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ABSTRACT

Solid dispersion is one of these methods, whichmast widely and successfully applied to improeesblubility,
dissolution rates and consequently the bioavailgbdf poorly soluble drugs. The solid dispersiarbased on the
concept that the drug is dispersed in an inert watduble carrier at solid state. Several waterdake carriers
such as methyl cellulose, urea, lactose, citriddagiolyvinyl pyrrolidone and polyethylene glycol30@ and 6000
are used as carriers for solid dispersion. Thus #udid dispersion technique can be successfullyd dee the
improvement of dissolution of Paracetamol. PolyVipyrrolidone has been used for the preparationsofid
dispersion as a component of the binary systeradoous drugs such as Tenoxicam.

Keywords: Solid dispersion, Polyvinyl pyrrolidone, ParacetdnTenoxicam.

INTRODUCTION

Solid Dispersions:

The term solid dispersion refers to a group ofdsg@roducts consisting of at least two different poments,
generally a hydrophilic matrix and a hydrophobiaglrThe matrix can be either crystalline or amorghdhe drug
can be dispersed molecularly, in amorphous pasticisters) or in crystalline particts

Oral bioavailability of a drug depends on its sdlity and/or dissolution rate, therefore efforts tacrease
dissolution of drugs with limited water solubility often needed. Improvement in the dissolutioe aftthe poorly
soluble drugs after oral administration is one loé tmost crucial challenges in modern pharmaceulitamy
methods are available to improve these charadterigicluding salt formation, micronization and duich of
solvent or surface-active agents. In this studygtblylene glycol was selected and solid dispersias prepared by
the method of solvent evaporation

Paracetamol is a potent aimflammatory analgesic agent indicated for acuté elronic treatment of rheumatoid
arthritis, osteoarthritis, and ankylosing spondglytParacetamol suffered from low and variable bioamliity
which was attributed to its low water solubilitye\iral ways have been used to improve the oralailzdility of
poorly soluble drugs as an example solid disperdeohnique with water soluble carriers. The incee&s
dissolution rate of poorly water soluble drugs fr8Ms can be attributed to one or combination dediht factors
Among the popular carriers used in the formulatiér8D are polyethyleneglycols (PEGSs). They are Widesed
because of their hydrophilicity, low melting poireand low toxicity. The development of a pharmaamlti
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formulation is usually a trial and error technigneluding a careful control of the variables onedime in a series
of logical steps. This is generally a time consugnimethod in which the effect of each experimengalable will be
investigated separately, while keeping all othensstant®). Besides, variables may interact with each othertae
magnitude of the effect caused by altering oneofawill depend on the magnitude of one or more ofaetors.
Such interactions cannot be elucidated by classigthods. The use of factorial design experimemti®fficient
method of indicating the relative significance ofhamber of variables in the production of a givesult. In
addition it offers the advantage to provide a whwalyzing the results to decide on most significeariables.
However, the most attractive option for increasthg release rate is improvement of the solubilltyotigh
formulation approaches. Although salt formationlubdization and particle size reduction have comigdbeen
used to increase dissolution rate and therebyadrsdrption and bioavailability of low water solulleigs 24 there
are practical limitation of these techniques. 1619Sekiguchi and Obi 5 developed a practical neetvbereby
many of the limitations with the bioavailability lemncement of poorly water soluble drugs can becovee. This
method, which was later, termed solid dispersionctvtiinvolved the formation of eutectic mixture afuds with
wateksoluble carriers by the melting of their physicaktured?.

Obijective of this study is
1. To acquire knowledge of solid dispersion.
2. To study the preparation, evaluation, literatfreolid dispersion.
3. To study different methods of solid dispersion.
4. To study the evolution parameter of solid disjma.
MATERIALS AND METHODS

Paracetamol, PEG 4000&6000, Methyl cellulose, Smdidydroxide, Potassium dihydrogen phosphate, Hidtil
water.

Drug: Paracetamol
Monograph of Paracetamol

Acetaminophen

HO

CgHgNO, Molecular Weight: 151.16
Paracetamol is 4-hydroxyacetanilide.

Category: Analgesic, Antipyretic.
Dose: 500mg to 0.1g every 4 to 6 hrs, up to 4gm dailglivided doses.
Description: White crystals or white, crystalline powder.

Solubility: freely soluble in ethanol (95%) & in acetone; &pglly soluble in water; very slightly in
dichloromethane & in ether.

Storage: Store in well-closed, light-resistant containers.

STANDARDS: Paracetamol contains not less than 90% & not rtttae 101.0% of C8HINO?2. Calculated with
reference to the dried substance.

