgss consists heating the
binder, drug and excipients to a temperature alblbgemelting point of the binder or by spraying apdirsion of
drug in molten binder on the heated excipients sipgia high shear mixer. The effect of binder tymethod of
manufacturing and particle size are critical par@ngein preparation of solid dispersions by meljlameration. It
has been investigated that the spray on proceditineREG-3000, Poloxamer 188 and gelucire 50/13batked to
immersion mechanism of agglomerate formation aratyr. In addition, the melt in procedure also resimh
homogeneous distribution of drugs in agglomera®.[3

(vi) Effervescent method: Effervescent solid dispersions includes sodium rbigaate and organic acids (citric,
tartaric or succinic), which react with each otheryield an effervescent mixture. By combining ggasoluble
drugs with organic acids, an effervescent solighelision, which may increase the dissolution anematieon rates
of poorly soluble drugs. Citric acid/sodium bicanlate was found to be the most effective carrierrédeasing
prednisone and primidone and sodium bicarbonateifsiscacid was observed to be the best carriegfiseofulvin
[31].

(vii) Adsorption on insoluble carriers: These dispersions are also referred to as surfdice dispersions. In this

method, the support material is suspended in aisolof the drug followed by evaporation of thewssit. The
resulting material contains the drug in a “moledylamicronized” state on the surface of the carrigere,
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adsorbents maintain the concentration gradientQ}sto its maximum, thus increasing the dissolutrate. A

special technique under these methods is the fimilbed system. It involves first preparation afgmg solution

by dissolving both drug and carrier and then ssgheres are charged to fluidized bed granulatorcaated. These
spheres are fluidized by spraying solution andcitegted pellets are dried. Solid dispersion of powaster-soluble

drug nifedipine was prepared in hydroxypropylmetkilulose (HPMC) on sugar spheres using this teplen[32].

(viii) Co-grinding: In this method, accurately weighed drug powdertamdcarrier are mixed for some time using a
blender at a specified speed. The mixture is tHaarged into the chamber of a vibration ball milk firinding.
Strong grinding force gives to solid increaseshia &ctivation energy on the surface and in theodieh of the
crystal lattice together with communition. Boldyret/al have termed this process as mechanicalatictiv Some
drugs like griseofulvin lose their crystallinity wh ground with microcrystalline cellulose in a atonal ball mill
with subsequent increase in dissolution rate aoduailability [33].

SELECTION OF CARRIERS

The properties of the carrier have a profound arlee on the dissolution characteristics of theeadisgd drug. A
carrier should meet the following prerequisitesifmreasing the dissolution rate of a drug [19].

«+Freely water soluble with rapid dissolution propest

«*Nontoxic and pharmacologically inert.

«+Heat stable with a low melting point for the mektiod.

«*Soluble in a variety of solvents.

«Preferably enhancing the aqueous solubility ofcthey.

++*Chemically compatible with the drug.

«+Forming only weakly bounded complex with the drug.

The various carries for Solid dispersion are emtishTable 1 [24]:

Table1: CarriersUsed in the Preparation of Solid Dispersion

Chemical Class Examples

Acids Citric Acid, Tartaric Acid, Succnic Acid

Sugars Dextrose, Sorbitol, Sucrose, Maltose, Galactosdifofy

Polymer Polyvinyl Pyrrolidone, PEG 4000, PEG 6000, Sodiuigirate, Carboxy Methylcellulose, Guar Gum, Xanth@umm,
Material Methylcellulose

Surfactant Polyoxyethylene Stearate, Polaxamer, Deoxycholid ABweens And Spans, Gelucire 44/14, Vitamin EGBANF
Miscellaneous Pentaerythritol, Urea, Urethane, Hydroxy Alkyl Xaehes

CarriersUsed in Solid dispersions:

» Poloxamers. The poloxamers are a group of surface active coamg® widely used in the pharmaceutical
industry. Poloxamers are described as block polgroéthe type aba, consisting of a central, hydotyathblock of
polypropylene oxide, which is edged by two hydrdipHblocks of polyethylene oxide. The polymers derived
from the sequential polymerization of propylenedexand ethylene oxide. Due to the possibility tmbime blocks
of different molecular weights, the properties lod resulting polymers vary in a wide ran@enerally, these are
waxy, whitegranules of free-flowing nature and are practicatiprless antasteless. Aqueous solutions of pluronic
in presence of acidalkalis, and metal ions are very stable. The potoxs arereadily soluble in aqueous, polar
and non-polar organic solverdaad due to this fact they have established thereselg greferred molecule in the
formulation techniques3g, 35].

