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INTRODUCTION

The quantitative evaluation and assessment of a
tablet�s chemical, physical and bioavailability proper-

ties are important in the design of tablets and to monitor
product quality. These properties are important since
chemical breakdown or interactions between tablet
components may alter the physical tablet properties,
and greatly affect the bioavailability of the tablet sys-
tem. There are various standards that have been set in
the various pharmacopoeias regarding the quality of
pharmaceutical tablets. These include the diameter, size,
shape, thickness, weight, hardness, disintegration and
dissolution characters. The diameters and shape de-
pends on the die and punches selected for the com-
pression of tablets. The remaining specifications assure
that tablets do not vary from one production lot to an-
other. The following standards or quality control tests
should be carried out on compressed tablets[1].

GENERAL APPEARANCE

The general appearance of tablets, its visual iden-
tity and overall �elegance� is essential for consumer ac-

ceptance, control of lot-to-lot uniformity and general
tablet-to-tablet uniformity and for monitoring the pro-
duction process. The control of general appearance in-
volves measurement of attributes such as a tablet�s size,

shape, color, presence or absence of odour, taste, sur-
face textures, physical flaws and consistency[2].

Size and shape

The shape and dimensions of compressed tablets
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are determined by the type of tooling during the com-
pression process. At a constant compressive load, tab-
lets thickness varies with changes in die fill, particle size
distribution and packing of the powder mix being com-
pressed and with tablet weight, while with a constant
die fill, thickness varies with variation in compressive
load. Tablet thickness is consistent from batch to batch
or within a batch only if the tablet granulation or pow-
der blend is adequately consistent in particle size and
particle size distribution, if the punch tooling is of con-
sistent length, and if the tablet press is clean and in good
working condition.

The thickness of individual tablets may be mea-
sured with a micrometer, which permits accurate mea-
surements and provides information of the variation
between tablets. Tablet thickness should be controlled
within a +_5% variation of a standard value. Any varia-
tion in thickness within a particular lot of tablets or
between manufacturer�s lots should not be apparent

to the unaided eye for consumer acceptance of the
product. In addition, thickness must be controlled to
facilitate packaging.

The physical dimensions of the tablet along with the
density of the material in the tablet formulation and their
proportions, determine the weight of the tablet. The size
and shape of the tablet can also influence the choice of
tablet machine to use, the best particle size for granula-
tion, production lot size that can be made, the best type
of tableting processing that can be used, packaging op-
erations, and the cost of production.

The USP has provided limits for the average weight
of uncoated compressed tablets. These are applicable
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Organoleptic properties

Color is a vital means of identification for many
pharmaceutical tablets and is also usually important
for consumer acceptance. The color of the product
must be uniform within a single tablet, from tablet to
tablet and from lot to lot. Non uniformity of coloring
not only lack esthetic appeal but could be associated
by the consumer with non uniformity of content and
general poor product quality. Non uniformity of col-
oring is usually referred to as mottling. The eye cannot
differentiate small differences in color nor can it pre-
cisely define color and efforts have been made to quan-
titate color evaluations. Reflectance spectrophotom-
etry, tristimulus colorimetric measurements and micro
reflectance photometer have been used to measure
color uniformity and gloss on a tablet surface.

Odor may also be important for consumer accep-
tance of tablets and can provide an indication of the
quality of tablets as the presence of an odor in a batch
of tablets could indicate a stability problem, such as the
characteristic odor of acetic acid in degrading aspirin
tablets. However, the presence of an odor may be char-
acteristic of the drug (e.g. vitamins), added ingredients
(e.g. flavoring agent) or the dosage form (e.g. film-
coated tablets).

Taste is also important for consumer acceptance
of certain tablets (e.g. chewable tablets) and many
companies utilize taste panels to judge the preference

of different flavors and flavor levels in the develop-
ment of a product. Taste preference is however sub-
jective and the control of taste in the production of
chewable tablets is usually based on the presence or
absence of a specified taste.

