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Abstract

The study on solubility yields information about the structure and intermolecular forces of drugs.
Use of the solubility characteristics in bioavailability, pharmacological action and solubility
enhancement of various poorly soluble compounds is a challenging task for researchers and
pharmaceutical scientists. General parameters affecting solubility are particle size, shape and
surface area physicochemical properties of drugs, physical forms of drugs, solvents, pH of the
medium, temperature and use of surfactants.
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INTRODUCTION

Poorly soluble drugs present a problem in pharma@duformulations. Improving dissolution
properties is a major obstacle that must be oveectwcause many new drugs discovered by
combinatorial chemistry and high-throughput scregnare poorly soluble, making them poor
candidates as new drugs. It is important to imprneesolubility and/or dissolution rate for poorly
soluble drugs because these drugs possess lowptibsoand bioavailability. Various methods to
improve the dissolution of poorly soluble drugs édeen reported. As solubility is an important
determinant in drug liberation hence it plays a kele in its bioavailability. Any drug to be
absorbed must be present in the form of an aqusauson at the site of absorption.[1-5]

Solid dosage medicaments have to face severaklmand loss at sites in its sequential movement
during gastrointestinal absorption takes placeeiaral administration posses certain advantages if
immediate physiological action is needed from aydsich usually can be provided by injecting an
aqueous solution.

M echanism of Solubility

The term ‘solubility’ is defined as maximum amouoft solute that can be dissolved in a given
amount of solvent. It can also be defined quanigit as well as qualitatively. Quantitatively € i
defined as the concentration of the solute in aratdd solution at a certain temperature. In
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gualitative terms, solubility may be defined as thgontaneous interaction of two or more
substances to form a homogenous molecular disperdicaturated solution is one in which the
solute is in equilibrium with the solvent. The dality of a drug is represented through various
concentration expression such as parts, percentagtrity, molality, volume fraction, mole
fraction.[6-8]

Spontaneous passage of poorly water soluble swilatecules into an aqueous solution of surfactant
is termed as solubilisation. As difference molesuftgeract, both repulsive and attractive forces ar
operative. The intramolecular forces and valencellaye given below:

I ntramolecular forces
» Dipole-dipole interaction (Keesome interactions)
* Dipole- induced dipole interaction(Debye interantp
* Induced-dipole interaction-Induced-dipole interan{London dispersion forces)
* lon-dipole interaction
e Hydrogen bonds

Valence Bonds
* Electrovalent Bond
e Covalent Bond
* Homo-polar Bond
e lonic Bond
* Heteropolar Bond

Factor sinfluencing solubility of Drugs[9-12]

» Soluterelated: Nature of solute- Size, Shape and surface area
Physicochemical properties- melting point, hedusfon, molar volume and
pKa
Physical forms- Salt, crystalline state, and polyphésm

* Solvent related: Nature of the solvent, i.e., Polarity, pH of timedium, volume of solvent
employed.

* Environment related: Temperature and pressure.

* Formulation related: Other ingredients.

Influence of particle size, shape and surface area

Solubility increases with decreasing particle si@ace surface area of solids in contact with the
medium increases, rapid dissolution is obtaineds Tritrease in solubility ceases when the particle
size reaches a particular point. Hence, particte g critical and beyond a particular value, the
solubility of solid decreases. Such a change abseause of the presence of an electrical charge on
the particle, which is predominant in small pagglSymmetric molecules may be less soluble than
unsymmetrical ones. If crystals are compact, thesspss high lattice energy and therefore, will be
lowered.

Influence of physicochemical propertiesof drugs

The melting points of solids are indicators of neolar cohesion and hence are useful for predicting
the trend in a series of similar compounds. Themparameters are molar heat of fusion, entropy of
fusion and molar volume. These are discussed ith#naies of solutions.
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Dissociation constant of drug is useful in predigtthe extent of ionisation depending on the pH of
the environment. In general, the ionised species lgaeater aqueous solubility than the un ionised
species.

Physical formsof drugs

Some of the general principles are:

- Amorphous forms of drugs have greater aqueous gitjuthan the crystalline forms.

- Among crystals, metastable forms of drugs havetgremueous solubility than the stable forms.

- Anhydrous forms of drugs have greater aqueous sgityuihan hydrates forms.