Identification Test A may be omitted if tests B , O & E are carried out. Test B, C & D may be datif tests A
& E are carried out.
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A: The infra-red absorption spectrum, Appendix Ss4;cancordant with reference spectrum of paracetamuolith
the spectrum obtained from paracetamol RS.

B: Dissolve 50mg in sufficient methanol to produceDm@ To 1ml of this solution add 0.5 ml of 0.1 M
Hydrochloric acid & dilute to 100ml with methan®élrotect the resulting solution from bright lightdaimmediately
measure the absorbance at the maximum at aboutr@48bsorbance at about 249 nm, about 0.44, Appenéi

C: Boil 0.1 gm in 1ml of Hydrochloric acid for 3 mites, add 10ml of water & cool; no precipitate isdurced.
Add 0.05 ml of 0.0167 M potassium dichromate; deticolour develops which does not turn red.

D: Gives the reaction of acetyl groups, Appendix 3.1.

E: melts between 18& 172°, Appendix 8.8
Heavy metals: Not more than 10 ppm, determined.0g By method C, Appendix 3.12.

4-Aminophenol Dissolve 0.50 gm in sufficient methanol (50%) teguce 10ml. Add 0.2 ml of freshly prepared
alkaline sodium nitroprusside solution, mix & alldevstand for 30 minutes .Any Blue colour in théusion is not
more intense than that in 10ml of solution prepaaethe same manner containing 0.5gm of 4-aminoghdree
paracetamol & 0.5 ml of 0.005% w/v solution of #ainophenol in methanol (50%) (50ppm).

Related substancesCarry out the method for thin layer chromatograpghypendix 4.6 , using silica gel GF 254 as
the coating substances & a mixture of 65 voluofeshloroform , 25 volumes of acetone & 10 volunoésoluene
as the mobile phase but allowing the solvent ftorda sends 14 cm above the line of applicatiorplApeparately
to the plate 200ul of solution (1) & 40ul of eachution (2), (3) & (4). for solution (1) transferQy of the substance
being examined , finely powdered , to a groundasgistoppered 15ml centrifuge tube , add 5ml ahpee —free
ether , shake mechanically for 30 minutes & cemgéfat 1000rpm for 15 minutes or until a clear snigiant liquid
is obtained . For solution (2) dilute 1ml of sadut (1) to 10 ml with ethanol (95%) solution (3)ntains 0.005%
w/v of 4-chloroacetanilide in ethanol (95%). Fofuion (4) dissolve 0.25 gm of 4-chloroacetanil&d®.1g of the
substance being examined in sufficient ethanol (Q&¥produce 100 ml. After removal of the platey & in a
current of warm air & examine under ultra-violegght (254nm). Any spot corresponding to 4-chloréaciide in
the chromatogram obtained with solution (3). Amlyas secondary spot in the chromatogram obtainéu seilution
(2) is not more intense than the spot in the chtogram obtained with solution (3). The chromatogmaiohained
with solution (4) shows two clearly separated sptiie spot corresponding to paracetamol havingldher Rf
value.

Sulphated Ash: Not more than 0.1 %, Appendix 3.22.
Loss on drying: Not more than 0.5 % determined on 1g by dryingriroven at 105 Appendix 8.6.

Assay: Weigh accurately about 0.5 g, dissolve in a nmxtof 10 ml water & 50 ml of 1 M sulphuric acidBoil

under reflux condenser for 1 hour, cool & dilutel@ ml with water. To 2oml of the solution addmD of water ,
409 of water in the form of ice , 15 ml of 2 Mdnochloric acid & 0.1 ml of ferroin solution &ttate with 0.1 M
cerric ammonium sulphate until a yellow colosrrproduced . Perform a blank of determination & enaky
necessary correction. Each ml of 0.1 M cerric amimmarsulphate is equivalent to 0.00756 gm gfigNO, .

Monograph of PEG4000

Macrogol 4000

Polyethylene Glycol 4000 is a mixture of the polydensation products of ethylene oxide and wategiodtl under
controlled conditions. It is represented by therfola HOCH[CH,OCH,|nCH,OH, where n is between 69and 84.
Description: A creamy white , hard , wax-like solid, powder takes; odour, faint and characteristic.

Tests :
Appearance of solution (2.4.1A 20.0percent w/v solution is not more than refeeesolution BY S6.

pH(2.4.24).4.5 to 7.5¢etermined in 5.0 percent w/v solution.
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Freezing point (2.4.11).53%o 56"

Hydroxyl value (2.3.27).30 to 36, determined on 20.0g

Viscosity (2.4.28)76mnfs”, determined at 160y method A using a U- tube viscometer (size E).

