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ABSTRACT
The aim of this study was to enhance the solubility and hence dissolution rate of two poorly
soluble  drugs: ibuprofen and piroxicam using Eudragt RS 100 and
hydroxymethylpropylcellulose (HPMC) as carriers, by solid dispersion technique audltate
the effect of trona (sodium sesquicarbonate) on the dispersions . Solid dispersions of ibuprofen
and piroxicam were prepared using HPMC or Eudragit RS 100 and their combinations by the
solvent evaporation methodhe prepared dispersions wereardcterized with respect to drug
content, production yield, moisture sorption and desorption, Fourier Transform Infraréid)(FT
spectroscopy and differential scanning calorimetry (DSC). The solubilities of the pure drug, solid
dispersions and their physicmixtures were studied using standard methidvitro drug
release of ibuprofen and piroxicam from the solid dispersions was evaluated in simulated gastric
fluid (SGF) and simulated intestinal fluid (SIF) without enzymes in a sequential fashiorr. Ant
inflammatory effects of the solid dispersions were investigated in comparison to the pure drug
using the egg albumin induced paw odema in rats. Stability studies at 75% relative humidity and
room temperature (28) was carried out on the prepared sdigpersionsResults indicate that
the solid dispersions with HPMC entrapped greater amount of drug in comparison to those with
Eudragit RS 100. Moisture sorption studies indicate the amorphous state of drugs in the solid
dispersions. Solubility studiesevealed marked increase in solubility of drugs from solid
dispersions when compared to pure drugs and physical mixtures. Solid dispersions of ibuprofen
with HPMC containing 1:2 drug : polymer ratio had 8 fold increase in solubility when compared
to pure dug . Solid dispersions of piroxicam with Eudragit and HPMC (ratio 0.1:1:1) gave a 3
fold increase in solubility when compared to the pure drug. Solid dispersion of the drugs with

HPMC gave a faster drug release in simulated gastric fluid while Eudt&git00 based solid

Vi



dispersions exhibited a delayed release of ibuprofen in the fluid. Solid dispersions of piroxicam
incorporating trona showed enhanced solubility and dissolution when compared to dispersions
without it, but trona was seen to decreadelsiity and dissolution of ibumfen. The FTIR
spectroscopic studies revealed that there was no chemical interaction between the drug and the
polymers, while the DSC scans showed changes from crystalline to amorphous form of the drug.
Solid dispersionsvere seen to have enhanced -amftammatory effect relative to the pure drug.

Stability studes of these solid dispersiomsvealed that the formulations were stable.
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CHAPTER ONE

1.0 INTRODUCTION
The oral route of drug administration is the most common and preferred nadtlustivery
owing to convenienceand ease of ingestion (kmaret al.,2012)Fr om a pati ent 0s
swallowing a dosage form is a comfortable and a familiar means of taking medication. As a
result, patient compliance and hence drug treatmertypically more effective witlhorally
administered medications whexompared with other routes of administration, for example,
parentera(Dhirendraet al.,2009.
Although the oral route of administration is preferred, for many drugs it capiobl@matic and
inefficient mode of delivery for a number of reasons. Limited drug absorption resulting in poor
bioavailability is paramount amongst the potential problems that can be encountered when
delivering an ative agent via the oral routBrug absrption from the gastrointestinal (Gl) tract
can be limited by a variety of factors with the most significant contributors being poor aqueous
solubility and/or poor membrane permeability of the drug molecule. When delivering an active
agent orally, it musfirst dissolve in the gastric and/or intestinal fluids before it can then
permeate the membranes of the GI ttacteach systemic circulatioihe poor dissolution of
water insoluble drugs is a substantial problem confronting the pharmaceutical industry.
A poorly water soluble drug, more recently, has been defined in general terms as a drug which
requires more time to dissolve in the gastrointestinal fluid than it may take to get absorbed in the
gastrointestinal tragReenaand Vandana2012) The absrption rate of goorly wateri solude
drug formulated as an oralgdministered solid dosage form, is controlled by its dissolution rate
in the fluid at the absorption site. The dikgion rate is often the ratetemining step in drug

absorptionTherefore, the solubility and dissolution behavior of a drug are the key detesiina



of the oral bioavailability(Kumar et al., 2012. A drug with poor aqueous solubility will
typically exhibit dissolution rate limited absorption, and a drug with powmmbrane
permeability will typically exhibit permeation ratienited absorption.

With recent advances in molecular screening methods for identifying potential drug candidates,
an increasing number of poorly watsluble drugs are being identified as ptdrtherapeutic
agents. In factit has been estimated that%0of new chemical entities currently being
discovered are qorly watersoluble (Lipinski, 2001)Unfortunately, many of these potential
drugs are abandoned in the early stages of developmerg tmsolubility concerns.

One of the major current challenges of the pharmaceutical industry is related to strategies that
improve the water solubility of drugs (Uedaal., 2006). It is therefore becoming increasingly
more important that methods fowercoming solubility limitations be identified and applied
commercially such that the potential therapeutic benefits of these active molecules can be
realized.

Various aproaches available to improwFug solubility as well as dgudissolution of poorly
aqueous soluble drug include micronisation, formation of inclusion complexes with
cyclodextrins, formation of amorphous drugs, and formulation of solid dispersions of drugs
using various hydrophilic carriers. Among theformulation ofsolid dispersions i®ne of the

most successful strategies to improve drug release of poorly-wsateble drugs (Hasnaiand

Nayak 2012. In the BopharmaceuticElassification $stem (BCS) drugswith low aqueous
solubility and high membrane permeability are categoraedlass Il drugsSolid dispersions
technologies are particularly promising for improving the orabgii®n and bioavailability of

BCS class Il drugs (Dhirended al.,2009.



1.1 Solubility

Solubility is defined as the amount of a substanceghasases into solution in order to establish
equilibrium at constnt temperature and pressuregptoducea saturated solutionBeheraet al.,
2010. Thermodynamically, it is the spontaneous interaction of two or more substafoes &
homogerous molecular dispersianOf the various states of matter that exist and the
corresponding solutions that they can possibly form, the solutions of solids in liquids are the
most frequently encountered type in pharmaceutical formulations. The solubility kd &san

ideal solution depends upon a number of factors such as the temperature of thersjsreof

the solventthe melting point of the solid and the molar heat of fusion.

Solubility is an intrinsic material property that can be altered onlyheynial modification of

the molecule,in contrast to dissolution which is an extrinsic material property that can be
influenced by various chemigaphysical or crystallographic means such as complexation,
particle size and surface properti{gdorence ad Attwood, 1998).

1.1.1 Importance of solubility

The major challenge with the design of oral dosage forms liesthatin poor bioavailability.

Oral bioavailability depends on several factors including aqusolubility, drug permeability,
dissolution rate, firspass metabolism, presystemic metabolism, and susceptibility to efflux
mechanisms. The most frequent causes of low oral bioavailability are attributed to poor solubility
and low permeability. Solubilitylso plays a major role for other dosage forms like parenteral
formulations as well Edward and Li 2008). Drug absorption,sufficient and reproducible
bioavailability, pharmacokinetic profile of orallyadministereddrug substances arbighly
dependent orsolubility of that compound iraqueousmedium. Solubility is one of themost

important parameters to achieve desired concentration of drug in systemic circulation for



achieving required pharmacological respofdéemulaet al.,2010) Poorly water soluble drugs

often require high doses in order to reach therapeutic plasma concentrations after oral
administrationwhich may lead to increased side effedtew aqueous solubility is the major
problem encountered with formulation development af mBemical entities as welkageneric
development. For angrug to beabsorbegdit must be present in the form of an aqueous solution

at the site of absorption. Water is the solvent of choice for liquid pharmaceutical formulations.
Most of the drugs areiteer weakly acidic or weakly basic having poor aqueous solubllig.
improvement of drug solubility anthereby its oral bi@vailability remains one of the most
challenging aspects olfie drug development process especially for -oiralg delivery systas.

There are numerous approaches available and reported in literature to enhance the solubility of
poorly watersoluble drugs. The techniques are chosen on the basis of certain factors such as
properties of drug under consideration, nature of exciptertie selected, and nature of intended
dosage form.

1.12 Techniquesfor enhancing solubility

Solubility improvement techniques can be categorized into physicalfioatitin, chemical
modificationof the drug substance, and other techniques.

1.12.1 Physical modification

Particle size reductiomhe solubility of a drug is often intrinsically related to drug particle size;

as a particle becomes smaller, the surface area to volume ratio increases. The larger surface area
allows greater interactiowith the solvent whichauses an increase in solubility (Sandtpal,

2013) Conventional methods of particle size reduction, suatoasnindion and spray drying,

rely upon mechanical stress to disaggregate the activpaand. Particle size reductidhus

pemits an efficient, reproducibleand economic means of lsbility enhancement.The



mechanical forces inherent in comminutieach as milling and grinding, howeveften impart
significant amounts of physical stress upon the drug product whichnulage degradation. The
thermal stress which may occur during comminution and spray drying is also a concern when
processing thermosensitive or unstable active compounds. Using traditional approaches for
nearly insoluble drugs may not be able to enhaheesolubility up to the desired level. Particle

size reduction can be achieved bigmnization and nanosuspensigumariet al.,2013)

Micronization Micronization is a conventional technique forparticle size reduction.
Micronization increases the dastion rate of drugs tlough increased surface area, oés not
increase equilibrium solubilit{Satishet al.,2011) Decreasing the particle size adrugs, which
caussincrease in surface area, impes their rate of dissolutioMicronization of dugs is done

by milling techniques using jet mill, rotor sta colloid mills and so anMicronization is not
suitabk for drugs having a high dobecause it does not change thiission solubility of the
drug (Blagden et al., 2007) These processes we@pplied to griseofulvin, progesterone,
spironolactonediosminand fenofibrate. For each drug, micronization improved their digestive
absorption, and consequently their bioavailability and clinical efficacy. Micronized fenofibrate
exhibited more than 1fbld (1.3% to 20%) increase in dissolutiorat 30minutes in biorelevant

media Chaumeil et al.1998;Vogt et al.,2008

NanosuspensionNanosuspension technology has beevetigped as a promising technigio
efficient delivery of hydrophobic drugs. This technology is applied to poorly soluble drugs that
are insoluble in both water and oilA pharmaceutical nanosuspension is a biphasic system

consisting of nanosized drug particles stabilized by surfactantsther oral and topical use or



parenteral and pulmonary administration. The particle size distribution of the solid particles in
nanosuspensions is usually less than one micron with an average particle size ranging between
200 and 600mM (Muller et al, 2000 and NasH2002) Various methods utilized for preparation

of nanosuspensions include precipitation technique, media milling, -phegsure
homogenization in water, high pressure homogenization iraqogous media, and combination

of precipitationand highpressure homogenizatigRatravaleet al.,2004)

Inclusion Complex FormatieBased TechniquesAmong all the solubility enhancement
techniques, inclusion complex formation technique has been employed more precisely to
improve the aquass solubility, dissolution ratand bioavailability of poorly water soluble drugs.
Inclusion complexes are formed by the insertion of the nonpolar molecule or the nonpolar region
of one molecule (known as guest) into the cavity of another molecule or graupledules
(known as host). The most commonly used host molecules are cycloddisd Three
naturally occurring CDs aré-Cyclodextrin, b-Cyclodextrin ando-Cyclodextrin (Satishet al.,

2017).

