
Pre-formulation Studies



Pre-formulation

• It is defined as the phase of research and development in which pre-
formulation studies characterize physical and chemical properties of
a drug molecule in order to develop safe, effective and stable
dosage form.

• In pre-formulation studies, physicochemical properties of drug
molecules are characterized either alone or in combination with
excipients.



Pre-formulation
• The meaning of pre-formulation refers to the steps to be undertaken before formulation.

• Pre-formulation includes determination of physical chemical properties of drug substance with the goal of 

developing a new drug which is safe stable and efficacious.

• Each drug has intrinsic chemical and physical properties that were considered prior to the development of 

pharmaceutical formulation the purpose of pre-formulation study is to generate useful information for the 

formulator in the development of stable and bioavailable dosage form.

• Inappropriate pre-formulation study results in poor stability of active ingredients increase the overall cost of 

development and increased development time.

• After compiling all data it is transferred to the development pharmacist and for the day work on formulation

of dosage form.



OBJECTIVES

• To establish the Physico-chemical parametersof a new drug entity

• To determine itskineticsand stability

• To establish its compatibility with common excipients

• It provides insights into how drug products should be processed and stored to ensure

their quality

• Toestimate problem may arise during formulation that isstability problem poor in 

Vivo dissolution and poor bioavailability

• To develop optimal drug delivery system.





GOALS

• To establish physico-chemical parameter of candidate drug molecule.

• To determine the Kinetic rate profile of drug substance.

• To establish the compatibility of candidate drug  

common excipients

molecule with

• To choosethe correct form of drug substance



Organoleptic Characters

• Colour, odour, taste of the new drug must be recorded.

Colour Odour Taste

Off-white Pungent Acidic

Cream Yellow Sulphurous Bitter

Tan Fruity Bland

Shiny Aromatic Intense

Odourless Sweet

Tasteless



Physical Properties

1. Physical form (crystal & amorphous)

2. Particle size, shape,

3. Polymorphism

4. Flow properties,

5. Solubility profile (pka, pH, Partition Coefficient),



Physical Properties

1. Physical form (crystal & amorphous)

• Solid form are preferred for the formulation becausethey can be easily converted into tablet and capsule.

• A compound can be crystalline or amorphous depend upon internal structure.

• The habit and internal structure of the drug effects flow properties as well as chemical stability.

• In crystalline state atoms or molecules are arranged in highly ordered form and its associated with three

dimensional array.

• While in amorphous forms are atoms or molecules are randomly placed as in a liquid they do not have any fixed 

internal structure.

• Solubility & dissolution rate are greater for amorphous form than crystalline, asamorphousform has

higher thermodynamic energy.

• Eg. Amorphous form of Novobiocin is well absorbed whereas crystalline form results in poor absorption



• Crystal habit & internal structure of drugcan affect bulk & physicochemical property of molecule.

• Crystal habit is description of outer appearance of crystal.

• Internal structure ismolecular arrangement within the solid.

• Change with internal structure usually alters crystal habit.

• Eg. Conversion of sodium salt to its free acid form produce both change in internal structure & crystal habi

• Internal packing of molecules may have no long-range order (amorphous), different repeating packing

arrangements (polymorphic crystals), solvent included (solvates and hydrates).

• These changes in internal packing of a solid will give rise to changes in properties.

• However, it isalso possible to change the external shape of a crystal.

Physical Properties



Crystalline Amorphous

Crystalline form have fixed internal

structure.

Amorphous forms do not have any fixed

internal structure

Crystalline form has lesser thermodynamic 

energy as compared to its amorphous form.

Amorphous form has higher

thermodynamics energy than its crystalline

form

Crystalline forms are more stable than its 

amorphous forms.

Amorphous forms are lessstable than its 

crystalline forms

Crystalline forms has lesser solubility than its

amorphous form

Amorphous forms have a greater solubility

than its crystalline forms

Crystalline forms has less tendancy to

change its form during storage

Amorphous tends to the word to more

stable form during storage

Melting point: Stable >metastable form >unstable form >amorphous form of the same drug

Dissolution rate: Stable <metastable form <unstable form <amorphous form of the same drug



Different shapes of crystals

• Crystal habit- The external shape is called

the crystal habit and this is a consequence of

the rate at which different faces grow.