» Polymers. Polymers like polyethylene glycol (PEGs), Hydroxgpyl methylcellulose (HPMC), Hydroxypropyl
cellulose (HPC), Polyvinylpyrrollidone (PVP) etc.héh used in optimum concentration will leads taéase in
dissolution rate due to reduction in particle sigglubilization effect of the carriers, increasettaility, increase
dispersibility, formation of hydrogen bonds betwekng and carrier. When polymers are used in highgportion
these can decrease dissolution rate due to leaahibgpf the carrier during dissolution which miglarm a
concentration layer of solution around the drugip@s so the migration of the released drug plagito the bulk of
the dissolution medium slows down [23].

» Polyethylene glycol (PEG): The term polyethylene glycols refer to compounst tare obtained by reacting
ethylene glycol with ethylene oxide. PEG's are pays of ethylene oxide, with a molecular weight (Mfalling in
the range 200-3,00,000. For the manufacture ofdStiBpersions and solutions, PEGs with moleculaighie of
1500 - 20000 are usually employed. As the MW insesaso does the viscosity of the PEG. At the MWipto
600 PEGs are fluid, in the range 800-1500 theyelmeonsistency vaseline like, from 2000 to 60@Y tre waxy
and those with MW of 20,000 and above form hardtlércrystals at room temperature. Their solupilit water is
good, but decreases with MW. One of the advantafP&£Gs is that they also have good solubility Bngnorganic
solvents. The melting point of PEGs lies under 65i@very cas¢36]. These relatively low melting points are
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advantageous for the manufacture of Solid dispessioy the melting method. Additional features of REGs
include their ability to solubilize some compourathal also to improve compounds wettability [20].

» Polyvinyl pyrrolidone (PVP): Polymerization of vinylpyrrolidone leads to polgyipyrrolidone (PVP) of
molecular weight ranging from 2,500 to 3, 00,000e3e can be classified according to the K valudchvis
calculated using fikentschers equation [3[7dble 2 provides an overview of the relationship betwdenK values
and the approximate molecular weight of PVP. K gakidependent not only on its MW but also on ttoéstare
content.

Table2: K Valuesof PVP and the Corresponding Molecular Weights[37]

K value | Approximate Molecular Weight

12 2500

15 8000

17 10000

25 30000

30 50000

60 400000

90 1000000

120 3000000

In general the glass transition temperature is FaghPVP [38], for this reason PVP, has limited laggtion for the
preparation of Solid dispersions by the hot melthod. PVP has good solubility in a wide variety arfjanic
solvents; they are particularly suitable for thegaration of Solid dispersion by the solvent metl&idhilarly to the
PGs, PVPs also have good water solubility and oggrave the wettability of the dispersed compoundniany
cases [39]. The chain length of the PVPs has asignjficant influence on the dissolution rate led tispersed drug
from the Solid dispersion and the aqueous solybditthe PVPs becomes poorer with increasing clexgth.
Other disadvantage of the high MW PVPs is their lmhigher viscosity at a given concentration [38].

» Polyvinyl Alcohol (PVA), Polyvinylpyrolidone: Polymylacetate copolymer (PVPPVA): All three polymers
belong to the polyvinyl group. PVA and vinylpyrrddiine/ vinyl acetate (PVP-PVA) copolymers are bottew
soluble, crosspovidone swells when dispersed irem@0]. The use of PVA/PVP copolymers as carrierSolid
dispersions has been shown to lead to enormousases the drug release rate [41].

» Cellulose derivatives:

(i) Hydroxypropyl methylcellulose (HPMC): HPMCs are miik ethers of celluloses in which 16.5-30% of the
hydroxyl groups are methylated and 4-32% is deidedtwith hydroxypropyl groups. The molecular weigh the
HPMCs ranges from about 10,000 to 1, 50,000. Thealuble in water, mixtures of ethanol with daridimethane

and methanol with dichloromethane [42].

(i) HPC (Hydroxypropyl cellulose): It exhibits good sbllity in a range of solvents, including water (tilp40°C),
ethanol, methanol and chloroform. The average MwWhefHPCs ranges from 37000 (Type SSL) to 1, 50(09pe

H) B The release rate is improved as the proportiodRE was increased and when lower MW HPCs were used
as the carrier [43].