Cryogenic TechniqueCryogenic techniques have bedaveloped to enhance the dissolution

rate of drugs by creating nanostructured amorphous drug particles with high degree of porosity at
very low-temperature conditions. Cryogenic inventions can be defined by the type of injection
device (capillary, rotarypneumatt and ultrasonic nozzléjcation of nozzle (above or under the
liquid level) and the composition of cryogenic liquid (hydrofluoroalkaneg, Ar, O, and
organic solvents). After cryogenic processing, dry powder can be obtained by various drying

processes like spray free@deauret al.,2012).



1.1.2.2 Chemical modification

Salt FormationSalt formations the most common and effective method of increasing solubility
and dissolution rates of acidic and basic drugs. Acidic or lirsig cowerted into salt has
highersolubility than the parertrug. Alkali metal saltsof acidic drugs likepenicillin and strong
acid salts of basidrugs like atropine ammorewater soluble thathe parent drugDeepshikhaet

al., 2012)

Co-crystallisation Co-crystals may be defined as crystalline materigaht corsist of two or
more molecular ahelectricaly neutral species held tether by norcovalent forces. Thegan
be prepared by evaporation of a heteromeric solution or by grinding the comptogetter or
by subimation, growth from the melt anslurry preparation. It is increasingly important as an

alternative to salt formation, ganularly for neutral compound$atish et al, 2011).

Co-solvent It is well-known that the addition of asrganic cesolvent to water can dramatically
change the solubility of drugs. Weak electrolytes and nonpolar moleculespbavewater
solubility which can be improved by alterinthe polarity of the solvent. Solvestused to
increase solubilityareknown as cosolvestthe process islso commonly referred to as solvent

blending.

Hydrotropy This isdesigned to increase solubility in water due to presence of large amount of
additives. It improves solubility by amplexation involving weak interacim between
hydrophobic agents ddium benzoate, sodium alginateea) and solute. Example isgbéimation

of theophylline with sodium acetate aralaimalginate(Satishet al.,2011)



Solubilising Agents The solubility of poorly soluble drigg can also be improved by various
solubilizing materials. The aqueous solubility of the antimalarial agent halofantrine is increased

by the addition of caffeine and nicotinami(&atishet al.,2011)

1.2 Solid dispersiors

According to Giiou and Riegelman (1971), a solid dispersi@fithe dispersion of one or more
active ingredient in an inert carrier at solid starepared by melting (fusiomyplvent @ the
meltingso I v e nt Bodid dispedsion is a common strategy by whichirtgprove the
dissolution rate and absorption of poorly water solabilegs using hydrophilic polymesarriers
as dispersing agerfolid dispersions using insoluble carriersded with hydrophilic drugs lead
to a delivery system aimed at optiemg pharmacokinetics and reduag side effects such as

gastric irritation due to nesteriodalantrinflammatory drugs Pignatelloet al .2001)

1.21 Advantages of solid dispersions

12.1.1 Reduceddrug patrticle size

Whensolid dispersionsonsising of poorly solubledrug andhighly soluble carrier arexposed

to water or gastrantestinal fluid,the soluble carrier dissolvedeaving the drugn very fine
crystallire state that will rapidly go to solution. Due to increased surface area oflinde
compound, an enhanced dissolutiate anchence increased oral absorpti@obtained $andip

et al.,2013)

Solid dispersions are mosdficient than all otheparticle size reduction techniques, since the

latter have a partiel size reductiotimit around 2- 5 mm which frequently is not enough to



improve considerably the drug solubility or drug release in the small intestine and consequently,
to improve the bioavailability (Gauraat al, 2009). Molecular dispersions, as solid disp1si
repesent the last state gqfarticle size reduction, and after carrier dissolution the drug is
molecularly dispersed in the dissolution medium (Shastnal, 2011).Solid dispersions apply

this principle to drug release by creating a mixture of a poorlyrveatieible dug and highly
soluble carriersn which, a high surface area is formed, resulting in an increased dissolution rate

and, consequently, improved bioavailailfLeurer and Dressman, 2000)

1.212 Particles with improved wettability

A strong contribution to the enhancement of drug solubility is related to the drug wettability
improvement verified in solid dispersions (Karawsal, 2006). It has been reported that the
presentation of particles todhdissolution medium aseparateentities may reduce aggregation.

In addition many of the carriers used for solid dispersions such as cholic acid and bile salts may
have some wetting properties, however even carriers without any surface activity such as urea

improved drug solubility Daisyet al.,2009.

1.21.3 Particles with higher porosity

Particles in solid dispersions have been foundateeha higher degree of porosifyhe increase

in porosity also depends on the carrier properties; for instance, solid dispersions containing linear
polymers produce larger and more porous particles than those containing reticular polymers and,
therefore, result in higher dissolutionate (Sharmat al, 2011).The increased porosity of solid
dispersion pdicles has been found to hastéme drug release profildl.euner and Dressman

2000)



1.21.4 Drugs in amorphous state

The enhancement of drug release can usually be achieved using the drug in its amorphous state,
because no energy is required to break up the crystal lattice during the dissolution process.
Poorly water soluble crystalline drugs, when in the amorphous, s&atd to have higher
solubility (Daisy et al, 2009). In solid dispersions, drugs are presented as supersaturated
solutions after system dissolution, and it is speculated that,dfug precipitate, it is as a
metastable polymorphic form with higherlglity than the most stable crystal form (Leuner

and Dressman2000; Karavaset al, 2006). For drugs with low crystal energy (low melting
temperature or heat of fusion), the amorphous composition is primarily dictated by the difference
in melting tempeature between drug and carrier. For drugs with high crystal energy, higher
amorphous compositions can be obtained by choosing carriers, which exhibit specific

interactions with them.

1.215 Drugswith improved dissolution rate

Solid dispersiongroduce rapid dissolution rates that result in an increase in the rate and extent
of absorption of the drug, an@ reduction in presystemic metabolism. This latter advantage may
occur due to saturation of the enzyme responsible for biotransfornwditibve drug as in the

case of 1#b-estradiol or inhibition of the enzyme by the carri&s in the case ahorphine

tristearin dispersion (Daisst al.,2009)
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1.22 Disadvantages/limitations of solid dispersion

Solid dispersion technique has been extensively confirmed to enhance the dissolution
characteristics of sparingly soluble drugthough the practical applicability of the system has
remained limited mainly due to difficigs in manufacturing processeédnly a few prodcts

have been marketed so far. Amontstseare griseofulvini polyethylene glycolGris-PEG’ by
Novartis), nabilone in polyvinglyrrolidone solid dispersions &Samet by Lily) and
itraconazole in hgroxypropy methykelluloseand polyethylene glycd®0,000 sprayed on sugar
spheregSporano¥ by Janseen ).

The main problems limiting the commercial application of solid dispersions involve the

following.

1.2.2.1 Instability of solid dispersions

Physical instability of solid dispersisimccursmainly because there is the possibility that during
processing (mechanical stress) or storage (temperature and humidity gteeag)orphous state

may undergo crystallization and dissolution rate decsaaigle ageing.Similarly, certain carriers

may exst in thermodynamically unstable statesaisolid dispersion and undergochanges with

time. Ritonavir cgsules (Norvif, Abbott) was withdrawnfrom the market because of
crystallization(Serajuddiret al, 1999)

The effect of moisture on the storagealslity of amorphous pharmaceuwls is also of
significant concer, because it may increase drug mobilitydgoromote drug crystallization

Most of the polymers used in solid dispersions can absorb moisture, which may result in phase

separation, crystal growth or conversion from the amorphous to the crystalline state or from a

11



metastable crystalline form to a more stable structure dutioghge. This may result in

decreasedolubility and dissolution rat@auravet al, 2009)

1.2.2.2 Processing variability

Manufacturing conditions may greatly influence the ptyshemical properties of solid
dispersios. The heating rate, maximurtemperature used, holding time at a high temperature,
cooling method and rate and method of pulverization might affect the properties of solid
dispersions prepared by the melting method including particle size distribution (Serauddin

1999). In addition the nature of solvent used, ratio of drug/solvent or carrier/solvent as well as
rate and method used to evaporate the solvent may significantly influence the physicochemical

propeties of solid dispersions formgRuchiet al., 2009)

1.22.3 Method of preparation
Total removal of toxic organic solvents used in the preparation of the disperssotiee main
problem associated with the solvent method. When fusion method is used, high melting

temperature maghemically decompose drugs anat fcarriers (Reemand Vandana2012)

1.2.2.4 Dosage form development

It is usually very difficult to develop solid dispersgomto a suitable dosage form because
pulverizing, sieving, mixing and compressing of solid dispersions, which are usually soft and
tacky are difficult.Solid powders with low particle size have poor flowability and may stick to

the tabletting machinemaking it difficult to handlgSharmaet al.,2011).
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The physicochemical properties and stability of solid dispessiaatly be affected by scale
processes because heating and cooling rates of solid dispgyeepared ina large scale may
differ from that of a smalbkcale. It is also expensive andt practical to evaporate hundreds and
even thousands of litef organic solvents to prepaselid dispersions for kilogram quantities

of drug (Serajuddiret al,.1999)

1.2.3 Pharmaceuticalapplications of solid dispersions

Solid dispersions could be utilized for the following;

1. To obtain a bmogenous distribution of small amount of drughesolid state.

2. To transform liquid forms of a drumto solid formulations such as powders, capsole
tablets Example, prostaglandin, unsaturated fatty acids, nitroglycerin, clofibrate and
benzaldehyde can be incorporated into FEBGO0 to give a solid.

3. To stabilize unstable drugs and protect against decomposition by processes such as
hydrdysis, oxdation, racemization anghotc-oxidation as in the case of nabilone and PVP
dispersios.

4. Toformulate aast release pning dose in sustained releat@sage form

5. To reduce presystemic inactivation of dslige morphine and progesterone.

6. To avad undesirablencompatibilities.

7. To mask unpleasant taste and smell of drugs as irageeaf famoxetine. The bitteaste of
famoxetire was greatly suppressed whéme solid complex was formulated as aqueous

suspension.
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8. To reduce theside effects otertain drugsThe damage to the stomach mucous membrane
by certain norsteriodal antinflammatory druggNSAIDs) can be reduced by administration
as an inclusion complex.

9. Toimprove drug release from ointments, gels and creams.

10. To formulate asustained release preparation of soluble drugs by dispersing drug in poorly
soluble and insoluble carrier.