Arsenic (2.3.10).Mix 3.3 g with 3 g of anhydrous sodium carbonatégd 40ml of bromine solution and mix
thoroughly. Evaporate to dryness on a water-baémtlg ignite and dissolve the cooled residue in mb of
brominated hydrochloric acid and 45 ml of waternfi®ee the excess of bromine with 2 ml of stannousrite

solution AsT. The resulting solution complies witte limit test for arsenic (3ppm).

Heavy metals (2.3.13)Dissolve 4.0 g in 5 ml of a 1.0 percent w/v solataf hydrochloric acid and sufficient water
to produce 25 ml. The solution complies with thmititest for heavy metals, Method A (5ppm).

Sulphated ash(2.318)Not more than 0.1 percent.
Storage.Store protected from moistdi .

Monograhh of PEG6000
Macrogol 6000

Polyethylene Glycol 6000 is a mixture of the polydensation products of ethylene oxide and wategiodtl under
controlled conditions. It is represented by therfola HOCH[CH,OCH,JnCH,OH, where n is between 112and 158.
Description: A creamy white, wax-like solid, powder or flakestoair, faint and characteristic.

Tests

Appearance of solution (2.4.1)A 15.0percent w/v solution is not more intenseljooced than reference solution
BYS6.

pH(2.4.24).4.5 to 7.5:determined in 5.0 percent w/v solution.

Freezing point (2.4.11)53to 56"

Viscosity (2.4.28)250mnfs” to 390 mms?, determined at 168y method A using a U- tube viscometer (size E).
Arsenic (2.3.10): Mix 3.3 g with 3 g of anhydrous sodium carbonatéd 40ml of bromine solution and mix
thoroughly. Evaporate to dryness on a water-baéimtlg ignite and dissolve the cooled residue in nib of
brominated hydrochloric acid and 45 ml of waterni®ge the excess of bromine with 2 ml of stannousrite
solution AsT. The resulting solution complies wiitte limit test for arsenic (3ppm).

Heavy metals (2.3.13)Dissolve 4.0 g in 5 ml of a 1.0 percent w/v solatiof hydrochloric acid and sufficient
water to produce 25 ml. The resulting solution pbes with the limit test for heavy metals, Meth&d5ppm).

Sulphated ash(2.318)Not more than 0.1 percent.
Storage: Store protected from moistufe’.

Monograph of Methyl cellulose
Cellulose Methyl Ether

Methylcellulose is a cellulose having some of tlgdrbxyl groups in the form of the methyl ether. Mais grades
are available and are distinguished by a numbaécatigle of the apparent viscosity in millipascateeds of a 2%
w/w solution measured at 20

Category. Bulk laxative; pharmaceutical aid (tablet excifiiesuspending agent).
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Description: White or yellowish white or greyish white powdsrgranules; practically odourless; hygroscopieraft
drying.

Solubility: Practically insoluble in hotvater, in acetone in ethano| in etherand intoluene It dissolves in cold
waterforming a colloidal solution.

Storage Store in well-closed containers.
Labelling: The label states the apparent viscosity in nalligal seconds of a 2% w/w solution.

STANDARDS
Methylcellulose contains not less than 27.5 pet ead not more than 31.5 per cent of methoxyl (-@Giioups,
calculated with reference to the dried substance.

Identification; pH; Heavy metals; Chloride: Complies with the requirements stated under
Hydroxypropylcellulose.

Clarity and colour of solution: Whilst stirring, introduce a quantity equivaléat1.0 g of the dried substance into
50 g ofcarbon dioxide-free watdneated to 90 Allow to cool, dilute to 100 g with the same saf and continue
stirring until solution is complete. Allow to staadl 2 to 8 for 1 hour. The resulting solution is not more legaent
than opalescence standard OS8ppendix 6.1, and is not more intensely coloured thafierence solution Y$6
Appendix 6.2.

Apparent viscosity. Not less than 75% and not more than 140% of duotaded value, determined by the following
method. To 150 g ofvater heated to 90add, with stirring, a quantity equivalent to 6 fotle dried substance. Stir
with a propeller-type stirrer for 10 minutes, pldhbe flask in a bath of icedater, continue the stirring and allow to
remain in the bath atedwater for 40 minutes to ensure that solution is piete. Adjust the weight of the solution
to 300 g and centrifuge the solution to expel aapjped air. Determine the viscosity af 2§ Method C Appendix
8.14, using a shear rate of 18.s

Sulphated ash Not more than 1.0%Appendix 3.22.
Loss on drying Not more than 5.0%, determined on 1 g by dryingn oven at 105Appendix 8.6.