The content uniformity test is used to ensure that
every tablet contains the amount of drug substance in-
tended with little variation among tablets within a batch.
Due to increased awareness of physiological availabil-
ity, the content uniformity test has been included in the
monographs of all coated and uncoated tablets and all
capsules intended for oral administration where the
range of size of the dosage form available include 50mg
or smaller sizes. Tablet monographs with a content uni-
formity requirement do not have weight variation re-
quirements[4]. For content uniformity test, representa-
tive samples of 30tablets are selected and 10 are as-
sayed individually. At least 9 must assay within ±15%

of the declared potency and none may exceed ± 25%

MECHANICAL STRENGTH OF TABLETS

The mechanical strength of a tablet provides a mea-
sure of the bonding potential of the material concerned
and this information is useful in the selection of excipi-
ents. An excessively strong bond may prevent rapid
disintegration and subsequent dissolution of a drug.
Weak bonding characteristics may limit the selection
and/or proportion of excipients, such as lubricants, that
would be added to the formulation.

The mechanical properties of pharmaceutical tab-
lets are quantifiable by the friability[5], hardness or crush-
ing strength[6-8], crushing strength-friability values[7-8], ten-
sile strength[9-11].

Friability

Friction and shock are the forces that most often
cause tablets to chip, cap or break. The friability test is
closely related to tablet hardness and is designed to
evaluate the ability of the tablet to withstand abrasion in
packaging, handling and shipping. It is usually measured
by the use of the Roche friabilator. A number of tablets
are weighed and placed in the apparatus where they
are exposed to rolling and repeated shocks as they fall
6 inches in each turn within the apparatus. After four
minutes of this treatment or 100 revolutions, the tablets

when the tablet contains 50mg or more of the drug
substance or when the latter comprises 50% or more,
by weight of the dosage form. Twenty tablets are
weighed individually and the average weight is calcu-
lated. The individual tablet weights are then compared
to the average weight. Not more than two of the tab-
lets must differ from the average weight by not more
than the percentages stated in TABLE 1. No tablet
must differ by more than double the relevant percent-
age. Tablets that are coated are exempted from these
requirements but must conform to the test for content
uniformity if applicable.

TABLE 1 : Weight variation requirements

Average weight Percent difference 

130mg or less 10 

More than 130mg through 324mg 7.5 

More than 324mg 5 
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are weighed and the weight compared with the initial
weight. The loss due to abrasion is a measure of the
tablet friability. The value is expressed as a percentage.
A maximum weight loss of not more than 1% of the
weight of the tablets being tested during the friability
test is considered generally acceptable and any broken
or smashed tablets are not picked up[3]. Normally, when
capping occurs, friability values are not calculated. A
thick tablet may have less tendency to cap whereas thin
tablets of large diameter often show extensive capping,
thus indicating that tablets with greater thickness have
reduced internal stress[2].

Hardness or crushing strength

The resistance of tablets to capping, abrasion or
breakage under conditions of storage, transportation
and handling before usage depends on its hardness. The
small and portable hardness tester was manufactured
and introduced by Monsanto in the Mid 1930s. It is
now designated as either the Monsanto or Stokes hard-
ness tester. The instrument measures the force required
to break the tablet when the force generated by a coil
spring is applied diametrally to the tablet. The Strong-
Cobb Pfizer and Schleuniger apparatus which were later
introduced measures the diametrically applied force
required to break the tablet.

Hardness, which is now more appropriately called
crushing strength determinations are made during tablet
production and are used to determine the need for pres-
sure adjustment on tablet machine. If the tablet is too
hard, it may not disintegrate in the required period of
time to meet the dissolution specifications; if it is too
soft, it may not be able to withstand the handling during
subsequent processing such as coating or packaging
and shipping operations. The force required to break
the tablet is measured in kilograms and a crushing
strength of 4Kg is usually considered to be the mini-
mum for satisfactory tablets[2]. Oral tablets normally have
a hardness of 4 to 10kg; however, hypodermic and
chewable tablets are usually much softer (3 kg) and
some sustained release tablets are much harder (10-20
kg). Tablet hardness have been associated with other
tablet properties such as density and porosity. Hard-
ness generally increase with normal storage of tablets
and depends on the shape, chemical properties, bind-
ing agent and pressure applied during compression[7,8].