11. To enhance bioavailabilitydissolution ree and absorption of drugsy increasing the

solubility of poorly water soluble drugsSharmeet al.,2017).

1.3 Ibuprofen

CH,

HaC OH

HsC

Schemel: structure of ibuprofen

Ibuprofena weakly acidic,nonsteroidal antinflammatory drug (NSAID) that has been widely
used in the treatment of mild to moderate pain. Ibuprofen is used in the management of mild to
moderate pain and inflammation inngbtions such as dysmenorrhodegadachgincluding
migraine) postoperative pain, dental pain, musculoskeletal and joint disorders such as ankylosing
spondylitis, osteoarthritis, and rheumatoid arthritis including juvenile idiopathic arthritis, peri
articular disorders such as bursitis and tenosynovitis, andisafe disorders such as sprains
and strainslt is also used to reduce feveryitaret al.,2012)
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Ibuprofen is a white crystalline powder or colourless crystals with a slight characteristic odour.
British PharmacopoeaBP) solubilities are; practicallyinsoluble in water, very soluble in
alcohol, acetone, chloroformand in methyl alcoholslightly soluble in ethyl acetat&he drug

has been classéd as class Il drug as ptre Biopharmaceutical Classification System (BCS)
having low solubility andhigh permeability througkhe stomach as it remains 99.9% unionized

in the stomach,because of its solubility limitation and fast emptying time frostomach to
intestine (30min to 2 ) the required quantitgannot enter into systemic circulation. Aftars

time, it goes tothe small intestine whe it is solubilized but canngtermeate through its

membrane because of its pH dependehibility and permeability.

Thus solubility and dissolution become the rate limiting steps for absorption. Drugtowith
dissolution rates generally show erratic and incomplete absorption leading to low bioavailability
when administered orally. To enhance solubilindamprove dissolution rate obuprofen is
challenging and rational because its serum concentratiotharapeuticeffects are correlated,;

rapid buprofen aborption is a prerequisite faquick onset of action.

Pharmacokinetics Ibuprofen is absorbed from the gastrointestitraict and peak plasma
concentratia is attained about 1 to 2dfter ingestion. Ibuprofen is absorbed following rectal
administration. There is some absorption following topical application to the skin. Ibuprofen is
90 to 99 % bound to plasma proteins and hdasmma half life of about 2.1t is rapidly excreted

in the urine mainly as metabolite arideir conjugatesabout 1% isexcreted in urine as
unchanged ibprofen and about 4% as conjugated ibuprofen. There appears to béd bitg
excreted in keast milk.However, the bioavailability of ibuprofen is raialy low after oral

administration, since it igractically insoluble in watgPatelet al.,2010)
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1.4 Piroxicam

Scheme 2: structure of piroxicam

Piroxicam is an oxime derivatechon steroidabntrinflammatory drug with low solubility and
high permeabity classified as class Il in the Biopharmaceutical Classificatigstes. It is
used as an analgesic in acute and long tiesrirent of rheumatoid arthritigsteoarthritisand in

a variety of other chronic musculoskele®@ikorders such as ggenorrheaPiroxicam is
practically insoluble in water sparingly soluble iralcohol butsoluble in methylene chloride.
After oral administration ipoxicam is completely but slowly and gradually absorbed thidhg
GIT and reaches the maximum blood centration after 24 h. Since the drug is slightsoluble

in biological fluid, proxicam dissolution rate turns ishe absorption rate limiting step and

consequentlyit critically affects its analgesic effect onset (Kulkaghal.,2012)

1.5 Eudragit RS 100

Eudragit RS 100 is a neutral copolymer of polyethylacrylate, methylmethacrylate and
trimethylammonium ethylmethacrylate chloridéhe ammonium groups are present as salts and
make the polymers permeablé. is a solid substance in form ablourless, clear to cloudy
granules with a faint amiAéke odour. Eudragit RS 100s inert to the digestive tracbntent,

pH independent and at the same time capable of swelling. Eudragit is used mainly to form
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controlled release formulations, but@lshows stabilizing effects. Eudragit dag use to mask

taste and color (Pigtello et al, 2001).

Eudragit RSL00 hasbheen employed in previous studies to improve the dissolution rate of a wide
range of drugs via solid dispersioi@fokansiet al. (2012 reported that the dissolution rate of

trandolapril was increased solid dispersions based ondtagit RS 100 and PEG 8000.

1.6 Hydroxypropyl methylcellulose (HPMC)

HPMC is a semsynthetic inert viscoelastic polymer used as an ophthalmic lubrasimell as

an excipient and controlledelivery component in oral medicaments, found in a variety of
commercial products. HPMC is a solid, and is a slightlywdfite to beige powder in appearance
and may be formed ia granules. The compound forroslloids when dissolved in water. This
nontoxic ingredient is combustible and casact vigorouslywith oxidizing agents The high
interest in HPMC as an excipient is mainly due to the fact that it ig;oo, easy to handle,
relatively cheap, easy to compatd compatible with numerous drugs. HPMC consists of a
backbone of cellulose with methyl and hydroxypropyl moieties substitutedthe glucose units
HPMC is commercially available in many different viscosity gradéfhen used at high
concentration HPMC forms a gelatinous layer around the drug particles upon contact with
agueous media which caotas a barrier to drug releaske drug isreleasd slowly from such
matrix by diffusion processeslsually higher moledar weight HPMC areused for sustined
relesase in tablet formulation whilewer molecular weight HPMC is employed solid

dispersiosto enhance drug release (Rahreaal.,20117).
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1.7 Trona

Trona is a compound of sodiunthemically called sodium sesquicarbonate or sodium
monohydrogen dicarbonate (d&o;. NaHCQ) 2H,0). Trona is a Swedish term, deriving
ultimately from the Arabic "natrum”, native salt. Trona is a commonly used sak\eral
countries in east, wesind central Africa. In Nigeria trona isommonly calledfiKaurp in
Yorubg fiKanwa in Hausa andiAkanwuw in Igbo language. The main use of trona in homes is
as a tenderizer in preparing tough food like beanaize and meatutilizing its ability to
facilitate or speedup the softeningof food during cookinglt is used as a source of sodium
compoundsin Nigeria, trona is escavated or mingachorthern part of the country particularly
in Kano andMaiduguri areas extending to fioer countries like Chad and Niger. Attamiaal.

(2007) haveshown thatrona couldenhance thepermeation of ointments.

1.8 Statement of research problem

Poorly water soluble drugegesenta problem in pharmaceutical formulation. More thar?®0f

drugs approvedsince 1995 have poor solubility (Satiehal., 2011). With recent advances in
molecular screening methods for identifying potential drug candidates, an increasing number of
poorly water soluble drugs are being identified as potential therapeutic agents. According to
recent estimates, nearly-80 % d new chemical entities are rejected because of poor solubility
(Satishet al, 2011).Poor solubility wouldead to poor oral bioavailability, high intra and inter
subject variability and lack of dose proportionality. This frequently results in potgntiall
important products not reaching the market or not achieving their full potential. Poorly water
soluble drugs often require high doses in order to reach therapeutic plasma concsrefiion

oral administrationReena and VandanaP12). The enhancemertdf dissolution rate and oral

bioavailability is one of the greatest challenges in the development of poorly water soluble drugs.
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For orally administered drugsolubility is the mosimportant ratdimiting parameter to achieve
their desired concentratiom systemic circulation for pharmacological response. Problem of
solubility is a major challenge for formulation sciergi§Eharmaet al, 2009). Any process,

technology or excipient that improvsslubility couldthereforebe useful in

1. Bringing morenew products to the market.

2. Reducing development timelines

3. Reducing productionost.

4. Bringing newlife to old products and with improved therapeutic outcomes

1.9 Justification

Ibuprofen andpiroxicam arepoorly water soluble drugslhe efficacy of these drugs can be
severely limited by poor aqueous solubilitgading to low dissolution rate and thus low
absorption in the gastrointestinal tract following oral administration hence compromising oral
biovailability (Tapanet al., 2010) Improvement in the extent and rate of dissolution is highly
desirable for such compounds, as this can lead to an increased and more reproducible oral
bioavailability and subsequently to clinically relevant dose reduction and more reliable therapy
(Reenaand Vandana2012).Any compatible additive that coutderefore enhance the solubility

of these drugs wodlenhance their bioavailability and reduce their side effects.

1.10 Hypothesis

Null hypothesis

Solid dispersions cannot be used to imprthes aqueousadubility and dissolution ofbuprofen

and proxicam.
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Alternate hypothesis

Solid dispersions technique can improve the aqueous solubititdiasolution of ibuprofen and

piroxicam

1.11 Aim

The aim of the study is tenhance thaolubility, dissolution andiltimately bioavailability of

ibuprofen and piroxicam using soliispersiortechnique

1.12 Objectives

1.

To formulate solid dispersions ofbuprofen and poxicam using Eudragit RS100,

hydraxypropyl methylcellulose (HPMEas carries by the solvent evaporatiomethod.

. To formulate solid dispersiesnofibuprofen angiroxicam incorporating trona in addition to

the two inert carriers above.

To characterizehe prepared solid dispersions diuprofen and poxicam using DSCand
FT-IR.

To degermine the compatibility ofauprofen and ipoxicam with trona, Eudragit RS 1@hd
hydraxypropyl methylcellulosausing FFIR.

To evaluate the potential of solid dispersions to enhancedhubility and dissolution of
ibuprofen and poxicam

To evaluatehe effect of trona on solubility and dissolutiohibuprofen and poxicam in the
solid dispersions

To evaluate the anthflammatory properties of the formulated solid dispersions in an animal

model

20



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 Solid dispersions
The term solid dispersion refers to a group of solid products consisting of at least two different
components, generally a hydrophilic matrix and a hydrophobic diog.matrix can be either
crystalline or amorphous. The drug can be dispersed molecularly, in amorphous particles
(clusters) or in crystalline particles. The concept of solid dispersions was origingllysptbby
Sekiguchi and Obi (1964 who demonstratethat the eutectic melts of sulfathiazolend a
physiologically inertwatersoluble carrieurea exhibited higher absorption and excretion after
oral administration than sulfathiazole alone (Bhawetrel, 2012).
Recenty, there been increased interessatid dispersion in order to improve biopharmaceutical
properties of poorly soluble drugEhe objedwe is usually to provide a system in which the
crystallinity of the drug is saltered in ordeto change its solubility andissolution rate, and to
suround the drug intimatelwith a watersoluble materia(Florence and Attwoqdl998. When
the solid dispersion is exposed to aqueous media, the carrier dissolves and the drug releases as
fine colloidal particles. The resulting enhanced surface @@duces higher dissolution rate and
bioavailabity of poorly watesoluble drugs.
The development of solid dispersions as a practically viable method to enhance bioavailability of
poorly watersoluble drugs overcame the limitations of previous approachels as salt
formation solubilization by cosolven@nd particle size reduction (Hamsagapl., 2006.
In addition to the improvement of bioavailabilityjostof the recenstudieson solid dispersion
systems have beeatlirected towards theiapplicationto the development of extendeslease

dosage forms using waterswiuble carriers (Filippist al, 1995)
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2.2 Classification of solid dispersions
Solid dispersions are classifigzhsedon their molecular arrangement inflmur representative
types
1. Simpleeutecticmixtures
2. Amorphous precipitations in crystalline matrix
3. Solid solutions
a. Continuous solid solutions
b. Discontinuous solid solutions
c. Substitutional solid solutions
d. Interstitial solid solutions

4 . Glass suspensions and solutidBsm@het al, 2011)

2.2.1 Simple eutectic mixtures

These are prepared by rapid solidification of fused melt of two components that show complete
liquid miscibility but nedigible solid-solid solubility. Thermodynamicallysuch a system is an
intimately blended physical mixture of its two crystalline componéfiteen a mixture of A and

B with composition E is cooled, A and B crystallize out simultaneo{isgure 2.1), whereas

when other compositions are cooled, one of the components staristalize out before the

other (Daisyet al.,2009).Solid eutectic mixtures are usually prepared by rapid cooling of a co
melt of the two compounds in order to obtain a physical mixture of very fine crystals of the two
components. When a mixture with composition E, consisting of a slightly soluble druanand
inert, highly water soluble carrier, is dissolved in an agueous medium, the carrier will dissolve

rapidly, releasing very fine crystals of the drug. The large surface area of the resulting
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suspension should result in an enhanced dissolution rate erethythmproved bioavailability.