Assay. Weigh accurately about 50 mg irhard gelatin capsule shelplace the capsule and the contents in a 50-ml
boiling flask and carry out théetermination of methoxyhppendix 3.19. Each ml of0.1M sodium thiosulphatis
equivalent to 0.0005172 g of methoxyl (-Ogidroup$®.

Method of preparation of solid dispersion

Solvent melting method:

Accurately weighed drug is dissolved in organiosent. The solution is incorporated into the melpofyethylene
glycol and cooled suddenly and mass is kept incdasors for complete drying. The solidified masiigshed,
pulverized and passed through sieve . This teclenpssesses unique advantages of both the fustbsawvent
evaporation methods. From a practical standpditig, anly limited to drugs with a low therapeutiosg (less than
50 mg).

Material :
Paracetamol, PEG 4000 PEG 6000, Potassium dihydogaesphate Sodium hydroxide, distilled water.

Drug: Paracetamol

Preparation of solid dispersion of paracetamol

Solid dispersions were prepared by melting the r@ately weighed amounts of carriers (PEG 4000, PE@Gnd
Methyl cellulose) in a water bath and the drug wW&spersed in the molten solution. Solvent Evaporatnethod
was used for the preparation of solid dispersi@nigfly appropriate amount of paracetamol was takechina dish
and required amount of carriers (PEG 4000, PEG @®@@0Methyl cellulose) were added to prepare reguirug to
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carrier ratio for formulations .Then the mixture sMaeated under controlled temperature to melt dndy carrier
with continuous stirring. The melted preparationsvieansferred to porcelain tile to solidify and kembin an ice
bath. The solid dispersions prepared were pulverdzel sifted (80#) and stored in a desiccators.

Table 1: Drug: Carrier formulation ratio

Formulation Carrier Drug: carrier ratio

Code

SD1 1:1
SD2 1:2
SD3 PEG 4000 13
SD4 1:4
SD5 1:1
SD6 1:2
D7 PEG 6000 13
SD8 1:4
SD9 1:1
SD10 1:2
SDI1 Methyl cellulose 13
SD12 1:4

Methods of Preparation of Solid Dispersions:

1. Melting method

The melting or fusion method, first proposed byki§echi and Obi 1961) involves the preparation bfgical
mixture of a drug and a water-soluble carrier apdtimg it directly until it melted. The melted mixé is then
solidified rapidly in an ice-bath under vigorougrring. The final solid mass is crushed, pulverizatt sieved.
Appropriately this has undergone many modificationpouring the homogenous melt in the form of ia tayer
onto a ferrite plate or a stainless steel plate @mled by flowing air or water on the oppositeesaf the plate. In
addition, a super-saturation of a solute or drug system can often be obtained by quenching thHieragpedly from
a high temperature. Under such conditions, thetsoholecule is arrested in the solvent matrix keyittstantaneous
solidification process. The quenching techniqueegim much finer dispersion of crystallites whendufee simple
eutectic mixtured.

2. Solvent method:

In this method, the physical mixture of the drugl aarrier is dissolved in a common solvent, whigkevaporated
until a clear, solvent free film is left. The filim further dried to constant weight. The first stephe solvent method
is the preparation of a solution containing bothriranaterial and drug. The second step involvesrédmoval of

solvent(s) resulting in formation of a solid disgien. Mixing at the molecular level is preferregchuse this leads
to optimal dissolution properti€s

The main advantage of the solvent method is thedeabmposition of drugs or carriers can be prevkherause
of the relatively low temperatures required for @waporation of organic solvents.

However, some disadvantages are associated witimtktihod such as

1) The higher cost of preparation.

2) The difficulty in completely removing liquid sant.

3) The possible adverse effect of traces of theesmlon the chemical stability
4) The selection of a common volatile solvent.

