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INTRODUCTION

The preformulation studies are the first steps in the pharma-
ceutical development of a drug substance into different dosage
forms. The physical and chemical properties of a number of drug
candidates are investigated and the aim of these studies is to
identify critical properties in order to select the best candi-
date. For the selected candidate drug, the chemical and physical
properties are investigated further, and in combination with exci-
pients which constitutes basic information for the following for-
mulation work.

When working with a new drug entity, it is often rational to
divide the preformulation studies into three phases:
1. Selection of the physical form of the substance, i.e. acid,

haso, aprot or salt (1).
2. Selection of precipitation process, i.e. solvent system and

technique.
3. Compatibility studies.

PREFORMULATION STUDIES 1
Time and amount of substance are often limited in the preformu-

Tation studies and this situation is frequently pronounced in the
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very beginning. For the preformulation pharmacist, thus, it is of
value to possess a program that enables time schedule and sub-
stance quantity to be estimated with reasonable precision for the
first part of the preformulation studies (2). For a broad scree-
ning of a drug substance intended for a tablet formulation,as
little as 10-12 g of substance may be needed in a 30-40 day pro-
gram (3).

Powder characterization
Scanning electron microscopy (SEM) is a simple method to obtain

a general idea of particle size and morphology which requires only
a few milligrams of substance. The SEM technique includes prepara-
tion and observation of the sample in vacuum which might bring
about cracking and other changes in the particles due to evapora-
tion of solvents and partial melting caused by the electron beam.

Particle size measurements can be performed with optical micro-
scopy (4) using e.g. an automatic particle analysis. This techni-
que reauires less than 100 mg of sample, but care must be taken
with the sampling of these small powder quantities in order not to
obtain misleading results (4). Permeametry (Fisher Sub Sieve Sizer
or Blaine) or sieve analysis requires gram quantities of the sub-
stance, but these techniques are nondestructive and the powder
samples can be used e.g. in the stability studies.

The true particle density, D,, defined as the weight divided by

the volume of solid except inteﬁpartic]e voidage is measured con-
veniently with an air comparision pycnometer (3). Measurement of
the X-ray density, Dx’ can be considered important also in this
early stage especially if the powder studied contains amorphous
material (58).

The specific surface area can be calculated from the surface
volume diameter obtained from the permeametry measurements and the
true particle density. Measurement with gas adsorption (5, 6) and
applying the B.E.T.equation can give valuable information, but the

amount of substance required is about 1 g.
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If the dose level of the new drug substance can be estimated in
this early stage of development and the tendency is towards a high
dose, knowledge about the bulk density properties is valuable.
With 1imited substance quantities it is, however, difficult to
measure and a modification of the DIN methods to determine the
aerated and tapped bulk densities may have to be performed (7)

The appearance can be'given in descriptive terms describing the
most commonly encountered colors (8). Surface color can be mea-
sured successfully with tristimulus colorimetry (9). However, the
coarseness of the powder can influence the results.

Odor and taste are characteristic for a drug substance. They
are reviewed in order to detect e.g. the necessity for taste or
odor masking (8).

X-ray powder diffraction

XRD-measurements in its simplest form provide information if
the powder samples that have been precipitated are crystalline or
not. The use of a Guinier-Hdagg camera has proved to give more
information about the bonding of solvents than measurements recor-
ded with a refractometer and is to be preferred in the preformula-
tion studies (10). Only 100-200 mg of substance is needed for
these analyses.

Thermal analysis

Differential thermal analysis (DTA), differential scanning
calorimetry (DSC), and thermogravimetry (TG) can be run on small
quantities of substance (5-10 mg). They give valuable information
about how water and organic solvents are bound to the material,
when the substance melts or degrades, and if there is any indica-
tion for the presence of polymorphs. These standard methods are
run on samples included in the hygroscopicity and stability tests
as well as on powder samples from the compaction studies, pre-
ferably together with XRD-measurements.
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Dissolution rate, solubility
The rotating disc method to determine the intrinsic dissolution

rate is rapid and convenient to use, consuming only around a gram
of drug substance (11, 12, 91). In this early preformulation work,
water is used as the dissolution medium if no special reasons
speak for buffer solutions. In the second phase of the preformula-
tion studies, the influence of pH on the intrinsic dissolution
rate is monitored (13).