This technique has been applied to several poorlybsoldrugs such as griseofulvii
griseofulvinsuccinic acid (soluble carrier) system has a eutectic point at 0.29 mole fraction of
thedrug (55% whAv griseofulvin). The etectic mixture consists heoé two physically separate
phases; one is almost pure griseofulvin, while the other is a saturated solid solution of
griseofulvin in succinic acid. The solid solution contains aboui25griseofulvin; the eutectic
mixture, which has a fixed ratio of drug to carrier, thus comprise%o6blid solution and 4%
almostpure griseofulvinthe solid solution dissolves 6 ®times faster than pure griseofulvin.
Other systems that form eutectic mixtures are chloramphemieal (Atur et d., 1966),
sulfathiazoleurea (Win and Sarfaraz1971) and niacinamid@scorbic acid. In addition to the
reduction in crystalline size, the following factors may contribute to faster dissolution rate of
drugs in eutectic mixtures:

1. An increase idlrug solubility because of the extremely small particle size of the solid

2. A possible solubilisation effect by the carrier, which may operate in the diffusion layer

immediately surrounding the drug particle.

2.2.2 Amorphous precipitation in crystallne matrix

This type of solid dispersion is distinguished from a simple eutectic mixture by the fact that the
drug is precipitated out in an amorphous fotdsing griseofulvin in citric acid, Chiou and
Riegelmanwere the first to report the formation of an amorphous solid solution to imparove
drug's dissolution properties (Reeswrad Vandana2013).Other carriers that were used in early

studies included urea and sugars such as sucrose, dextrose and galactose.
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Figure 2.1: Phasediagram of an eutectic systenfDaisy et al.,2009)

More recently, organic polymers such as polyvinylpyrrolidone (PVP), polyethylene glycol (PEG)
and various celluloselerivatives have been utilized for this purpose. Polymer carriers are
particularly likely to form amorphous solid solutions as the polymer itself is often present in the
form of anamorphous polymer chain networkiffare2.2).1n addition, the solute molates may
serve to plasticize the polymer, leading to a reductiorsigléss transition temperatui€apoo

et al, 2012)
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Figure 2.2: Phase diagram of morphous solid solutions (Daisyet al.,2009)

2.2.3 Solid solutions

In a olid solution the two components crystallize together in a homogeneougpbase system.

The particle size of the drug i n (Thueasldl i d so
solution can achieve a faster dissolution rate thardhesponding eutectimixture(Sharmaet

al., 2012).They are further classified according to their miscibility and order in which the solute

molecues are dispersed in solvendula(r et al.,2012).

2.2.3.1 According to the extendf miscibility
Continuous solidsolutions:In a continuous solid solution, the components are miscible in all
proportions. Theoretically, this means that the bonding strength between the two components is

stronger than the bonding strength between the molecules of each of the indigidpahents.
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Solid solutions of this type have not been reported in theypweutical literature to da{®ahul

et al.,2011; Kaur et al.,2012).

Discontinuous solid solutiongn the case of discontinuous solid solutions, the solubility of each

of the components in the other component is limited. A typical phase diagshows the
regions of true solid solutions. In these regions, one of the solid components is completely
dissolved in the other solid component. Below a certain temperature, the sultmlities of

the two components start to decrease. Due to practical consideratiassbieen suggestéuht

the term 0 sshduid dnlyse bpplied whendthe mutual solubility of thevo

components exceed¥b(Sharmeet al, 2012)

Liquid Solution

o+

Liquid Solution

Ligud Solution

A (100 %) B (100 %)

Figure 2. 3: Phase diagram of discontinuous solutiofDaisy et al.,2009)

2.2.3.2 According to how solute moleeslare dispersed in solvendum
Substitutional solid solutions Classical solid solutions have a crystalline structure, in which the

solute molecules can either substitute for solvent molecules in the crystal lattice or into the
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interstices between the solvent molecules. Substitution is only possible when the s$ige of t
solute molecules differs by less than %bfrom that of the solvent moleculesn this solvent
molecules in the crystal lattice of the solid solvent are substitoyethe solid molecules in

substitutional solid solutions (ReeaadVandana2012)
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Figure 2. 4: Phase diagram obubstitutional solid solutions(Daisy et al.,2009)

Interstitial solid solutions An interstitial solid solutioris obtained when the soluteolecules

occupy the interstitial spaces between the solvent molecules in the crystal lattice. As in the case
of substitutional crystalline solid solutions, the relative molecular size is aakuariterion for
classifying this solid solution type. Irthe case of interstitial crystalline solid solutions, the
solute molecules should have a molecular diameter that is no greater than 0.59 of the solvent
molecule's moledar diameter. Furthermore, tivdlume of the solute molecules should be less

than 20% bthe solvent. (Dixitet al.,2012)
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Figure 2.6: Phase diagram ofnterstitial solid solution (Daisy et al.,2009)

2.2.4 Glass suspensions and solutions

A glass solution is a homogenous, glassy system in which a solute dissolves in a glassy solvent
(Singh et al.2010). A glass suspension refers to a mixture in which precipitated particles are
suspended in a glassy solvehlie familiar term glashowever, can be used to describe either a
pure chemical or a mixture of chemicals in a glassy or vitreous state. The glassy or vitreous state
is usually obtained by an abrupt quenching of the melt. It is characterized by transparency and
brittleness belowthe glass transition temperatur®©n heating, it softens progressively and
continuousy without a sharp melting poir{Dixit et al, 2012). Many compounds like glueas
sucrose, citric acid, PVP amdhanolform glasses when their liquid state is coolethelar and

flexible chain polymers show glassy state of transparency and brittleness as they freezet (Singh

al., 2010).
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2.3 Methods of preparing solid dispersions

Various preparation methods for solid dispersions have been reportditeriature. These
methods dealvith the challenge of mixing a rtr& and a drug,preferably onmolecular level,

while matrix and drug are generally poorly miscible (Gaueawal, 2009). Techniqus for
prepaations of solid dispersions are as follows:

2.31. Solvent method

This method involves dissolving the drug and the carrier in a common organic solvent,
followed by evaporating the solvent at various temperatures resulting in formation of solid
dispersion. The choice of solvent and its removate are critical to quality of the
dispersion(Gauravet al, 2009).The major advantage of the solvent method is that thermal
decomposition of drugs and carriers associated with the fusion method can be avoided. The
disadvantage include the higher cost of preparation, the udarge quantities of solverthe
difficulty in complete removal of solvent, the possible advezffiect of residual solventthe
difficulty of reproducing crystal formsnd the inability to @in a supersaturation of the solute

in the solid system unless the system goes through a highly visbass(paisy et al., 2009)

This technique has been used to stedyd dispersion of meloxicam, naproxen, and nimesulide
using solvent evaporatiotechnique These findings suggeshat the solventechnique can be
employed successfully for improvement and stability of solid disperssdngpoorly water

soluble druggSharmeet al, 2011).

2.32 Fusion/ Melt method
In this method, a physical xture of the drugand the carrier is heated until it is melted. The

melt is then cooled, and the resultantdoldispersion is pulverized asttved. By using this
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method, the structure of the drug particles remains largely unchangeagy thei
manufactumg process. Nevertheless, twling rate used may significantéyfect the aging
behavior of solid dispersions. It has been reported thatryiséallinity of drug in soliddispersion

is less affected by aging whenslow coolingrate is used because thermodynamicallyren

stable systems are produced. tbe other hand, rapidooling of moltenmixtures isdesirable
because it leads tostantmeoussolidification, resulting in the drug molecule bgitrapped in

the carrier matrix@hirendraet al, 2009)

The advantages of thedion methodard t 6 s s i mp | i cmethgd foadruds staltleo n o my
below 100 °C, it precludes the use of an organic solveand dissolution of dispersions
obtained by melting technique are much faster than those prepared using solvent technique
(Bhawaneet al, 2012)

Although frequently applied, the fusion method has serious limitations. Fistlynajor
disadvantage is thahe method can onlge applied when drug and matrix are compatible and
when they mix well at the heating tperature. When drug and matire incompatibletwo

liquid phases or a suspension can be obsgemethe heated mixture, whictesults in an
heterogeneousolid dispesion. This can be prevented by using surfactants. Secondly, a problem
can arise during cooling when the dmngtrix miscibility changes. In this caggghase separation

can occur. Indeed, it was observed that when the mixture sleady cooled, crystalline
dispersionsoccurred, whereas fast cooling yielded amorphsoBd dispersions.Thirdly,
degradabn of the drug and or matrisan occur during heating to temperatures necesséngeo

matrix and drugGoldberget al., 19%).

30



2.3.3 Melting-solventmethod (melt evaporation)

This is acombination of two methodsfusion method and solvent method. In this method, the
drug is dissolved in a minimum amount of an organic solvent, and then it is added to the molten
carrier. As it uses less temperatuteoffers advantage for thermolabile drugs. This techamiqu
possesses unique advantages dweh the fusion ad solvent evaporation metho@Soldberget

al., 199%).