5) The difficulty of reproducing crystal fofth

3. Melting solvent method (melt evaporation):

It involves preparation of solid dispersions bysdising the drug in a suitable liquid solvent ahdrt incorporating
the solution directly into the melt of polyethylegkycol, which is then evaporated until a cleatysnot free film is
left. The film is further dried to constant wei§htThe 5 —10% (w/w) of liquid compounds can be ipcoated into
polyethylene glycol6000 without significant loss itd solid property. It is possible that the setecsolvent or
dissolved drug may not be miscible with the melth polyethylene glycBl. Also the liquid solvent used may
affect the polymorphic form of the drug, which gpgiates as the solid dispersion. This techniquespsses unique

1579
Scholar Research Library



Mogal S. Aet al Der Pharmacia Lettre, 2012, 4 (5):1574-1586

advantages of both the fusion and solvent evamoratiethods. From a practical standpoint, it is dimyted to
drugs with a low therapeutic dose e.g. below 56’mg

4. Melt extrusion method:

The drug/carrier mix is typically processed withvéin-screw extruder. The drug/carrier mix is sirankously
melted, homogenized and then extruded and shapedbbes, granules, pellets, sheets, sticks or powdhe
intermediates can then be further processed intwergional tablets. An important advantage of tlo¢ mmelt
extrusion method is that the drug/carrier mix isysubjected to an elevated temperature for abomiirl, which
enables drugs that are somewhat thermo labile fvdmessedf’.

5. Lyophilisation Technique:

Freeze-drying involves transfer of heat and masanib from the product under preparation. This taphewas
proposed as an alternative technique to solvergaration. Lyophilisation has been thought of a raolar mixing

technique where the drug and carrier are co disdolm a common solvent, frozen and sublimed to iobsa
lyophilized molecular dispersion.( Betageri GV &).An important advantage of freeze drying is ttia drug is
subjected to minimal thermal stress during the fifom of the solid dispersion. However, the mospantant
advantage of freeze drying is that the risk of phseparation is minimized as soon as the solusioritiified. An

even more promising drying technique is spray-fee#ing. The solvent is sprayed into liquid niteogor cold dry
air and the frozen droplets are subsequently Iyizeloi. The large surface area and direct contatit thie cooling
agent result in even faster vitrification, theretgcreasing the risk for phase separation to a niimniMoreover,
spray freeze drying offers the potential to custmmihe size of the particle to make them suitablefdirther
processing or applications like pulmonary or nasahinistratiof?”.

6. Melt Agglomeration Process:

This technique has been used to prepare SD whtreibinder acts as a carrier. In addition, SD(8) mrepared
either by heating binder, drug and excipient toemgerature above the melting point of the bindeelitrin
procedure) or by spraying a dispersion of drug witem binder on the heated excipient (spray-on gutace) by
using a high shear mixek rotary processor has been shown to be alternatiugpment for melt agglomeration.
The rotary processor might be preferable to theh mugplt agglomeration because it is easier to cobritre
temperature and because a higher binder conterttecamcorporated in the agglomerafidse effect of binder type,
method of manufacturing and particle size are aaitparameters in preparation of SD(s) by melt @ggiration.
Since these parameters result in variations inotliien rates, mechanism of agglomerate formatiod growth,
agglomerate size, agglomerate size distributiondemsification of agglomerates. It has been ingagtid that the
melt in procedure gives a higher dissolution réites the spray-on procedure with PEG 3000, polox&fi8 and
gelucire 50/13 attributed to immersion mechanismagglomerate formation and growth. In addition thelt in
procedure also results in homogenous distributfalirag in agglomerate. Larger particles resultdeénsification of
agglomerates while fine particle cause completeesidh to the mass to bowl shortly after meltingilaated to
distribution and coalescence of the fine partities

7. The use of surfactant:

The utility of the surfactant systems in solubitiaa is well known. Adsorption of surfactant onigdosurface can
modify their hydrophobisity, surface charge, anteotkey properties that govern interfacial processgch as
flocculation/dispersion, floatation, wetting, sailidation, detergency, enhanced oil recovery andrasion

inhibition. Surfactants have also been reportechigse solvation/plasticization, manifesting in i@n of melting

the active pharmaceutical ingredients, glass triansiemperature and the combined glass transiéoperature of
solid dispersions. Because of these unique prasersiurfactants have attracted the attention dfsitiyators for
preparation of solid dispersions.

8. Electrospinning:

Electrospinning is a process in which solid fibare produced from a polymeric fluid stream solut@mnmelt
delivered through a millimeter-scale nozdlais process involves the application of a strolegteostatic field over

a conductive capillary attaching to a reservoirtagnng a polymer solution or melt and a conductbedlection
screen. Upon increasing the electrostatic fielérgth up to but not exceeding a critical value,rghaspecies
accumulated on the surface of a pendant drop distatihne hemispherical shape into a conical sh@penmonly
known as Taylor s corf&). Beyond the critical value, a charged polymeigegjected from the apex of the cone (as
a way of relieving the charge built-up on the scefaf the pendant drop). The ejected charged jbieis carried to
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the collection screen via the electrostatic fofidee Coulombic repulsion force is responsible fa thinning of the
charged jet during its trajectory to the collectisereen. The thinning down of the charged jetnstéd by the
viscosity increase, as the charged jet is drieflis Technique has tremendous potential for the gregjpn of
nanofibres and controlling the release of biomewicas it is simplest, the cheapest this techrniquebe utilized for
the preparation of solid dispersions in fuftffe

