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LO Learning Outcome (LO) Course 

Outcome Code 

LO1 Students will learn about the concept of  Preformulation methods  

 

BP502.1 

Bp502.2 

LO2 Students also studied about the physical and chemical  properties of 

preformulation study  

BP502.1 
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Topic 

 Introduction to Preformulation study . 

 Physical Properties  

 Chemical Properties  

 Drug –exceipent Interaction study  
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PREFORMULATION STUDIES 

 

Definition: 

Preformulation is the first step in the rational development of dosages form of a drug substance/new 

chemical entity. It can be defined as an investigation of physical and chemical properties of the drug 

substances alone and when combined with excipients, in order to develop a stable, safe, effective 

and affordable dosage form. 

Objectives: 

 To develop the elegant dosage forms (stable, safe, effective and affordable). 

 It is important to have an understanding of the physical description of a drug substance before 

dosage form development. 

 It is first step in rational development of a dosage form of a drug substance before dosage 

form development. 

 It generates useful information to the formulator to design an optimum drug delivery system. 

Goals: 

 To establish the physico-chemical parameters of new drug substance. 

 To establish the physical characteristics. 

 To establish the kinetic rate profile. 

 To establish the compatibility with the common excipient. 

1. BULK CHARACTERIZATION 

When a drug molecule is discovered all the solid-forms are hardly identified. So during bulk 

characterization the following characteristics are studied. 

(i) Crystallinity and polymorphism 

Flow ability of powder and chemical stability depends on the habit and internal structure of a 

drug. 

Internal Structure 

Crystalline state 

In this state of matter atoms or molecules are arranged in highly ordered form and is associated 

with 

three-dimensional periodicity. 

Amorphous forms 

In this forms the solids do not have any fixed internal structure. They have atoms or molecules 

randomly placed as in a liquid. 

e.g. Amorphous Novobiocin 

Polymorphs 

When a substance exists in more than one crystalline form, the various forms are called 

Polymorphs 

and the phenomenon as polymorphism. 

e.g. Chloramphenicol palmitate has three polymorphs A, B and C . 

Depending on their relative stability, one of the several polymorphic forms will be physically 
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more 

stable than the others. Such a stable polymorph represents the lowest energy state, has highest 

melting 

point and least solubility. The representing polymorphs are called metastable forms which 

represent 

higher energy state; the metastable forms have a thermodynamic tendency to convert to the 

stable 

form. A metastable form cannot be called unstable because if it is kept dry, it will remain stable 

for 

years. 

Molecular Adducts 

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

molecules. 

1. 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 :- 

(1) Channel 

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

e.g . Urea forms channel. 

(2) Layers:- Here solvent molecules are entrapped in between layers of crystals. 

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

sides. 

2. Stoichiometric inclusion compounds (or stoichiometric adducts) 

This molecular complex has incorporated the crystallizing solvent molecules into specific sites 

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 is 

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

within a 

complex the following nomenclature is followed. 

(i) Anhydrous : 1 mole compound + 0 mole water 

(ii) Hemihydrate: 1 mole compound + ½ mole water 

(iii) Monohydrate: 1 mole compound + 1 mole water 

(iv) Dihydrate : 1 mole compound + 2 moles water 

Properties of solvates / hydrates 

(i) 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. 
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(ii) 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. 

Microscopy 

In this type of microscope light passes through cross-polarizing filters. 

Amorphous substances (e.g. super-cooled glass and non-crystalline organic compounds or 

substances 

with cubic crystal lattices e.g. NaCl ) have single refractive index. Through this type of 

microscope 

the amorphous substances do not transmit light, and they appear black. They are called isotropic 

substances. 

Hot-stage microscopy 

In this case, the polarizing microscope is fitted with a hot stage to investigate polymorphism, 

melting points, transition temperatures and rates of transition at controlled rates. 

It facilitates in explaining the thermal behavior of a substance from the DSC and TGA curves. 

[N.B. A problem often encountered during thermal microscopy is that organic molecules can 

degrade during the melting 

process, and recrystallization of the melt may not occur, because of the presence of contaminant 

degradation products. ] 

Thermal Analysis 

Differential Thermal Analysis 

In DTA instrument a record is produced where temperature difference (T) (between the 

sample and reference material) is plotted against temperature (T) when two specimens are 

subjected to an identically controlled temperature regime. The reference material is alumina, 

keiselguhr. 

