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ABSTRACT

Bioavailability is the rate and extent to which #hetive ingredient or active moiety is absorbedrfra drug product
and becomes available at the site of action. Trally, nearly 40% of the new chemical entitie€&$) identified
by pharmaceutical industry screening programs himiled to be developed due to of poor water soitybilvhich
makes their formulation difficult or even impossitib come into the regular market. Solubility iseoof the
important ways to achieve the desired concentratibdrug in to the systemic circulation for its ptreacological
response and also most of the drugs are weaklyiaaitd weakly basic with poorly aqueous solubilifhe oral
route of administration is the most preferred anidely acceptable route of delivery due to easengkstion for
many drugs, however these drugs with slow dissmlutate and low solubility in aqueous media shows t
incomplete absorption leading to low bioavailalyilivhen orally administered. Poorly aqueous solubiggs often
require high doses in order to reach therapeutiaspha concentrations of oral concentration because/ttch
increase in the side effects for certain drugs. fRteceuticals falling under the Biopharmaceutics sSification
System (BCS) class Il and IV are the main empladibis review as these drugs are of low solubilitgre we
discussed about traditional techniques, novel diefivery technologies, solid dispersion technigaed vascular
approaches to enhance the solubility as well adtbavailability of low soluble drugs.

Keywords: Bioavailability; New chemical entities; Solubilitggbsorption; Biopharmaceutics Classification System
drug delivery technologies.

INTRODUCTION

Solubility is the measure of its saturation to reman-dissolved while adding solute upon the sdlvérhe
solubility of substance fundamentally depends endblvent used as well as on temperature and peeg§u Oral
route of drug administration is the most common preferred method of delivery due to its convenéeand ease
of ingestion, but for many of the drugs it can mdhway due to its poor solubility, hence will letml low
bioavailability. Solubility of drug substance isrelitly proportional to the dissolution rate as plewyes-Whitney
equation and hence solubility is an important factor the estimation of the bioavailability. Theeapic
effectiveness of a drug depends upon the dissalutiavailability and ultimately upon the solutyiliof drug
molecules. Solubility is one of the important wagsachieve desired concentration of drug in systesirculation
and hence can be defined concentration of the esaluta saturated solution at a certain temperaame in
qualitative terms, and in another word can be desas the spontaneous interaction of two or mabstsinces to
form a homogeneous molecular dispersion. Only 8%ef drugs in the world have both high solubilityda
permeability [2].The techniques generally appliednf solubilization of drug includes micronizatiochemical
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modification, pH adjustment, salt form, wettabilitgomplexation, polymorphism, solid dispersion,vsaky,
micellar solubilization, hydrotropy, vascular apacbes etc [3]. General definition for differentidality terms are
given in the table 1 [4].

Table 1: Definitions of solubility

Definition Part of solvent required per part of solute (in ml)
Very soluble Less than
Freely soluble 1t010
Soluble 30-Oct
Sparingly soluble 30 to 100
Slightly soluble 100 to 1000
Very slightly soluble 1000-10, 000
Practically insolubl 10,000 and mo

The Biopharmaceutical Classification System (BG&S) guide for predicting the intestinal drug absorpprovided
by the U.S. Food and Drug Administration. This epstrestricts the prediction using the parametegodity and
intestinal permeability. The intestinal permeapilitlassification is based on a comparison to theawenous
injection [1]. Solubility is based on the highestsé strength of an immediate release product amdnsidered
highly soluble when the highest dose strength lisbdée in 250mL or less of aqueous media over thegife of 1
to 7.5. The volume estimate of 250mL is derivednfrtypical bioequivalence study protocols that prigsc
administration of a drug product to fasting humatumteers with a glass of water [1].

All drugs have been divided into four classes
Class I— high solubility and high permeability
Class Il—low solubility and high permeability
Class Ill—high solubility and low permeability
Class IV—Ilow solubility and low permeability

A per the literature survey many more review papeese available to enhance the bioavailability tsing

traditional, novel, solid dispersions and vasctgahniques [1-8, 11, 21, 23, 24, 25, 26, 31, 32384 but unable to
get all the approaches in one review. Here the @lirthis review is to explain the all the possiblays in a
descriptive manner at one place by gathering trelmes techniques like traditional, novel, solid digions as well
as vascular approaches.

1.1. Bioavailability and its importance

The term Bioavailability is one of the princippharmacokinetic properties of drugs and is usedetcribethe
fraction of an administered dose of unchanged dnag reaches the systemic circulation. Generabyrtiedication

is administered intravenously; itlBoavailability is 100%. But, when a medicationadministered via other routes
(such as oral, rectal, transdermal, and subcutanaduoninistration), itbioavailability decreases (due to incomplete
absorption offirst-pass metabolism). The measurement of the amofuthe drug in the plasma at periodic time
intervalsindirectly indicates the rate and extent at whioh &ctive pharmaceutical ingredient is absorbegh filtve
drug product and becomes available at the site of actRipavailability is one of the essential tools in
pharmacokinetics, as it must be considered whanleing dosages for non-intravenous routeadshinistration. It

is expressed as either absoluteadative bioavailability [5].

» Absolute bioavailability
» Relative bioavailability

1.1.1. Absolute bioavailability

Absolute bioavailability measures the availabilitfithe active drug in systemic circulation aftemrintravenous
administration (i.e., after oral, rectal, transdaknand subcutaneous administration). In ordereteminine absolute
bioavailability of a drug, a pharmacokinetic studyst be done to obtain a plasma drug concentrasotime plot

for the drug after both intravenous and non-intrexes administration. The absolute bioavailabilgytiie dose-
corrected area under curve (AUC) non-intravenouldd by AUC intravenous administration. Therefaedrug

given by the intravenous route will have an absohibavailability of 1 (F=1) while drugs given byher routes
usually have an absolute bioavailability of lesartione [5].
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1.1.2. Relative bioavailability: This measures the bioavailability of a certain dwigen compared with another
formulation of the same drug, usually an estabtisttendard, or through administration via extrecutes routes of
drug administration [5].

1.2. Reasons for studying Bioavailability
There are various reasons for studying bioavaitgtak follows and it will help to
i. Offer practical information on the potential heatfffiects of contamination.
ii. Modify defaults by using site specific data.
iii. Change proposed cleanup levels and saves timelbasaaoney to reach the accepted levels.
iv. Prioritize sites for subsequent evaluation.

1.3. Ways to measure bioavailability
There are abundant ways that are followed to estirb@availability. The Site specific analysis oaffier vital
information that can influence a risk assessmensadil, a contaminant bioavailability can be meadun several
ways such as:

i. Extraction using acids and bases

ii. Extraction using biological fluids

iii. In vitro assays using bacterial systems

iv. In vivo assays using aquatic mammals and organisms

v. Statistical estimation procedures

Measuring the bioavailability has become an integeat to estimate the new formulation developmientthe
pharmaceutical industry.

Today there are so may reputed clinical researgarozations conduct bioavailability studies to offarious useful
pharmacokinetic information associated with disttibn, elimination, the effects of nutrients on adpgion of the

drug, dose proportionality, linearity in the phaouokinetics of the active moieties as well as inactnoieties and
many more. Bioavailability information can alsoe@ffdata directly about the drug substance propepi®r to its

entry into the systemic circulation, for instancerrpeability and the impact of pre-systemic enzyraes

transporters. Once a product is accepted of havisgfficient bioavailability then the same prodoah be select for
bioequivalence study comparison with the innovdtog formulation in order to get into the generiarket.

1.4. Physical form of drugs

The physical form of drug substance will give adsguinformation for the development of new dosagenf as a
result of this will decide the path that weather thiug is suitable for further formulation develagprhand also what
delivery option could be browbeaten to maximize lih@availability. The physical form of drug can heed as
transparent guide to understand the advantagesliaadvantages of various formulation technologebé used.
The drug may be in solubilized form, amorphous famerystalline form in the formulation [6].

* Solubilized form
» Amorphous form
 Crystalline form

1.4.1. Solubilized form

The solubilized form is preferred for intravenoukrénistration. This form has the inherent advantige drugs are
already in solution form, therefore eliminating thecessity of dissolution step. But lack of longrtechemical
stability and risk of drug precipitation on diluti@re unfavorable facts associated with this f&@m [

1.4.2. Amorphous form: The amorphous form is considered when drug canaatohubilized suitably. The use of
amorphous form provides with opportunity to inceeasal absorption but associated with lack of ptglsand
chemical stability [6].

1.4.3. Crystalline form: The toughest form of drug substance, from perspect chemical stability, which can be

used to develop a dosage form of poorly water $eldbug is the crystalline form. To be orally biedable solid
crystalline form first has to dissolve [6].
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1.5. Process of solubilization

The process of solubilization involves the breakiofgintermolecular or inter-ionic bonds in the deluthe
separation of the molecules of the solvent to plespace in the solvent for the solute, interactietween the
solvent and the solute molecule or ion [7, 8]. Blzation process occurs into three steps.

Step 1, break down of solvent bond occurs and heaede formed in-between shown in figure 1.
Step 2, when solubilization process occurs solidemdes break down because of breaking of interemaéar

bonding shown in figure 2.
Step 3, about freed solid molecule is integratetthésolvent shown in figure 3.

o
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OCo 0O OOO O

Fig. 1: Step 1-Holes opens in the solvent

Fig. 2: Step 2-Molecules of solid breaks away frofaulk form
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Fig. 3: Step 3-The free solid molecules were penated in to the gaps in the solvent
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1.6. Factors affecting the solubility

The solubility depends on the nature and compasibfosolvent medium, the physical form of the saslwell as
temperature and pressure on the system.