Another measure of the mechanical strength of phar-
maceutical tablets that have been used is the crushing
strength-friability ratio (CSFR)[7,8]. The CS provides a
measure of tablet strength while F is a measure of tablet
weakness. Studies have shown that the higher the CSFR
values, the stronger the tablet[7,8].

Tensile strength

A non-compendial method of measuring the me-
chanical strength of tablets that is now widely used is
the tensile strength. This is the force required to break a
tablet in a diametral compression test. The radial tensile
strength, T, of the tablets can be calculated from the
equation:
T = 2 F / ð d H (1)

where F is the load needed to break the tablet, and d
and H are the diameter and thickness respectively. Sev-
eral precautions must be taken when using the equa-
tion. Various factors e.g. test conditions, deformation
properties of the material, adhesion conditions between
compact and its support and tablet shape may influ-
ence the measurements of the tensile strength[6].

Some authors have suggested the determination of
axial tensile strength because of the sensitivity of the
radial tensile strength measurements to crack propaga-
tion variations[13,14]. The axial tensile strength (Tx) can
be calculated from the following relationship:
Tx = 4 F / ð d2 (2)

Tensile strength has been used in combination with in-
dentation hardness to evaluate tabletting performance
of materials[12]. The indentation hardness is a time-de-
pendent property used to measure the plastic yield of a
material. It can be determined by either static methods
(e.g. the Brinell, Vickers and Rockwell hardness tests)
or the dynamic methods[15]. The static indentation meth-
ods involve the formation of a permanent indentation
on the surface of the material tested and the hardness is
determined by means of the load applied and the size
of the indentation formed[16]. In the dynamic indenta-
tion tests, either a pendulum is allowed to strike from a
known distance or an indenter is allowed to fall under
gravity unto the surface of the test material. The hard-
ness is then determined from the rebound height of the
pendulum or the volume of the resulting indentation.
Using an apparatus consisting of a steel sphere pendu-
lum acting as an indenter, Hiestand et al.[12] estimated
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the hardness (i. e. the mean deformation pressure) of
compacted materials by dividing the energy consumed
during the impact by the volume of indentation.

Brittle fracture index (BFI)

Hiestand et al.[17,18] have studied the effects of de-
compression on the tabletting performance of pharma-
ceutical materials and stated that whether or not fracture
occurs during the shear deformation which accompanies
decompression depends on the ability of the materials to
relieve stresses by plastic deformation without undergo-
ing brittle fracture and this ability is a time-dependent
phenomenon. Those materials that relieve stress rapidly
are less likely to cap or laminate. The brittleness test is
based on the Griffith fracture theory which teaches that,
for crack growth to occur, the energy stored at the tip of
a crack must just exceed the energy required to form
two new surfaces resulting from the propagation of the
crack. Also, the amount of energy stored at the tip of a
crack is a function of the dimensions of the crack.

In the light of this theory, Hiestand et al.[17] showed
that when compacts are made with a small axially-ori-
ented round hole at their centre, the compact is nearly
always weakened. Under the conditions of the tensile
strength test, elasticity theory predicts that the stress
concentration factor for the hole should be about 3.0.
Hiestand[18] showed that for isotropic materials, the ra-
tio of compressive stress at the centre of a compact to
the tensile stress, which causes fracture, has a value of
3.7. However, recent studies have shown that for a ra-
tio of hole diameter to disc of about 0.1, the stress con-
centration factor, i.e. the ratio between tensile stress at
the inner boundary of the hole and the tensile stress of a
tablet having no hole, should be around 10[19,20]. Thus,
the BFI is obtained by comparing the tensile strength of
tablets with a hole at their centre, which acts as a built-
in stress concentration defect, with the tensile strength
of tablets without a hole, both at the same relative den-
sity[18,21]. The brittle fracture index (BFI) of the tablets
was calculated using the following equation
BFI = [(T / To) � 1 (3)