• Changes in internal packing usually (but not

always) give an easily distinguishable change

in habit.

• However, for the same crystal packing it is

possible to change the external appearance

by changing the crystallization conditions.



• The degree of crystallinity of drug substance has marked effect on its hardness, density, transparency and

diffusion.

• This influences both the choices of delivery system and activity as determined by the rate of delivery.

• As crystalline compound contain stoichiometric or non stoichiometric crystallization solvent.

• Non stoichiometric adducts are called inclusion or clathrates.

• While stoichiometric adducts are called solvates.

• The crystalline form of penicillin G as a potassium or sodium salt is considerable more stable and result in 

excellent therapeutic response than amorphous forms.

• If the compound contain water as a solvent then it is known as hydrate.

Physical Properties



Molecular Adducts

• During the process of crystallization, some compounds have a tendency to trap the solvent molecules.

Non-Stoichiometric inclusion compounds (or adducts)

• In these crystals solvent molecules are entrapped within the crystal lattice and the number of solvent 

molecules are not included in stoichiometric number. Depending on the shape they are of three types :-

• Channel When the crystal contains continuous channels in which the solvent molecule can be included.

e.g . Urea formschannel.

• Layers:- Here solvent molecules are entrapped in between layers of crystals.

• Clathrates(Cage):- Solvent molecules are entrapped within the cavity of the crystal from all sides.



Molecular Adducts
Stoichiometric inclusion compounds (or stoichiometric adducts)

• This molecular complex has incorporated the crystallizing solvent molecules into specific site

within the crystal lattice and has stoichiometric number of solvent molecules complexed.

• When the incorporated solvent is water, the complex is called hydrates and when the solvent i

other than water, the complex is called solvates. Depending on the ratio of water molecule

within a complex the following nomenclature is followed.

• Anhydrous: 1mole compound +0 mole water

• Hemihydrate: 1mole compound +½ mole water

• Monohydrate: 1mole compound +1mole water

• Dihydrate : 1mole compound +2 moleswater



Physical Properties

• If the compound have no water molecule within its crystal structure then it iscalled 

unhydrous.

• The dissolution rates of hydrates are less than corresponding unhydrous crystalline form.

• example glutethimide theophylline, caffeine, succinyl sulphathiazol, phenobarbitol.

• Thedissolution rates of organic solvatesare higher than corresponding pure crystalline 

form.

• Example 1, 4 dioxane solvate of nifedipine shows better solubility than dihydrate form.



Properties of solvates / hydrates

• Generally, the anhydrous form of a drug has greater aqueous solubility than its
hydrates. This is because the hydrates are already in equilibrium with water and
therefore have less demand for water. e.g. anhydrous forms of theophyline and
ampicillin have higher aqueous solubility than the hydrates.

• Non aqueous solvates have greater aqueous solubility than the non-solvates.
e.g. chloroform solvates of griseofulvin are more water soluble than their
nonsolvate forms.



2. Particle size

• Particle size represents the dimensions of solid powders, liquid particles, and gases bubbles.

• Particle size mainly influence dissolution rate.

• Absorption rate of poorly soluble drug can be improved by reducing the particle sizeand thus 

enhances the bioavailability of drugs.

• Particle size is also considered during development of new chemical entities (NCEs) as it affect

physical properties of active pharmaceutical ingredients and excipients.

• Particle size and shape significantly affect various manufacturing step, such as mixing, granulation,

drying, milling, blending, coating, encapsulation, and compression.



Particle size

• As per ICH Guidelines, particle size is critical parameter which affects safety, efficacy, and stability of solid 

dosage form and certain liquid dosage forms like suspension and emulsion.

• During manufacturing of solid dosage forms  like tablet and capsule,  particle size influences a large

number of parameters in processing, including capsule filling, porosity, and flowability.

• Similarly in suspension, physical properties and particle size of dispersed particles, both affect the stability

of formulation.