2.34 Hot melt extrusion

Melt extrusion is essentially the same as the fusion metlodpt that intense mixing of the
componats is induced by the extrudehen compared to melting in a vessel, the product
stability and dissolution are similar, but melt extrusion offers the potential to shape the heated
drug-matrix mixture into implantspphthalmc inserts, or oral dosage forms (Dhirenétaal.,
2009).Just like the traditional fusion process, miscibility of drug and matrix can be a problem.
Solubility parameters are investigated to predict the solid state miscibility and to selecésnatri
suitable for melt extrusion. High shear forces resulting in high local temperatures in the extruder
can be a problem for hesensitive materialsCompared to the traditional fusion method
however this technique offers the possibility of continuous production, which makes it suitable
for largescale production. Furthermore, the product is easier to handle because at the outlet of
the extruder the shape can be adapted to the next processingtstep giinding. (Narangnd
Shrivastaa, 2002; Breitenbach 2002) This method has alreadyeenused to prepare solid
dispersion of itraconazole and hydraypropylmethylcellulose indomethacin and
polyvinylpyrrolidine, piroxicam and polyvinylpyrrolidingo improve dissolution rate dhe

poorly soluble drugs (Bhawarms al,, 2012)
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2.35 Supercritical fluid process

This process includes dissolving the drug and carrier in supercritical carbon dioxide under
precise conditions of temperature and presdotlowed by rapid depressurizatiocBupercritical
carbon dioxide is non toxic, nonflammable, inexpensive ankas the potential as alaanative

for organic solvent¢Bhawanaet al, 2012) The technique does not require the use of organic
solventsand since carbon dioxide is considered environmentally friendly, this technique is
referred to as solvent freAnother name for this technique is rapid expansibsupercritical
solution (RESS).The application of thigechnique is very limited, becausiee solubility in
carbon dioxide of most pharmaceutical compounds is very low and decwadsencreasing

polarity and becausdiigh capital investment for equipment (Dhirendtal., 2009).

2.36 Electrostatic spinning method

The electrostatic spinning method technology used in the polymer industry combines solid
dispersion with nanotechnology (Hamsaeajal, 2006. In this process, a liquid stream of a
drug/polymer solution is subjected to a potential between 5 and 30 kV. When electdeal for
overcome the surface tension of the drug/polymer solution at the air interface, fibers of
submicron diameters are formed. As the solvent evaporates, the formed fibers can be collected
on a screen to give a nonwoven fabric, or they can be collectedmnréang mandril. The fiber
diameters depend on surface tensioaleditric constant, feeding rat@nd eleatc field strength.
Electrospun samples dissolvedis dependent on thegpe of formulation and the drugolymer

ratio. The technique has beencsessfully used in the pharmaceutical industry for the
preparation of solid dispersions. Wasaluble polymers would be useful in the formulation of
immediate release dosage formand waer-insoluble (both biodegradable and non

biodegradable) polymerseauseful in controllable dissolution properties. Fabrics generated by
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watersoluble carriers could be used in oral dosage formulations by dneatporaion of

materials into a capsu{&harmeet al.,2011)

2.37 Effervescent method

In this technique sodium bicarbonate and organic acids (tartasimcinic and citric acid) are
incorporated in solid dispersioriBhe combination of organic acids in poorly water soluble drugs
yield effervescent solid dispersions which leads to incredissolution and absorption of poorly

water soluble drugOhimanet al.,2012)

2.38 Kneading method
Drug and carrier mixture is prepared in a mortar which is masgtenmethanol.This mass is

then kneaded for 30 minutes and tldeied under vacuu for 24 h(Saindanest al,, 2011)

2.39 Lyphilization technique

Lyophilization has been thought afa molecular mixing technique wte the drug and carrier

are cedissolved in a common solvent, frozen and sublimed to obtain a lyophilized molecular
dispersion (Dhimaret al, 2012). This technique was proposed as an alternative technique to
solvent evaporation. An important advantage of freeze drying is that thesdsufpjected to
minimal thermal stress during the formation of the solid dispersion and the risk of phase

separation is minimized (Sharraaal.,2012.
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2.4  Properties of carriersused fordispersions

The properties of a carrier have a maijofluence on the dissolution characteristics of the
dispersed drug. A carrier should meet the following criteria to be suitable for increasing the
dissolution rate of a drug

1. Should be pharmacologically inert and Foric.

2. Should be water soluble with intrinsic rapid dissolution properties

3. should beduble in a variety ofolvents.

4. Should bechemicallycompatiblewith thedrug.

5. Should increase the aqueous solubility of drug.

6. Should beheat stable.

7. Should fam only weak bound complex.

8. Should have good flownd conpressibility.

9. should have high glass transition point.

10. Should form solid solution in presence of drug.

11.Should have abilitpf protecting drug from moisture (Knariet al.,2013).

2.5 Detection of crystallinity in solid dispersions

Several different molecular structures of the drug in the matrix camdemuetered in solid
dispersions Many attempts have been made to investigate the molecular arrangerselid
dispersionsDiscrimination between amorphous and crystallhas been the goal of most effort
Consequently, fothat purpose many techniques are available which detect the amount of

crystaline material in the dispersioithe amouat of amorphous material can not freasured
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directly butcan bederived from the amourof crystalline material in aample(Saindaneet al,

2011).The following techniquesan be usetb detect the degree ofystallinity:

2.51 X-ray diffraction

Powder Xray diffraction analysis is used in the characterization of crystalline structure
comparison of the diffractograms of the assumed complex with a physical mixture of guest and
carrier, in pure form has to be made. In powderaX diffraction analysisa characteristic
fingerprint region in the diffraction pattern reflects the crystallinity of the sample. A reduction in,
or thedisappearance of the characteristic maxima in the powder diagram of the guest molecule
and carrier with the new peaks in the diffraction pattd@rthe complex are the indications of

formation of comple ( Lian, 2001).

2.5.2 Infrared spectroscopy

Infrared spectroscopy (IR) can be used to detect the variation in the energy distribution of
interactions between drug and matrix ( Dhirendtal.2009). Sharp vibratioal bands indicate
crystallinity. Fourier Transform Infrared Spectroscopy (FTIR) was used to accurately detect
crystallinities rangingrom 1 to 99 % in pure materialR spectroscopy is used to assess the
interaction between carrier complexingagent and guesholecule in solid state. As a resaft

their high structurdaresolution this technique is valuable for characterization of an amorphous
system. Bands, which could be assigned to the included part of the guest molecwdasilyare

masked B the band of complexing agent (Saindahel, 2011)
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2.5.3 Water vapour sorption

Water vapour sorption can be used to discriminate between amorphous and crystallinesmaterial
whenthe hygroscopicity is differenThis method requiresccurate data on the hygroscopicity of
both completely crystallinenal completely amorphous samples (Buckton and Darcy, 1895)
some studies, amorphous materials were plasticized by water sorption and crystallized during the
experiment.Crystallization @an howeverbe accompanied by expulsion of water depemain

the degree of hydration dghe crystalline material. In this case, the loss of water is used to
calculate he amount of amorphous materilater vapour sorptioim a binary mixture, such as

solid dispersions, canoweverbe much more complicated than in puratemials, firstly because
watervapour sorption is not always proportional to the compositionbofiay intimately mixed
system The second complication is that matrix or drug crystalbraduring water vapour
sorption is often not complete within the experimentaktiscale due to steric hindranaed

proceeds to an unknown extent.

2.54 Isothermal microcalorimetry

Isothermal nicrocalorimetry measures the crystallization energgnaimorphous mated that is
heated above itglass transition tempdrae (Kumaret al.,2011) This techniquéhowever,has
some limtations. Firstly, itcanonly be used if stability and crystallization takes place during
measuremengecondly, it has to be assumed thataibrphous materiatrystallize Thirdly, in

a binary mixtre of two amorphous compoundhbstinction between crystallization energiafs

drug and matrix is difficult (Dhirendriet al.,2009)
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2.55 Dissolution calorimetry

Dissolution @lorimetry measures the energy of dissolution, which is dependent on the
crystallinity of the sample. Usually, dissolutionaérystalline material is endothermic, whereas
dissolution of an amorphous material is exothermic. Thiessolution energies of the two
components in both crystalline and amorphous state should be determined in separate

experiments in order to use this teiue quantitativelyKumaret al.,2011).

2.5.6 Macroscopic technique

Macroscopic techniques thaieasure mechanical properties that are different for amorphous and
crystalline material can be indicative of the degree of crystallinity. Density measurements and
Dynamic Mechanical Analysis (DMA) determine the modulus of elasticity and viscosity and
thusare affected by the degregf crystallinity. These techniquelsowever,requires knowledge

about the additivity of these properties intimately mixed binary solids ( Reersand Vandana,

2012)

2.5.7 Differential scanning calorimetry

A frequently used technique to detect the amount of crystalline material is Differential Scanning
Calorimetry (DSC). DSC is used for measuring the differences in heat flow between a sample
and a reference during argrolled change of temperatur&aneeand Vandana, 2012).

DSC analysis allows quantitative and qualitative information to be obtained about the physical
and chemical changes that occur in the sample. DSC is usedieahgrn the pharmaceutical
industry to determine the melting points, pyiand glass transition temperatures of make In

the area obolid dispersionDSC is a powerful tool in evaluating the dragrrier interactions,
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determining the solubility of a drug in a polymeric carrier, detecting polymorpbdifications

and exanining ageinduced changes. The absence of the drug melting peak in the DSC thermal
profile of solid dispersion indicates that the drug is dispersed molecularly, or it exists in the
amorphous form. Moreover, since polymorphs generally have different ghpttints, DSC can

be used to detect polymorphisithis property is extremely important when lectgain organic
compounds are studied, because nearly all tbesgounds exhibit polymorphism (Serajuddin

et al, 1999)

2.6 Dissolution

Dissolution is theprocess by which a soliegnters a solution. In the pharmaceuticalustry, it

may be defined as the amount of drug substance that goes into solution peneninder
standardized conditions of liquid/solid interface, temperature and solvent cowmositi
Dissolution is considered one of the most important quality control tests performed on
pharmaceutical dosage forms and is now developing into a tool for predicting bioavailability, and
in some cases, replacing clinical studies to detezrbinequivaleoe. Dissolution behaviour of
drugs has a significant effect on their pharmacological activity. In fact, a direct relationship
betweenin vitro dissolution rate of many drugs and their bioavailability has lbkeemonstrated

and is generally referred to asvitro i in vivo correlation( IVIVC).The dissolution of drug

from a solid dispersion is dependent on the underlying solubility of the polymers (Craig, 2002).
This is partially due to the mechanism whereby polymers dissolve due to the diffusion of solve
into the polymer matrix which results in the polymer altering from glassy toutiteery state.