- Organic solvates of drugs have greater aqueoubistfihan unsolvated forms.

- salt forms of drugs have greater aqueous soluhiian non-salt forms, provided common ion
effect is not influenced.

I nfluence of Solvents

In the formulation, water or vegetable oils aremally used as solvents. The solubility of the drug
is due to the polarity of the solvent that is dgoolovement. In addition, hydrogen bonding between
solute and solvent is essential. Therefore, strattieatures and presence of nonpolar and polar
groups in the molecule are important. Syrups agaid oral solutions are manufactured using
water. The simple maxim of like-dissolve-like igthuiding principle.

Table 1: Influencing of solvent on solubility: Intra venous

Solvent Nature of Solute] Examplesof Drug Dosage forms
Water(Polar) Polar Substances Vitamin B1&B2 Elixer
Strong Electrolytes  Sodium chloride I.v. infusion
Weak Electrolytes| Sodium Injection
Phenobarbitone
Nonelectrolytes Dextrose I.v. injection
Oil(nonpolar) Nonpolar substand Progeteron Oil injection

Poorly water soluble drugs are normally dissolveeh@n-aqueous vehicles such as liquid paraffin,
arachis oil and ethyl oleate. In most cases, aurexof solvents is used for maximum solubility of
drugs.

Influence of pH of the medium:

Most of the drugs are weak electrolytes. Weak aarmtsweak bases undergo ionisation in solution.
Drugs are more soluble in water when they are iisex form. Unionised drugs are poorly water
soluble. The extent of ionisation of drug in a siolu depends on the dissociation constant and the
pH of the medium. For example, alkaloidal salte arore soluble in acidic pH and begin to
precipitate as the pH increases. On the other hdm@hobarbitone is more soluble in alkaline Ph and
begins to precipitate as the pH decreases.

The relationship between pHp(of the preparatioolylslity and pKa value of the drug is expressed
as:
Acidic drugs: pHp = pKa + log s
Basic drugs: pHp = pKa + l0g/S-s
Where pKa = dissociation constant of drug, S- solubility of unionised form, moles/litre, S= overall solubility
of drug,moleg/litre
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If pH of the solution is known, solubility of drugsan be calculated using equations(1) and (2).
Similarly minimum pH can be determined in ordemtaintain a solution of known concentration
without precipitation.

I nfluence of Cosolvents

Frequently a solute is more soluble in a mixturesolivents rather than in a single solvent. The
solvents, which are used to increase the solylmfita drug in water, are called as cosolvents. The
phenomenon is known as cosolvency. Ethanol, progyiglycol, glycerine, PEG 300, and PEG
400(polyethylene glycols) are the commonly usedbl@sts, since these are water miscible. The
concept of cosolvency is applied in the manufactirkquid dosage forms such as syrups, elixirs,
injections, creams and lotions. In addition, sotgersuch as benzyl alcohol, dimethyl
sulphoxide(DMSO), Dimethyl acetamide(DMA) and Dimmgdt formamide(DMF) are used as
supplementary solvents.

Influence of Temperature

Increase in temperature involves the absorptidmeat and it influences the solubility of the drugs.

- If the dissolution involves positive hit of solutipa rise in temperature leads to an increase in
solubility of solid. Example is potassium nitratewater.

- Conversely if the dissolution of a solid involvasetliberation of heat then an increase in
temperature leads to decrease in solubility. Exangptalcium acetate in water.

Influence of Surfactants

Surface active agents enhance the solubility oflposater-soluble drugs due to the formation of
micelles. This phenomenon is known as micellarlsbsation. For Example, Solubility of procaine
is enhancing by 25% in aqueous buffer, owing toftienation of surfactant micells.

Influence of other ingredients

Several ingredients of diverse nature are addédeifiormulation of dosage forms. The solubility of
a sparingly soluble electrolyte is decreased byaitigition of a second electrolyte that posses a
similar ion to the first. The phenomenon is knowsrcammon ion effect. The behaviour is predicted
from the concept of solubility product.

Effect of other electrolytes

The solubility of a sparingly soluble electrolytegy be increased by the addition of a second
electrolyte that does not possess same ions. Tieedmduced by dissociation of electrolytes are
strongly associated with oppositely charged ions.