Solubility and particle size

Theparticle sizeand surface area of drug exposed to a medium can affect 
solubility.

log =
𝑆

2𝛾𝑆𝑜 2.303𝑅𝑇𝑟

S– solubility of the small particles

S0- solubility of the large particles

γ- surface tension

V – molar volume  

R- gas constant

T- absolute temperature 

r- radius of small particles



Particle size determination (PSD) -

Methods

1. Optical Microscopy (Counting)

2. Sieving Method (Separation)

3. Sedimentation Method

4. Conductivity Method





Particle Shape

According to their shape particle divided are into two groups.

1)Symmetrical Particle

2) Asymmetrical Particle



Symmetrical Particle
• The particle having specific crystal shape and can be expressed in term of their diameter known as

symmetrical particle.

• For example Spherical Shape

• Symmetrical particle are mainly found in spherical shape.

• Soif we know the diameter of spherical particle we can easily determine its surface area and 

volume.

Asymmetrical particle
• The particle which have no specific crystal shape known as asymmetrical particles.

• Asthe asymmetry of particle increases then the surface area and volume of the particle also 

become complex to be determined.

• In order to determined their surface area and volume four different types of equivalent diameter

are used i.e. Surface diameter, Volume diameter, Projected diameter, Stokes diameter.



Particle Shape Determination

 Particle shape also has influence on surface area, flow properties, packing and 

compaction of the particles.

 Spherical particles have minimum surface area and better flow properties.

 Shape can also have influence on rate of dissolution of drugs.

Techniquesof determination are:

 Microscopy

 Light scattering



Different types of Particle Shape



Surface area= α𝑠𝑑2 = 𝜋𝑑 2

𝑝 𝑠

Where α𝑠 is 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 and 𝑑𝑠 is the equivalent surface diameter

Volume= αv𝑑3𝑝=
𝑣𝜋𝑑 2

6

αv is the volume factor and dv is the equivalent volume diameter.

Surface area and volume

𝑠 𝑠 𝑝 vFor a sphereα =𝜋𝑑 2/𝑑2 =3.142 and α = 𝑣
𝜋𝑑 3

6𝑑3
𝑝

=0.524

The ratio α𝑠/ αv is used to characterize particle shape.

If α𝑠/ αv=6, particle isspherical in shape.  

When α𝑠/ αv >6, particle becomes asymmetric.



3. Need to study polymorphism????
• Depending upon their relative stability, one of the several polymorphic form will be physically more stable than

others.

• Stable polymorph represents the lowest energy state, has highest melting point and least

aqueous  solubility.

• Metastable form represent the higher energy state, have lower melting point and high aqueous solubility .

• Metastable form converted to the stable form due to their higher energy state.

• Metastable form shows better bioavailability and therefore preferred in formulations.

• Only 10%of the pharmaceuticals are present in their metastableform.

• Solubility (particularly important in suspensions and biopharmaceutically), melting point, density, crystal shape,

optical and electrical properties and vapour pressure are often very different for each polymorph.

• Polymorphism is remarkably common, particularly within certain structural groups: 63% of barbiturates, 67% of

steroids and 40% of sulphonamides exhibit polymorphism.

• The steroid progesterone has five polymorphs, whereas the sulphonamide sulphabenzamide has four polymorphs and
three solvates.



Polymorphism

It is the ability of the compound to crystallize as more than one distinct crystalline species with
different internal lattice.

Different crystalline forms are called polymorphs but their chemical composition remain same. 

Polymorphs are of 2 types

• Enatiotropic

• Monotropic

The polymorph which can be changed from one form into another by varying temp or pressure is

called as Enantiotropic polymorph.

• Eg. Sulphur.

One polymorph which isunstable at all temp. & pressure is called as Monotropic polymorph.

• Eg. Glyceryl stearate.



Polymorphs differ from each other with respect to their physical property such as

• Solubility

• Melting point

• Density

• Hardness

• Compression characteristic

Characteristics of polymorphs

Polymorphism

Characteristics Stable polymorph Metastabl

e  

polymorp

h

Unstable

polymorph

Packing of molecules in crystal

lattice

Tightly packed Less tightly packed Loosely packed

Melting point Highest Moderate Lowest

Rate of dissolution Lowest Moderate Highest



Polymorphism and bioavailability

• Many drugs are hydrophobic and have very limited solubility in water. If the drug remains in several polymorphic

forms then the stable one will produce the slowest rate of dissolution and it may show minimum bioavailability.

