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The bioavailability of drugs
B. MISHRA, s. K. BHATIACHARYA

INTRODUcrION
Bioavailability describes the amount of active drug given
in a pharmacological dose, which reaches the systemic circula-
tion after oral administration. Till fairly recently, it was
assumed that all formulations, containing similar quantities
of a particular drug, had the same bioavailability and were,
therefore, therapeutically equivalent. Unfortunately, this
assumption is not always true and it has become apparent
that different formulations of the same drug are not thera-
pe~tically ~quivalent as their bioavailability differs. Thus,
It IS now Important for the clinician to understand and
appreciate the principles underlying the concept of bio-

. availability and its practical applications.

Definition
The bioavailability of a drug is thus more strictly defined as
the amount and the rate at which the orally administered
drug reaches the biological system in an active form, capable
of exerting the desired pharmacological effect, including its
onset, intensity and duration of action.

The bioavailability or systemic availability of an orally
administered drug depends largely on the absorption and the
extent of hepatic metabolism on its first-pass through the
liver in addition to its action at the level of the receptors.
In practice, bioavailability is determined by assessing its
plasma or. u~ine ~oncentration over a given time following
oral administration, To be therapeutically equivalent,
different formulations of the same drug have to be bio-
equival~~t, implying t~at they must have a similar systemic
availability. Many studies have indicated that products from
different manufacturers, and even different batches of drugs
from the same pharmaceutical house, are not bioequivalent
and have dissimilar systemic availability. While major differ-
ences in bioavailability are likely to be of clinical relevance,
small differences are also important in those drugs which have
a steep dose-response curve or a narrow margin of safety.
Fortunately most drugs have relatively flat dose-response
c~rves, so tha.t only marked differences in bioequivalence
WIllproduce differences in therapeutic equivalence.

The currently available compendial standards laid down
for bioequivalence, including the testing of the finished
product or the specifications for the raw materials and
manufacturing process, leave much to be desired. The
problem is particularly acute in India where such specifica-
tions either do not exist or are largely ignored, since
bioavailability studies are rarely done or compared with
acceptable standards which meet compendial criteria. While
bioequivalence studies are not absolute guarantees of
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therapeutic equivalence for all drugs, they ensure and
are .recognized to be t~e only certain criteria for product
equivalence. The practical relevance of bioavailability was
highlighted by the dramatic increase in the adverse effects of
phenytoin in Australia during 1968-69. The cause was finally
traced to the fact that a change in the excipient of phenytoin
capsules led to a marked increase in the absorption of the
drug and a consequent increase in its toxicity. Bioequiva-
lence problems with phenytoin manufactured by different
pharmaceutical concerns are also on record. In 1969, 15 of
the 16 oxytetracycline brands available in the USA were
discontinued because they did not meet the standard
bioavailability specifications. Bioinequivalence has been
reported for several other drugs including digoxin,
quinidine, nalidixic acid, atenolol, propranolol, several
antibiotics and non-steroidal anti-inflammatory agents.
This list is likely to be far more extensive in India and can lead
to widely different clinical responses to important and life-
saving drugs. It is, therefore, important that the prescriber
always poses the question 'will the drug get to its site of action
in optimal therapeutic concentrations?'

ASSESSMENT OF BIOA VAILABILITY
For assessing the bioavailability or clinical availability of a
drug, it~ rate and extent of absorption and its first-pass
metabolism must be evaluated. Ideally, the clinical response
o.f the pat!ent or the amount of the active drug at the target
s~te of action at different time periods following administra-
tion of the drug formulation, should be assessed. However,
these criteria are difficult, or even impossible, to quantify.
Hence, the methods used to assess bioavailability depend
upon the assumption that measurement of the drug con-
centration in a suitable body fluid, such as blood, plasma,
serum~ urine or sometimes saliva, over a period of time
following oral administration can be correlated with its
clinical availability and, therefore, the clinical efficacy
of the drug in a given disease.

Bioavailability is usually determined by the following
methods:

1. Determination of whole blood, plasma or serum concen-
trati?~s of ~he unchanged drug, either after single dose
administration or III a dosage interval at the steady state
after multiple dose administration (Figs. 1 and 2).

2. Determination of the total amount of unchanged drug
excreted in the urine either after single dose administra-
tion or after multiple dose administration in the steady
state.

3. Determination of the total amount of a major metabolite
of the drug excreted in the urine either after a single dose
or at the steady state after multiple dose administration.