* Particle Size

* Temperature

* Pressure

* Nature of the solute and solvent

* Molecular size

 Polarity

e Polymorphs

1.6.1. Particle SizeThe size of the solid particle influences the siitytbecause as a particle becomes smaller, the
surface area to volume ratio increases of thegbartThe larger surface area allows a greaterantiem with the
solvent.

log (Gs/C,) = (26 V/ 2.303 RTpr)

where, Cs is saturated solubilityweGs solubility of solid consisting of large partsl, V is molar volume of
particles, R is gas constant, T is absolute tenpera is density of solid, and r is particle radius [9].
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1.6.2. Temperature:As the temperature is increased then the solutioogss absorbs energy and the solubility will
be increased but if the solution process releasesyg then the solubility will decrease with inse temperature.
A few solid solutes are less soluble in warm sohdi For examples all gases, the solubility deesas the
temperature of the solution increases [4,8].

1.6.3. Pressurefor solids and liquid solutes, no effect on soitypilvhile changes in pressure have practically but
for gaseous solutes, an increase in pressure agesesolubility and a decrease in pressure, dectkassolubility
[4.8].

1.6.4. Nature of the solute and solvenBepending on the nature of the solvent and sosatebility will vary and
the example: 1 gram of lead (Il) chloride can besdived in 100 grams of water at room temperaturiéev200
grams of zinc chloride can be dissolved in the sph&l.

1.6.5. Molecular size:The solubility of the substance is decreased wheleenles have higher molecular weight
and higher molecular size because larger moleeukesnore difficult to surround with solvent moleesiin order to
solvate the substance. In the case of organic congmthe amount of carbon branching will incre&sesolubility
since more branching will reduce the size (or va)iof the molecule and make it easier to solvatentiolecules
with solvent [4,8].

1.6.6. Polarity: Generally like dissolves like means non-polar solumblecules will dissolve in non-polar solvents
and polar solute molecules will dissolve in polalivents. Polarity of the solute and solvent moleswhill affect the
solubility. The polar solute molecules have a pesiind a negative end to the molecule. Due tarnmbéecular
forces or dipole-dipole interactions, if the solverlecule is also polar then positive ends of eatvmolecules will
attract negative ends of solute molecules. Therdthrees called london dispersion forces whereptbstive nuclei
of the atoms of the solute molecule will attract tlegative electrons of the atoms of a solvent cotde This gives
the nonpolar solvent a chance to solvate the satalecules [8].

1.6.7. Polymorphs:The capacity for a substance to crystallize in nmbes one crystalline form is polymorphism
[10]. A crystal is made up of atoms, ions, or males in a regular geometric arrangement or laitiwestantly
repeated in three dimensions is known as the eflitthe shape or habit of a crystal of a givenssailhce may vary
but the angles between the faces are always canbtaling point may vary from form to form and Waventually
affect the solubility.

2. SOLUBILITY ENHANCEMENT TECHNIQUES

The solubility of a solute is the maximum quantifysolute that can dissolve in a certain quantityavent or
quantity of solution at a specified temperatureridss techniques are available to improve the slitylof poorly
soluble drugs. These techniques can be categdriZedr basic approaches:

 Traditional techniques

» Newer and novel techniques
 Solid dispersion techniques
» Vesicular approaches

2.1. TRADITIONAL TECHNIQUES
» Co-solvency

» Co-crystallization

» Hydrotropy

* Micronization

« Alteration of pH of solvent

» Change in dielectric constant of solvent
* Amorphous forms

* Slat formation

» Chemical modification of drug

» Use of surfactants

» Complexation
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» Use of hydrates or solvates

» Use of soluble pro-dugs

» Use of ultrasonic waves

 Functional polymer technology

» Controlled precipitation technology

» Evaporative precipitation in aqueous solution
» Use of precipitation inhibitors

» Solvent deposition

» Spherical agglomeration

 Selective adsorption on insoluble carriers

2.1.1. Co-solvency

The solubilization of drugs in co-solvents is aht@que for improving the solubility of poorly soligbdrug. The

addition of a water-miscible or partially miscitdeganic solvent is a common and an effective waiyntoease the
solubility of a non-polar drug. This process is Wwmoas co-solvency and the solvents used in conibmab

increase the solubility of the drugs are known esavents. The co-solvent system will works byugdg the

interfacial tension between the predominately ageemlution and the hydrophobic solute. Most caesatis have
hydrogen bond donor and/or acceptor groups as agemall hydrocarbon regions. Their hydrophilic foggn

bonding groups ensure water miscibility, while theiydrophobic hydrocarbon regions interfere withteva

hydrogen bonding network, reducing the overall nmi@ecular attraction of water By disrupting watesslf-

association, co-solvents reduce waters abilityqioesze out non-polar, hydrophobic compounds. Ceestd such
as ethanol, propylene glycol, glycerin, sorbitodl golyoxyethylene glycols can be used [4].

Example: Solubility enhancement as high as 500-fold is agdeusing 20% 2-pyrrolidone.

Advantages[10, 11]

» This may be paired with other solubilization tecjugs such as pH adjustment to increase solubility.
» High concentrations of the compound can also bsotisd compared to other methods.

* Itis Simple and rapid method to formulate and pics

Disadvantageq11]

» Here, chemical stability of the insoluble drug isrée than in the crystalline state, as with allibiized forms.

» The toxicity and tolerability of the excipients niuze closely watched. Also, for intravenous adntiaison,
uncontrolled amorphous or crystalline precipitatioay occur upon dilution with aqueous media. Thidue to the
drug is insoluble in water and after precipitatforms the co-solvent mixture is not readily abledelissolve.

Application

NMP is also used to enhance drug delivery of hgieriwhich is an antitumor, photodynamic, and pd@gnostic
agent with have very low water solubility, into isotumors and enhances the photodynamic therapefiécts of
hypericin on human bladder carcinoma [12].

2.1.2. Co-crystallization

The new approach available for the enhancementugf sblubility is through the application of the-cxystals, it is
also referred as molecular complexes. If the sdligean integral part of the network structure &rahs at least two
component crystals, then it may be termed as cstalryif the solvent does not participate diredtiythe network
itself, as in open framework structures, then iteéened as clathrate (inclusion complex). A co-talysnay be
defined as a crystalline material that consistdwad or more molecular (and electrically neutraleaps held
together by non-covalent forces. Co-crystals areenstable, particularly as the co-crystallizing rigeare solids at
room temperature [7] .

Advantages

» Co-crystal formation may offer for the pharmacealtimdustry are the opportunity of intellectual peoty (IP)
protection and the possibility of extending the lifycles of old APIs [13].
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» Co-crystals having advantages like stable cryseform (as compared to amorphous solids) andredsteed to
make or break covalent bonds, theoretical capglifiall types of APl molecules (weakly ionizablefionizable)
to form co-crystals [14].

Applications

» Co-crystals were developed by using this techniguétraconazole and Sildenafil to enhance the kitity and
bioavailability [13].

» Co-crystals insulin investigation and productionrevetudied and very useful for medics and pharnoggtsts
[15].

2.1.3. Hydrotropy

Hydrotropy is a solubilization process whereby &ddiof bulky amounts of a second solute (Hydroizcments)
results to enhance in the aqueous solubility otlarosolute. Solute consists of alkali metal saftgarious organic
acids. Hydrotropic agents are ionic organic s#tiditives or salts that increase solubility in giveolvent are said
to “salt in” the solute and those salts that desgesolubility “salt out” the solute. Several salith large anions or
cations that are themselves very soluble in wasults in “salting in” of non-electrolytes calledydrotropic salts”

a phenomenon known as “Hydrotropism” [10]. Concateti aqueous hydrotropic solutions of sodium betezoa
sodium salicylate, urea, nicotinamide, sodium tétiend sodium acetate have been observed to entienagueous
solubilities of many poorly water soluble drugs.[7]

Example: The solubility of rofecoxib was enhanced by usigdrotropes such as urea and nicotinamide [10].

Advantages[11]
» This method does not require chemical modificatpmeparation of emulsion system, or use of orgaaieents.

» The mixing step is done only with the drug and loyxipe in water will have high selectivity and doest
involve emulsification.

Disadvantageq11]
Hydrotropes may self-assemble in solution and theeability to enhance drug’s water solubility

Application
Hydrotropes have been used are procaine/HCI in fRiMo®, absorbic acid in Saquinavir®, sodium saft
Ibuprofen in Ibuprofen®, sodium benzoate in Carbazepine®, and sodium salicylate in Paracetamol [11].

2.1.4. Micronization

The particle size reduction technique enhancedhbity in terms of dissolution rate of poorly vea soluble drugs
due to the enormous surface that is generated alless particle size by micronization. The proces®lves
reducing the size of the solid drug particle taw110 microns commonly by spray drying or by useaiofattrition
methods such as fluid energy mill, jet mill, rotetator colloid mill etc. is also called as “Micrdlimg”.
Micronization is not suitable for drugs having athidose number because it does not change theatsatur
solubility of the drug due to the tendency of aggéwation, which leads to decreased effective sarfaea for
dissolution [16]. Conversion of single course metio Cluster of micro particles are shown belavigure 4.

single course particle Cluster of micro particles

Micronization

Fig. 4: Diagram for big to small particles
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2.1.5. Alteration of pH of solvent17]

It is well documented that the influence of therges in pH within the gastrointestinal tract uploa bioavailability
of pharmaceuticals. The absorption of drug is lgrgependent upon diffusion, which varies with pif the

individual regions within the gastrointestinal trathe pKa of the drug and permeability, which a only

moderated by the surface area of the region in lwhtidgs released, but also the regional pH effegisn drug
ionization. By applying a pH change, poorly wateluble drugs with parts of the molecule that carph®onated
(base) or de-protonated (acid) may potentiallyisealved in water. While the importance of critiparameters like
salt selection and pH adjustment has been stresspde-formulation, the use of pH altering excipsewithin drug

delivery systems is also of significant utility. pdljustment can in principle be used for both arad parenteral
administration [8].