• For highly water soluble drugs polymorphism does not show any problem in dissolution rate

• Example: Chloramphenicol palmitate has three polymorphs α(stable), β(metastable) and γ (unstable). When

chloramphenicol palmitate suspension is prepared from α or β polymorph it is found that bioavailabilty is higher

with the metastable form.

• Example: Two polymorphs of aspirin can be obtained by recrystallization of aspirin from 95% ethanol or n-

hexane. The polymorph obtained from n-hexane is found to have greater solubility in water than the polymorph

obtained from ethanol.



Polymorphism and melting point of cocoa butter suppositories
• Theobroma oil or cocoa butter suppositories are meant to be melted at body temperature 370C but

should remain as solid at room temperature during storage period.
• Cocoa butter is available in three polymorphs–α (m.p. 200C),β (m.p.360C) and γ (m.p. 150C). a-form

is the metastable form, b-form is the stable form and g-form is the unstable form. During melting of
cocoa butter by fusion method the following phenomena are found:

• So during preparation of cocoa butter suppositories 2/3rd portion of cocoa-butter base is melted and
then the container is removed from the heat source. The rest of the base ismelted by stirring only 
without application of heat.

Procedure Observation Explanation

The cocoa butter is

melted applying high

temperature (600C)

and then quickly

chilled.

The suppositories melts

below 300C i.e. at room

temperature it will melt.

So it will be difficult to

handle at room

temperature.

If melted at high temperature and

cooled very quickly then the

molecules form the a-crystals in more

amount so the suppositories melt

below 300C. The metastable a-form

will revert to stable

b-form, but it will take several days 

for this procedure.

The cocoa butter is

melted at low

temperature (40 to

500C) and then cooled

slowly.

The suppositories do not

melt at room

temperature.

Th

e melting point will be

above 360C .

The use of low temperature and

slow

cooling rate

allows direct formation of b-crystals

having amelting point of 360C.



Polymorphism and caking of suspension

In case of a suspension the particles will sediment below and the particles will
come closer to each other.

During a long storage life the suspension may experience several cycles of
temperature change.

During the hot period the metastable form will get dissolved in the stagnant
layer and during the cool period the particles will grow and crystal bridges may
form with the stable crystals.

These crystal-bridges will give rise to irreversible caking of suspension.



Methods of characterization of polymorphs

1.Hot stage microscopy,

2.Differential Thermal Analysis,

3. Differential Scanning Calorimetry

4. Thermogravimetric Analysis(TGA)

5.X-ray powder diffraction

6. IR-Spectroscopy



4. Flow Properties of Powders

• Powders may be free-flowing or cohesive (Sticky).

• Many common manufacturing problems are attributes to powder flow when powder transfer

through large equipment such as hopper.

• Uneven powder flow -excess entrapped air within powders capping or lamination.

• Uneven powder flow increase particle’s friction with die wall causing lubrication problems and

increase dust contamination risksduring powder transfer.

• Powder storage, which for example result in caking tendencies within a vial or bag after

shipping or storage time.

• Separation of small quantity of the powder from the bulk-specifically just before the creation of

individual doses such as during tableting, encapsulation and vial filling which affect the weight

uniformity of the dose (under or over dosage).



Parameters to evaluate the flowability of a powder.

• Carr’scompressibility index.

• Hausner ratio.

• The angle of repose(Ɵ).



• A volume of powder is filled into a graduated glass cylinder and repeatedly tapped for a known 
duration. The volume of powder after tapping is measure.