9. Super Critical Fluid (Scf) Technology:

Supercritical fluid methods are mostly applied wéttrbon dioxide (CO2), which is used as eitherhaest for drug
and matrix or as an anti-solvEflt When supercritical CO2 is used as solvent, maitnist drug are dissolved and
sprayed through a nozzle, into an expansion vegsiellower pressure and particles are immediatetyned. The
adiabatic expansion of the mixture results in rapidling. This technique does not require the userganic
solvents and since CO2 is considered environmenfidindly, this technique is referred to as ‘solvéree’. The
technique is known as Rapid Expansion of SupetafitSolution (RESS). However, the application oisth
technique is very limited, because the solubilitydO2 of most pharmaceutical compounds is very ((o®0Lwt-
%) and decreases with increasing polarity. Theegfacaling up this process to kilogram-scale wid b
impractical*”..

10. Direct capsule filling :

Direct filling of hard gelatin capsules with theuid melt of solid dispersions avoids grinding-indd changes in
the crystallinity of the drug . This molten disgers forms a solid plug inside the capsule on caplia room

temperature, reducing cross contamination and tgreexposure in a dust-free environment, bettémfdight and

content uniformity was obtained than with the powfiletechnique. However, PEG was not a suitalderier for

the direct capsule-filling method as the water-Btdicarrier dissolved more rapidly than the dreguiting in drug-
rich layers formed over the surface of dissolvihggp, which prevented further dissolution of thagfr¢!

11. Dropping solution method:

The dropping method facilitate the crystallizatioindifferent chemicals and produces round partiflesn melted

solid dispersions. In laboratory-scale preparatsosplid dispersion of a melted drug-carrier migtig pipetted and
then dropped onto a plate, where it solidifies imond particles. The size and shape of the pestichn be
influenced by factors such as the viscosity of thelt and the size of the pipette. Because viscasitiighly

temperature-dependent, it is very important to sidjue temperature so that when the melt is droppéal the plate
it solidifies to a spherical shdp@&

The use of carriers that solidify at room tempeetmay aid the dropping process. The dropping nektiad only

simplifies the manufacturing process, but also gigehigher dissolution rate. It does not use oraaivents and,
therefore, has none of the problems associatedsaitrent evaporation. The method also avoids theepaation,

sifting and compressibility difficulties encountdrevith the other melt methods. Disadvantages ofdigpping

method are that only thermo stable drugs can bé asd the physical instability of solid dispersioasa further
challenge.

12. Co-precipitation method:

Co-precipitation is a recognized technique for éaging the dissolution of poorly water soluble @drugp as to
consequently improve bioavailability. In this methamonsolvent is added drop wise to the drug andecasolution,

under constant stirring. In the course of the ntvest addition, the drug and carrier are co-preatpd to form
micro particles. At the end, the resulted microtiple suspension is filtered and dried40. The resgliguantity of
polymer and the drug were mixed and then solverst agiled to obtain clear solution. The Solution firas dried

under vh?guum at room temperature and kept insidebitor (370c) for 12 hrs. Finally it was passesbulh

sieves4t™.

ADVANTAGES OF SOLID DISPERSIONS:

Generally, solid dispersion is mainly used

To reduced patrticle size.

To improve wettability.

To improve porosity of drug.

To decrease the crystalline structure of dnutgpiamorphous form.

To improve dissolvability in water of a pooviyater-soluble drug in a pharmaceutical.

arwNE
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To mask the taste of the drug substance.

To prepare rapid disintegration oral tablets.

To obtain a homogenous distribution of smalbant of drugs at solid state.

. To stabilize unstable drugs.

10. To dispense liquid or gaseous compounds.

11. To formulate a faster release priming dosesnstained release dosage form.

12. To formulate sustained release dosage oripyebbrelease regimens of soluble drugs using psoilyble or
insoluble carriers.