Where T is the tensile strength of the tablet without a
hole and To, to the tensile strength of a tablet with a
hole. The theoretical value of BFI range is 0 - 1 when
the stress concentration factor is 3. Since the BFI is an
inverse measure of localized stress relief, it should indi-

cate the tendency of a tablet to laminate or cap. In prin-
ciple, BFI values in excess of unity may occur. In prac-
tice, however, one probably cannot make an intact tablet
of a material with a BFI of 1. Therefore, the observed
range of values may not exceed the 0 - 1 range. Where
by the closer the value of BFI to 0, the less stress relief
takes place. A high value of BFI is an indication of the
tendency of the tablet to laminate during the compac-
tion process. A low BFI value is desirable for minimal
lamination and capping during production[9,21].

Robert and Rowe[22] extended the determination
of the BFI to compact of �tablet-sized� dimensions. This

allows the BFI to be measured at strain rates and con-
ditions approaching those normally used in tabletting.
They found the BFI values for microcrystalline cellu-
lose, tablettose and heavy magnesium carbonate to be
in good agreement with the results of previous work-
ers[12,17]. Itiola & Pilpel[21] using both granular and pow-
dered metronidazole formulations studied the mechani-
cal properties of the tablets and differentiated between
the bond strength of the tablets as measured by their
tensile strength and the tendency of the tablets to lami-
nate or cap as measured by the brittle fracture index
values. They found that tablets made from granules had
lower tensile strength than those made from powders
but were also less brittle.

The BFI have also been used to characterize the
mechanical properties of pharmaceutical formulations
and some local starches, namely cassava, potato and
yam starches[23,24]. Tablets of these starches were shown
to possess low tensile strength values, but also had low
BFI values. Studies have also shown that the BFI is
affected by the nature and concentration of binding agent,
compression pressure and compression speed. Gener-
ally, the higher the BFI values, the more friable a tablet
is likely to be.

Tablet evaluation tests/disintegration

Tablet evaluation tests

For a drug to be absorbed from a solid dosage
form after oral administration, it must first be in solu-
tion, and the first important step toward this condition
is usually the break-up of the tablet; a process known
as disintegration[26]. The disintegration test is a measure
of the time required under a given set of conditions for
a group of tablets to disintegrate into particles which
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will pass through a 10 mesh screen. Generally, the test
is useful as a quality assurance tool for conventional
dosage forms.

The disintegration test is carried out using the disin-
tegration tester which consists of a basket rack holding
6 plastic tubes, open at the top and bottom, the bottom
of the tube is covered by a 10-mesh screen. The bas-
ket is immersed in a bath of suitable liquid held at 37oC,
preferably in a 1L beaker. For compressed uncoated
tablets, the testing fluid is usually water at 37oC but
some monographs direct that simulated gastric fluid be
used. If one or two tablets fail to disintegrate, the test is
repeated using 12 tablets. For most uncoated tablets,
the BP requires that the tablets disintegrate in 15min-
utes (although it varies for some uncoated tablets) while
for coated tablets, up to 2hours may be required[3]. The
individual drug monographs specify the time disintegra-
tion must occur to meet the Pharmacopoeial standards.

In the past, the only release index required for a
tablet was its disintegration time which does not neces-
sarily measure the physiological availability of the drug
in a patient. Studies have shown that the agitation of the
gastric contents during normal contractions is quite mild
in contrast to the turbulent agitation produced in the
disintegration test apparaus. The low order magnitude
of agitation in the stomach produces substantially higher
disintegration in vivo than those obtained using the USP
apparatus. Furthermore, the particles of the disintegrated
tablets are not dispersed throughout the stomach but
remains as an aggregate. Thus, the tablet disintegration
test is limited to manufacturing control of lot-to-lot varia-
tions in individual products and is not a measure of
bioavailability. Nevertheless, it is used to provide a
simple and useful means for monitoring and controlling
the quality of tablets.