•
𝑻𝒂𝒑𝒑𝒆𝒅 𝒅𝒆𝒏𝒔𝒊𝒕𝒚

Carr’sindex (%) = 𝟏𝟎𝟎 (𝑻𝒂𝒑𝒑𝒆𝒅 𝒅𝒆𝒏𝒔𝒊𝒕𝒚−𝑩𝒖𝒍𝒌 𝒅𝒆𝒏𝒔𝒊𝒕𝒚)

• Bulk density = Weight
Bulk volume

• Tapped density =
Weight

Tapped volume

Carr’scompressibility index



Flow description % Compressibility Examples

Excellent flow 5 – 15 Free flowing granules

Good 12 – 16 Free flowing powdered
granules

Fair to Passable 18 – 21 Powdered granules

Poor 23 – 35 Very fluid powders

Very Poor 33 -38 Fluid cohesive powders

Extremely poor > 40 Fluid cohesive powders

Carr’scompressibility index

Relationship between powder flowability and %compressibility



Tapped density
Hausner ratio=

Poured or bulk density

Hausner ratio wasrelated to inter-particlefriction:

• Value lessthan 1.25 indicates good flow (=20%Carr).

• The powder with low inter-particle friction, suchas coarsespheres.

• Valuegreater than1.5 indicates poor flow (= 33%Carr’s or CompressibilityIndex)).

• More cohesive, lessfree-flowing powders suchas flakes.

• Between 1.25 and 1.5 (added glidant normally improves flow).

• >1.5 (added glidant doesn’t improve flow).

Hausner Ratio



• Significance: It is related to interparticle friction. So it can be used to predict powder

flow properties. For coarse, free flowing powders the Hausner ratio is approximately

1.2.

• For more cohesive, less ree-flowing powder (e.g. flakes) will have a Hausner ration 

greater than 1.5.

• Interpretation: Greater the Hausner ratio more cohesive will be the powder and 

flowability will be reduced.



Angle of repose

• Angle of repose of a powder sample is a parameter that shows interparticle

cohesion.

• If cohesion between powder particles is lessthen powder flow-property isbetter. 

Due to cohesion, powder experiences a drag force against flow.

• Interparticle cohesive forces are due to non-specific van der Waals forces.

• It increases as particle size decreases and moisture content increases.

• Surface tension forces between adsorbed liquid layers at the particle surface and 

Electrostatic forces arising from contact or friction with the wall of the equipment.



• The sample is poured onto the

resulting pyramid is measured.

horizontal surface and the angle of the

• The user normally selects the funnel orifice through which the powder flows

slowly and reasonably constantly.

Angle of repose=Tan ø=h/r  

Ø=tan-1(h/r)

Angle of Repose



The rougher and more irregular the surface of the particles, the higher will be the angle of repose.

Angle of Repose



Factors affecting the flow propertiesof powder

1. Particle’s size & Distribution

2. Particle shape & texture

3. Surface Forces

How flow properties can be improved

1. Alteration of Particle’s size & Distribution

2. Alteration of Particle shape & texture

3. Alteration of Surface Forces

4. Formulation additives (Flow activators)



Alteration of Particle’s size & Distribution

• There is certain particle size at whichpowder’s flow ability isoptimum.

• Coarse particles are more preferred than fine ones as they are lesscohesive.

• The size distribution can also be altered to improve flow ability by removing a proportion of the

fine particle fraction or by increasing the proportion of coarser particle’s such as occurs in

granulation.



Alteration of Particle shape & texture

spherical particles have better flow properties than more irregul• Generally,  

particles.

• Spherical

more

particles are obtained by spray drying,or by temperature cycling

crystallization.

Alteration of Particle shape & texture

• Particles with very rough surfaces will be more cohesive and have a greater tendency to 

interlock than smooth surfaced particles.



Alteration of Surface Forces

electrostatic charges can improve powder flowability.• Reduction of

• Electrostatic charges can be reduced by altering process conditions to reduce

frictional contacts.

• Moisture content of particle greatly affects powder’s flowability.

• Adsorbed surface moisture films tend to increase bulk density and reduce porosity.

• Drying the particles will reduce the cohesiveness and improve the flow.

• Hygroscopic powder’s stored and processedunder low humidity conditions.



Addition of Formulation additives (Flow activators)

• Flow activators are commonly referred as a glidants.

• Flow activators improve the flowability of powders by reducing adhesion and 

cohesion.

e. g. Talc, maize starch and magnesium stearate.