©oo~No

1. Particles with reduced patrticle size

Molecular dispersions, as solid dispersions, represhe last state on particle size reduction, after carrier
dissolution the drug is molecularly dispersed ia thissolution medium. Solid dispersions apply thigiciple to
drug release by creating a mixture of a poorly watduble drug and highly soluble carrfé¥s A high surface area
is formed, resulting in an increased dissolutide end, consequently, improved bioavailabfifly

2. Particles with improved wettability

A strong contribution to the enhancement of druglsibity is related to the drug wettability impravent verified in
solid dispersior&. It was observed that even carriers without anyase activity, such as urea improved drug
wettability. Carriers with surface activity, such eholic acid and bile salts. When used, can saarifly increase
the wettability property of drug. Moreover, carsean influence the drug dissolution profile by cirissolution
or co-solvent effectd!.

3. Particles with higher porosity

Particles in solid dispersions have been foundaieta higher degree of poro&ty The increase in porosity also
depends on the carrier properties; for instanda dspersions containing linear polymers prodlarger and more
porous particles than those containing reticuldyrpers and, therefore, result in a higher dissotutiaté*. The
increased porosity of solid dispersion particlemdlastens the drug release profile.

4. Drugs in amorphous state

Poorly water soluble crystalline drugs, when in #®orphous state tend to have higher soluBfiltyThe
enhancement of drug release can usually be achigsied the drug in its amorphous state, becauseneogy is
required to break up the crystal lattice during diesolution proce&.. In solid dispersions, drugs are presented as
supersaturated solutions after system dissoluéiod, it is speculated that, if drugs precipitates ihs a metastable
polymorphic form with higher solubility than the stostable crystal forff!. For drugs with low crystal energy (low
melting temperature or heat of fusion), the amogshoomposition is primarily dictated by the diffece in melting
temperature between drug and carrier. For drugs midh crystal energy, higher amorphous composticen be
obtained by choosing carriers, which exhibit spedifteractions with thel?".

5. Rapid disintegration of oral tablets

Drug is formulated with hydrophilic carrier (e.gE®) as a solid dispersion to increase its aqueolubitity and
dissolution. Then superdisintegrant (e.g. croscose sodium) is used in tablet formulation to aclei rapid
disintegration of tablets prepared by wet granafatnethod. These rapidly disintegrating tablets lmamsed as an
alternative to parenteral therapy enabling pafienself-medication even without the aid of water.

DISADVANTAGES OF SOLID DISPERSIONS:

Serajuddin (1999) identified some problems limitthg commercial application of solid dispersion ethinvolved
(a) its method of preparation, (b) reproducibilitfyits physicochemical properties, (c) its formidatinto dosage
forms, (d) the scale up of manufacturing processed,(e) the physical and chemical stability ofgdamd vehicle.
Solid dispersions are not broadly used in commepiaducts due to mainly the problem of crystaliiza of the
components from amorphous state during processimgcl{anical stress) or storage (temperature and diymi
stress). Moisture may increase drug mobility armhmte drug crystallization and thus may hamperrgt@istability
of amorphous pharmaceuticals .Phase separatiostatgrowth or conversion of a product to more Istafructure
from metastable crystalline form during storage als® considered to be major hurdles to commetzeadiolid
dispersions as they result in decreased solulititythus dissolution raté8.
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Evaluation of Solid dispersions:

1. Physical characterization and saturation solubity study

The excess amount of the formulations (PMs and 8s)added to conical flask

Containing 10 ml of distilled water and subjectedhaking on a rotary shaker for

48 hours at 37°C. Then the flasks were removeditiated. Suitable aliquots were

Withdrawn from the filtered solution and analyzed the drug content after appropriate dilution wdtktilled water
and compared with pure drug solubility.

2. Drug content analysis
Preparations equivalent to 20 mg was weighed atalyrand transferred to 100 ml volumetric flask atissolved

in phosphate buffer pH 5.8. The volume was madwiitip phosphate buffer pH 5.8 up to the mark. A&aitable
dilution, the absorbance of the above solution massured at 243 nm using appropriate blank solufibe drug
content of paracetamol was calculated using caidrazurve.

3. In vitrorelease studies

Accurately weighed amount of sample was taken fesalution studies. Aliquots of sample were withdnaat
predetermined intervals of time and analyzed famgdrelease by measuring the absorbance at 243nmg usi
phosphate buffer pH 5.8 as dissolution medium. Udlame withdrawn at each time intervals were repthwith
same quantity of fresh medilffh

Calibration Curve by UV Spectrophotometry

Preparation of standard curve of paracetamol:

For the calibration, stock solution of paracetamas prepared at 3@y/mL in phosphate buffer saline (pH 7.4). The
linearity of the calibration curve (Coefficient Bfetermination R2 = 0.99) was obtained in a conatioin range
from 2 ug/mL to 14ug/mL by Unicam UV-Visible Spectrophotometer at 248 as shown in figure 3.10.