Factor s affecting Solubility[13-26]
The solubility of a compound depends upon the mlaysand chemical properties of the solute and
the solvent as well as various other factors like:
 Temperature
» Concentration of the solute
* pH of the solvent
* Molecular structure of the solute
» Complex formation
* Types of Solute and Solvent
» Salting out( electrolytes and non-electrolytes)
* Combined effect of solvent and pH
* Pressure
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» Surfactants(Wetting agents)
« Particle size of solute

¢ Common ion effect

» Dielectric Constant

Temperature
Increasing the temperature of material solubilith@&cement is often possible.

Dielectric Constant
The solubility is a function of dielectric constasft polar and nonpolar medium. Most often, with
hydrophobic drugs, the solubility decreases witlreasing dielectric constant.

pH
pH of a substance is related to its pKa and eotnation of ionised and un-ionised forms of the
substance by the equation:

pH = pKa + log [A/HA]

where pKa = Dissociation constant.

If the substance is brought outside its pKa (pHigalhere half of the substance is ionised and half
un-ionised), then solubility will be changed be@w$ introduction of new intermolecular forces,
mainly ionic attraction forces.

Solvent
Solubility is greatest between materials with samipolarities and this is defined by hydrogen
bonding.

Weak hydrogen bond liquid
Hydrocarbons, chlorinated hydrocarbons, and niyrdrdcarbons.

M oder ate Hydrogen bond liquid
Ketones, esters, ethers, and glycol mono-ethers.

Strong Hydrogen bond liquid
Alcohols, amines, acids, amides and aldehydes.

Particlesize

The size of the solid particle influences the siitypbecause as particle becomes smaller, the
surface area to volume ratio increases the sudee which allows a greater interaction with the
solvent.

Polymor phism

The capacity for substance to crystallize in mdrant one crystalline form is polymorphism.
Polymorphs can vary in melting point. Since thetmglpoint of the solid is related to its solulyiit
then polymorphs will most likely have different sbllities.

Salts
Salt selection is often a sought after approacimigrove dissolution rate and oral absorption of
poor soluble drugs. Water solubility increasesriteo of selected counter ions as follows:

| odide<tosyl ate< glycol ate< mesyl ate< acetate<chloride
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Pressure

The solubility of liquids and solids in water aret mppreciably affected by increased pressure. The
solubility of gases significantly increases witlegsure. According to Henery’s law, the increase in
solubility is directly proportional to the increaigepressure.

Stearic factors
Solubility is also affected by dimension of struetand its configurations.

Methods for Enhancing the solubility of Drugs

The ability to increase the aqueous solubility barvaluable aid to increasing efficacy or reducing
adverse effects for certain drugs. Following apphes can be employed to enhance the agueous
solubility of a solid drug solute.

Use of co-solvent

The use of mixed solvent system is often necessapharmaceuticals when a drug is poorly
soluble. Co-solvents such as ethanol, propyleneoglyolyethylene glycol, glycerine, sorbitol and
polyoxyethylene glycols can be used.

Hydrotrophy method

Hydrotrophy is a solubilisation process wherebyitmiul of a large amount of second solute results
in an increase in the aqueous solubility of anodwute. Solute consists of alkali metal salts of
various organic acids. Hydrotropic agents are imrganic salts. Additives or salts that increase
solubility in given solvent are said to “salt infe solute and those salts that decrease solutsty
out” the solute.

Several salts with large anions or cations thatlaenselves very soluble in water result in “sgjtin
in” of non electrolytes called “hydrotropic sal@’phenomenon known as “hydrotropism”.

Hydrotropics solutions donot show colloidal propetand involve a weak interaction between the
hydrotropic agent and solute.

Change in dielectric constant of solvent

The addition of a co-solvent can increase solybiit hydrophobic molecules by reducing the
dielectric constant of the solvent. Due to hydrodeemding, water is a good solvent for polar
molecules and has a high dielectric constant. Telearic constant is a measure of the effect of a
substance has on the energy needed to separatepmasitely charged bodies. A vacuum is
arbitrarily given a dielectric constant of one. Tdreergy required to separate two oppositely charged
bodies is inversely proportional to the dielectmmstant of the medium.