Application of free flowing powders in pharmacy

• Powders are required to produce tablets or capsules. Free flowing powders flow uniformly into the

die cavity of tablet punching machine and inside the empty gelatin shells. A free flowing powder 

produces uniform content of drug in the tablets and capsules.

• Free flowing powders show reproducible filling of tablet dies and capsules dosators, which improve

weight uniformity and physicomechanical properties (e.g. hardness).

• Poor powder flow can result in excess entrapped air within powders which in some high-speed

tabletting conditions may promote capping or laminations.



Application of free flowing powders in pharmacy

• Poor powder flow can result from excess fine particles in a powder, which increase friction in

between particle and die wall. It may cause lubrication problem.

• In industry powders are required to flow from one location to another and this is achieved by

different methods, such as gravity feeding, fluidization in gases and liquids and hydraulic transefer.

In each of these examples powders are required to flow.

• In capsule filling machine, especially Lily type capsule filling machine the powder must be free

flowing to uniformly fill the base of the capsule shells. In case of Zanasi-type filling machine cohesive

powders are required.



5. solubility profile
Solubility and pH

• Another technique, if the drug is to be formulated into a liquid product, is
adjustment of the pH of the solvent to enhance solubility.

• However, for many drug substances pH adjustment is not an effective
means of improving solubility. Weak acidic or basic drugs may require
extremes in pH that are outside accepted physiologic limits or that may
cause stability problems with formulation ingredients.

• Adjustment of pH usually has little effect on the solubility of substances
other than electrolytes.

• In many cases, it is desirable to use co-solvents or other techniques such as
complexation, micronization, or solid dispersion to improve solubility.



Ionization constant

• Ionization constant: the equilibrium constant for the ionization of a weak acid or base.Strong 

acids, e.g., HCl, are ionized at all pH values, whereas the ionization of weak acids isdependent 

on pH.

• Weak acid: an acid that gives a 10% or lessyield of hydronium ions when dissolved in water.

• Weak base: a base that gives a 10%  or less yield of hydroxide ions when dissolved in water.

• A constant that depends upon the equilibrium between the ions and the molecules that are not

ionized in a solution or liquid—symbol K; also called dissociation constant

• It isnecessary to know the extent to which the molecule isionized at a certain pH, since 

properties such as solubility, stability, drug absorption and activity are affected by this 

parameter.

• The degree of a drug’s ionization depends both on the pH of the solution in which it is presented 

to the biologic membrane and on the pKa , or dissociation constant, of the drug (whether an 

acid or base). The concept of pKa is derived from the Henderson–Hasselbalch equation.



Ionization constant:

(ionized drug)

• Acid dissociation constants are sometimes expressed by

pKa =-log10 Ka

• TheHenderson–Hassel Balch equation provides an estimate of the ionized and 

unionized drug concentration at a particular pH.

H𝐴 =H++𝐴
−

• For acidic compounds

(A−)
pH = pKa + 𝑙𝑜𝑔

(un ionized drug)
= pKa+ 𝑙𝑜𝑔

(𝐻𝐴)

• For basic compounds

pH = pKa+ 𝑙𝑜𝑔
(ionized drug)

(unionized drug) (HA)
= pKa+ 𝑙𝑜𝑔

(A−)



Determination of pKa

• pKa of a drug molecule can be determined by variousmethods:
• Potentiometric (pH) method

• Spectrophotometric method

• Partition-coefficient method

• Conductometric method

• Solubility method

• Among all the methods potentiometric and spectrophotometric 
methods are most popular and accurate methods by which the pKa 
are determined



Significance of pKa

• From the pKa of a weak acid or weak base the unionized fraction of a drug can be

determined at a certain pH.

• The unionized fraction has greater absorption rate through any biological membrane.

So while designing a dosage form how a weak acid or weak base will behave in any

biological fluid and its rate of absorption and the site of absorption can be guessed

from the pKa.

• Ibuprofen, a weak acid is absorbed maximum from stomach and Nitrazepam, a weak

base will be absorbed preferrentially from duodenum.

• The solubility of a weakly acidic and weakly basic drug can be increased if the drug

remains in ionized state. So the solubility vs. pH is plotted to get pH-solubility profile of

a drug. While designing a dosage form (oral, ophthalmic or parenteral) the pH the

solution is buffered to that pH where the solubility is maximum and the drug is

reasonably stable.