Advantages

» Simple to formulate and analyze.

 Simple to produce and fast track.

» Uses small quantities of compound, amenable to thighughput evaluations [8].

Disadvantageq17]

 Tolerability and toxicity may occur due the usenoh-physiological and extreme pH’s.

» Risk for precipitation upon dilution with aqueousdia having a pH at which the compound is lessbéelu
Intravenously this may lead to emboli, orally ityr@use variability [8].

 As with all solubilized and dissolved systems, ssdived drug in an aqueous environment is frequésgk stable
chemically compared to formulations crystallineigolhe selected pH may accelerate hydrolysis talyze other
degradation mechanisms.

Applications

» Phenytoin Injection (Epanutin® ready mixed, Pfizé®mg/ml with propylene glycol 40% and ethanol 1QB4
mmol Na+ per 5 ml ampoule) is an example of a pjdsidd formulation containing co-solvents [17].

* It was attempted to enhance dissolution of glideaising pH change approach [18].

2.1.6. Change in dielectric constant of solvent

Generally the addition of a co-solvent can incresability of hydrophobic molecules by reducing ttielectric
constant of the solvent. Due to the nature of hgednobonding, water is a good solvent for polar mualles and has a
high dielectric constant. The dielectric constantai measure of the effect a substance on the emeeged to
separate two oppositely charged bodies. The emedired to separate two oppositely charged badigs/ersely
proportional to the dielectric constant of the nuedli{19]. Changes in dielectric constant of the medmay have a
dominant effect on the solubility of the ionizatdelute in which higher dielectric constant can eausore
ionization of the solute and results in more sdigaiion [20].

Advantage
It does not require any experimental solubilityadist mixed solvents [20].

Disadvantage

The disadvantage of this method is that it is aaylie only for the solubility prediction of eledites or zwitterions
in which the ionization is the dominant parameted ¢he phenomenon could be represented using Bodelhas
well [20].

2.1.7. Amorphous form

In amorphous forms atoms or molecules are randoptiged and have higher thermodynamic energy than
corresponding crystalline forms. Generally amorghform having more surface area than crystallimenfand
eventually increase the dissolution rate.

2.1.8. Salt formation

Salt formation of poorly soluble drug candidateg#&W acids and bases) has been a strategy for bdeerales to
enhance solubility. It is an effective method imgrderal and other liquid formulations, as wellimsolid dosage
forms. Over 300 new chemical entities approvedhgyFDA during the 12 years from 1995 to 2006 farketing,
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120 were in salt forms. In addition, out of the 1&dproved salts of basic drugs, 54 salts were pedpaith
hydrochloric acid, indicating the hydrochloride wg predominant salt form [21]. The aqueous stitylef an
acidic or basic drug as a function of pH dictatéetlher the compound will form suitable salts [Ije general salt
formation in pictorial form mentioned in the figuse

The pH-solubility interrelationships says that wkatinter ions would be necessary to form salts, besily the
salts may dissociate into their free acid or basm$, and what their dissolution behavior wouldubder different
Gl pH conditions, and whether solubility and dissign rate of salts would be influenced by commam i

Several reviews have outlined general strategiescansiderations for salt selection. For the salinfition drug
should have ionizable groups that will assist feathation. The criteria used to select counterigoas follows.
» There should be minimum difference of 2-3 pKa ub&sveen the drug and the counter
ion.
» Counter ion should decrease crystal lattice forces.
* It should be FDA approved or should have enouglttbegical data to support the
selection of the counter ion [1].

= CLT —=>

Drug

lonic
interactions

m lonized
——> Ccouncrion Y>>

Fig 5: Systematic diagram for salt formation

Disadvantage
This technique has tremendous capability to enhalssolution rate but it is grasped with disadvgatalike
approval of salts is a tedious task and also nefulifor neutral molecules [22].

Application
Improvement of dissolution Rate of Gliclazide thgbwsodium salt formatiof23].

2.1.9. Chemical modification of drug
By the addition of polar groups like carboxylic @i ketones and amines by which solubility enharcheel to
increasing hydrogen bonding and the interactioh wiater [19].

2.1.10. Use of Surfactants

The presence of surfactants may lower the surfatgdn and increase the solubility of the drug iniln organic
solvent. Surfactants are amphiphilic in nature hg\a polar end (the circular head) and non-polar (¢me tail).
Most surfactants consist of a hydrocarbon segmemtected to a polar group can be anionic, catiavidterionic
or nonionic. Small molecules of polar molecules baraccumulated into hydrophobic core of micell@s\When a
surfactant such as tween-80, sodium lauryl sulpisaptaced in water, it will form micelles. A nomlar drug will
partition into the hydrophobic core of the micedled the polar tail will solubulize the complex. $tias been
illustrated improvement of wetting characteristéesl micellar solubilization

Advantage
Biosurfactants are biodegradability, low toxicibgtter surface and interfacial activity.

Disadvantage
Inability to scale up the production process anémarights by using biosurfactants.
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2.1.11. Complexation

Complexation is the association between two or nmoéecules to form a non-bonded entity with londorces,
hydrogen bonding and hydrophobic interactions THere are many types of complexing agents and nii@jee are
listed below.

» Staching complexation
* Inclusion complexation
» Cyclodextrin Inclusion Complexes

2.1.11.1. Staching complexation

Staching complexes are formed by the overlap ofpthear regions of aromatic molecules. Nonpolareties tend
to be squeezed out of water by the strong hydrdmerding interactions of water and causes some mieedo
minimize the contact with water by aggregationtadit hydrocarbon moieties. This aggregation is faddy large
planar non-polar regions in the molecule. Staclmdpiexes can be homogeneous or mixed. The formarden
as self association and latter as complexation [7].

Examples: For staching complexes are as Nicotinamide, Antmac Pyrene, Methylene blue, Benzoic acid,
Salicylic acid, Ferulic acid, Gentisic acid, Puriitaeobromine, Caffeine, and Naphthalene etc [7].

Preparation: Considerable increase in solubility and dissolutiate of the drug has been achieved by the use of
cyclodextrins. These complexes can be preparedfwviticlodextrin (3-CD) and HP-R-CD; the requirecmfity of
3-CD is weighed and water added to get tough ctamsiyg. To the mass, weighed quantity of the druapided. The
mixture is kneaded in a glass mortar for one haarthen completely dried in hot air oven at 60°€Zdours. The
dried mass is sieved through proper mesh.

2.1.11.2. Inclusion complexation

Inclusion complexes are formed by the insertiothef non-polar molecule or the non-polar region reé anolecule
(known as guest) into the cavity of another molead group of molecules (known as host). The msiarctural
requirement for inclusion complexation is a condbte fit of the guest into the cavity of host mallec The cavity
of host molecule must be large enough to accommaatti@ guest and small enough to eliminate watavedls so
that the total contact between the water and timepmtar regions of the host and the guest is redi{ice

2.1.11.3. Cyclodextrin Inclusion Complexes

Cyclodextrins (CD) are bucket shaped cyclic oligosarides composed of 6-8 dextrose unitsfl, y CD )
respectively joined through C-C double bonds. Tterior of these molecules is lipophilic and exterof these
molecules is hydrophobic. Lipophilic molecules da incorporated into interior cavity of CD leaditw better
stability, high water solubility, and increased drailability or decreased undesirable side effetie presence of
hydroxyl groups on the external surface of the Clletule increases the possibility of hydrogen bogdiith the
drug molecules resulting in the formation of nookirsion complexes as well.

Examples: 2-hydroxy propyl$ cyclodextrin, methyp cyclodextrin etc are widely used due to high watdubility
and low toxicity.

Applications

» The complex of praziquantel wihCD showed significantly improved dissolution ptefcompared with that of
pure drug, here hydrophobic CD can act as sustagiedse carriers for water soluble drugs.

» The inclusion complexes of aceclofenac with hydpepyl$-cyclodextrin provided increased dissolution rates
as well as improved therapeutic effect [6].

Preparation: The drug — CD complexes are prepared by freezengirygpray drying, and co- precipitation of CD
drug solution.

» Kneading Method.

 Lyophilization/Freeze-Drying Technique.

» Microwave Irradiation Method.
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2.1.11.3.1. Kneading Method

Little amount of water or hydro alcoholic solutitmtaken with CD to convert into a paste. And thegds added to
the above paste and kneaded for a specified titme kKiieaded mixture is then dried and passed thraugbpected
sieve if required. In small scale, kneading canabkieved by using a mortar and pestle. In prodocticale,
kneading can be done by utilizing the extruders athér machines. This is the simple and most commetihod
used to prepare the inclusion complexes and iteptes/ery low cost of production [1].

2.1.11.3.2. Lyophilization/Freeze-Drying Technique

In order to get a porous, amorphous powder withhhiegree of interaction between drug and CD,
lyophilization/freeze drying technique is consideseiitable. In this technique, the solvent systesmfthe solution

is eliminated through a primary freezing and subseet| drying of the solution containing both drugla®D at
reduced pressure [1].