Due to the often limited amount of drug substance available,
determination of the solubility by conventional equilibrium tech-
nique is difficult to perform, especially if the compound is easi-
1y soluble. The aqueous solubility can , however, be estimated by
using a linear relationship between the intrinsic rate of dissolu-
tion and the corresponding solubility (11,14). This relationship
has been found to be generally applicable for various compounds
independent of chemical structure.

The general information about solubility and dissolution rate
obtained from these measurements provides a good base for predic-
ting eventual problems with the bioavailability (15-19) together
with the measurements of ionization constant (20,21) and partition
coefficient (22).

A correlation between the relative lipophilicity, =, (23) and
the intrinsic dissolution rate has been shown for different di-
substituted benzamide derivatives (3) and substituted benzoic
acids (24). The dissolution rate decreases with increasing lipo-
philicity and this information can be of value when a series of
candidate drugs is studied with different substituents in the same
position of the molecule.

Water adsorption
The water adsorption and desorption isotherms can be determined

gravimetrically on 500 mg samples exposed to different relative
humidities in hygrostats (3) using saturated salt solutions to
maintain the humidities (25). In addition to the gravimetrical
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measurements, thermogravimetry and Karl Fischer analyses are per-
formed since organic solvents present in the powder samples may be
replaced by water.

Under the influence of water vapor, hydrates can be formed
which might alter the crystal symmetry of the substance. These
effects may occur instantaneously at exposure to water vapor above
a critical partial pressure or slowly, sometimes stepwise, at long
term storage (26, 27).

In the case of surface adsorption of water, the rate at which
the water molecules are adsorbed (28-30) has been demonstrated to
be related to the intrinsic dissolution rate in water (31). Within
a homologous series of drug compounds, i.e. different derivatives
of a mother molecule, a ranking can be obtained in order to select
the best candidate with respect to both dissolution and water
sorption properties.

Stability
On the basis of the results from the hygroscopicity measure-

ments, relative humidities are selected for the stability testing
in the solid state of the drug candidates. The water sorption
often follows a Type-II isotherm (32), and it can be reasonable to
select a humidity below and above the threshold of the isotherm,
e.g. 30 and 75 % PH at a moderately elevated temperature, 40 °C
(3, 33). Higher temperatures can also be used e.g. 50 ° and 60 °C
at specified humidities, but care must be taken when selecting the
temperatures with respect to the melting and change in crystal
form of the substance. Analysis is performed after e.g. 10 and 30
days, and if no substantial change has been observed, after 30
days at 40/75 and 60/30, the stability prognosis of the candidate
is good (8). The amount of drug substance needed for this stabili-
ty evaluation depends on the methods used for analysis. As a stan-
dard, one can calculate with 500 mg for each pull time which will
give a total of 2.5 g for the study at 40 °C and two relative
humidities.
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Parallel to the stability testing in darkness, the light stabi-
Tity is studied. By using simulated sunlight (34), a test program
with light exposure up to 48 h can be run at selected humidities.
If the same humidities are used as in the darkness study, e.g. 30
and 75 % RH, with one temperature and two exposure times, a total
amount of 2.5 g of substance is needed {3,34). In order to be able
to measure the discoloration of the substance apart from the che-
mical degradation, compressed disks of the substance is used. The
surface color can be measured hefore and after the Vight exposure
with tristimulus colorimetry (9,34). More intensive light exposure
may also be used successfully (34,35) where a FadeOmeter equipped
with a carbon arc can be used (36). Light exposure can bring about
chemical reactions that may continue in darkness. Thus, it is
suggested that samples that have been exposed to 1ight are stored
in darkness in order to detect such changes (3).

Compaction properties

The study of the compaction properties is conducted on either
instrumented tablet machines (37,38) or in compaction simulators
(39,40). The latter type of equipment seems to be the ideal tes-
ting device for use in preformulation studies, i.e. it operates
with small amounts of drug substances and allows measurements to
be performed under dynamic conditions similar to those under nor-
mal tabletting. However, the instrumented excenter press also
meets most of the requirements.