(iii) Carboxy methyl ethyl cellulose (CMEC): CMEC alsddmgs to the cellulose ethers, but unlike manyhef t
others, it is resistant to dissolution under gadicidic) conditions, dissolves readily at pH \esdwabove 5-6 with
lowest dissolution pH being dependant on the grad¢he CMEC. CMEC also dissolves readily in acetone
isopropanol 70%, ethanol 60%, 1:1 mixtures of diohinethane and ethanol [44].

(iv) Hydroxypropyl methylcellulose derivatives (HPMCHPPMCPs are cellulose esters which are often used as
enteric coatings. Depending on the grade, theyhlisdirst at pH 5(HP 50) or pH 5.5 (HP 55). Thealubility in
organic solvents is also type dependent. Their Mdfges from 20,000 to 2, 00, 000. Various studiesidnstrated

the potential advantage of using a gastric guidistant polymer as carrier for poorly soluble dri4ds.

» Polyacrylates and Polymethacrylates. Polyacrylates and polymethacrylates are glassystanbes that are
produced by the polymerization of acrylic and metitic acid. In pharmaceuticals they are mostlyduae coatings
to modify the release of the drug from the dosagenf Commonly they are referred to by the trade en&udragit
® [46]. Among the eudragit E is often used to imgrdhe release rate since it is soluble in buftdutoon at pH
values up to 5 swells at higher pHs, while eudfadit can be used when it is desirable to avoid sdeia the
stomach [47].

» Urea: Urea is the end product of human protein metabohss a light diuretic effect and is regarded as no

toxic. Its solubility in water is greater than 1160, exhibits good solubility in many common origasolvents [16].
Although urea is not often used as a carrier tlizges, it has been shown that the dissolution rathe poorly
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soluble compound ofloxacin can be improved by ntben threefold by incorporating it in coevaporatiéhwirea
[48].

» Sugar, Polypols and their polymers: Although sugars and related compounds are highilybte and have very
few, if any toxicity issues, but they are lessahli¢é than other carriers for the manufacture ofddibpersions. The
melting point of most sugars is high, making pregian by the hot melt method problematic and tkelubility in
most organic solvents is poor, making it diffictdtprepare coevaporatg9]. Mannitol which has a melting point
of 165-168°C and decomposes only above 250°C camipéoyed to prepare dispersions by the hot methoak
[50].

» Emulsifiers: The release behavior of many drugs can be impréyethe use of emulsifying agents. There are
two possible mechanisms by which emulsifying agemrk: improvement of wetting characteristics and
solubilization of the drug. Due to their potentiakicity problems; such as damage to mucosal sesfathey are
usually used in combination with another carriet][Snclusion of alkali dodecylsulphate surfactaiscarrier
systems can lead to conversion of a Solid dispersi@ solid solution [52].

» Bile salts and their derivatives are natural sudiats that are built from a steroid skeleton inlther and which
are important to the emulsification of fats andsaih the diet. As with other surfactants, they emtance the
wetting and solubility of many lipophillic substay; leading to an increase in the dissolution|[&8k

» Organic acids and their derivatives-Organic acigishsas succinic acid and citric acid have also hesmsd as
carriers in Solid dispersions; originally enhante telease rate of griseofulvin [17, 26].

CHARACTERIZATION OF SOLID DISPERSIONS

(A). Detection of crystallinity in solid dispersions. Characterization of polymorphic and solvated foimslves
guantitative analysis of these different physice+olcal properties.

1. Thermal Analysis.

a) Thermo-Microscopic M ethods:

This is a visual method of analysis using a podatimicroscope with a hot stage to determine the tad melting
points of solids. The method is advantageous adl smount of sample is required and direct obséwvabf the
changes taking place in the sample through the #ravmelt stages. The technique has been usegporsiDTA
or DSC measurement. It gives information aboutpiese diagram of binary systems [54].

b) Differential Thermal Analysis(DTA):

This is an effective thermal method for studying thhase equilibrium of pure substance or solid uméxt
Differential heat changes that accompany physiodl @emical changes are recorded as a functioengbérature
as the substance is heated at uniform rate. Irtiaddd thawing and melting, polymorphic transiti@vaporation,
sublimation, desolvation and other types of chargiesh as decomposition of the sample can be ddtette
method has been used routinely to identify diffetgpes of Solid dispersion [54]. The greatest atlvge of using
this technique is in constructing phase diagranhigh reproducibility; a higher temperature rangeésmitted,
greater resolution realest. A sample size of leas Ll mg can be used [8].