Differential Scanning Calorimetry 

In DSC method the difference in energy inputs (H) into a sample and reference material is 

measured as a function of temperature as the specimens are subjected to a identically controlled 

temperature programme. Samples that may be studied by DSC or DTA 

are: 

Powders, fibres, single crystals, 

polymer films, semi-solids or liquids. 

Applications of DTA / DSC in preformulation studies 

1. To determine the purity of a sample 

2. To determine the number of 

polymorphs and to determine the ratio 

of each polymorph. 

3. To determine the heat of solvation 

4. To determine the thermal degradation of a drug or excipients. 

5. To determine the glass-transition temperature (tg) of a polymer. 

Thermogravimetric Analysis (TGA) 

TGA measures the changes in sample weight as a function of time (isothermal changes) or 
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temperature. 

Ph.Technology-III/Itishree Jogamaya Das, Asst. Professor, HCP Page 5 

1. Desolvation and decomposition processes are monitored. 

2. Comparing TGA and DSC data recorded under identical conditions can greatly help in the 

explanation of the thermal process. TGA and DSC analysis of an acetate salt of an organic 

amine that has two crystalline forms, anhydrous and dihydrate are shown above. Anhydrous / 

dihydrate (10:1) mixture was prepared by dry blending. Heating rate was 50C/min. From DSC 

curve, it is evident that the dihydrate form loses two molecules of water via an endothermic 

transition between 700C and 900C. The second endotherm at 1550C corresponds to melting 

process. From TA curve, it is evident that at 70 – 900C weight-loss was due to the loss two 

molecules of water and the weight loss at 1550C was due to vaporization of acetic acid and 

decomposition. 

X-RAY POWDER DIFFRACTION 

When a X-ray beam falls on a powder the beam is diffracted. This diffraction in found only in 

case of crystalline powder. Amorphous forms do not show X-ray diffraction. 

Uses: 

(i) Each diffraction pattern is characteristic of a specific crystalline lattice for a given 

compound. So in a mixture different crystalline forms can be analysed using normalized 

intensities at specific angles. 

(ii) Identification of crystalline materials by using their diffraction pattern as a „finger print‟. 

First, the powder diffraction photograph or diffractometer trace are taken and matched with a 

standard photograph. All the lines and peaks must match in position and relative intensity. 

HYGROSCOPICITY 

Definition: Many pharmaceutical materials have a tendency to adsorb atmospheric moisture 

(especially water-soluble salt forms). They are called hygroscopic materials and this 

phenomenon is known as hygroscopicity. 

Equilibrium moisture content depends upon: 

(i) the atmospheric humidity 

(ii) temperature 

(iii) surface area 

(iv) exposure time 

(v) mechanism of moisture uptake. 

Deliquescent materials: 

They absorb sufficient amount of moisture and dissolve completely in it. (e.g. anhydrous 

calcium chloride). 

nstrumental method for characterization of surface morphology 

The scanning electron microscope creates the magnified images by using electrons instead of 

light 

waves. The images are black and white. 

Procedure 

 Biological materials are dried in a special way that prevents them from shrinking. 
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 Since SEM illuminates them with electrons, they are made conductive by coating with a very 

thin 

layer of gold by a machine called sputter-coater. 

 The sample is placed inside the microscope‟s vacuum column through an airtight door. 

 After the air is pumped out of the column, an electron gun emits a beam of high-energy 

electrons. 

This beam travels downward through a series of magnetic lenses designed to focus the electrons 

to a very fine spot. 

BULK DENSITY 

Apparent Bulk Density (g/cm3) 

Bulk drug powder is sieved through 40 mesh screen. Weight is taken and poured into a 

graduated 

cylinder via a large funnel. The volume is called bulk volume.VolumeBulk 

powdertheofWeight 

DensityBulkApparent  

Tapped density (g/cm3) 

Bulk powder is sieved through 40 mesh screen. Weight is taken and poured into a graduated 

cylinder. 