One can find a number of methods for interpreting compaction
data from instrumented tablet machines (41), e.g. compaction ener-
gy versus tablet porosity {Heckel plots, 42,47) and radial versus
axial pressure cycles (43) along with several others (44,45). The
choice of methods and the interpretation of the results have been
discussed (43,45), and the use of force-displacement measurements
in preformulation and early formulation work has been evaluated
(46).

Determination of the maximum upper (UPPmax) and lower (LPPmax)
punch pressures, the total work (wtot) performed by the upper
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punch, the work of expansion (W___) and the net work performed by

exp

the upper punch (W Yhas been suggested to be used in a

net=wtot°wexp
preformulation program (3). When performing the measurements on
five or six tablets compressed to a relative density of 0.7-0.9, a

total amount of 4-5g substance is consumed.

PREFORMULATION STUDIES II
When the candidate drug and the physical form of it has been

selected in the first part of the preformulation study, it is the
proper time to select the precipitation technique and solvent
system to be used in the final purification of the synthesis.
Different solvents and mixtures of solvents can produce a variety
of solid products of the same drug substance. Formation of poly-
morphs is a well-known phenomenon where the drug molecules can
exist in different space lattice arrangements (48-52). Further-
more, at crystallization, solvent molecules can be entrapped in
the crystal lattice stoichiometrically giving a solvate or a
pseudopolymorph.

When selecting the solvent/mixture and precipitation technigue,
several demands must be fulfilled. The yield must be as high as
possible and the purity must he satisfactory without too many
recrystallizations which will affect the yield. The same crystal-
line product must be obtained from batch to batch, i.e. the pro-
cess must be reproducible. This is of great importance in the
scaling up of the synthesis process but is often difficult to
forsee at this early stage. A good prerequisite is a cooperation
between the preformulation pharmacist and a process chemist in
this part of the preformulation work where both the economical and
process related questions of the substance production can be con-
sidered together with the pharmaceutical formulation and produc-
tion.

The combination of test methods employed in this second phase
of the preformulation studies is in principle the same as those
described in Phase I. The amount of substance available is hope-
fully larger, perhaps in the range of 10-30g. The main purpose is
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to focus on the critical properties of the drug substance, i.e.
solubility if the substance has a low solubility (53-55) and com-
paction properties if the candidate selected was best from other
points of view but has poor binding properties. It can be of inte-
rest to study the critical properties of the substance after com-
paction and milling (56,57} which can have an impact on several
physical and chemical properties (58).

The formation of polymorphs in the precipitation process is of
particular interest. Suitable techniques are DSC and TG with which

also the first derivative of the signals can be recorded (10)}.
X-ray powder diffraction {XRD) which may be completed with single
crystal X-ray diffraction for determination of crystal symmetry
class and unit cell dimensions is also valuble. This is of inte-
rest for determination of the crystallographical density, Dx,
which compared to the true density deterwmined in the air compari-
sion pycnometer can give valuable information about the presence
of amorphous material in the product (59).

When studying the existence of polymorphs and their properties,
a combination of techniques is required. An example is the prefor-
mulation work on a substituted benzamide derivative (26,27,60).
The substance could be obtained as either anhydrous with monocli-
nic symmetry, anhydrous with orthorombic symmetry or as a mono-
hydrate with orthorombic symmetry, all depending on the water
content in the precipitation medium. The anhydrate with otrhorom-
bic symmetry was found to be physically unstable at storage. Thus,
after a short time, a 0.5 hydrate was formed which in turn, after
long term storage (up to 6 months), formed the monohydrate. By
combining TG, DTG with XRD and extending the storage time for the
samples run in the stablity studies up to 6 months, this could be
detected. A precipitation medium with low water content was then
selected which yielded the stable monoclinic anhydrate.

Zimeldine dihydrochloride is another example where a combina-
tion of test methods was used to study the efflorescense of the
substance during storage giving rise to an increased surface area
reflected by an increased water adsorption (10). By performing
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DSC, TG, DTG, and XRD comhined with determination of the specific
surface area by gas adsorption on powder samples in the stability
studies, it was found that the four water molecules in each unit
cell moved slightly which caused the crystals to crack slowly.

It can, thus, be of value to extend the stability studies in
this phase up to 6 months, but often the time schedule is very
tight and decisions must be made before such a long time has
passed. It must, however, be considered important to plan the
storage tests with the possibility to perform analyses up to at
least 6 months which can give valuable information in the third
phase of the preformulation studies and in the early formulation
studies.