4. Methods based on clinical trials in which the effect of the
drug can be quantified.

The first three pharmacokinetic methods are more practical
and discriminative than the fourth which is based on a clinical
outcome. It has been estimated that, while it is possible to
assess a 25% difference in the bioavailability of a drug from
two formulations by a suitable pharmacokinetic method
using only 12 subj~cts, the clinical method may require as
many as 1000 subjects. Thus, if a clinician has estimated
bioavailability using, say, 50 patients and not found a per-
ceptible difference between two drug formulations, it does
not mean that the two drug dosages are bioequivalent but
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FIG 1. Plasma concentration-time curve following

administration of a single oral dose

may indicate that the number of patients has been too small.
The most common and widely used methods, involving the

determination of plasma drug concentrations after a single
dose administration of a drug are as follows:

Plasma concentration-time curves
A typical plasma concentration-time curve, following a
single oral dose administration of a drug formulation is
depicted in Fig. 1. The plasma drug concentration at the
time of the drug administration (zero time) should be nil. As
the drug passes into the stomach and/or the intestine, the
product disintegrates releasing the drug, which dissolves and
absorption ensues. Initially the plasma concentration of the
drug rises (denoted by the ascending 'absorption phase' of
the curve) as the rate of absorption exceeds the rate at which
the drug is removed from the plasma by distribution and
elimination. The plasma level continues to rise until a
maximum or peak concentration is attained. However, the
elimination of the drug starts with its appearance in the
plasma and continues until the total amount has been
eliminated. Similarly, absorption of the drug does not stop
abruptly with the attainment of the peak plasma concentra-
tion but may continue into the declining portion of the
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FIG3. Plasma concentration-time curves following single oral
dose of three products
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FIG2. Plasma concentration profile of a drug given chronically
at half-life intervals

curve. Thus, the early decline may reflect the net result of
absorption, distribution and elimination. Any decline in the
curve indicates that the rate of elimination of the drug
exceeds its absorption. Eventually, drug absorption ceases
with the bioavailable quantum of the drug having been
absorbed and the plasma drug concentration is now controlled
by the rate of its elimination by metabolism and/or excretion
(elimination phase of the curve). Thus drug distribution to
the tissues and extracellular fluid, as well as absorption and
elimination, will affect the shape of the plasma concentra-
tion-time curve (Fig. 3).

Based on the plasma concentration-time curve, the
following measurements important for bioavailability studies
can be assessed (Fig. 4).

Peak concentration (Cmax) represents the highest
concentration attained by the drug in the plasma.

Time of peak concentration (Tmax) is the time required to
achieve the peak plasma concentration after single dose
administration of the drug, and can be used to assess the rate
of absorption.

Minimum effective plasma concentration: The minimum
plasma concentration of the drug required to achieve a given
pharmacological or therapeutic response. This value varies
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from drug to drug and from individual to individual as well as
with the type and severity of the disease.

Maximum safe concentration: The plasma concentration
of the drug beyond which adverse effects are likely to occur.

Therapeutic range: The range of plasma drug concentra-
tions in which the desired response is achieved yet avoiding
adverse effects. The aim in clinical practice is to maintain
plasma drug concentrations within the therapeutic range.

Onset of action is the time required to achieve the
minimum effective plasma concentration following adminis-
tration of the drug formulation.

Duration of action of the therapeutic effect of the drug
is defined as the time period during which the plasma con-
centration of the drug exceeds the minimum effective level.

Intensity of action: In general, the difference between the
peak plasma concentration and the minimum effective
plasma concentration provides a relative measure of the
intensity of the therapeutic response of the drug.

Total area under the curve (AUC) is related to the total
amount of the drug absorbed into the systemic circulation
following the administration of a single dose of the formula-
tion. However, changes in AUC may not necessarily reflect
changes in the total amount of drug absorbed, but the
modifications in the krnetics of distribution, metabolism
and excretion of the drug as well. AUC can be measured
mathematically by using a technique known as the trapezoidal
rule.