The cylinder is tapped 1000 times on a mechanical tapper apparatus. The volume reached a 

minimum 

– called tapped volume.volumeTapped 

powdertheofWeight 

densityTapped  

True density (g/cm3) 

Solvents of varying densities are selected in which the powder sample is insoluble. Small 

quantity of 

surfactant may be mixed with the solvent mixture to enhance wetting and pore penetration. 

After 

vigorous agitation, the samples are centrifuged briefly and then left to stand undisturbed until 

floatation or settling has reached equilibrium. 

The samples that remains suspended (i.e. neither suspended not floated) is taken. So the true 

density of the powder are equal. So the true density of the powder is the density of that solvent. 

The density of that solvent is determined accurately with a pycnometer. 

 

Solubility Analysis 

Determination of equilibrium solubility of a drug The drug is dispersed in a solvent. The 

suspension is agitated at a constant temperature 

Samples of the suspension are withdrawn as a function of time, clarified by centrifugation, and 

assayed to establish a plateau concentration. 

Solvents taken 

(i) 0.9% NaCl at room temperature 
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(ii) 0.01 M HCl at RT 

(iii) 0.1 M HCl at RT 

(iv) 0.1 M NaOH at RT 

(v) At pH 7.4 buffer at 370C 

Drug concentration is determined by the following analytical methods 

(i) HPLC 

(ii) UV –Spectroscopy 

(iii) Fluorescence Spectroscopy 

(iv) Gas Chromatography 

Solubility depends on 

(i) pH 

(ii) Temperature 

(iii) Ionic strength 

(iv) Buffer concentration 

Significance 

(i) A drug for oral administrative should be examined for solubility in an isotonic saline solution 

and acidic pH. This solubility data may provide the dissolution profile invivo. 

(ii) Solubility in various mediums is useful in developing suspension or solution toxicologic 

andnpharmacologic studies. 

(iii) Solubility studies identify those drugs with a potential for bioavailability problems. E.g. 

Drug having limited solubility (7 %) in the fluids of GIT often exhibit poor or erratic absorption 

unless dosage forms are tailored for the drug. 

pKa Determination 

When a weakly acidic or basic drug partially ionizes in GI fluid, generally, the unionized 

molecules are absorbed quickly.Handerson-Hasselbach equation provides an estimate of the 

ionized and unionized drug concentration at a particular pH. 

Method of determination of pKa of a drug 

(i) Detection of spectral shifts by UV or visible spectroscopy at various pH. 

Advantage: Dilute aqueous solutions can be analyzed by this method. 

(ii) Potentiometric titration 

Advantage: Maximum sensitivity for compounds with pKa in the range of 3 to 10. 

Disadvantage: This method is unsuccessful for candidates where precipitation of then unionized 

forms occurs during titration. To prevent precipitation a co-solvent 

e.g. methanol or dimethylsulfoxide (DMSO) can be incorporated. 

(iii) Variation of solubility at various pH. 

Effect of temperature on stability 

Heat of solution, HS represents the heat released or absorbed when a mole of solute is 

dissolved in a 

large quantity of solvent. 

Significance 

 Most commonly, the solubility process is endothermic, e.g. non-electrolytes, unionized forms 
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of 

weak acids and bases  H is positive  Solubility increases if temperature increases. 

 Solutes that are ionized when dissolved releases heat 

 the process is exothermic  HS is negative  Solubility increases at lower temperature. 

Solubilization 

For drug candidates with poor water solubility, preformulation 

studies should include limited experiments to identify the possible 

mechanisms for solubilization. 

Means of increasing the solubility are: 

(i) Addition of a cosolvent to the aqueous system e.g. ethanol, propylene glycol and glycerin. 

MOA: These co-solvents disrupt the hydrophobic interactions of water at the non-polar solute 

/ water interfaces. 

(ii) Solubilization in micellar solutions such as 0.01 M Tween 20 solution. 

 

ii) Solubilization by forming molecular complexes e.g. benzoic acid forms complex with 

caffeine. 

Partition coefficient 

Partition coefficient is defined, as the ratio of un-ionized drug concentrations between the 

organic and aqueous phases, at equilibrium. 