Advantage : Heat sensitive substances can be successfully mtmdeomplex form by this method.

Disadvantage: The limitations of this technique is the use ofGgkzed equipment, time consuming process, and
yield poor flowing powdered product.

2.1.11.3.3. Microwave Irradiation Method

This technique involves the microwave irradiatieaation between drug and complexing agent usingceomave
oven. The drug and CD in definite molar ratio alsdlved in a mixture of water and organic sohiera specified
proportion into a round bottom flask. The mixtuseréacted for short time of about one to two miswEe66C in

the microwave oven. After the reaction completedfident amount of solvent mixture is added to thigsove
reaction mixture to remove the residual un-comgeftee drug and CD. The precipitate so obtainesejzarated
using whatman filter paper, and dried in vacuumncae40C [1].

Advantages

* Itis a shorter reaction times and higher yieldhef product [1].

» Uniform heating occurs throughout the material pgosed to surface and conventional heating process.
» Desirable chemical and physical effects are produce

* Floor space requirements are decreased.

 Better and more rapid process control is achieved

* In certain cases selective heating occurs which signjificantly increase efficiency and decreaseajeg cost.
« High efficiency of heating,

» Reduction in unwanted side reaction (reaction Quieyg,

 Improve reproducibility

» Saving of environmental heat loss.

» Reduce wastage of heating reaction vessel.

Application
Microwave assisted extraction to obtain taxanesfi@xus biomass [24].

2.1.12. Use of Hydrates or Solvates

A crystalline compound may contain either a st@aohetric or non-stoichiometric adducts, such asusiohs,
involve entrapped solvent molecules within the talyattice. A stoichiometric adducts normally meésl to as
“Solvate”, and is a molecular complex that has ipocated the crystallizing solvent molecules inpedfic sites
within the crystal lattice. When the incorporatedvent is water, the complex is called as “Hydrat&"compound
not containing any water within its crystal struetus termed “Anhydrous”. Aqueous solubilities ofhgdrous
forms are higher than the hydrate forms [25].

2.1.13. Use of Soluble Pro-drugs

The physicochemical properties of the drugs arerdwgd by bio-reversible chemical modification. Thest
common pro-drug strategy involves the inclusiompolar or ionizable moiety into the parent compotménprove
agueous solubility. The chemical decomposition aregystemic metabolism is to be reduced by theofipeo-drug
approach [2]. Designing of cyclic pro-drug usinga@d N terminal ends reduced the metabolic deg@uatused
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by exopeptidase. Derivatization is another lucexipproach for synthesis of pro-drug to improvexbidability of
drug molecules particularly for peptide moleculesrivatization could be possible in C terminal aengroup, N
terminal amide group and phenol group in varioygtide molecules [1].

Applications

» The pro-drug approach has been successfully usiedpt@ve the water solubility of corticosteroidgawmins and
benzodiazepines [8].

» Enhancement of rate of dissolution of allopurinalsvsuccessfully achieved by pro-drug formation [8].

» A recent study involved synthesis of cyclic hexdpkpto improve the enzymatic stability and permilgsb
through biological membranes.

2.1.14. Ultrasonic Waves
Solubility can be improved by the use of ultrasonfirators. An oscillator of high frequency (10066KHz) is used
and the device is known as “Pohlman whistle”.

2.1.15. Functional Polymer Technology

Functional polymers enhance the dissolution rateowirly soluble drugs by avoiding the lattice eyenfthe drug
crystal, which is the main barrier to rapid dissioin in agueous media. These polymers are ion egghanaterials
which contain basic or acidic groups that intenaith the ionizable molecules of the surrounding medand

exchange their mobile ions of equal charge withraurding medium reversibly and stoichiometricallshe

resultant complex, known as, “Resinate”, can benfdated as a suspension, dry powder or tablet.rébias are
insoluble and not absorbed into the body and tlig is released from resinate on exposure to theiplogical

fluids.

2.1.16. Controlled Precipitation Technology

Here the drug is dissolved in a water miscible nigaolvent and then dissolved into aqueous mediontaining
stabilizers (HPMC, cellulose ethers, gelatin). Bodvent dissolves in water and causes precipitaifathe drug in
the form of micro-crystals. Here, the stabilizeosittol particle growth and enhance the dissolutate of poorly
soluble drug due to large surface area hydrophiliaethe adsorbed stabilizer.

Example: Nanomorph, a patented technology by Solids forrodled crystallization of drugs.

2.1.17. Evaporative Precipitation in Aqueous Solutin (EPAS)
The EPAS process utilizes rapid phase separatiomutbeate and produce nanoparticles and micropestiof
lipophilic drugs.

Preparation: The drug is first dissolved in a low boiling poimtganic solvent, and solution is pumped through a
tube where it is heated under pressure to a tefyperabove the solvents boiling point, and themggd through a
fine atomizing nozzle into a heated aqueous salutBurfactants are added to the organic solutiah aqueous
solution to optimize particle formation and soligzation as well.

Application
The solubility of danazol was enhanced by this hégpie [26].

2.1.18. Use of Precipitation Inhibitors

A significant increase in free drug concentratitmo\ee equilibrium solubility results in supersatioat which can
lead to drug precipitation or crystallization tpiocess also call as anti-nucleation . This caprbeented by use of
inert polymers such HPMC, PVP, PVA, PEG etc. which as precipitation inhibitors by one or more loé t
following mechanisms

* Increase the viscosity of crystallization mediurertby reducing the crystallization rate of drugs.

» Provide a steric barrier to drug molecules andbihtrystallization through specific intermoleculateraction on
growing crystal surfaces.

» Adsorb onto faces of host crystals, reduce the@rgsowth rate of the host and produce smallestaity.
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2.1.19. Solvent Deposition
In this technique, the poorly aqueous soluble disiglissolved in an organic solvent like alcohall @eposited on a
inert, hydrophilic, solid matrix such as starchicrocrystalline cellulose followed by evaporatioisolvent.

Advantages[27]

» This method is readily adaptable for thermolabilegd and carriers.

» Many polymers with high melting temperatures theatrmt be utilized in melt solid dispersion processauld be
carriers for solvent deposited drug formulations.

» Tackiness and stickiness associated with meltgiofumethod can be avoided.

» A common solvent having solubility for both hydraiific drug and a hydrophilic carrier is not necegsar

Application
The solvent deposition system of griseofulvin usitigintegrants Primojel, Mobile Starch and Nymcedrev
punched to form tablet containing 125 mg griseaful27].

2.1.20. Spherical agglomeration

It is a particle engineering technique. It is comgbiunite process of crystallization, agglomeratiand
Spheronization, which convert fine crystal in sptedrshape particle. This technique is significmtimproving the
flow property like wettability and dissolution raté poorly soluble drug. Amount of addition of spical liquid,
temperature and agitation speed parameter mugitheipe in this technique for production of sphaticrystal[10].

Advantages[10]

» Micromeritics properties of drug molecule increases

» This method helps to improve the wettability arailproperty of drug.
» This method is also useful for taste masking of saimug.

Disadvantageq10]
» Solvent selection is tedious for this method.
« Difficult to maintain process parameter.

Application
Enhanced dissolution rate of Felodipine using spheagglomeration with Inutec SP1 by quasi emuissolvent
diffusion method [28].

2.1.21. Selective adsorption on insoluble carriers

A highly active adsorbent such as inorganic clélgs Bentonite can enhance the dissolution rateocofly water-
soluble drugs such as griseofulvin, indomethacid prednisone by maintaining the concentration gmridat its
maximum.

2.2. NEWER AND NOVEL TECHNIQUES
Newer and novel drug delivery technologies devaldperecent years for solubility enhancement oblable drugs
are
* Size reduction technologies
Nanopatrticle technology
Nanocrystal technology
Nanosuspension technology
Milling
Precipitation
High pressure homogenization
Cryogenic technology
Sonocrystallisation
Plasma irradiation
Liquisolid compacts
Supercritical technology
Self-Emulsification

220



Manoj Kumar Vadlamudi and Sangeetha Dhanaraj J. Chem. Pharm. Res., 2016, 8(1):208-235

Super critical fluid technology
* Lipid based delivery system
* Micro-emulsion Technology
 Micellar technologies

Mixed Micelle

Polymeric Micelle
» Porous Micropatrticle technology
* Floating drug delivery system

2.2.1. Nanopatrticle technology

Nanotechnology will be used to improve drugs sditypby increasing the surface area. Oral bioa\ality
enhancement in some new chemical entities of vew $olubility by micronisation is not sufficient teuse
micronized product has the tendency of agglomeamatiwhich leads to decreased effective surface &wea
dissolution and hence Nanonisation will be useflil [

2.2.2. Nanocrystal technology

A nanocrystal is a crystalline material with dimens measured in nanometers and the structure &lyno
crystalline. The nanocrystallization is definedaasay of decreasing the drug particles to the singe of 1-1000
nanometers. Nanocrystallization is a universal wetthat can be applied to any drug. There are tigtndt
methods as follows in this technology [7].

» Bottom-up development.
» Top-down development.

In bottom-up method, nanoscale materials are chatyicomposed from atomic and molecular componémts
nanosized particles by Precipitation and Cryo-vatumethod. The top-down methods will be done byinglland
high pressure homogenization down from micron sgzadicles.