SOLUBILITY
• Definition

• The maximum amount of solute that is soluble in one part of solution to make a saturated

solution at a certain temperature is called the solubility of the drug.

•

• Significance of solubility

• Increased bioavailability:

• In dealing with a new drug substance, it isextremely important to know something about its solubility 

characteristics, especially in aqueous solution, in order to elicit a therapeutic response. Any drug having 

solubility lessthan 10mg/mL in physiologic pH range (pH 1to 7) will produce bioabsorption problem. A 

solubility less than 1mg/mL require salt formation of the drug for better bioavailability.

• When the solubility of a drug cannot be increased by salt formation (e.g. in neutral molecules,glycosides, 

alcohols,steroidsor where the pKa of a basic drug islessthan 3and the pKa of an acidic drug ismore 

than10) then the drug isdissolved with a cosolvent and filled in a soft gelatin capsule.

• Griseofulvin, an antifungal drug, when given orally the absorption is very less. So it is given with fat meal.

The rate of dissolution rate of griseofulvin is increased by micronization (in a fluid energy mill) or by solid

dispersion technique to increase its oral bioavailability.



SOLUBILITY

• Taste masking: Chloramphenicol is very bitter in taste so it is very difficult to make a
paediatric liquid dosage form with chloramphenicol base. Chloramphenicol palmitate
is taken, the solubility of which is very low compared to chloramphenicol base. When a
suspension is prepared due to its low solubility it does not produce any bitter taste.

• Reducing degradation in the GIT: Drugs like erythromycin will degrade while passing
through the acid environment of stomach, so erythromycin is delivered as erythromycin
proprionate or estolate while preparing paediatric suspension. This solubility of these
esters are very less in acidic pH. Thus they are saved from gastric pH.

•



Determination of solubility of the drug

Step-1:

• Method A: Some excessamount of drug isdissolved in 10ml of solvent. The 
suspension is shaken overnight (24hrs) in a fixed temperature water bath.

• Method B: Someexcessamount of drug isdissolved in 10ml of solvent by 
heating, then the suspension isput in a fixed temperature water bath.

Step-2: The solids are separated from saturated solution either by filtration
through membrane or by centrifugation.

Step-3: The filtrate (or supernatant liquid after centrifugation) is assayed to
determine the solubility of the drug. The assay method may be gravimetric,
UV-spectrophotometric, HPLC etc.



Intrinsic solubility of a drug (S0)

• This is the fundamental solubility of a drug when it is completely unionized.
• For a weak acid the intrinsic solubility is the solubility of the drug determined in a strongly

acidic solution.
• For a weak base the intrinsic solubility is the solubility of the drug determined in a strongly

alkaline solution.
• For a non-ionic molecule there will be no measurable change in the solubility in either acidic

or alkaline solution.

•

• In caseof weak acid and weak base the solubility can be manipulated by 
changing the pH of the solution.

• In case of non-ionizable molecules the solubility can be manipulated either by 
changing the solvent, or by addition of cosolvent or by complexation.

•



Approaches of increasing the solubility of drugs

1. By changing the pH of the solution

• For a weak acid the relationship between the pH of the solution and the solubility of the drug is:

•
pH =pKa +log S- S0

S0

where S=overall solubility of the drug =Concentration of ionized fraction +Concentration of
unionized fraction (Su) For a weak base (BH+) the relationship between the pH of the solution and
the solubility of the drug is:

pH =pKa +log S0

S- S0
•

So in case of a weakly acidic drug the solubility can be increased by increasing the pH and for a
weakly basic drug the solubility can be increased by decreasing the pH.



2. By changing the solvent

• The first preference of solvent is water. If the solubility is very less in
water then water may be replaced, either partially or completely,
with one or more water-soluble solvents like ethanol, glycerol,
sorbitol, propylene glycol etc.

• The solvents are called cosolvents, and the phenomenon as
cosolvency. These types of non-toxic cosolvents are used in designing
oral liquid dosage forms



3.By changing the polymorphs

• Whenever a drug is crystallized from some solvent, depending on the

conditions of crystallization, the polymorphic shape is changed.