Dissolution 

The dissolution rate of a drug substance in which surface area is constant during disintegration 

is dc/dt=DA/hv(cs-c) 

 

where, D = diffusion coefficient of the drug in the dissolution medium 

h = thickness of the diffusion layer at the solid/liquid interface 

A = surface area of drug exposed to dissolution medium. 

V = volume of the medium 

CS = Concentration of saturated solution of the solute in the dissolution medium at the 

experimental temperature. 

C = Concentration of drug in solution at time t. 

 

 

The major mechanisms by which a molecule undergoes degradation are   

• Hydrolysis  

• Oxidation  

• Photolysis  

• Racemization.  

Hydrolysis   

• Hydrolysis involves reaction of a molecule with water resulting in cleavage of a chemical 

bond within the molecule  

• Presence of hydrolyzable functional groups  faster hydrolysis of the molecule  
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Beta-lactam antibiotics are susceptible to hydrolysis   

• Hence they are supplied as dry powder injection where they are reconstituted before 

intravenous administration 

Oxidation   

• Many molecules can undergo oxidative degradation, which involves exposure of molecule to 

atmospheric oxygen or autoxidation by free radicals 

• However, in some cases, oxidation can be initiated in presence of light or elevated temperature 

The extent of oxidation for a given substance can be studied by passing oxygen through the 

solution of substance, or it can be achieved by addition of hydrogen peroxide to the solution of 

substance  

• So degree of oxidation can be controlled by avoiding exposure to lights and storage at 

controlled temperatures   

• The extent of oxidation can be controlled by addition of antioxidants  

Photolysis  

• Photolysis refers to decomposition of a molecule by absorption of energy when exposed to 

light  

• Exposure to light not only brings photodegradation but may trigger oxidation 

Prior knowledge of photochemical behavior can provide guidance regarding storage condition, 

packaging, and handling condition 

• Example, riboflavin and vitamin B12 are susceptible to photodegradation directly and 

oxidation induced by light  

So to avoid the decomposition, the formulation containing vitamin B12 and riboflavin is stored 

in amber color vials 

Amber color bottles do not allow the ultraviolet radiation to pass through, which is the main 

factor for photodegradation 

Racemization  

• It is an event where optically active molecule becomes inactive without any change in 

molecular composition  

• Racemization leads to either loss of pharmacological action or toxic effect may be enhanced 

by several fold Racemization is mostly affected by the conditions like pH, type of solvents, 

presence of light, and temperature  

• Main goal in this study is to design optimum condition in which molecule can remain stable  

 

Drug excipient compatibility  

Effects of drug excipient incompatibility  

• Change in organoleptic properties of formulation  

• Changes in in vivo performance of formulation, that is, dissolution  

• Decreased potency of active ingredient  

• Generation of toxic degradation product  

• Change in physical appearance of formulation, that is, color, phase conversion  

Physical incompatibility  

• Such interaction results in changes like change in color, odor, flow properties, and 
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sedimentation rate  

• Example of physical incompatibility is between tetracycline and calcium carbonate  

• It results in formation of insoluble complex with calcium carbonate, leading to slower 

dissolution and decreased absorption in the gastrointestinal tract  

Chemical incompatibility  

• Chemical reaction may take place as hydrolysis, oxidation racemization, and Maillard 

reactions  

• Examples of chemical incompatibility is exhibited by reaction of lactose with amino group of 

active pharmaceutical ingredient referred to as “Maillard reaction” and results into darkening of 

formulation with characteristic odor.  

• Bronchodilator aminophylline + lactose  brown discoloration appeared in samples after 

storing at 60°C for 3 weeks  

Therapeutic incompatibility  

• Interaction will take place once the formulation is administered into the body  

• Example: enteric coated polymers, when administered along with antacids dissolve 

prematurely and release the drug that is liable to acid degradation or may cause adverse effect in 

GI, that is, gastric bleeding  

Determination of drug excipient incompatibility  

• Thermal Analysis  

Properties of materials are studied as they change with temperature  

    DSC – Differential Scanning Calorimetry 

    TGA – Thermo Gravimetric Analysis 

    DTA – Differential Thermal Analysis  

• High performance liquid chromatography (HPLC) 

• FTIR  

 