A hypothetical example can explain how differences in
bioavailability of a given drug from different formulations
marketed by various firms, can result in a patient being either
over-, under- or correctly-medicated. Single equal doses of
three different products of the same drug, 1,2 and 3, were
orally administered to the same healthy individual on three
separate occasions. The plasma drug concentration-time
curves were assessed (Fig. 3). If it is assumed that all the
other factors with the exception of the formulation factor
are the same in each case, then it is reasonable to conclude
that the differences in the three curves are solely due to
differences in the rate and extent of absorption of the drug
from each formulation. However, each formulation (Fig. 3)
results in different peak plasma concentrations (Cmax). The
AUC for products 1 and 2 are almost similar, indicating that
the drug is absorbed to a similar extent from these formula-
tions. However, the Tmax indicates that the drug is absorbed
faster from product I than from products 2 or 3. Thus product
1 will act more quickly but is likely to result in adverse effects
since its Cmax exceeds the maximum safe concentration. On
the other hand, product 2 which has a slower onset of action
because it is absorbed slowly, is less likely to induce adverse
effects since its Cmax lies within the therapeutic range.
Furthermore, this product has a longer duration of action
than product I. These attributes may make product 2 more
useful clinically than product I. Product 3 has a much
smaller AUC, indicating that only a fraction of the adminis-
tered dose has been absorbed. In addition, this product
is also absorbed slowly, as shown by its longer Tmax, and
thus does not reach the minimum effective concentration.
Product 3 will thus not be effective clinically, if given as a
single dose.

Absolute bioavailability of a drug in a formulation
administered by an extravascular, including the oral route
reaching the systemic circulation is the fraction of the same
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dose of the drug administered intravenously. In the latter
case the entire administered drug dose is directly introduced
into the systemic circulation and is, therefore, considered to
be totally (100%) bioavailable, whereas in the former
instance the drug has to be absorbed to reach the systemic
circulation. Absolute bioavailability can be calculated from
the formula:

. .. (AUC) abs
Absolute bioavailability =

(AUC) iv
where (A UC) abs and (AUC) iv are the total areas under the
curve following administration of a single dose of the drug
via a given absorption site and by rapid intravenous injection
respectively.

The above formula holds true when the same doses are used
for both routes. However, when these doses are different, a
correction for the dose size is made:

(AUC) abs xD iv
Absolute bioavailability= -------

(AUC) ivx D abs
where Dabs is the size of the single drug dose administered
via the absorption site and D iv is the dose size administered
intravenously.

Relative bioavailability is a measure of the fraction of a
given drug that is absorbed into the systemic circulation from
a particular dose compared to a clinically proven standard
dose. of the same drug. This is determined when a particular
drug cannot be administered in the form of an intravenous
bolus injection. The test dose and the standard dose, contain-
ing equal amounts of the drug, are administered via the same
route to the same individual on different occasions, and the
calculation is done on the basis of the plasma concentration-
time curves:

(AUC) test
Relative bioavailability=

(AUC) standard
where (AUC) test and (AUC) standard are the total areas
under the curve following administration of a single test dose
and the standard dose.

However, when different test and standard doses are
administered, a correction is made for the size of the dose:

. . . .. (AUC) testxD standard
Relative blOavaJiablhtY=(AUC) d d 0stan ar x test
where D test and 0 standard are the sizes of the single doses
of the test and standard dose forms.

Absolute or relative bioavailability may be expressed as
either a fraction or percentage of the test drug relative to the
standard drug formulation.

The determination of bioavailability by urine excretion is
often used because of convenience and is based on the
assumption that the appearance of the drug and/or its
metabolites in the urine is a function of the rate and extent
of drug absorption. However, this assumption is only valid
when the drug or its metabolites are extensively excreted in
the urine and the rate of urinary excretion is proportional to
the plasma concentration of the drug. The important
parameters in urinary excretion studies are the cumulative
amount of the drug and/or its metabolites excreted and the
rate at which this excretion takes place.
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FACTORS AFFECTING BIOAVAILABILITY
A wide range of factors can influence the bioavailability
of a drug, the detailed discussion of which is beyond the
scope of this article. Basically, the availability of the drug
or its active metabolite (when a pro-drug is rendered
pharmacologically active following biotransformation by
metabolic processes) to the target organ or receptor is
controlled by three principal factors:

1. The rate and extent of drug release from its formulation,
and its subsequent absorption.

2. The first-pass effect while passing through the liver after
absorption.

3. The conjoint effect of plasma protein binding, drug
distribution to various body fluids, metabolism and
excretion.

The factors which influence bioavailability are:
Physiological factors: These include the effect of gastro-

intestinal fluids (pH, mucus, bile salts, complexing
components); motility (gastric emptying, presence of food,
rest and exercise); gastrointestinal transit time (which can
be affected by a large number of drugs); absorption surface
(physiological integrity, area and blood flow); metabolism of
drugs by the gut wall, liver, skin and bronchial mucosa; the
pharmacogenetic factors determining the rate of hepatic
metabolism; disease states such as malabsorption, achlor-
hydria, thyrotoxicosis and coeliac disease; the gut flora and
the age, sex, weight and physical status of the patient and
the route of administration.