c) Differential Scanning Calorimetry (DSC):

DSC measures the heat loss or gain resulting froysipal or chemical changes within a sample asnation of
temperature. DSC enables the quantitative detedfiall processes in which energy is required adpced (i.e.
endothermic and exothermic phase transformatidr®).usual method of measurement is to heat theerefe and
test samples in such a way that the temperatutieeofwo is kept identical. If an energy-requirinigage transition
occurs in the test sample, extra heat is appligtisosample so that its temperature climbs as#mee rate as in the
reference. The additional heat required is recorded used to quantitate the energy of the phasesitin.
Exothermic transitions, such as conversion of ocslgmorph to a more stable polymorph, can also leatied. For
characterizing crystal forms, the heat of fusitH;, can be obtained from area-under-the-DSC-curvéhfdmelting
endotherm. Lack of a melting peak in the DSC ofdidSdispersion indicates that the drug is presanan
amorphous rather than a crystalline form. Sincentle¢hod is quantitative in nature, the degree gétatlinity can
also be calculated for systems in which the drygaisly amorphous and partly crystalline. Howewgystallinity of
fewer than 2% cannot generally be detected with [E5C

2. X-Ray Diffraction (XRD):

The diffraction method is very important and effici tool in studying the physical nature of Solisip@rsion which
has been used in crystal structure studies in tWerent ways. Sharper diffraction peaks indicaterencrystalline
material.
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« Random orientation of a crystal lattice in a powsiemple causes the x-rays to scatter in a reproldugattern of
peak intensities at distinct angled) felative to the incident beam. Each diffracticattprn is characteristic of a
specific crystalline lattice for a given compound.

» An amorphous form does not produce a pattern.

* Single crystal x-ray crystallography dealing witle tdetermination of bond angle and inter atomitadises.

The relationship between wavelength, of the x-thg,angle of diffractiond, and the distance between each set of
atomic planes of crystal lattice, d, is given bya&ipn: MA=2d sind, where M represent the order of diffraction
[8,54].

3. FT-IR Spectroscopy:

FT-IR spectroscopy used to study the possibilityaof interaction between drug and polymer in sotates
Structural changes and lack of crystal structurelead to changes in bonding between functionalignehich can
be detected by infrared spectroscopy [55, 56].ahefl spectroscopy (IR) can be used to detect thatiea in the
energy distribution of interactions between drug amatrix [57]. Sharp vibrational bands indicatestajlinity [58].

Fourier Transformed Infrared spectroscopy (FTIR} waed to accurately detect crystallinity rangimgf 1 to 99%
in pure materia]59].

4. Dissolution Rate Deter mination:

The method involves comparing threvitro dissolution rates of the solute component from tamtssurface tablet
made from molecular dispersion (i.e., solid or gla®lution) with a physical mixture of the same rolual
composition [8]. It shows that the Solid dispersibas improved the dissolution rate or not. The eegof
crystallinity can also be studied if it is carriedt under standard conditions. Dissolution Calotigneneasures the
energy of dissolution, which is dependent on thestatlinity of the sample [59]. Usually, dissolutiof crystalline
material is endothermic, whereas dissolution of quous material is exothermic.

5. Scanning Electron Microscopy (SEM):

It usually gives primary information of system ahthts about the amorphous or crystalline natureSofid
dispersions. The application of the electron micope technique, however, usually limited to cheisiegth high
resolution.

6. Thermodynamic M ethods:

In this analysis, the phase diagrams of eutectit solid solution systems give the value of heats fakion,
entropies and partial pressures at various coniposithat helps to determine the solubility gapolaethe solid-
liquid equilibrium temperature [8].

7. Water Vapour Sorption Method:

Water vapour sorption can be used to discriminatéwvéen amorphous and crystalline material when the
hygroscopicity is different [60]. This method rexgs accurate date on the hygroscopicity of both pdetaly
crystalline and completely amorphous samples.

8. Isothermal Microcalorimetry M easur ement:

Isothermal Microcalorimetry measures the crystatian energy of amorphous material that is heatsave its
glass transition temperatureg T61]. However, this technique has some limitagiofrirstly, this technique can only
be applied if the physical stability is such thatyoduring the measurement crystallization takes@l Secondly, it
has to be assumed that all amorphous material atliges. Thirdly, in a binary mixture of two amoquis
compounds a distinction between crystallizatiorrgies of drug and matrix is difficult.