Chemical modification of the drug:
By addition of polar groups like carboxylic acidgtones and amines can increase solubility by
increasing hydrogen bonding and the interactioih witer.

Complexation M ethods (inclusion complex or clathrates)

Considerable increase in solubility and dissolutadrthe drugs has been achieved by the use of
Betacyclodextrins. Betacyclodextrin can solubilisater insoluble drugs. In the same way, the
solubility of beta cyclodextrin can be significgn#nhanced by the addition of some water soluble
drugs, Such as sodium salicylate, or water-solym/mers such as hydroxyl propyl methyl
cellulose(HPMC) to the aqueous solution. Other demgs like inorganic coordination, chelates,
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metal olefin, and molecular complexes can alsongeeased as complexation relies on relatively
weak force such as London forces, hydrogen bonanaighydrophobic interactions.

Alteration of pH of solvent
pH of solvent when reduced causes solubility endar@nt combined effect of pH and complexation
on solubilisation is also synergistic in nature.

Use of surfactactants

surfactants are amphipathic in nature, meanihgstpolar end (the circular head) and a non —polar
end (the tail ). When a surfactant is placed inewat will form micelles. A non —polar drug will
partition into the hydrophobic core of the micelled the polar tails will solubilise the complex.

Use of hydratesor solvates

A crystalline compound may contain either a storgdtric or nonstochiometric amount of solvent.
Non stochometric adducts, such as inclusions, weglentrapped solvent molecules.with in the
crystal lattice. A stoichiometric adduct, commordyerred to a solvate, is a molecular complex that
has incorporated the crystallising solvent molesul® specific sites within the crystal lattice. &h
the incorporated solvent is water, the complexaited as hydrate. A compound not containing any
water within its crystal structure is termed anloydy. Aqueous solubilities of anhydrous forms and
higher than the hydrate forms.

Use of Soluble prodrug

Where in the physic chemical properties of the drage improved by bioreverssible chemical
alteration. The most common prodrug strategy ine®lthe incorporation o polar or ionosable
moiety into the parent compound to improve aqueahgbility. The post hoc pro drug approach has
been successfully used to imrove water solubilitgasticosteroids, vitamins and benzodiazepines.
Amorphous forms have atoms or molecules randomly placed as iguadl and have higher
thermodynamic energy than corresponding crystaftnes. Solubilities as well as dissolution rates
are generally greater.

Application of ultrasonic waves
Solubility increases by use o ultrasonic vibratdrs1 oscillator of high frequency(100-500KHz) is
use and device is known as Pohiman whistle.

Solid dispersion method: It reduces the drug particle size and changes theovaiorironment of
the drug particle, increase the rate of dissolutimmd absorption and thus changes the
Biopharmaceutical properties of poorly alter sotulblrugs. Solid dispersions are prepared by
fusion, solvent evaporation an fusion solvent meétho

Spherical crystallization [27]

Spherical crystallization is a particle design taghe, by which crystallization and agglomeration
can be carried out simultaneously in one step ahithwhas been successfully utilized for
improvement solubility of poorly water soluble dsugseneral methods of spherical crystallization
are spherical agglomeration, emulsion solvent diffni and ammonia diffusion method. Factors
controlling the process of agglomeration are sdilybprofile, mode and intensity of agitation,
temperature of the system and residence time.

Methodsfor solubility Deter mination
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No universally acceptable method for determininigilsiéity is known. Solubility of solids in liquids
may be determined by phase solubility analysisdaootance, solute method and turbidity method.
For determination of solubility of sparingly solebtalts several methods available are: Electrical
method such as determination of solubility produmt electromotive force method, and
determination of conductivity of the solution; cotoetric method and radioactive method[28-32].

REFERENCES

[1] Meyer, M., C., “Bioavailability of drugs and bioagalence. In: Encyclopedia of
Pharmaceutical Technology.” New York. Marcel Dekkuer.; 1998, 2, 33-58.

[2] Shargil, L., and Yu, “Applied Biophharmaceuitc#ppleton-Century Crofts, Norwalk,C.T.,
1985, 2, 193-203.

[3] Martin, A., “Physical pharmacy,” Lippincott Williasn & Wilkins, A. Walters Kluwer Co.,
Philadelphia2003, 5, 410-418.