Physico-chemical factors: These include the drug's lipid
and water solubility, partition coefficient, dissociation
constant, polymorphic form, surface area, particle size,
crystal shape, stability, biophysical factors related to the
absorptive membrane, the solvent and the effect of its
complexing agent.

Pharmacological factors: These are outlined in Table I.
The bioavailability of a drug given chronically may differ

from that given in a single dose, since the metabolism of the
drug at the first-pass can be saturated by the gut and hepatic
enzymes.

Saturation kinetics: Most drugs are subject to first order

TABLEI. Pharmacological factors affecting bioequivalence

Factors Possible cause/effect

Variation in drug
content
Storage (drug and
excipient stability)
State of drug

Particle size
Polymorphism

Inadequate quality control

Loss of effect (nitroglycerine)

Variable effect (anticoagulants)
Different crystalline forms differ in dissolution
rate (steroids, barbiturates)
Variable bioavailability (ampicillin)
Dissolution rate with sodium salts better
(sodium tolbutamide)
Antibiotic esters have increased bioavailability

Solvate/Hydrate"
Salts

Esters
pH

Excipients
(lubricants, diluents)

Dilantin mixed with calcium sulphate increases
toxicity

• Solvate when a molecule of solvent enters the crystal structure.
If the solvent is water it is known as a hydrate
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kinetics, where the rate of metabolism is directly propor-
tional to the drug concentration. However, the hepatic
metabolic capacity for some drugs can become saturated,
leading to zero order kinetics where the unmetabolized drug
remains in the circulation since the rate of metabolism is now
constant and independent of the amount of the drug present.
This phenomenon may explain the sudden unexpected
toxicity of drugs such as phenytoin, theophylline or ethanol,
since when saturation occurs a moderate increase in the dose
may produce a disproportionately large increase in the
circulating concentration of the unmetabolized active drug.
Saturation kinetics also explain the accumulation of drugs
undergoing substantial first-pass metabolism during chronic
dosing, which results in saturation of the hepatic microsomal
enzymes responsible for drug metabolism.

CONCLUSION
An understanding of the bioequivalence of different drug
products is a prerequisite for predicting their therapeutic
equivalence. Drugs with a narrow therapeutic range and
dose-dependent kinetics require greater attention as they are
likely to have a high-risk potential. Even small changes in
the bioavailability profile of such drugs can cause major
changes in the plasma drug concentration and consequent
toxicity. The therapeutic efficacy and safety of many drugs
commonly used in clinical practice can be augmented by
individualization of their dosage. Administration of the
'usual' or 'average' doses can be considered satisfactory only
when the therapeutic margin of the drug is so large that such
doses can be efficacious in the majority of patients and exces-
sive only in a minority. This holds true for only a fraction
of the clinically useful drugs. With the other drugs, unless
their dosage is adjusted to the clinical needs and tolerance
of an individual patient, they are likely to be ineffective in
some patients and induce serious adverse effects in others.

Drug manufacturing in this country has been reduced to
the level of a cottage industry, with little or no effective
quality control measures being exercised by appropriate drug
control authorities. It is, therefore, not surprising that
different drug formulations of the same drug, marketed by
different pharmaceutical firms, have widely differing
bioavailability profiles. Special caution has to be exercised
with the 'fast release' and 'slow release' formulations. It is
likely that the former will overshoot the maximum safe con-
centrations and induce adverse effects, while the latter may
not achieve the minimum effective concentrations. In addi-
tion, patients accustomed to a fast release formulation may
not achieve therapeutic levels of the drug when a change is
made to a slow release preparation. Similarly, if patients
are accustomed to a slow release formulation, higher, and
possibly toxic levels of the drug may be attained if it is
changed to a fast release formulation.

In India where plasma monitoring of drug levels is
restricted to only a very few centres, the clinician has no
other option but to depend upon information provided by
drug firms. However, information on bioavailability of a
particular product, in comparison to a standard clinically
effective drug formulation, is rarely available. In the absence
of this data, the clinician usually has no answer to the query'
'will the drug get to its site of action in optimal therapeutic
concentrations?' The problem can only be resolved if the
clinician insists on scrutinizing its bioavailability data before
prescribing a particular drug product.