9. Macroscopic Techniques:

Macroscopic techniques that measure mechanicakpiep that are different for amorphous and criisamaterial
can be indicative for the degree of crystallinibensity measurements and Dynamic Mechanical Aral{BMA)
determine the modulus of elasticity and viscositg @ahus affected by the degree of crystallinity. wéwer, also
these techniques require knowledge about the gctifithese properties in intimately mixed binaoyids [27].

(B) Detection of Molecular Structure in Amorphous Solid Dispersions: The properties of a Solid dispersion are
highly affected by the uniformity of the distribati of the drug in the matrix. The stability andstisition behavior
could be different for Solid dispersions that dd contain any crystalline drug particles. Nevergiss| only very
few studies focus on the discrimination between @mous incorporated particles versus molecularidigion or
homogeneous mixtures.
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1. Confocal Raman Spectroscopy:

It is used to measure the homogeneity of the soiidure of ibuprofen in PVP [62]. It was descrilthat a standard
deviation in drug content smaller than 10% wasdative of homogeneous distribution. Because opikel size of
2-3um, uncertainty remains about the presence of nameal&morphous drug particles.

2.Using IR or FTIR:

The extent of interactions between drug and matix be measured. The interactions are indicativéhe mode of
incorporation of the drug, because separately dispedrug molecules will have more drug-matrixiatdions than
when the drug is present in amorphous clustersh@r anulti-molecule arrangements [63, 64].

3. Temperature Modulated Differential Scanning Calorimetry (TM DSC):

It is used to assess the degree of mixing of aorpurated drug. Due to the modulation, reversilolé iareversible
events can be separated. For example, glass toass{teversible) are separated from crystallizatio relaxation
(irreversible) in amorphous materials. Furthermdhe, value of the Jis a function of the composition of the
homogeneously mixed Solid dispersion. It has bekowa that the sensitivity of TMDSC is higher than
conventional DSC [65]. Therefore this technique banused to assess the amount of molecularly disgestrug
[66], and from that the fraction of drug that ispitrsed as separate molecules is calculated [67].

PHARMACEUTICAL APPLICATIONSOF SOLID DISPERSION

The pharmaceutical applications of Solid dispersi@thnique are:

++To enhance the absorption of drug.

++To obtain a homogeneous distribution of a small@mof drug in solid state.

«To stabilize unstable drugs and protect againsbmeosition by processes such as hydrolysis, oxidati
racemization, photo oxidation etc.

“To dispense liquid or gaseous compounds.

+To formulate a fast release priming dose in a sustlrelease dosage form.

+To formulate sustained release preparation of $®ldlugs by dispersing the drug in poorly solubiénsoluble
carrier.

“To reduce side effects (a) the binding ability ofigs for example to the erythrocyte membrane isedsed by
making its inclusion complex, (b) the damage to $shemach mucous membranes by certain non-steraiuél
inflammatory drugs can be reduced by administradi®an inclusion compound.

+To mask unpleasant taste and smell. The very usgittaaste of anti-depressant famoxetine hindeyeth®
development of oral liquid formulations. The bitterste was greatly suppressed when the solid coampie
famoxetine was formulated as aqueous suspension.

“+To convert liquid compounds into formulations. Lidudrugs can be manufactured as solid drug fornmudat
[68].

Some examples of Solid dispersionsin Market:
» Sporanox® (itraconazole)
» Intelence® (etravirine)
» Prograf® (tacrolimus)
» Crestor® (rosuvastatin)
» Gris-PEG® (griseofulvin)
«+Cesamet® (nabilone)
CONCLUSION

Years of research and development had made thé dapersion technology an important aspect of iplhar
industry. The increasing role of solid dispersiompharmaceutical development is because of growingber of
poorly water soluble drugs and improvement in thenuofacturing techniques. Hot melt extrusion is ipatarly
important breakthrough for scale-up of solid dispmr manufacture. Now days this technology is afsed for the
development of fast dissolving tablets and oraligirdegrating tablets. Although there are some asfist in
manufacturing commercial applications of solid digions in dosage form design but there lies at dudare that
solid dispersion technology will expedite drug esle profile of poorly water soluble drugs.
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