The release process is complex alifferent factors such as the properties of drsgjublity,

physical sate,paticle size,dissolutionof the polymermolecular weight and the possible drug
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polymer int@actioncan affect the release process. Craig (2002) presented a drug release model
distinguishing between carrieontrolled and drugontrolled dissolution, depending on the
solubility of drug in the oncentrated polymer layer (Craig, 2002). In dispersions having low
drug content, there are two methods for controlling the drug release: -camteolled
dissolution and drugontrolled dissolution. In the formehe dissolution of carrier controls the
dissoluton of drug while in the latethe physical prperties of the drug itself seetm affect the

rate of dissolution (Craig, 2@Q The first step for both mechanisms involves fibrenation of a
carrierrich dissolving surface. The drug has to passuph this surface so that it can be released
into the bulk phase. The next phase involves the dissolution of the drug into the carrier diffusion
layer, and then the drug is released into the bulk medium. The second phase is vitalgn stati
which mechanis will follow. Craig (2002) proposed than case of carriecontrolled
dissolution the drug dissolves in the carrier very quickly, causing the drug to disperse
molecularly within the diffusion layefThe viscosity of thedissolving surface is sufficierib

cause the diffusion of drug through this layer to be very gra@ibal.dissolution of the polymer

is therefore the controlling factoin the release of drugnldrugcontrolleddissolution, particles
dissolveslowly into diffusian layer so are released as sopdrticles into the bulk mediunthe
properties of the drug such as the particle size and physical fortheaedéore vital in the drug

controlled dissolution mechanism.

2.7 Physical stability of amorphous solid dispersions
The dissolution behaviour of solid dispersions must remain unchanged during storage. The best
way to guarantee this is by maintaining their physical state and molecular structure. For optimal

stability of amorphous solid dispersions, the molecular mobilibukhbe as low as possible.
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Solid dispersionspartially or fully amorphous, howeveare themodynamically unstable. In

solid dispersions containing cryBiiae particles(glass suspensionjhese particles form nuclei

that can be the starting point féurther crystallization. It has been shown that such solid
dispersions show progressively poorer dissolution behaviour during storage. In solid dispersions
containing amorphous drug particles (amorphous precipitate in crystalline matrix and glass
suspensin), the drug can crystallize, but a nucleation step is required prior to that. In
homogeneous solid dispersions (dadiolution and glass suspengidhe drug is molecularly
dispersed, and crystaléaion requires another step. For nucleationdeur, drig moleculeshave

to migratethrough the matrix. Rysical degradation itherefore,determined by both diffusion

and crystallization of drug molecules in the matrix. It should be noted that in this respect
better to have a crystalline matrix, becadsgfision in such a matrix is much slower.

The physical stability of amorphous solid dispersions should be related not only to
crystallization of drug buglsoto any change in molecular structure inclygdthe distribution of

the drug (Sadip et al.,2013)

2.8 Recent studies on solid dispersian

Shukla et al. (2010) preparedsolid dispersioa of glipizide and reportedthe solubility
enhanement of the drudoy different solubilization techniquesThe solid dispersion was
prepared by solvent evaporation method; PEG 4000, mannitol and urea were used as carriers.
Hydrotropic studies were carried out using different hydrotropic agents (sodium acetate, sodium
benzoate and salicylate) andcellar solubilizaéion was carried out using different surfactant

solutions (sodium lauryl sulphat&,ween 80 and cetrimide). The solubility enhancement of
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glipizide by different solubilization technigsigas observed in decreasing ordertagirotropic
solubilization > sold dispersion > neellar solubilization

Nadiaet al (2011) studiedhe dissolution profile of ibprofen solid dispersion prear with
HPMC, HPC, icing sugamextrose, mannitol anthctose using the fusion methodhel result
obtained showed thahe rate of dissolution of ipprofen was considerably improved with
HPMC and HPC while disperis with icing sugar, dextroseannitol and lactose showed drug
dissolutionretardation capability.

Solubility and dissolution rate of clorgzam weremproved ina study carried out by Minhast

al. (2012). Clonazepam was used as a model drug to evaluate its release characteristics from
different matrices using polyethylene glycol 600, HPMC, HPC and poloxamer in different drug
to carrier ratio. 8lid dispersions epared with polyethylene glycol 600 and poloxamer showed
the highest improvement in wettability and dissolution.

Ofokansiet al (2012) evaluated tranthapril solid dispersions based on Eudragit RS 100 and
PEG 8000Thein vitro release studies revedléhat there was marked increaséhe dissolution
rate of trandtapril from the solid dispersn when compared to pure drug

Meka et al (2012) reported an increase in thberapeutic effectiveness of uprofen by
increasing the solubility via solidispersion using dta cyclodextrin and 2 hydropgopyl beta
cyclodextrins as carrier.

Hasnainand Nayak(2012) studied the saturated solubiliydin vitro dissolution of iluprofen
solid dispersion using PEG 60BVPK 30 combination carrietylsolvent @aporation technique
They attributed theimprovement in solubility asvell as drug dissolution of iprofen sold
dispersion using PEG 6089VPK 30 to improved wettability, and reduction in drug crystallinity

which can be modulated by appropriate levetydrophilic carriers.
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Sachinet al. (2013) reported a faster decrease in paw oedema with solid dispersions of ibuprofen
and PEG than pure ibuprofen, signifying that the dissolution and absorption rate of ibuprofen
from solid dispersion was more than inrketed preparation.

Pooviet al (2013) investigated the solid dispersions of domperidone using sodium alginate as
carrierand reported a marked improvement in solubility and dissolutionofatidmperidone

solid dispersions.
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Materials

Ibuprofen (BASF, Germany)

Piroxicam, Ethanol, low molecular weighhydroxypropyl methylcelluos&iPMC (Sigma

Aldrich, Germany)

Eudragit RS 100 (Evonik Pharm@ermany)

Monobasic potassium phosphate (Sigmlaetical CoUSA)

Sodium hydroxide (Merck, USA

Hydrochloric acigd sodium chloride, calcium chloride, potassium chloridegtgssium

thiocynate(BDH Chemicals England)

Trona , was purchased from Sabon Gari market, Zaria, Nigeria

3.2 Methods

3.2.1 Identification, purification and r ecrystallisation of trona

Trona was identified inhe Department of GeologyAhmadu Bello University, dria. It was then
purified and recrystallized using the method described by Attatnal (2007) with little

modification.

A 500 g quantity of raw crushed solid trona vdissolved in 500 ml of water and boiled
with continuous stirring until a dark brown supernatant was fdribis was filtered while hot
with Whatman filter papel0.45 um The filtrate obtained wasvaporated to dryness on a water

bath and the crystals @eered Which were thempulverized using mortar and pestle
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3.2.2 Prepeation of simulated gastric fluid (SGF) without pepsin pH 1.2

A 2 g quantityof sodium tloride was dissolved in 7 ml ofooc. tydrochloric acidand the
volume was made ug 100 ml with distilled waterThe pH was adjustedat 1.2 using Oaklon
pH meter (pH 1100 series, Euteamstrumen Singapore) by adding dps of onc. hydrochloric

acid.

3.2.3 Preparation of simulated intestinal fluid (SIF) without p ancreatin pH 7.4

A 6.8 gquantity ofmonobasic potassiumhpsphate w&s dissolved in 77 ml of 08 sodium
hydroxide and the volume was made up to 1000 ml. The pH was adjostedlusing Oaklon
pH meter (pH 1100 series, Euteahstrument Singapord)y adding drops of 0.2 Nsodium

hydroxide.

3.24 Consruction of Beer Lambertods pl ot

A stock solution of buprofen (1mg/ml) was prepared by weighing accurately 199 of
ibuprofen into a100 ml volumetric flask.A 50 ml aliquotof 0.1 M NaOH was measured and
transfered into the flask containing ibprofen wit intermittentshaking to dissolve the drug.
The flask containing ibiprofen was made up to 100 ml mark with 0.1 M NaOH. Serial dilutions
of the stock solution were made to give the following concentmfc®d5, 0.01, 0.015, 0.20,
0.25, 0.30, 0.33ng/ml in aqueous NaOH (0.1M)The absorbance of eaclorcentration was
measured aR21nmusng UV-VIS spectrophotometer (Jenway 640bhe graph of absorbance

was plotted against the concentration to give the stamdave using Microsoft exce2007.

The same procedurebovewas usedfor piroxicam by dissolving 100 mg in 108 methanol,
and the volumemade up to 500 ml with distilled water. The absorbance messured at 334

nm and t heplddteder 6s cur ve
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3.2.5 Preparation of solid dispersiors and physical mixtures

Ibuprofen and poxicam solid dispersions were preparesing Eudragit RS 100 and HPM%y

the solvent evaporation nii@od. A 1 g quantity of both ibuprofen and Eudragit RS 100 were
dissolved in 100 ml of absolute ethandhe solution was stirred for 1 h and the solvevas
allowed to evaporatat room temperaturelhe solid dispersion obtaingtB1) was pulverized,
sieved bhrough22 mesh and then storedsorew cap via at room temperature pending further

use.Thesame procedure was carried out for all the formulatmwasented in Tables 3.2 and.3.3

Physical mixturs of the drug and carrierbaving the same comgition of the solid dispersions
were prepared by simply triturating the drugs and the polymers in a porcelain rmdwar.

mixtures were sieved anstored inscrew cap viaat room temperature pending further.use

3.2.6 Preparation of solid dispersions incomrating trona

Solid dispersions containing trona werprepared by incorporating tronate the drug and
polymer mixtures using the ratios 1:1:1 (ibuprofdfudragitRS 100 HPMC) and 0.1:1:1
(piroxicamEudragitRS 100HPMC) with stirring for 1 hon a magnetic shaker, prior to solvent

evaporation
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Table 3.1: Composition of ibuprofen solid dispersions

Formulation code ibuprofenEudragit RS 100:HPM®atios Quantities (g)

B 1 1:1:.0 2:2:0
IB 2 1:20 2:4:.0
IB 3 1:3.0 2:6:0
IB 4 1:0:1 2:0:2
IB S5 1:0:2 2:0:4
IB 6 1:0:3 2:0:6
IB 7 1:1:1 2:2:2
IB 8 1:2:1 2:4:2
IB 9 1:1:2 2:2:4
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Table 32: Compositions of piroxicam solid dispersions

piroxicamEudragitRS100: HPMC

Formulation code Ratios Quantitieg(g)
PR 1 0.1:1:0 0.2:2:.0
PR 2 0.1:20 0.2:4:.0
PR 3 0.1:3.0 0.2:6:0
PR 4 0.1:0:1 0.2:0:2
PR 5 0.1:0:2 0.2:0:4
PR 6 0.1:0:3 0.2:0:6
PR 7 01:1:1 0.2:2:2
PR 8 01:2:1 0.2:4:2
PR 9 0.1:1:2 0.2:2:4
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Table 3.3: Compositions of ibuprofen solid dispersiors containingtrona

Formulation code

ibuprofen:Eudragit RS100:HPMC:Trona Quantities (g)

Ratios
IBT 1 1:1:1:0.1 2:2:2:0.2
IBT 2 1:1:1:0.2 2:2:2:04
IBT 3 1:1:1:0.3 2:2:2:06
IBT 4 1:1:1:.04 2:2:2:08

48



Table 3.4: Compositions of piroxicam solid dispersiors containing trona

Formulation code

piroxicam:Eudragit RS100:HPMC:Trona Quantities (g)

Ratios
PRT 1 0.1:1:1:0.1 0.2:2:2:0.2
PRT 2 0.1:1:1:0.2 0.2:2:2:04
PRT 3 0.1:1:1:0.3 0.2:2:2:06
PRT 4 0.1:1:1:0.4 0.2:2:2:08
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3.2.7 Determination of percent yield
The percent yield of ibuprofen andrpxicam solid dispersicwas determinecccording to

method described by Poosi al.( 2013)using the folbwing expression

Weight of prepared Solid dispersion

% yield = x 100 Eqg 1

Weight of drug+carrier

3.2.8 Estimation of drug content and encapsulation efficiency

An amount 100 mg) of solid dispersionwasweighed accurately and dissolvaed100 ml of
ethanol Then 1 ml of the stock was diluted to 5l with simulated intestinal fluidSIF)
without pancreatin pH 7.4) for buprofen solid dispersits and simulated gastric fluiiSGF)
without pepsingH 1.2) for piroxicam solid dispersiong.he solution was shaken vigorouslyd
filered and the filtrate analysed spectrophotometrically (Jenway 6405 UWIS

spectrophotometefpr drug content at 22dm for ibuprofen and 33#m for proxicam.