• For example, if cooled very quickly then metastable polymorphs will be 

formed and if cooled very slowly then stable crystalls will form. The 

metastable form has higher solubility that the stable polymorph.

• While crystallization solvent molecules may be entrapped within the crystal 

lattice in stochiometric ratio – these types of crystals are called solvates. If the 

solvent molecule entrapped are water (H2O) molecules then the crystals will 

be called hydrates.

• The solubility of these pseudopolymorphs may be arranged in ascending 

order:

Hydrates <Anhydrous<Solvates



4.By adding a suitable surfactant

• A sufractant when dissolved in water in a concentration over the critical micelle 

concentration (CMC) will produce micelles. The drug, both ionized and 

unionized forms, will partition between water and micelle. If the concentration 

of surfactant is increased over CMC the partition of the drug into the micelle will 

increase which will show an apparent increase of solubility of the drug.

• Sodium lauryl sulfate, a surfactant, increases the solubility of benzoic acid.

• In case of oral liquid dosage forms generally non-ionized surfactants are used 

(e.g polysorbate 80 i.e. Tween80) to increase the solubility of a drug.

5.By complexation

• Caffeine increase the solubility of benzoic acid by forming a water-soluble 

complex. Solubility of para aminobenzoic acid (PABA) can be increased by 

complexing with caffeine.



Approaches of decreasing the solubility of drugs

By esterification:

•The soubility of chlopramphenicol can be decrease by forming its ester with palmitic acid.

By coating with polymers

• Drug particles may be coated with ethylcellulose to retard its water solubility. Cellulose acetate

phthalate (CAP), hydroxypropylmethylcellulose phthalate (HPMCP) etc. polymers reduce the

solubility of drug particles in the acid medium of stomach.

By changing the polymorph

• Stable polymorphs have lower aqueous solubility than the metastable forms. So by changing the

condition of crystallization stable polymorphs may be produced.

By selecting the hydrated forms

• Anhydrous ampicillin has greater water solubility than ampicillin-trihydrate. In anhydrous forms

the drug powder has an inherent demand for water, hence its solubility is higher than the

hydrates where the demand for water issatisfied.



Partition coefficient

The lipophilicity of an organic compound is usually described in terms of a
partition coefficient, log P, which can be defined as the ratio of the
concentration of the unionized compound, at equilibrium, between organic
and aqueous phases:

𝐥𝐨𝐠𝐏 =
𝐔𝐧𝐢𝐨𝐧𝐢𝐬𝐞𝐝 𝐜𝐨𝐦𝐩𝐨𝐮𝐧𝐝 𝐨𝐫𝐠

𝐔𝐧𝐢𝐨𝐧𝐢𝐬𝐞𝐝 𝐜𝐨𝐦𝐩𝐨𝐮𝐧𝐝 𝐚𝐪



• The octanol–water
development.

partition coefficient is commonly used in formulation

• P depends on the drug concentration only if the drug molecules have a tendency to 
associate in solution. For an ionizable drug, the following equation is applicable:

where α equals the degree of ionization.

Partition coefficient



• The most common method for determining partition and distribution

coefficients is the shake flask method.

• In this technique, the candidate drug is shaken between octanol (previously

shaken together to presaturate each phase with the other) and water layers,

from which an aliquot is taken and analyzed using UV absorption, HPLC or

titration.

• In terms of experimental conditions, the value of the partition coefficient

obtained from this type of experiment is affected by such factors as

temperature, insufficient mutual phase saturation, pH and buffer ions and their

concentration, as well as the nature of the solvents used and solute examine.

Partition coefficient



• Compounds with log P values between 1and 3 show good absorption,

• log P greater than 6 or less than 3 often have poor transport characteristics.

• Highly non-polar molecules have a preference to reside in the lipophilic regions

of membranes, and very polar compounds show poor bioavailability because of

their inability to penetrate membrane barriers.

• Thus, there is a parabolic relationship between log P and transport, i.e.,

candidate drugs that exhibit a balance between these two properties will

probably show the best oral bioavailability.

Partition coefficient
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