Advantages
Nanocrystals as fast dissolution, increased kirggtiaration solubility and adhesion to biologicambranes, which
ultimately results in enhanced solubility and peatvikty [6].

Application
Novel lipid nanocrystals were developed for glidamide, which showed enough promise for lipid nagstals as
an approach to enhance the dissolution and maistahility of the model drug [29].

2.2.3. Nanosuspensions technology

Nanosuspensions have promising approach for efticg®lubility enhancement of poorly water solubleigs

because of their versatile features and uniquerdadgas often referred as hydrosols, are very fidedgersed solid
particles in agueous vehicle, size distributiorsalid particles is usually < 1 nm, with averagetipbe size range of
200-600 nm. Here, the bioavailbility is improved imgrease in surface area and saturation solukdiidgd by
particle size reduction [6, 10]. These are prepdmedising high pressure homogenization, precipitatind pearl
milling [10].

Preparation: The nanosuspensions are prepared by using high-shedia mills charged with milling media,
water, drug, and stabilizer is rotated at a veghtshear rate under controlled temperatures faeraédays (at least
2—7 days). The milling medium is composed of gl@sonium oxide, or highly cross-linked polystyeenesin.
High energy shear forces are generated as a mghik impaction of the milling media with the drregsulting into
breaking of micro particulate drug to nanosizedples [1].

Advantages

« Itimproves the solubility and bioavailability ofuy which gives rapid onset of action.
» Nanosuspensions formulation will increase the tadability of drugs with high log P.
» Dose reduction is possible.
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Disadvantages
Limitations in drug loading as well as side effedise to matrix components are bypassed by nanassispe
system.

Application
Prednisolone and carbamazepine that could be amesidicceptable for parenteral administratio[30].

2.2.4. Milling

2.2.4.1. Jet milling

A fluid jet mill uses the energy of the fluid (higiessure air) to attain ultra fine grinding of phaceutical powders
and has several advantages of being a dry pros&ss,reduction of micron-sized particles with narreize
distributions, absence of contamination and isablét for heat sensitive drugs [16].

Application

Ibuprofen was also subjected to simultaneous mizabion through continuous fluid energy millingstéting in the
improvement of dissolution rate while avoiding digantages of conventional micronization such ascageration,
poor flowability, loss of expected large surfaceeagrlow bulk density and insignificant or no disgmn
improvement [31].

2.2.4.2. Ball milling

A pharmaceutical ball milling is generally a cyli@hl crushing device that is used for grindingpbfarmaceutical
powders by rotation around a horizontal axis. Theick is partially filled with the material to beogind plus the
grinding medium usually ceramic balls, flint pelsbte stainless steel balls [16].

Application
Danazol showed enhanced bioavailability in beagbgsdwhen compared to that of aqueous suspension of
conventional danazol particles [32].

Disadvantage
There will be degradation of mill surfaces and sgjpent suspension contamination.

2.2.5. Precipitation

Here poorly aqueous soluble drug is dissolvedsnitable organic solvent followed by its rapid migiwith a non-
solvent to effect precipitation of drug in nanospaaticles. The product so prepared is also cakdHydrosol”.
Hydrosols are colloidal agqueous suspensions contaidrug nanoparticles of poorly water soluble driugr
intravenous administration. In precipitation tecjug the drug is dissolved in a solvent where isaligs more,
which is then added to anti-solvent to precipitiie crystals in terms os nano particles. Theseargsials can be
removed from the solution by filtration and theiedrin air [7].

Procedure: Here, the drug solution is mixed with a relativhlgh volume of water (96-98% water after mixing) in
the presence of stabilizing agents such as poloxameé modified gelatins, which act as “short tetabiizers”.
After precipitation, the amorphous hydrosol is &alor approximately 60 min because of the stadibzand the
high amount of non-solvent. After this time, theigicrystallizes. Because the clouding correlateh thie particle
size, crystallization and particle growth can bsesled by a steep increase of absorbance at aematelwhere the
drug substance does not absorb. Thus, for durablglising the amorphous nanosized drug, the hyaris
immediately spray dried with excipients such asdse or mannitol before crystallization occurs. @efuse, the
preparations are reconstituted with water. Hydmmsohtain the drug in a particle size of approxetya200 nm and
are thus suitable for parenteral application.

Advantages
The basic advantage of precipitation techniquiésuse of simple and low cost equipment;

Disadvantages

» Here the challenge is the addition of the growinggccrystals to avoid formation of microparticles.

» The drug needs to be soluble in at least one sbamghthis solvent needs to be miscible with aohant.
 This technique is not suitable for the drugs wlaoh poorly soluble in both aqueous and non-aquetdsa.
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Applications

» Nanosuspension of Danazol and Naproxen improvesbldison rate and oral bioavailability by precipiten
technique [1].

» Apparent increase in the rate of absorption by @aprately 4-fold in naproxen by this technique [1].

» Cyclosporin, which can be formed as a hydrosoiqmtug: gelatin-1: 20).

» Preparation of mefenamic acid and astemizole dsybtaprecipitation [33].

2.2.6. High pressure homogenization

In high pressure homogenization is an aqueous wigpe of the crystalline drug particles is passdthwigh
pressure through a narrow homogenization gap witdrya high velocity. Here the priciple is basedtba cavitation
forces within the patrticles are adequately highdovert the drug microparticles into nanoparticldse particle size
obtained during the homogenization process deperaisly on the nature of the drug, the pressureiegnd the
number of homogenization cycles as well [7].

Disadvantage
Here we require small particles initial itself amdo require many cycles of homogenization [34].

Applications

« Dissolution rate and bioavailability of poorly sble drugs such as spironolactone, budesonide, arepm@zole
have been improved by reducing their particle bizéigh pressure homogenization [1].

e Valsartan nanosuspension (VAL-NS) was prepared gusiigh-pressure homogenization followed by
lyophilisation [35].

2.2.7. Cryogenic techniques

Cryogenic techniques have been developed to enhiecdissolution rate of drugs by creating nanastmed
amorphous drug particles with high degree of pdoyost very low temperature conditions. After cryoge
processing the dry powder can be obtained by varioying lyophilisation [1].

» Cryo-vacuum method

» Spray freezing into cryogenic fluids (SFL)

» Spray freezing into vapor over liquid (SFV/L)

2.2.7.1. Cryo-vacuum method
Cryo-vacuum method is to generate the drug substaacoparticles by using liquid nitrogen.

Preparation

The active ingredient to be nanonized is firstaligsd in water to attain a quasi-saturated solutford then sudden
cooling of a solvent by immersing the solutionibuid nitrogen (-196 °C). Here, Rapid cooling cauaevery fast
rise in the degree of saturation based on the degfesolubility and development of ice crystals whihe
temperature drops below 0 °C and also this leadsf&st nucleation of the dissolved substanceettiges of the
ice crystals [7].

Advantage

» Cryo-assisted sublimation makes it possible to remihe solvent without changing the size and habithe
particles produced, so they will remain crystalljip

» This method yields very pure nanocrystals sincestieeno need to use surfactants or harmful reagéht

2.2.7.2. Spray freezing into cryogenic fluids (SFL)

Briggs and Maxwell invented the method of sprayefiag onto cryogenic fluid. The SFL particle engirieg
technology has been used to produce amorphoustnactased aggregates of drug powder with high srfarea
and good wettability by liquid — liquid impingemebéetween the atomized feed solution and cryogeqidd to
provide more intense atomization into micro droplahd consequently significantly faster freezingesdeads
particles are then lyophilized to obtain dry arekfilowing micronized powders [1].
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Preparation: In this method, the drug and the carrier (mannit@ltose, lactose, inositol or dextran) were dissl
in water and atomized above the surface of a hpiligitated fluorocarbon refrigerant sonication gratan be
placed in the stirred refrigerant to enhance tepatision of aqueous solution [1].

Application
It produced the rapid dissolving high potency Dagowders by using Spray Freezing into liquid gsx[1].

2.2.7.3. Spray freezing into vapour over liquid (SW/L)
Freezing of drugs solution in cryogenic fluid vappand consequent removal of frozen solvent wibidpices fine
drug particles with high wettability called SFV/L][

Operation: During SFV/L the atomized droplets typically st@rtfreeze in the vapour phase before they conltect t
cryogenic liquid. As the solvent freezes, the dibegomes supersaturated in the unfrozen regionseoftomized
droplet, so fine drug particles may nucleate arvgd].

2.2.8. Sonocrystallisation

The novel move toward particle size reduction o lthsis of crystallisation by using ultrasoundsissl is called
sonocrystallisation.

» Melt Sono-Crystallization (MSC)

2.2.8.1. Melt Sono-Crystallization (MSC)
Melt sonocrystallization is an novel particle eregring technique to enhance dissolution of hydrbghdrugs and
to study its effect on crystal properties of drug.

Preparation: Melt sonocrystallization process was developedvéddecoxib in which valdecoxib melt was poured
in deionized water maintained at 60°C and at theeséime subjected to ultrasonic energy. The aggtates
obtained after solidification of dispersed dropletre separated by filtration and dried at roomperature [36].

Application
It forms Valdecoxib agglomerates with number oflkha circular pits on the surface leads to increaskibility
[36].

2.2.9. Plasma Irradiation

Plasma is a patrtially ionized gas that containgequmal number of positive and negative ions andnipéal neutral
species such as molecules, atoms, and radicals.ig e possible technique for increasing theotlisi®n rate of
poorly soluble drugs.