Table no.2 Absorbance of paracetamol in phosphatauffer saline at 240 nm by UV.

Concentration (ug/ml) | Absorbance
2.5

0.180

5 0.301

7.5 0.524
10 0.720
12.5 0.910

Calibration Curve of paracetamol in phosphate buffe saline at
240 nm by UV.

y =0.073x-0.017
R?=0.994
(]
o
c
s —o—Abs.
8 ——Linear (Abs.)
Q
< 0 T T 1

-0.2 5 10 15

Concentration (pg/mi

Figure No 1. Calibration curve of paracetamol in plosphate buffer saline at 240 nm by UV.
In vitro dissolution data for pure drug and solid dispersions
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Table No:2 Diffusion profile of Paracetamol: PEG 6000 formulation in phosphate buér pH 5.8
Time in minute Cumulative Drug Release%
Pure drug 1:1 1:2 1:3 14
15 23.91 31.31] 35.9 40.62 59.11
30 25.02 32.6| 36.92 421 61.7
60 27.3 33.47] 3821 458 69.65
80
=l
i
% =&—Pure
I drug
E(- —i—-SD1
£ —A—SD2
E =>¢=SD3
c
0 T T T 1
0 20 60 80
‘lime in minutes
Figure No. 2: Diffusion profile of Paracetamol: PEG 6000 formulaton in phosphate buffer pH 5.¢
Table No.3 Diffusion profile of Paracetamol: PEG 400 formulation in phosphate buffer pH 5.¢
Time in minute Cumulative Drug Release%
Puredrug | 1:1 1:2 1:3 1:4
15 23.91 30.80 35.7 38.58 47.65
30 25.02 34520 36.5 40.13  55.60
60 27.3 35.07] 37.54 40.983 60.%9
(]
O 0
2 8 == Pure drug
(U —
S 3] —i—-SD1
E o ==fe=SD2
52 o
O o> SD3
1
80
Time in minutes

Figure No. 3 : Diffusion profile of Paracetamol: PE5 4000 formulation in phosphate buffer pH 5

Table No.4 Diffusion profile of Paracetamol: MethylCellulose formulation in phosphate buffer pH 5.:

Cumulative Drug Release%

Time in minute

Puredrug | 1:1 1:2 1:3 1:4
15 23.91 30.63 35.19 39.32 45.18
30 25.02 30.94 36.24 41.05 50.60
60 272 33.9¢ | 37.41 | 42.41 | 63.61

Scholar Research Library

1584



Mogal S. Aet al Der Pharmacia Lettre, 2012, 4 (5):1574-1586
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1
30
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0 20 40 60 80

Figure No. 4: Diffusion profile of Paracetamol: Methyl Cellulose formulation in phosphate buffer pH 5.¢
RESULTS AND DISCUSSION

Drug content analysis

Drug content is found to be between 60.59 % an@%%. All the SDs showed presence of high drugemrnc
low standard devians of results. It is indicated that the drug rsformly dispersed in the powder formulatic
Therefore, the method used in this study appedrs t@producible for the preparation of £

In vitro dissolution study

The formulation of solid dispersi of paracetamol with various carriers like PEG 40B&G 6000 and Meth
Cellulose were screened for the selection of slgtaehrriers. These carriers were found to be ermging since the
did not undergo any chemical change during thegredgjwn of slid dispersion. The solid dispersion of paraceta
with carriers PEG 4000, PEG 6000, and Methyl Cefial showed a marked increase in the dissoluti@nimapH
5.8 phosphate buffer. Dissolution of the paracetamweased with increasing proportionscarriers and $0%
and T70% values were least with the SDs of Methyl Cellul@se.1:1-1:4). Above all the formulations the ratio
paracetamol: PEG 6000 (SD4) showed (1:4) maximuowipg that higher concentration of matrix formedtv
PEG 6000 of ratid.:4 increased the dissolution rate. These obsenaindicate the enhanced dissolution of :
with increase in the concentration of carriers figslue to the increased wettability of the drygtbe carrier, dru
particle size reduction in the courof the solid dispersion preparation, polymorphansformation of drug crysta
and chemical interactions between drug and ce

CONCLUSION

From the present study it can be easily demonsitasgt, PEG 4000, PEG 6000, and Methyl Celluloseitmnene
potential to improve solubility characters of aegd soluble or poorly soluble drug. This work alketrates the
fact that PEG 4000, PEG 6000, and Methyl Cellulvs® characteristics to form molecular dispersioitis the drug
molecules, therebyncreasing the dissolution rate of drug and decngagtie time of release of drug from 1
formulated mixture.
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