THEORIES OF DISINTEGRATION

Several mechanisms of tablet disintegration have been
proposed. Some of these are given below. Even though
these concepts are listed separately, inter-relationships
probably occur in almost all tablet formulations.

Evolution of gas

If a gas is evolved by a chemical reaction when the
tablet comes into contact with water, then the tablet will

disintegrate. This is the basis for the manufacture of ef-
fervescent tablets. An example of such a reaction is of
sodium bicarbonate with citric and tartaric acids, which
yields carbon dioxide. Peroxides incorporated in cer-
tain formulations decompose in the presence of oxygen
and this also causes disintegration.

Heat of wetting

The heat produced when a tablet is immersed in
water causes the entrapped air in the tablet to expand
and exert sufficient pressure to disintegrate the tablet.

Effect of water absorption

The water absorbed by the tablet initiate disinte-
gration, but this depends on the solubility of the drug
and other ingredients present.

Swelling

The grains of the disintegrant, particularly of
starches, swell in the presence of water and exert pres-
sure on the granules to force them apart[30,31]. Shangraw
et al[32] reported that tablets of water insoluble drugs
disintegrated faster with starches than those of water
soluble drugs due to the diminished water absorption
capacity of the starches in the latter case.

Porosity of tablets

It has been shown that penetration of water into a
tablet is proportional to its mean pore diameter or po-
rosity[33,34]. The porosity and permeability of tablets de-
crease as the tabletting pressure is increased[35], and as
the porosity decreases, the disintegration time in-
creases[31,32]. Though no quantitative relationships have
been reported between disintegration and penetration
times, generally short disintegration times are associ-
ated with rapid fluid penetration[36,37].

IN-VIVO TEST, DISSOLUTION TESTS

Dissolution is the process by which a solid solute
enters a solution. In the pharmaceutical industry, it may
be defined as the amount of drug substance that goes
into solution per unit time under standardized condi-
tions of liquid/solid interface, temperature and solvent
composition.

Dissolution is considered one of the most impor-
tant quality control tests performed on pharmaceutical
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Dissolution kinetics is important in determining the
bioavailability of a drug[39]. Levy[45] and some other work-
ers[46] reported that the dissolution rate controls the rate
of build up of certain drugs in the blood stream. It was
thus recognised that in-vitro dissolution kinetics provides
useful information on the availability of drugs and their
subsequent therapeutic effects in-vivo[45]. This led to the
inclusion of dissolution tests in the United States NF XIII
(1970) and USP XVIII (1970) monographs for one cap-
sule and twelve tablet preparations. In 1975, dissolution
tests were included in the British Pharmacopoeia (amend-
ment to BP 1973) for digoxin tablets. The various
pharmacopoeias contain specifications on the dissolu-
tion requirements of various drugs. A variety of designs
of apparatus for dissolution testing have been proposed
and tested, varying from simple beaker with stirrer to
complex systems with lipid phases and lipid barrier where
an attempt is made to mimic the biological milieu. The
choice of the apparatus to be used depends largely on
the physicochemical properties of the dosage form[47].

THEORIES OF DISSOLUTION

Some workers[48,49] have reviewed the factors which

can affect the dissolution of tablets and these include
the stirring speed, temperature, viscosity, pH, compo-
sition of the dissolution medium and the presence or
absence of wetting agents.

Physical models have been set up to account for
the observed dissolution of tablets. According to
Higuchi[50], there are three models which either alone
or in combination, can be used to describe the dissolu-
tion mechanisms. These are:

The diffusion layer model

This model (Figure 2) assumes that a layer of liq-
uid, H cm thick, adjacent to the solid surface remains
stagnant as the bulk liquid passes over the surface with
a certain velocity. The reaction at the solid/liquid inter-
face is assumed to be instantaneous forming a satu-
rated solution, Cs, of the solid in the static liquid film.
The rate of dissolution is governed entirely by the diffu-
sion of the solid molecules from the static liquid film to
the bulk liquid according to Fick�s first law:

J = - Df dc / dx (4)

where J is the amount of substance passing perpen-
dicularly through a unit surface area per time, Df, is the
diffusion coefficient and dc / dx, is the concentration
gradient. After a time t, the concentration between the
limit of the static liquid layer and the bulk liquid be-
comes Ct. Once the solid molecules pass into the bulk
liquid, it is assumed that there is rapid mixing and the
concentration gradient disappears.