Generation of plasma:lt is created by subjecting a gas (e.g) @ a radio-frequency potential in a vacuum
chamber and thus leads to the production of elestravhich are accelerated by an electric field emitide with
neutral molecules to produce free radicals, at@md,ions [1].

Operation: During plasma treatment oxygen radicals producedrhadiation plasma then react with the chemical
groups on the surface of an exposed sample thdd teathe formation of an£Zontaining functional group such as
hydroxyl, carbonyl, or carboxyl group. The prodoatiof these functional groups leads to an incrégaseettability
and thus increases the effective surface areaad@ifor dissolution, which increases the dissotutate [1].

Application
Plasma irradiation was investigated as a possaalenique for increasing the dissolution rate ofgherly soluble
drug griseofulvin [37].

2.2.10. Liquisolid Compacts

Here, low soluble hydrophobic drugs dissolved am-wolatile, nontoxic, hydrophilic solvents like Igethylene

glycol, glycerine, propylene glycol, or polysorb&@ mixed with carriers like microcrystalline cdtige, lactose, or
polyvinyl pyrrolidone- K30 along with coating maitas like silica in optimized proportions and firatompressed
into a compact mass [1].The increased bioavaitgh#i due to either increased surface area of dmugilable for

release, an increased aqueous solubility of thg, dmuimproved wettability of the drug particle8[3
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Application
In recent years, this technique was used to enhthecdissolution rate of carbamazepine, naproxanpfidine, and
prednisolone [2].

2.2.11. Self-Emulsification

In the absence of external phase (water), the maxbd oil, surfactant, co-surfactant, one or moyelrbphilic
solvents and co-solvent forms a transparent ismreplution that is known as the self-emulsifyingigl delivery
system (SEDDS) and is used for improving lipophilizig dissolution and absorption. The self-emuatfon
process is specific to the nature of the oil/sudat pair, surfactant concentration, oil/surfactaatio and
temperature at which self emulsification occurs.

Advantages [10]

 High drug loading efficiency

» Improvement in oral bioavailability enabling redoctin dose.

» More consistent and reproducible profile of drugaiption and blood time profile.
» Ease of manufacturing and scale up.

* Protection of drugs from the gut environment.

Disadvantageq10]
» Chemical instability of drug and surfactant in fadation.
 High surfactant concentration irritates the GIT.

Application
The oral bioavailability of progesterone was sigmintly enhanced in rats by forming positively gfed emulsion
in comparison to the corresponding negatively cbéifgrmulation.

Examples: Neoral® is composed of ethanol, corn oil- mono-, tiglycerides, Cremophor RH 40 and propylene
glycol. It exhibits less variability and better druptake compared to Sandimmune®. There is a leh@fl water
soluble, insoluble and surfactants, which can gssoéubilizing excipients [1].

2.2.12. Supercritical fluid Technology

A supercritical fluid is a substance at a tempeeatund pressure above its critical point, wherdirdis liquid and

gas phases do not exist. Novel nanosizing and iiahtion technology whose application has increlaparticle

size reduction via supercritical fluid (SCF) prases. Generally supercritical fluids are fluids wdhdemperature
and pressure are greater than its critical tempexdfic) and critical pressure (Tp). SCF proces$fimgnicronized

particles are

» Rapid expansion of supercritical solutions (RESS)

» Gas anti-solvents recrystallisation (GAS)

2.2.12.1. Rapid expansion of supercritical solutia(RESS)

It is dissolved in a supercritical fluid (such apercritical methanol) and then through a smallzieyzhe solution is
rapidly expanded into a region lower pressure &g the solvent power of supercritical fluids deses and the
solute eventually precipitates. This techniquedsitally solvent free, so this is a clean technidies modified
process is used for the production of polymericopeticles [1].

2.2.12.2. Gas anti-solvents recrystallisation (GAS)

A liquid solvent is required in the process of G#Slissolve the solute to be micronized; at theegss conditions,
because the solute is insoluble in the superckifica, the liquid solvent should be completelystible with the
supercritical fluid (SC C¢), e.g. methanol. The extract of the liquid solvest supercritical fluid leads to the
instantaneous precipitation of the solute.

Both of which are employed by the pharmaceuticdugtry using carbon dioxide (Gas the SCF due to its

favorable processing characteristics like its loitical temperature (Tc = 31.1-C) and pressureXHF8.8 bar) . The
SCF process can create nanopatrticle of particl2986 nm in diameter.
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Advantages

Generally solvent extraction-evaporation, solveiffusion and organic phase separation are some ectional
methods which require the use of organic solventstiese organic solvents are hazardous to theament as
well as to physiological systems so, SCF are enmientally safe. Therefore, to prepare biodegradatieo and
nanoparticles the supercritical fluid technologg baen investigated as an alternative.

Disadvantages
Poor control over the precipitated crystal morplgglsize distribution and presence of residual esatis [39].

Application
Gas Antisolvent Recrystallization of Paracetamofrfracetone using compressed carbon cioxide a®betit [40].

2.2.13. Lipid based delivery systef$olid Lipid Nanoparticles

Solid lipid nanoparticles (SLN) are a new pharmgicaldelivery system or pharmaceutical formulatiSolid lipid

nanoparticles (SLNs) are particulate systems wigamparticle diameters ranging from 50-1000 nm theg are
derived in oil in water emulsions by replacing iddipid by solid lipid. Solid lipid nanoparticlesave recently
materialized as a novel approach to oral and parandrug delivery systems. SLNs join the advargagfelipid

emulsion and polymeric nanoparticle systems whiercoming the temporal and in vivo stability issuést

predicament the conventional as well as polymeaizoparticles drug delivery approaches [10].

Advantages

» Improved bioavailability, protection of sensitiveud molecules from the outer environment watehtlignd even
controlled release characteristics were claimednlogrporation of poorly water-soluble drugs in thalid lipid
matrix.

» There are number of potential advantages associatéd SLNs as lipid matrix of system is made from
physiologically tolerated lipids components whicgkduces the risk of toxicity, they can be producedlarge
industrial scale by high pressure homogenizatiogy have the capable of being stable for at legstss [10].

Applications

» Use of solid lipid nanopatrticles as a platform ¢wal delivery of the nutrient mineral iron by inporating the
hydrophilic molecule ferrous sulphate (FeSO4) lipiad matrix composed of steric acid.

* Quercitin and lovastatin Lipid-based formulatiorm/é& been shown to enhance oral absorption of liiofhrugs
[10].

» Formulation of vinopocetine using lipid matrix ak/aeryl monostearate by ultrasonic solvent emudatfon
technique and showed significant enhancement iaMaiability compared to vinopocetine solution [10].

2.2.14. Micro-emulsion Technology

The term micro-emulsion was first used by Jack kul®an in 1959. A micro-emulsion is a four compdreystem
composed of external phase, internal phase, sarfaeind co-surfactant. It is a dispersion made atew oil, and
surfactant(s) that is an isotropic and thermodywaiti stable system of two immiscible liquids stideid by
interfacial films of surface active molecules wdlspersed domain diameter varying approximatelynfibto 100
nm, usually 10 to 50 nm.

Formation of Micro-emulations

These are formed by simple agitation of oil, waserrfactant and co-surfactant. The co-surfactagetteer with the
surfactant reduces the interfacial tension to Mewy and even transient negative values. Here, tuditian of
surfactant, which is predominately soluble in theinal phase unlike the co-surfactant, resulthénformation of
an optically clear, isotropic, thermodynamicallyalde emulsion. It is termed as microemulsion beganfsthe
internal or dispersed phase is < (i.droplet diameter.

Advantages

The pre-concentrates are relatively easy to matwaand well developed micro-emulsion preconcésdrare not
normally dependent upon digestion for drug reled$erefore, optimal bioavailability and reprodutitlican be
also being expected without co-administration aftfdi.e. the fasted state) [8].
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Disadvantage
Dilution of micro-emulsions below the critical mlleeconcentration of the surfactants could causeipitation of
the drug [8].

Applications

* Micro-emulsions have been employed to enhancedhbility of many drugs that are
practically insoluble in water, along with incorpton of proteins for oral, parenteral, as wellpescutaneous/
transdermal use [8].

¢ Micro-emulsion applied in HIV protease inhibitoptanavir (Aptivus® capsules, Boehringer Ingelheim)
and the category defining immunosuppressant cyolisp A, USP modified (Neoral® capsules, Novarti&)A
[41].

2.2.15. Micellar Technologies

Micelle is an aggregate of surfactant moleculepatised in a liquid colloid. A typical micelle inaepus
solution forms an aggregate with the hydrophiliedt" regions in contact with surrounding solverguestering
the hydrophobic single-tail regions in the micadkntre. Micelle formation can only occur above daie solute
concentration called critical micellar concentratiCMC), and at solution above temperatures catigtical

micellar temperature (CMT). In general, amphiphilignic, anionic or ampholytic molecules, which agle to
decrease the surface tension of a solvent whenatrapged in micelles above a certain critical emtiation and
temperature. The formation of micelle is mentionethe figure 6 and solubilization is mentionedhe figure 7.

UU

Monomers
Micelle

Fig 6: Schematic representation of the general stature of triblock polymer and micelle formation at CMC and CMT

Fig 7: Schematic of micellar solubilization of faty substance in water with the use of a dispersant

* Mixed Micelles
* Polymeric Micelles
* Porous Microparticle Technology

2.2.15.1. Mixed Micelles
Mixed micelles have a hydrophobic core in which lesluble compounds can dissolve. The addition ibf al@ohol
etc. can vary the degree of penetration into theeha (co-solubilization).