The amount of dig encapsulated ithe solid dispersion was calculated with referemna
a standar d Burefendsd pipkicarh to bbtam thencapsulation efficienc{bo)

using the formula beloOfokansiet al.,2012).

Actual drug content

EE =

" Theoretical drug content

x 100 Eq. 2

3.2.9 Fourier Transform Infra Red (FT -IR) studies

Compatibility studies of each drugbuprofen and piroxicam) with HPMudragit RS 100
and trona were carried out using Fourier Transfarfrated (FFIR) spetroscopy. Sample from
each of drug alone,carrieralone andsolid dispersionwas prepared in potassium bromide disk
in a hydostatic press at&ton pressure. FIR specta of these prepared samples wemrded

at scanning range of 5800 cm.Appearance, disappearance or broadening of absorption
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band(s) on the spectra of the solid dispersions and the polymeric carriers in comparison with the
spectrum of drugvere used to determine possible interactions between pure drugs and polymers

(Pooviet al.,2013).

3.2.10 Determination of moisture sorptior/desorption over saturated salt solution

Onegram of each drugoadedsolid dispersiorwas placed in an aluminiunfioil and kept in a
desccatorwith a guazeholding tray containingsaturated solution of different salts to provide
the required relative humidity (water 100%, sodium chloride 7#%gnesium nitrate 53%nd
magnesium chlorid83%). Sturated salt solutis were prepared ashown inTable 3.5, An
assembly of sample and saturasedution all contained in desccatorwas made such that the
salt solution is placed at the bottom white sample contained ialuminumfoil wasplaced on
top of the separatorgte. The assembly was allowed to stand falaysafter which the dishes
containing the powders were brought out and weighed to monitor treaimaisges as a function
of time according to the method described byahd Chen(2005) The equilibriummoisture

sorpton (EMS) wagletermined using the formula
EMS=Me/Md x 100 ééééeéeéeEq 3

Where:
Me is the amount of moisture sorped at equilibrium

Md is the dry weight of the material
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Table 3.5 Composition of saturated salt solution

Salt Humidity (%) Salt(g) Water(ml)
magnesium 33 200 25
chloride

magnesium 53 200 30
nitrate

sodium chloride 75 200 60
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3.2.11 Determination of solubility of various solid dispersions
Ibuprofen loadedsolid dispersionsjbuprofen solid dispersion incorporating tronghysical
mixturesand pure buprofenequivalentto 500 mgwere weighed and transferred to a flask

containing50 ml of smulated intestinal fluidSIF) without pancreatin(pH 7.4) The sample
was agitated at 80 rpm in thermostated shaking water(B&200G)at 37 0.5°C for 8 h

The supernant solution wésenfiltered througha Whatman filter paper. The filtrate was diluted

and theabsorbance was measured uslagway 640%JV-Vis spectrophotometer.

The procedure was repeated withrogicamloaded solid dispersions,irpxicam solid
dispersios incorporating rona, pure poxicam and physidamixtures equivalent to 30 mg
piroxicam insimulated gastc fluid (SGF)without pepsinpH 1.2 as described bi¥lohammed

and Behzed, 2007.

3.2.12 Thermal analysis using Differential Scanning Calorimetry (DSC)

DSC was performedrothe samples using Mettler differential scanning calorimeter (Perkin
Elmer Pyris 6 DSC model, GermanyarSples(5 mg) used for FAIR studies weraveighed

and placed on flabottomed alminum pans. The thermograms weeeorded at a heating rate of

5 °C/min from 0 to 300°C. Holes were made in the lids in order to allolhydratioin of
samples. Melting peaks, glass transition and enthalpies were calculated using the Mettler Star
software. The thermograms obtained were used to determine any possible interaction between
pure drugs (ibuprofen and piroxicam) with Eudragit R®, HPMC and purified trona. The
thermograms obtained were also used to ascertain whether solid dispersions of ibuprofen and
piroxicam with Eudragit RS 100, HPMC and purified trona alone and in combination, affected
the integrity of the drugs. The appaaces or disappearances of peak(s) in the thermograms

would indicate the formations or otherwise, of new bonds/structures (Katrahr2011)
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3.2.13 Dissolution studies

The dissoltion test ofbest formulations ofibuprofen and poxicam solid dispersions based
on solubility studies &s determinedas described in th&ISP (USP 2011)using dissolution
apparatus type IFor this 500 mlvolume of smulated gastric fluidSGF)without pepsin (pH
1.2) was used as dissabut mediumfor the first 2 h after which the sample wasansferred to
another medium ofsimulated intestinal fluid(SIF) without pancreatin (pH 7.4) for anotherht

at 37+ 0.5°C and stirred at a rate 005pm. Samples were placed in a polycarbonate dialysis
membranewvhich waspretreated by soaking distilled water for 24 h prior to commencement
of each release experimei. each casesamplesequivalent to 200ng ibuprofen and 20Gng
piroxicam wasplaced in the dialysis membrane and securely tied with a thersistant thread
and then imrarsed in the dsolution medium as described I®fokansiet al., 2012. At
predetermined time intens&l2 ml portions of the digdution medium were withdrawn. iA
equivalent volume of thdresh medium maintained at the samenfeeraturewas added to
maintain sink conditions throughout teaidyperiod. Withdrawn samples wefiéiered through
a0.45 ymWhatman fiter paper and assayegpectrophotometesally at 222nm for ibuprofen
and 334nm for piroxicam. For the purpose afomparisonsthe dssolution of physical mixtures
of the optimal formulations of ibuprofen andgxicam solid dispefen was studied alorside

that ofcommercial preparations of ibuprofen tablet amdxicam capsté.

3.2.14 Antiinflammatory study
Egg dbuminrinduced paw oedemas descibed byWinter et al. (1962) was usedWistar rats
weighing 126200 g were used.iNe groups consisting of five rats each were usédoups 1-4

received 50 mg/kg of the bestsolid dispersion of ibuprofen with HPMCibuprofen solid
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dispersion with Eudragit RS 10Muprofen solid dispersion with HR&Mand Eudragit RS 100
and pure buprofenrespectively sugended using compound tragacar@moup 5 received the
best formulatiorof piroxicamsolid dispersiorwith HPMC, while solid dispersions of ipoxicam
with EudragitRS 100 was giverotgroup6. Group 7 received solid dispersion afgxicam with
HPMC and Eudragit RS 100while group 8 received purdrpxicam at a dose of 1thg/kg
suspended usg compound tragacantlihe nirth group served as control and was gi@eh ml
normal séine. After a period of30 min the rats in each group were administeredndl.5f fresh
raw egg albumin subcutaneously to the -plamtar surfaceof the left hind paw.The paw
diameteiwasmeasured with the aid of a keer caliper O, 1, 2, 3, 4, 5 &fter the injection of the
egg albumin. The differencestween the readings at time zenod the different time intervals

was taken as the oedema diameter.

3.2.15 Stability Studies
Stabiity studies werecarried out on thebest formulationin terms of solubilityat room
temperaturg28 C) in a humidity chamber having 75 % relative humidity for 3 months. After 3

months the samp# was examined for drug content

3.216 Statistical Analysis

The resultsobtainedwere statistically analysed anelkxpresed as mean + standard error of
mean (SEM) The differences between means were considered significanPatalues <0.05
using the malysis of variance (ANOVA) ortsdentt-test.All statistical analysis were cad out

using the SPSS (version 20)
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CHAPTER FOUR
4.0 RESULTS
4.1 Percentage Yield of Solid dispersions
Figures 4.1 and 4.3summarizethe percentage yield fothe prepared solid dispersionsThe
production yield rangebtetween 59 - 92.0 % for buprofen solid digersions and 72.5698.2 %

for piroxicam dispersions.

Ibuprofen solid dispersion with HPM@Gad a yield of 80.5, 84.6, and 928 % for the
ibuprofenHPMC combination ratios of 1:1,1:2 and 1:3espectivey. The vyield recordefor
ibuprofen:Eudragt RS100 solid dispersions atatios of 1:1,1:2 and 1:3 were 92, 76.5 and
59.4 % regectively. Solid dispersion abuprofenwith HPMC and Eudragit RS 100 atratio

of 1:1:1 hada yield of 81.0%. Increasing the amount of trona in the formulation led to a
correspondingncrease in theyield of the solid dispersion up to a maximum of 87.8 % asveh

in Figure 4.2

Piroxicam solid dispersh with HPMC gave a yield 098.2, 935 and 95.8 % for the
PiroxicamHPMC combinationratios of 0.1:1,0.1:2 and 0.1:3 respectively. Piroxicam solid
dispersion with Eudragit RS 100 oretbther hand, gave a yield of 92.0,Dand 74.2 % for
weight ratios of 0.1:1,0.1:2 and 0.1:3 reectively. Soliddispersion of poxicam with HPMC
and Eudragit RS 100 weight ratiof 0.1:1:1 gave a yield of 90% a slight increase in yield

was observed when trona was incorporated mecsblid dispersion as seen igle 4.4
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Figure 4.1: Effectof composition of polymes on production yield of ibuprofen solid
dispersion

Keys:

IB 1- Ibuprden:Eud (1:1)

IB 2 - Ibuprofen :Eud (1:2)

IB 3 - Ibuprofen:Eud (1:3)

IB 4 - Ibuprofen:HPMC (1:1)

IB 5 - IbuprofenHPMC (1:2)

IB 6 - Ibuprofen:HPMC (1:3)
IB 7-lbuprofen:Eud:HPMC (1:1:1)
IB 8 - Ibuprofen:Eud:HPMC (1:2:1)

IB 9 - Ibuprofen:Eud:HPMC (1:1:2)
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Figure 4.2: Effect of Trona on production yield of buprofen solid dispersion

Keys:

IBTO- IbuprofenEud:HPMC:trona (1:1:1)0
IBT1- IbuprofenEud:HPMC:trona (1:1:1:0)1
IBT2- IbuprofenEud:HPMC:trona (1:1:1:0)2
IBT3- IbuprofenEud:HPMC:trona(1:1:1:0.3

IBT4- Ibuprofen:Eud:HPMC:trong1:1:1:0.9
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Figure 4.3: Effect of composition of polymer onproduction yield of piroxicam solid
dispersion

Keys:
PR % Piroxicam:Eud (1:1)
PR 2- Piroxicam:Eud (1:2)
PR 3- Piroxicam:Eud (1:3)
PR 4- Piroxicam:HPMC (1:1)
PR 5- Piroxicam:HPMC (1:2)
PR 6- Piroxicam:HPMC (1:3)
PR 7 Piroxicam:Eud:HPMC (1:1:1)
IB 8 - PiroxicamEud:HPMC (1:2:1)

IB 9 - PiroxicamEud:HPMC (1:1:2)
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PRT 4
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Figure 4.4: Effect of rona on production yield of piroxicam solid dispersion

Keys:

PRTO- PiroxicamEud:HPMC:trona@.1:1:1:0
PRT 1- PiroxicamEud:HPMC:trona@.1:1:1:0.9)
PRT2- PiroxicamEud:HPMC:trona@.1:1:1:0.9
PRT 3- PiroxicamEud:HPMC:trona@.1:1:1:0.3

PRT4- PiroxicamEud:HPMC:trona@.1:1:1:0.4)
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4.2 Drug content of solid dispersion

The absolute drug contenbf the soliddispersions arpresented in dble 4.1 foibuprofen solid
dispersions and dble 4.2 for poxicam solid dispersia Solid dispersios of ibuprofen with

HPMC entrapped the highest amount of drug. The amount of drug entrapped increased with
increase in polymeconcentrationand ranged from 64.63 85.00 % for ibuprofen solid
dispersios with Eudragit RS 100, 75.0590.88 % for ibuprofen sml dispersion with HPMC

and 84.32- 90.88% for ibuprofen solid dispersion containing HPMC and Eudragit RS 100 in

combination.

Piroxicam solid dispersion dfiPMC entrapped greater amount of drug (83.356.24 %) in
comparison to solid dispersion ircudrayit RS 100 (75.72 85.45%). The terngrsystem wih
ratio 0.1:1:1 (poxicam:Eudragit RS 100:HPMC) entrapptite greatest amount of drug when

compared tahe binary system caéaining only Eudragit RS 100 or HPMC with piroxicam
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Table 4.1: Percentage drug content ofbuprofen solid dispersions

Formulation % drug content+ SD
1B 1 64.63 + 0.30
IB 2 76.23 + 0.54
IB 3 85.00 + 0.61
IB 4 75.05+0.78
IB5 84.53 + 0.83
IB 6 90.88 + 0.41
IB 7 84.32 + 0.89
IB 8 86.83 + 0.41
IB9 90.88 + 0.41

Values are expressed mgan +standard deviation. Means having different superscripts along the column
are significantly different ap < 0.00lMean val ues were separated wusing
(DMRT).

Keys:

IB 1- Ibuprofen:Eud1:1)

IB 2- Ibuprofen :Eud (1:2)

IB 3- Ibuprofen:Eud (1:3)

IB 4- Ibuprofen:HPMC (1:1)

IB 5 - Ibuprofen :HPMC (1:2)

IB 6- Ibuprofen:HPMC (1:3)

IB 7- Ibuprofen :Eud:HPMC (1:1:1)
IB 8- Ibuprofen:Eud:HPMC (1:2)

IB 9- Ibuprofen:Eud:HPMC (1:1:2)
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Table 4.2:Percentage drug contentf ibuprofen solid dispersiors containngtrona

Formulations % drug content+ SD

IBTO 83.98 £ 0.18
IBT1 82.81 +0.03%
IBT2 82.25 + 0.082
IBT3 81.85 + 0.06¢
IBT4 81.39 + 0.02%

Values are expressed as meantandard deviation. Means having different superscripts along the

column are significantly different at< 0.00IMe a n

range test (DMRT).

Keys:

IBTO - IbuprofenEud:HPMC:trona (1:1:1)0
IBT1 - Ibuprofen:Eud:HPMC:trona (1:1:1:0)1
IBT 2- Ibuprofen:Eud:HPMC:trona (1:1:1:0.2)
IBT3 - Ibuprofen:Eud:HPMC:trona (1:1:1:0.3)

IBT4 - Ibuprofen:Eud:HPMC:trona (1:1:1:0.4)
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Table 43: Percentage drug contentf piroxicam solid dispersiors

Formulation % drug content+ SD
PR 1 75.72 +3.14
PR 2 72.57 +2.28
PR 3 85.45 + 2.9¥
PR 4 83.34 + 1.50
PR5 87.85 + 0.3D
PR 6 95.24 + 2.28
PR7 97.29 £ 1.27
PR 8 89.58 + 4.78
PR 9 76.87 + 1.62

Values are expressed as meanstandard deviation. Means having different superscripts along the
column are significantly different at< 0.00lMe an val ues were separated usir
range test (DMRT).

Keys:

PR % Piroxicam: Eud (0.1:1)

PR 2 Piroxicam:Eud (0.1:2)

PR 3 Rroxicam:Eud (0.1:3)

PR 4 Piroxicam:HPMC (0.1:1)

PR 5 Piroxicam: HPMC (0.1:2)

PR 6 Piroxicam:HPMC (0.1:3)

PR 7 Piroxicam:Eud: HPMC (0.1:1:1)
PR 8 Piroxicam: Eud: HPMC (0.1:2:1)

PR 9 Piroxicam:Eud:HPMC (0.1:1:2)
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Table 44: Percentagedrug contentof piroxicam solid dispersion incorporating trona

Formulation % drug content+ SD
PRTO 97.28+ 0.73
PRT1 97.31+ 0.035
PRT2 97.32+ 0.034
PRT3 97.38+ 0.024
PRT4 97.42+ 0.018

Values are expressed mean +standard deviation. Means having different superscripts along the column
are significantly different ap < 0.00lMean val ues were separated using
(DMRT).

Keys:

PRTO- PiroxicamEud:HPMC:trona@.1:1:1:0
PRTZL PiroxicamEud:HPMC:trona@.1:1:1:0.)
PRT2- PiroxicamEud:HPMC:trona@.1:1:1:0.2)
PRT3- PiroxicamEud:HPMC:trona@.1:1:1:0.3)

PRT4- PiroxicamEud:HPMC:trona@.1:1:1:0.4)
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4.3 Fourier transform infrared (FT -IR) spectral Sudies

Figure 4.5 showshe FTFIR spectum of pure ibuprofen showingcharacteristics peak at
3029.31 crt indicating OH stretching , 2892.36 ¢ 2636.78cm™ and 2720.69%cm*
indicating GH stretching in alkareand a broad band peak at 17180:88' indicating C=0
band in carboxylic acid, 1433.16 &nt-H bending frequency in Alkeseand936.47cm™ C-H
in disubstituted aromatic ringzigure 4.6 is the FIR spectrum of pure piroxicarehowing
characteristics peak at 3562.64cm* and 3465.23cm* corresponding to NH stretching in
amines and anides and a slight broad peak at 3334.€%* indicating GH band and M
overlap 3079.4cm* indicating GH stretching in Alkenes an@773.73cm™ indicating C-H

band in Alkane

Figure 4.7is the FFIR spectrum of Eudragit RS 100 showinmpdl peals at 3592.54 cm,
3425.69cm*and 2972.4cm’ represering OH band, NH stretching in mine and GH
stretching frequencies in alkane. Peaik1730.21cm™ is characteristics C=0 band in ketones.
Figure 4.8 showshe FFIR spectrum of HPMC showing characteristic broad band at 3460.41
cm*and 2918.4m* indicating OH band and-8 stretching frequency in Alkane. Peaks at
1646.30cm® 1436.05cm™ , ard 1361.79cm™® represerihg C=0, GH bending and @
stretching. Figure 4.9 is the FIR spectrum of purified trona showing prominent peaks 3465.23
cm® 3314.78cm?, 3227.02cm®  and 3081.39cm®  representing H-O-H bending and
stretching.Figures 4.10 to Figure 4.1%how the FTIR spectra of various ibuprofen solid
dispersionsshowing similar absorption bands as those of the pure ibuprofen but with weak
intensity. Figures 4.20 to Figure 4.2%re the FYIR spectra of various piroxicam solid

dispersbns showing characterisfpeaks of pure piroxicam, but of very weak intensity.

66



80—

%T

0*]l i

4000

3500

=

il

-

3000

3020.31—
2892.36— {_

272089 —
2636.78— L__

e
2500

o\

200

——

0

\
\
\
\
\
\ / |
3 | \
X | |
| \
| |
| \
| \
| \
i \
|
|
\ |
\
\ |
4‘ |
I\ |
\ |
e !
|I’ :
| g
| 9
| o
{ w
w -
v
©
©
p.4
@
2 ¥
@
=
Is
(G o L gz gl

1750 1500

Figure 4.5: FT-IR spectra of pure ibuprofen
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Figure 4.7: FT-IR spectra of pure Eudragit RS 100
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Figure 4.8: FT-IR spectra of pure HPMC
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Figure 4.9: FT-IR spectra of purified trona
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Figure 4.10 :FT-IR of ibuprofen solid dispersion with Eudragit RS 100 ( IBY)
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Figure 4.11: FT-IR of ibuprofen solid dispersion with Eudragit RS 100 ( IB2)
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Figure 4.12: FT-IR of ibuprofen solid dispersion with Eudragit RS 100 ( IB3)
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Figure 4.13 FT-IR spectra of ibuprofen solid dispersion with HPMC (1B4)
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Figure 4.14: FT-IR spectra of ibuprofen solid dispersion with HPMC (1B5)
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Figure 4.15: FT-IR spectra of ibuprofen solid dispersion with HPMC (1B6)
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Figure 4.16 FT-IR spectra of ibuprofen solid dispersion withEudragit RS 100 and HPMC
(1B7)
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Figure 4.17: FT-IR spectra of ibuprofen solid dispersion with Eudragit RS 100 and HPMC
(1B8)
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Figure 4.18: FT-IR spectra of ibuprofen solid dispersion with Eudragit RS 100 and HPMC
(1B9)
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Figure 4.19: FT-IR spectra of ibuprofen solid dispersionwith Eudragit RS 100 and

HPMC incorporating trona (IBT3)
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Figure 4.20 FT-IR spectra of piroxicam solid disperson with Eudragit RS 100 ( PR)
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Figure 4.21:FT-IR spectra of piroxicam solid dispersion with Eudragit RS 100 ( PR2)
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Figure 4.22: FT-IR spectra of piroxicam solid dispersion with Eudragit RS 100 ( PR3)
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