[4] Carstensen, J., T., “Pharmaceutical Preformulgdtibeelinomoc Publishing Co. Inc1998, 14-
47.

[5] Martin, A., Bustamanate, P., and Chun, A., H.,“€hysical Pharmacy,” B.I.Waverly Pvt.Ltd.,
New Delhi, 1994, 4, 4.161.

[6] Osol, A., (Eds.) In: “Remington’s Pharmaceuticaleaces,” Mack Publishing Company,
Eastern Pensylvania, 1990, 18, 203.

[7] Martin,A., Bustamanate,P., and Chun, A., H., Chy$ical Pharmacy,” B.l. Wavely Pvt. Ltd.,
New Delhi1994, 4, 223.

[8] Neuberg, C., Hydrotrophyiochem J. Pharm, 1989, 75(7),577.

[9] Winsor,P., A., “Hydrotrophy, Solubilizattion and IReed Emulsification Proces&950,
54,762-772.

[10] Jain.N.K., Patel,V.,V and Tanelja,L.,NPharmazie,1998, 43(3):194-6.

[11] Gupta, G, D.,Jain,N.,KRharmazie 1997, 52(9):709-12.

[12] Coffman, R., E., Kildsig,D.,ORPharm.Res.1996, 13(10):1460-3.

[13] Saleh, A., M., Ebian, A.,R.,Etman, M.Al.Pharm.Sci.1986, 75(7):644-7.

[14] Agrawal, S.,Pancholi,S., S.,Jain,N.,K., AgrawaRglnt. J. Pharm. 2004, 7,149-155.

[15] Boje,K.,M.,Sak,M.,Fung,H.,LPharm.Res.1988, 5(10):655-9.

[16] Grove,C.,Liebenberg,W., du Preez,J.,L., Yang, Wilges,M.,M., J.Cosmet.<ci.2003
54(6):537-50.

[17] Yang,W.,de Villiers,M., M, J. Pharm.Pharmacol. 2004, 56(6):703-8.

[18] Muller,B.,W.,Albers.,E.J.Pharm.Sci.1991, 80(6):599-604.

[19] Rawat,S.,Jain,S. KEur.J.Pharm.Biopharm.2004, 57(2):263-267.

[20] Khopade, A.,J.,and Jain, N., K.,”Advances in Cdigcband Newer Drug Delivery System,”
CBS Publications & Distributions, New Delh®99,361.

[21] Ooya, T., Lee,J.,Park, KBjo Conjug.Chem., 2004, 15(6):1221-9.

[22] Jennifer L.WestAnnu. Rev. Biomed. Eng., 2004, 5:285-92.

[23] Amidon, G., L., Drug Derivatization as a means ofuBilizations: Physical and Biochemical
strategies. In: Yalkowsky,S., H., (ed.), Technigoé$olubilization of Drugs. Marcel Dekker, New
York, 1991, 183-211.

[24] Yadav, J., B., “Advanced Practical Physcal ChewiistGoel Publishing House,Meerut 1993,
91-101.

[25] Rathore, K.S., Gupta,G.D., Tanwar, Y.Bie Pharma Review, 2006, 171-73.

[26] Nitin,A., Bhimte, Prahalad, T., Tayadet J. Pharm Exip, 2005, 71-6.

[27] Patil S. V., Sahoo S. KDer Pharmacia Lettre, 2010, 2(1), 421-426.

[28] N. K. Jain, Controlled and Novel drug delivery, 20@, 236-237.

[29] S. P. Vyas and R. K. Khar, Targeted and Contradiedy delivery, 2002, 7, 418.

317
Scholar Research Library



BeheraA.L.etal Der Pharmacia Lettre, 2010, 2(2): 310-318

[30] Kreuter J., Nefzger M., Liehl E., CzokR. And Vodges]. Pharm Sci. 1983, 72, 1146.

[31] Parodi, B.; Russo, E.; Caviglioli, G.; Cafaggi, i@laBinardi, G.Drug Dev. Ind. Pharm., 1996,
22(5):445-450.

[32] Chien, Y.W.; Corbo, D.C. and Liv, J.Orug Dev. Ind. Pharm., 1991, 17:2269-2290.

318
Scholar Research Library