The theory predicts that if the concentration gradi-
ent is always constant i. e. Cs - Ct is constant because
Cs >> Ct (�sink� conditions which usually mean Cs >

10 Ct) then a uniform rate of dissolution is obtained.

dosage forms and is now developing into a tool for pre-
dicting bioavailability, and in some cases, replacing clini-
cal studies to determine bioequivalence. Dissolution
behaviour of drugs has a significant effect on their phar-
macological activity. In fact, a direct relationship be-
tween in vitro dissolution rate of many drugs and their
bioavailability has been demonstrated and is generally
referred to as in vitro-in vivo correlation, IVIVC[38].

Solid dosage forms may or may not disintegrate
when they interact with gastrointestinal fluid following
oral administration depending on their design (Figure 1).

Figure 1 : Schematic diagram of the dissolution process

Figure 2 : Diffusion layer model
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The interfacial barrier model

In the interfacial barrier model (Figure 3), it is as-
sumed that the reaction at the solid/liquid interface is
not instantaneous due to a high activation free energy
barrier which has to be surmounted before the solid
can dissolve. Thereafter the dissolution mechanism is
essentially the same as in (i) above, with the concentra-
tion at the limit of the static layer of liquid becoming Ct
after time t.

The rate of diffusion in the static layer is relatively
fast in comparison with the surmounting of the energy
barrier, which therefore becomes rate limiting in the dis-
solution process.

cess is related to the solute transport rate and hence to
the dissolution rate.

The rate laws predicted by the different mecha-
nisms both alone and in combination, have been dis-
cussed by Higuchi. However, the earliest equation ex-
pressing dissolution rate in a quantitative manner was
proposed by Noyes and Whitney as:-
dc / dt = k (Cs - Ct) (5)

where dc / dt is the rate of change in concentration with
respect to time, and k is the rate constant. The inte-
grated form of the equation is:
In [Cs / (Cs - Ct)] = kt (6)

The equation in resemblance to the other rate law equa-
tions, predicts a first order dependence on the concen-
tration gradient (i.e. Cs - Ct) between the static liquid
layer next to the solid surface and the bulk liquid. Noyes
and Whitney explained their dissolution data using a
concept similar to that used for the diffusion model. This
considerations relate to conditions in which there is no
change in the shape of the solid during the dissolution
process (i. e. the surface area remains constant). How-
ever, for pharmaceutical tablets, disintegration occurs
during the dissolution process and the surface area gen-
erated therefore varies with time.

Aguiar et al[52] proposed a scheme which holds
that dissolution occurs only when the drug is in small
particles. Wagner[53] modified this idea and showed
that dissolution occurs from both the intact tablet and
the aggregates and/or granules produced after disin-
tegration by using a plot of the percentage of drug
dissolved versus time on logarithmic - probability
graph papers.

A modification of this approach was proposed by
Kitazawa et al[54,55]. Employing the integrated form of
Noyes and Whitney equation (equation 6), they deter-
mined the dissolution rate constant of uncoated caf-
feine tablets. The Kitazawa equations have been used
to determine the dissolution rates of some pharmaceu-
tical tablet formulations
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Figure 3 : Diagrammatic representation of the free energy
barrier to dissolution

The Danckwert�s model

The Danckwert�s model (Figure 4) assumes that

macroscopic packets of solvent reach the solid/liquid
interface by eddy diffusion in some random fashion.

Figure 4 : The Danckwert�s model.

At the interface, the packet is able to absorb solute
according to the laws of diffusion and is then replaced
by a new packet of solvent. This surface renewal pro-
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