Application
Solubility enhancement for clonazepam in aqueou&dimicellar solution with proper shelf stabilitasvachieved
[42].

2.2.15.2. Polymeric Micelles
Amphiphilic polymers bring together into nano-saopupra molecular core-shell structures, known agnperic
micelles, which are under extensive study for ddejivery. Polymeric micelles may be safe for pasesit

227



Manoj Kumar Vadlamudi and Sangeetha Dhanaraj J. Chem. Pharm. Res., 2016, 8(1):208-235

administration relative to existing solublizing atg permitting an increase in the dose of potexictand poorly
water soluble compounds.

Advantages[16]

» Polymeric micelles have several advantages asahugers and can incorporate several poorly soldblgs and
are considered inexpensive, safe and stable digrsa

» polymeric micelles is possible by preparing therroopH-sensitive block co-polymers and additionadiyector
molecule such as antibody, peptide, lectin, sacdbahormone and some low-molecular-weight compswah be
attached to the surface of micelles that helpaigeating against specific ligands at specific sfteterest.

Applications

» Polymeric micelles solubilize poorly soluble drugsich as amphotericin B, propofol, paclitaxel, and
photosensitizers [43].

» High bioavailability/solubilization and long-terntadility of an anticancer drug paclitaxel were alied when
the drug was solubilized into hydrotropic polymemicelles by dialysis method [44].

Examples: Solubilization is depends on the polymeric micebesl here are some poly (ethylene glycol) (PEG)-
phospholipid conjugates, PEG-b-poly (ester)s, a&&4B-poly (L-amino acid)s considered for drug detiv[8].

2.2.16. Porous Microparticle Technology

The poorly water soluble drug is embedded in miarbgles having a porous, water soluble, sponge tiatrix.
When mixed with water, the matrix dissolves, weftthe drug and leaving a suspension of rapidlyotissg drug
particles.

Application
This core technology applied as HDDS™ (Hydrophdbiag Delivery System).

2.2.17. Floating drug delivery system

Floating drug delivery system is an low-densitytegss that have sufficient buoyancy to float oves thastric
contents and remain buoyant in the stomach withffecting the gastric emptying rate for a prolongediod of
time and the drug is released slowly at the desdisdolution rate from the system. Effervescent aod-
effervescent are two class of floating drug delveystem and can formulate either in single ungad@ form or in
multiple unit dosage form.

Advantage
Administration of prolongs release floating dosémgens, tablet or capsules, will result in dissauatiof the drug in
the gastric fluid [45].

Disadvantage
Floating system is not feasible for those drugs tla&e solubility or stability problem in GIT anduses irritation to
gastric mucosa [45].

Applications

» Novel approach for dissolution enhancement of ibfgar (a weekly acidic, non-steroidal anti inflamorgtdrug)
by preparing floating formulation in order to géisblved in GIT for best therapeutic action [46].

» Sustained release floating capsules of nicardipyarochloride were developed and were evaluatedvim [45,
47, 48].

2.3. SOLID DISPERSION SYSTEM

Chiou and Riegelman defined the term solid disparsis “a dispersion involving the formation of etite mixtures
of drugs with water soluble carriers by meltingtbé&ir physical mixtures”. The term solid dispersiaiers to a
group of solid products consisting of at least tdiferent components, generally a hydrophilic matand a
hydrophobic drug. The matrix can be either crystallor amorphous. The drug can be dispersed maldguin

amorphous particles (clusters) or in crystallingiples. Based on their molecular arrangementdgferent types of
solid dispersions can be distinguished.
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» Simple Eutectic Mixture.
 Solid Solution Continuous Solid Solution.
* Discontinuous Solid Solution.
 Substitutional Crystalline Solid Solution.
« Interstitial Crystalline Solid Solution.
» Amorphous Solid Solution.
* Glass Solution and Glass Suspension
» Drug dispersion in carriers

Hot melt method

Hot stage Extrusion

Solvent evaporation method

Melting —solvent method

Advantages[10]

» Reduction in particle size:Different carriers used in solid dispersion redpeeticle size of drug particle which
improve solubility and bioavailability.

» Improve wettability of particle: Solid dispersion improves wettability of particle.

» Improve porosity: Solid dispersions containing linear polymers prallarger and more porous particles than
those containing reticular polymers and therefarsult in a higher dissolution rate and bioavaligbi

» Improve dissolution which ultimately improves th@ubility and bioavailability.

Disadvantageq10]
* Instability due moisture content.
« Difficulty in incorporating into formulation of dege forms.

2.3.1. Simple Eutectic Mixture

When a mixture of A and B with composition E is lsah A and B crystallize out simultaneously, whereden

other compositions are cooled, one of the companstarts to crystallize out before the other. Selidectic

mixtures are usually prepared by rapid cooling afoamelt of the two compounds in order to obtaiphgsical

mixture of very fine crystals of the two component¢hen a mixture with composition E, consistingaoélightly

soluble drug and an inert, highly water solubleiearis dissolved in an aqueous medium, the cawikk dissolve

rapidly, releasing very fine crystals of the drilige large surface area of the resulting susperstionld result in an
enhanced dissolution rate and thereby improvedvhitability.

2.3.2. Solid Solution Continuous Solid Solution

In a continuous solid solution, the components raigcible in all proportions. Theoretically, this ames that the
bonding strength between the two components isigéathan the bonding strength between the molseafleach
of the individual components.

2.3.3. Discontinuous Solid Solution

In the case of discontinuous solid solutions, tbkitslity of each of the components in the othemponent is
limited. Below a certain temperature, the mutudllisitities of the two components start to decredsdas been
suggested by Goldberg that the term “solid solusbould only be applied when the mutual solubitifythe two
components exceeds 5%. Whether or not a given solidion can be utilized as a dosage form stravétiydepend
not only on the mutual solubilities of the two campnts but also on the dose of the drug comporiémt.upper
limit for the mass of a tablet or capsule is akogt

2.3.4. Substitutional Crystalline Solid Solution

Classical solid solutions have a crystalline stitestin which the solute molecules can either swlstfor solvent
molecules in the crystal lattice or into the intieess between the solvent molecules. Substitutioanly possible
when the size of the solute molecules differs Isg lan 15% or so from that of the solvent molecule

2.3.5. Interstitial Crystalline Solid Solution

In interstitial solid solutions, the dissolved malées occupy the interstitial spaces between thesbmolecules in
the crystal lattice. To occupy interstitial spattee solute molecules should have a molecular diantbat is no
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greater than 0.59 of the solvent molecule’'s mo&cdiameter. Furthermore, the volume of the solatéecules
should be less than 20% of the solvent.

2.3.6. Amorphous Solid Solution

In an amorphous solid solution, the solute molexale dispersed molecularly but irregularly wittie amorphous
solvent. Using griseofulvin in citric acid, it wdbke first attempt to report the formation of an aphmus solid
solution to improve a drug's dissolution properti®sher carriers that were used in early studiekided urea and
sugars such as sucrose, dextrose and galactose. fdoently, organic polymers such as polyvinylp§dane
(PVP), polyethylene glycol (PEG) and various celdd derivatives have been utilized for this purpose

2.3.7. Glass Solution and Glass Suspension

A glass solution is a homogenous, glassy systemvhiith a solute dissolves in a glassy solvent. Tlassy or
vitreous state is usually obtained by an abruptnghieg of the melt. It is characterized by transpay and
brittleness below the glass transition temperafligg. On heating, it softens progressively and ioaratusly without
a sharp melting point.

2.3.8. Drug dispersion in carriers
* Hot melt method

» Hot stage Extrusion

» Solvent evaporation method

» Melting —solvent method

The solid dispersion approach to reduce particde aind therefore increase the dissolution rateadsdrption of
drugs was first recognized in 1961. The term “salispersions” refers to the dispersion of one oremactive
ingredients in an inert carrier in a solid stategfiently prepared by the melting (fusion) methsmdyent method, or
fusion solvent-method. Novel additional preparatiechniques have included rapid precipitation leefe drying
and using supercritical fluids and spray dryindtemw in the presence of amorphous hydrophilic pa&gsrand also
using methods such as melt extrusion [7].

Examples

The most commonly used hydrophilic carriers foridalispersions include polyvinylpyrrolidone, pollgtene
glycols and Plasdone-S630. Many times surfactamtg aso used in the formation of solid dispersiBuarfactants
like Tween-80, Docusate sodium, Myrj-52, Pluron&8Fand Sodium Lauryl Sulphate used.

Applications
The solubility of etoposide, glyburide, itraconazobhmpelopsin, valdecoxib, celecoxib and halofastitan be
improved by solid dispersion using suitable hyditplearriers.

2.3.8.1. Hot melt method
Sekiguchi and Obi used a hot melt method to prepalié dispersion.

Preparation: Sulphathiazole and urea were melted together arddboled in an ice bath. The resultant solid mass
was then milled to reduce the particle size. Capleads to supersaturation, but due to solidificathe dispersed
drug becomes trapped within the carrier matrix. Alenular dispersion can be achieved or not, dependthe
degree of supersaturation and rate of cooling us#tke process.

2.3.8.2. Hot-melt extrusion

Hot melt extrusion (HME) is the process of applyimgat and pressure to melt a polymer and forceoiigh an
orifice in a continuous process. HME is a well kmoprocess, developed to produce polymer productsiébrm
shape and density, and its industrial applicatiatesl back to the 1930’s. It is one of the most lyigpplied
processing technologies in the plastic, rubberfand industries and is used to prepare more thHrohall plastic
products including bags, films, sheets, tubes réipfoams, and pipes. HME has more recently beetieabto the
health-care industry where it is used to manufactonedical devices and to mix active pharmaceuticgiedients
(APIs) with polymers to enhance the API's bioavaility [49].
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Advantages[10]

» This technique protect drug susceptible to oxisatiad hydrolysis by complete elimination of oxygenwell as
moisture from the mixture [1].