PREFORMULATION STUDIES III
The third phase of the preformulation studies is mainly con-
cerned with the compatibility of the drug substance with different

excipients. These studies may be considered as a base for the
first formulation studies. Compatibility studying does not contain
only the survey of the chemical stability of the drug substance in
mixtures with the excipients, but comprises also the compaction
properties and other physical properties that may be of interest,
e.g. flowability.

The planning of the compatibility studies is preferably perfor-
med with the use of factorial design (61). Excipients included
should be fillers (lactose, mannitol), disintegrants (starch,
microcrystalline cellulose), binders (polyvinylpyrrolidone, gela-
tine), lubricants (magnesium stearate, stearic acid), and granula-
ting liquids (water, alcohol), (62-64). With 5 factors, this will
mean 32 experiments in a complete factorial study which often may
be considered too much. Two possibilities are given to elude this
problem, either to run a series of 23 or 2% studies where the
results from the previous study will guide the planning of the
following (65). This technique will take longer time and this is
a drawback with respect to the often tight time schedule of the
preformulation studies. Another technigue , the reduced factorial
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design, 1is available building on the assumption that interactions
between three or more variables are of minor interest and can be
ignored compared to the main effects and the two-variable interac-
tions {66,67). This technique enables 3 variables to be investi-
gated in 4 experiments, up to 7 variables in 8 experiments, and up
to 15 variables in 16 experiments.

The chemical stahility in the compatibility studies is, in most
cases, followed by chemical analysis upon storage at moderately
accelerated conditions, e.g. 40 °C, 30 and 75 % RH for 1, 3, and
up to 6 months. Changes in appearance of the powder mixtures is
not uncommon and is conveniently followed by tristimulus colori-
metry {34,35,65). In order to facilitate these measurements, com-
pressed disks of the powder mixtures are prepared and stored in
the stability study. These disks can be compressed in an instru-
mented tablet machine for studying the compaction behavior as part
of the compatibility studies.

In case a light sensitive drug substance is studied, light
exposure can be performed in artificial sunlight (34). A useful
technique to predict the 1ight stability in sunlight or in day-
light from 1ight exposure in artificial sunlight can be employed
in these studies (60). It is based on numerical convolution by
weighing discoloration data for the drug/excipient mixture in
artificial sunlight with the discoloration data for the pure drug
in sunlight or daylight.

Differential Thermal Analysis (DTA) and Differential Scanning
Calorimetry (DSC) have been used as alternatives to the quantita-
tive assay after isothermal stress tests in drug-excipient inter-
action studies (69-78). Many problems have, however, been associ-
ated with the interpretation of the curves, and the use of DTA and
DSC in the compatibility studies must, in most cases, be consi-
dered as a complement to the guantitative assay of the active
ingredient after isothermal stress tests (79).

When the drug substance has very poor stability and no improv-
ment can be achieved by precipitation of another crystal form, the
compatibility studies may be focused on stabilizing the substance
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by spray drying, freeze drying, or coprecipitation with hydropho-
bic substances such as triglycerides, paraffins, or long chain
alcohols. Similarly if the drug substance has a poor solubility,
the rate of dissolution may have to be increased by increasing the
specific surface area or by hydrophilization (80-90). Measurement
of the intrinsic dissolution rate is of significance in these
studies (11-13,91).

CONCLUSIONS

The first part of the preformulation studies of a new drug
entity, i.e. selection of the candidate drug and physical form of
it, can be run on a total quantity of 10-12g within a time period
of 30-40 days.

Selection of precipitation process in the second phase of the
preformulation studies can be performed with the same program as
in Phase I. In this second phase, it is, however, common to focus
on the critical properties of the substance. Stability studies are
performed at both accelerated and shelf life conditions with sam-
ples reserved for analysis up to as much as 6 months of storage.

Preformulation Studies III form the base for the first formula-
tion studies and they are preferably planned by using factorial
design. Depending on the critical properties of the substance, the
compatibility studies with different excipients may be run within
40-50 days using 30-100 g of the substance. The stability studies
are performed at moderately accelerated shelf life conditions and
run up to 6 months.
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