» Improve the solubility and bioavailability of pogrsoluble compounds.

» Processing in the absence of solvents and water.

» Economical process with reduced production timegfeprocessing steps, and a continuous operation.
 Uniform dispersion of fine particle occurs.

» Good stability at varying pH and moisture levels.

 Safe application in humans due to their non swhdlabd water insoluble nature.

Disadvantageq10]

» Not applicable to heat sensitive material.

 Limited number of available polymer.

» This method requires high energy input.

* HME are complex mixture of active drug and excipien

2.3.8.3. Examples of general excipients used in HME

Polyethylene glycol, Polyethylene oxide, Hydroxypyb cellulose, Hydroxypropylmethyl cellulose,
Poly(dimethylamino ethyl methacrylate-co- methaatgl ester), Ammonio-comethacrylate copolymer ane co
povidone [10].

Application of HME [10]

* To mask the bitter taste of an active drug.

» Formation of polymer-drug solutions/dispersions abhincreased drug solubility and increased drugadtiigion
rate.

» Formulation of controlled release dosage formdutiag implants).

» Formulation of targeted release dosage forms.

» Prednisolone, Carbamazepine and Nifedipine wereldped in HME to increase the solubility [50, 51].

2.3.8.4. Solvent evaporation method

Tachibana and Nakumara were the first to dissobth Ihe drug and the carrier in a common solvert ten
evaporate the solvent under vacuum to produceid salution. This enabled them to produce a sadidton of the
highly lipophilic _-carotene in the highly waterlgble carrier polyvinylpyrrolidone. An important grequisite for
the manufacture of a solid dispersion using theesdl method is that both the drug and the carriersafficiently
soluble in the solvent .The solvent can be remdwedarious methods like by spray-drying or by freelzying
Temperatures used for solvent evaporation gendrally the range 23-65 C.

Disadvantages

« Effect of solvents on the environment and high odstroduction due to extra facility for removal sdlvents.

» Due to the toxicity potential of organic solventagtoyed in the solvent evaporation method, hot reeftusion
method is preferred in preparing solid solutions.

Application
The solid dispersion of the 5- lipoxygenase/cycigmnase inhibitor ER- 34122 shown improved in vitro
dissolution rate compared to the crystalline digssance which was prepared by solvent evaporation.

2.3.8.5. Melting —solvent method
A drug is first dissolved in a suitable liquid seht and then this solution is incorporated into thelt of
polyethylene glycol, obtainable below 70°C withoetnoving the liquid solvent.

The selected solvent or dissolved drug may not lecible with the melt of the polyethylene glycollsa

polymorphic form of the drug precipitated in thdidalispersion may get affected by the liquid soltveised.
Carriers for solid dispersions as shown in table 2.
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Table 2: Carriers for solid dispersions

S/No. Chemical class Examples
1 Acids Citric acid and Tartaric acid
2 Sugars Dextrose, Sucrose and Sorbitol
3 Polymeric material  Polyvinylpyrrolidone, PEG-408@d Cellulose|
4 Surfactant Polyxyethylene Stearate, Tweens and S
5 Miscellaneous Urea and Urethase

2.4. VESICULAR APPROACHES

In cell biology, avesicleis a small structure hit a cell, consisting of fluid enclosed by a lipid
bilayer. Vesicles form naturally during the proassof secretion (exocytosis), uptake (phagocytasis!
endocytosis) and transport of materials withindy®plasm and shown below in the figure 8.

Hydrophilic head

Aquous solution

Hydrophobic tail

Fug 8: Scheme of a liposome formed by phospholipidis an agueous solution

Recently lipid vesicles were found to be of veryamwse in membrane biology. These vesicles weseriported

by Bingham in 1965 and thereby also called Binghlaodies. The vesicular approach basically takes into
consideration the concept of micellar solubilzatiBoorly soluble compounds which fit into the mieedtructure
are most appropriate. These micelles soak up plophilic substance in their lipophilic region andsequently no
dissolution of poorly soluble compound needed ketdrsorption as the drug is already in solubilipech[14][6].

Advantages

» These are easy to formulate and reproducible ge Iscale.

» It prolongs the survival of drug in systemic cirtibn and also delays the elimination of rapidlytabelizable
drugs [6].

2.4.1. Liposomes

A liposome is a spherical vesicle having at least lipid bilayer and can be used as a vehicle doministration of
nutrients and also pharmaceutical drugs. Liposoames microscopic, synthetic cells used as sustaictdn
delivery vehicles for a wide variety of drugs, vimes, enzymes, non enzyme proteins, and genetierialagnd
now, for some nutritional supplements as well [@&, 1

Mechanism of action

The drug is encapsulated within the liposomes, wigeentually break down through natural processessapill

their contents into the bloodstream or into tissteegvhich they have migrated by diffusion throudie twalls of
capillaries. The liposome encapsulation effectigsnef lipophilic drugs depends on both the phydieodical

properties of the drug lipophilicity. Ready-foreuBposomes with defined particle size and instaetas loading
procedures with poorly water soluble drugs lipossmue certainly useful options to increase thekslityi of poorly

water soluble compounds offer a dynamic and adap&ghnology for enhancing drug solubility [6].

Advantages

» Liposomes are a safe and efficient way to introdagents into system that are difficult for somesogawhen
taken orally, as well as agents that cannot bentakally at all (because they are degraded by digegiices).
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* Liposomal formulations in contrast to other carsgstems are generally regarded as safe statusosppolipid
constituents [6].

Disadvantageg52]

* Itis very expensive preparation

» May cause the Deterioration of lipids by oxidation.
» Settlement of vesicles in suspension.

» Leakage of drug from vesicles.

 Lack of purity of crude phospholipids.

Application
Gancicyclovir liposomes were formulated and ocldaravailability was shown to increase 1.7 fold @ghhan
gancicyclovir solution [6].

2.4.2. Niosomes

Niosomes are a novel drug delivery system, in whiadh medication is encapsulated in a vesicle. Témcle is
composed of a bilayer of non-ionic surface actigerds and hence the name niosomes. Structuralbpmes are
similar to liposomes, in that they are also madefup bilayer [6].

Advantages
Niosomes have recently been shown to greatly iseré@nsdermal drug delivery and also can be us¢argeted
drug delivery, and thus increased study in thasetstres can provide new methods for drug deliyeyy0].

Disadvantageq52]
» Shelf life of aqueous suspension limited due taegation, leaching or hydrolysis of entrapped drug.
» More time consumption and unstable.

Application

Niosomes of griseofulvin were prepared using défgmon ionic surfactants by thin film method attike injection
method. The in vivo study revealed that niosomapéision significantly improved the oral bioavaili&p of
griseofulvin in albino rats after single dose [6].

2.4.3. Pharmacosomes

Pharmacosomes are colloidal, nanometric size regellesicles or may be in the form of hexagonatrabty of

colloidal drug dispersions attached covalently he phospholipid. Pharmacosomes act as befittingecaior

delivery of drugs quite precisely owing to theilique properties like small size, amphiphilicitytige drug loading,
high entrapment efficiency, and stability [52]. e system is formed by linking a drug (pharmakimna carrier
(soma), they are termed as pharmacosomes. It majepends on surface and bulk interactions of dipiith drug.
Generally any drug conatining an active hydrogema-NH2, -COOH, -OH, , etc.) can be esterifieghe lipid,

with or without spacer chain that strongly resalan amphiphilic compound, which will make possibiembrane,
tissue, or cell wall transfer in the organism.

Advantages

» These act as controlled release of drug at theoidetion as well as in reduction in cost of thpgradrug leakage
and toxicity, increased bioavailability of poorlglsble drugs, and restorative effects [52].

» Advancement in the scope of this delivery systemafaumber of drugs used for heart diseases, prddivery,

inflammation, cancer, and along with a large nundférerbal drugs. Hence, pharmacosomes open nellernges

and opportunities for improved novel vesicular ddadjvery system [52].

Disadvantageq52]

» Expensive technique.

* Itis chemically unstable due to oxidative degramat
» Less abundance of high purity phospholipids
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Applications

» Pharmacosomes of aceclofenac were prepared usospipatidylcholine (80%) in two different ratiosiril and
2:1 by conventional solvent evaporation technigfieeclofenac pharmacosomes showed improved dissoluti
profile than aceclofenac acid [14].

« Diclefenac solubility enhancement was studied bgrptacosome and found to be increased solubility fi®.5
to 22.1ug/mL [53].

CONCLUSION

By this article it is accomplished that drug solitypiand bioavailability enhancement are the maeseatial aspect in
formulation development and also in therapeutiécaffy. Numerous techniques like Traditional, now)id
dispersions and vascular approaches were desdriredin this review can lead to enhancement in dolgbility
resulting in increased bioavailability as well. @e of method for solubility enhancement dependsnugrug
characteristics like solubility, melting point, @gal nature, chemical nature, absorption site rmpheokinetic
behavior, dosage form requirement like tablet gusoée formulation, strength, immediate, or modifietease,
regulatory requirements like maximum daily doseanf/ excipients and/or drug, approved excipients/yaical
accuracy and so forth.
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